


OUR 10 MILLIONTH MILITARY UNIT SHIPPED THIS YEAR

Military Components
FOR EVERY APPLICATION

A HUNDRED STOCK UNITS in our catalog B...30,000 special designs

POWER
COMPONENTS

The scope of military power com:
ponents produced at UTC ranges from
500 Ib. plate transformers to min-
faturized 2 oz. units ... hermetically
sealed and encapsulated ... molded
types.
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AUDIO
COMPONENTS

UTC military audio units range from
1 ounce subminiatures to high power
modulation transtormers. Standard,
high fidelity, sub-audio, and super-

sonic types.

WRITE FOR UTC CATALOG B

...includes complete line of her-
metic audios, reactors, magnetic am-
plifiers, filters, high Q coils, pulse
transformers, etc.

ENCAPSULATED
UNITS

8 years of encapsulation experience
assure maximum reliability in this
class of UTC material.

MOLDED
UNITS
UTC molded units range from % oz.

miniatures to the 100 Ib. 3 phase
unit illustrated.

HIGH Q
COILS

Unequalled stability is effected
in UTC high Q coils thru special
processes and materials. Toroid,
mu-core, and variable inductors

are available to military standards.

PULSE
TRANSFORMERS

UTC pulse transformers cover the
range from molded structures weigh-
ing a fraction of an ounce to high

power modulator applications.

MINIATURIZED
COMPONENTS

UTC H-30 series audios are the small-
est hermetic types made. Class A, B,
and H power components of maximum
miniaturization are regular produc-

tion at UTC.

FILTERS

UTC filters, equalizers and disctim
nators are produced in designs fron
.1 cycles to 400 mc. Carrier, aircraft
and telemetering types available il

standard designs.

MAGNETIC
AMPLIFIERS

In addition to a stock line of servo
motor magnetic amplifiers; UTC man-
ufactures a wide variety to customer
specifications. Saturable reactors are
supplied for frequencies from 1
cycle to 40 me.

UNITED TRANSFORMER CO.

150 Varick Street, New York 13, N. Y. EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y. CABLES: “ARLAB"
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IN THIS ISSUE—The new symbols
for electronics diagrams that have
been approved by the American
Standards Association appear on
pages 176, 178, 180. We are adopt-
ing the new symbols for all dia-
grams as of now, although the
change may not be readily apparent
since there is liltle change in those
most often used.

OFFICIAL—In the normal course
of business we receive mail from all
parts of the world. But it was with
a bit of surprise that we signed for
o letter delivered to us by diplo-
matic pouch from Europe. The sub-
ject? Sorry, classified for reasons
of commercial security.

MUSIC FOR ENGINEERS—The
special attraction that music holds
for many FELECTRONICS readers
showed up in the response to a re-
cent article in Industry Report. A
short description of a build-it-your-
self electronic organ was sufficient
to bring in a flood of letters, includ-
ing one from Brazil, a lot of phone
calls and two visitors to the office in
quest of more information.

The interest of the inquirers
seemed to be more personal than
business, since their job titles indi-
cated fields far removed from elec-
tronic music. The reason behind it
may have been summed up by one
of the visitors who explained, “I
like music but T ean’t play any in-
strument well. With an organ, I can
hold down one key and still get
music while I'm hunting for the
next.”
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“oclmm/vd TV As-

sembly Line Feb.’55  wrols Lathe

Printed Circuit Tech-

niques Oct.’52 Tuner

EXPENSIVE SURPLUS -— ELEcC-
TRONICS reprints are made by the
photo-offset process, by photograph-
ing pages cut from an issue,
Usually, they are ordered within
a few weeks of publication, but one
recent order called for an article
that appeared in 1951. We could
find no loose pages of the article in
our files, nor a single copy. Even a
surreptitious search of editors’ desk
drawers drew a blank. We do have

Magnetic Tape Con-
Dee. ’54

Printed-Circuit TV

July ’50

A History of Electronic Automatic Production Techniques

fAES

Nov.’53

sembly

Photoeleetrie

M:chine

Cutting
Dec. *48

bound volumes, but these do not
permit the pages to lie flat as re-
quired by the reproduction process.

A search of second-hand book
stores finally turned up the issue
needed. But we had to pay $1.20 for
it, just 140 percent more than the
one-year subscriber pays

SHADES OF GUTENBERG—Most
typographical errors are merely
routine, the misspelled word doesn’t

Soldellvss Cucult As- Cnmpmlents For l’um-
ed Circuits

Printed Cirenits
Aug. 48

IKLX! illl

Tubes Control Ml”lll"

Aug.’53 Cutter Nov.’52

B scesevimiba EmuEiREaes
P

Machine-Made Radio
Feb. *48

make sense. But occasionally one
does. In January, in the article on
recording the radio-tv audience, we
caught one that did, a mirror sends
light to a group of six apertures,
each mashing a 931A phototube.

This month we chuckled over a
cute one, a phase angel. But a
druftsman stopped us cold with a
chart, lettered Magnetron Sales
Club. We didn’t join. It was meant
to be Climb,
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ELECTRONIC FREQUENCY REGULATION

MODEL FCD250

MODEL DFCD250-2AR.
Typical 3¢ in, 3¢ out air-
borne frequency changer,

built to military specifica- T
tions. Input 360-440cps, out-
put 400cps *=0.1% over ]
wide ambient range. 1

More than 3 years widespread use in laboratory and industry
have proved the reliability, economy, and convenience of
SORENSEN electronic FREQUENCY CHANGERS

® 45-65¢cps and 360-440¢ps output
® 250VA and 1000VA capacity
® 1% and 0.01% frequency regulation

Sorensen electronic frequency changers are now in widespread
use as sources of precision 60cps or 400¢ps for timing applica-
tions, for use with servo and gyro motors in design work, and
for testing components or complete instruments that must
operate over variable frequency conditions. They are used in
checking equipment designed for 50¢cps (foreign) operation; the
same instrument converts 50cps line to 60cps source. Many
Sorensen frequency changers are also being used with field
equipment in connection with motor generator sets, where
frequency control is often inadequate.

Portability is an important feature of Sorensen frequency
changers, The units can be located right beside the load, making
costly wiring and distribution systems vnnecessary. Temporary
requirements can be taken care of by moving the changer from
production line to lab and back, as needs arise.

SPECIFICATIONS

Model FCD250 FCD1000 FC1000
Input voltage 95-130VAC, 14, 50- 208 or 230 VAC, 1¢, 50-60 cps
60cps

Ovutput volitage 115VAC, 1¢, adjustable between 110-120 volts
Oy

Output frequency 400 cycles, adjustable *=10% 45-65 cycles,
adiustable
Output voltage *+1.0% +1.0% +1.0%
regulation
Output frequency *=1.0% in standard models; =0.01% with auxiliary
regulation frequency standard. Frequency fixed at 400cps, 50 or
60cps with standard.
Capacity  250VA 1000VA 1000VA
Load range 0-250VA 0-1000VA 0-1000VA
Distortion 5% maximum 5% maximum 5% maximum
P.F. range Unity to 0.5 lagging

0.5 seconds
2% maximum

0.25 seconds 0.5 seconds
2% maximum 2% maximum

AIRBORNE FREQUENCY CHANGERS

Sorensen has designed and built a wide variety of frequency
changers and inverters for incorporation in military aircraft.
These instruments have various specifications and are not stand-
ard. For the most part, the changers convert variable (320-1000
cps) input to precision (+0.05%) output frequency, with mini-
mum distortion (5-10%).

Sorensen airborne inverters are built to convert 28VDC input
to 400-cycle, 3-phase output, with output frequency accurate
to 0.05% over wide ambients.

Time constant
Envelope modulation

Sorensen’s heavy experience with commercial and military
frequency changers is available for application to your pre-
cision frequency problems. Your inquiries are invited. Sorensen
& Company, Inc., 375 Fairfield Avenve, Stamford, Connecticut.

RENSEN

. SORENSEN & CO., 375 FAIRFIELD AVE., STAMFORD, CONNECTICUT

Want more information? Use post card on last page.
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THIS INTERESTING QUARTERLY WILL BE
MAILED FREE TO ANY PART OF THE
WORLD

!—%‘—_ﬂ

8 MeV LINEAR ACCELERATOR FOR X-RAY THERAPY

For almost a century Muirhead & Co. Limited
have manufactured precision electrical instru-
ments, and to-day the range of products
includes measuring instruments for educa-
tion and industry, synchros and remote
control systems, and facsimile transmitters
and recorders.

Each issue of ‘‘ Technique ™’
contains details of the newest
Muirhead products and of
scientific developments in
which Muirhead instruments
have played an important part. If you think
this publication would interest you, we shall
be pleased to place your name on our mailing
list. Write under your business letterhead

THE USE OF MAGSLIPS IN CONJUNCTION WITH
WEIGHING MACHINES

to the address given below.

PRECISION ELECTRICAL INSTRUMENTS

145

MUIRHEAD & CO. LIMITED - BECKENHAM < KENT - ENGLAND

Sales & Service U.S.A.
MUIRHEAD INSTRUMENTS INC - 677 FIFTH AVENUE - NEW YORK 22 - N.Y.
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1949 1950 1951 1952 1953 . 1954 1955
Latest Previous Year Latest Previous Year
Month Month Ago Month Month Ago
RECEIVER TV SETS INSTALLED
PRODUCTION (Source: NBC Research Dept.) Feb. '55 Jan. 's5 Feb. '54
(Source: RETMA) Feb. '55 Jan. '55 Feb. ‘54 Total sets.............. 34,364,000 33,816,000 28,289,000
Television sets, total ... 702,514 654,582 426,933
With UHF ... .. ... .. 101,217 117,095 92,275 BROADCAST STATIONS
Color sets .......... nr nr T (Source: FCC) Mar. ‘55 Feb.’s5 Mar. '54
Ras\;gthse;smtotal """ 1'0?’7/2‘; 1'0(;2;22 7?2'232 TV stations on air. . 451 448 385
! o CEACOEEDNES ' ’ 298 TV stations CPs—not on air 122 130 190
Home sets . .......... 232,831 280,121 233,063 TV stations—new requests 20 17 72
Clock radios .......... 150,031 166,885 105,933 A o o - 2539
iz:tat;l:tssets """"" ég?/.l/zg 5;;'223 33?'225 A-M stations CPs—not on air 103 101 129
0 385 e ‘ ‘ ol A-M stations—new requests 194 186 163
F-M stations on air. . .. 538 542 555
RECEIVER SALES E—RAII stations CPs—not on air 10 11 15
(Source: RETMA) Feb. '55 Jan. ‘55 Feb. ‘54 gy = 6 > ?
Teleyision sets, units ... 626,613 647,585 536,017 COMMUNICATION AUTHOR|ZAT|0NS
Radio sets (except auto) 320,042 474,947 262,679 (Source: FCC) Feb '55 Jan. '55 Feb '54
Aeronautical .......... 42,048 41,868 43,682
RECEIVING TUBE SALES Marine _............. 48,977 48,751 44,140
(Source: RETMA) Feb. '55 Jan. ’55 Feb. 54 Police, fire, etc. ....... 17,289 17,148 15,003
Receiv. tubes, total units 38,526,796  37,949,762-r 25,189,147 Industrial ..... EEEREEE 23,405 23,223 20,280
Receiv. tubes, value ... $28,107,186 $26,877,457 $18,319,819 tand thansporation vees fets s 200)
Picture tubes, total units 859,529 866,956 645,715 Amateur ............. 130,642 129,258 L7y
Picture tubes, value. ... $17,119,568 $17,661,018 $13,916,478 Citizens radio ......... 9.916 9.579 5550
Disaster . ... ......... 312 310 257
Experimental ... .. . 597 649 532
SEM'CONDUCTOR SALES Common carrier .. ... .. 1,822 1,810 1,490
Jan. '55 Dec. '54 Jan. ‘54
Germanium diodes, units 1 403,940 WITAEES o T EMPLOYMENT AND PAYROLLS
Silicon diodes, units R e ! (Source: Bur. Labor Statistics)  Mar. '55 Feb. ‘55 Mar. ‘54
Prod. workers, comm. equip.  369,700-p 370,100-r 361,900
———~Quarterly Figurese—mo— Av. wkly. earnings, comm. . . $70.53 -p $70.58 -r $67.55
Latest Previ v Av. wkly. earnings, radio. .. $69.32 -p $68.28 -r $66.59
revious ear Av. wkly. hours, comm.. . .. 403 - 40.1 -r 39.5
INDUSTRIAL Quarter Quarter A g P
go Av. wkly. hours, radio. . ... 40.3 - 39.7 - 4
TUBE SALES Y P o
(Source: NEMA) 4th ‘54 3rd ‘54 4th '53 STOCK PRICE AVERAGES
Vacuum (non-receiving) $9,338,181 $8,803,740 $9,467,331 . ’ y . i
Gas or vapor ........ $3,498 123 $3.570 586 $4.854 222 (Source: Standard and Poor's)  Mar. ‘55 Feb. '55 Mar. ‘54
Phototubes . ........ nr nr $405,000
Magnetrons and velocity Radio-tv & electronics ... ... 438.0 437.0 301.9
modulation tubes ... $15249,651 $13,112,244 $13,073,095 Radio broadcasters ......... 502.9 496.8 302.1
Gaps and T/R boxes. .. $1,788,780 $1,476,407 $1,707,730 p—provisional; r—revised

nr—not reported

FIGURES OF THE YEAR

Television set production
Radio set production
Television set sales

Radio set sales (except auto)
Receiving tube sales
Cathode-ray tube sales

TOTALS FOR THE FIRST TWO MONTHS

1955 1954 Percent Change
1,357,096 847,504 +60.1
2,157,870 1,641,213 +31.5
1,274,198 1,267,934 + .5

794,989 573,302 +38.7
76,476,558 47,322,147 +61.6
1,726,485 1,203,396 +43.5
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INDUSTRY REPORT

Transistor Computer
Will Hit Market Soon

Saves 50 percent in size, 90
percent in power. Unit uses
3,000 transistors

AT LEAST one transistorized elec-
tronic computer will be available
for delivery early in 1956. De-
signated as the IBM 608, the ma-
chine is similar to electron-tube
models 604 and 607. However, it
performs 4,500 additions a second,
24 times faster than the 607.

The machine stems from a de-
velopmental machine demonstrated
last fall (ELECTRONICS, p 6, Nov.
1954). It achieves a 50-percent
saving in space and a 90-percent
saving in power required.

More than 3,000 transisiors are
used—some of them 150-X4 power
transistors developed by IBM.
The machine uses matrices of fer-
rite cores as its internal memory.
The components are mounted on
about 700 plug-in printed wiring
boards. This format is adapted to
the company’s mechanized assem-
bly techniques (ELECTRONICS, p 8,
March 1955).

» More Cores—Use of ferrite cores
is now an accepted thing in large
computers. The Remington Rand
Univac II, advanced model of the
Univae, now contains a high-
speed memory capable of retain-
ing 24,000 characters and able to
execute 8,000 instructions a min-
ute. The memory is based upon
use of ferrite cores. Additional
cores can be employed to provide
a memory capable of storing 120,-
000 characters. Univac joins the
IBM 705, Raytheon Ravcom and
RCA Bizmac in using a high-speed
ferrite core memory.

ELECTRONICS — May, 1955
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CONTINUED REDUCTION of rejects in shadow-mask color tv tubes being

inspected with ultraviolet light (right) is a big factor in . . .

Push For Color Tube Output

Standardizing color tube, push-
ing setmaking and stepping up
programming planned

WITH $50 million reputedly already
invested in development of color
television, RCA has decided to
throw in an undisclosed further
amount to obtain broad adoption
and mass production. The push will
be multipronged, involving stand-
ardization of the mask type, round
metal, 21-inch color kinescope, a less
expensive receiver based upon de-
signs released last September and a
healihy increase in color broadcast
programming.

Admitting at the start that it
can’t do the job alone, RCA expects
that after the ball starts rolling it
will recoup its initial heavy finan-
cial losses.

» Mask Tube—First phase of the
campaign is the decision to concen-

trate manufacturing effort on the
21-inch round tube. Facilities at
the Lancaster, Pa. plant presently
occupy about 50,000 square feet of
floor space. By August, new con-
struction and relocation of offices
will up the area to 132,000 square
feet. Output is abeut 2,000 color
tubes a month at present. Many of
the operations are manual.

More efficient handling methods,
including conveyor lines, now being
installed, will make possible an out-
put of some 30,000 tubes a month.
RCA is confident that its projected
cost of $100 (reduced from an ini-
tial $175) is realistic. As an exam-
ple, shrinkage (rejects) of black
and white picture tubes run between
10 and 20 percent. Recently the
Lancaster plant reduced its spoil-
age on color tubes to 16.2 percent.

» Color Set Design—Crux of gen-
eral color acceptance is reasonable

7



INDUSTRY REPORT— Continued

Completed color tv picture tubes undergcing final inspection

at RCA plant in Lancaster, Pa.

set cost. W. W. Watts, executive
vice president for electronic prod-
ucts, says that a new simplified set
will be announced soon. There is
not yet any indication as to its
price.

Consensus of those who have ob-
served the pattern is that RCA will
probably reveal a design to serve as
bellwether, much as the famous
model 630 did for mass production
of black and white sets. With
smaller manufacturers competing
against the increasing production

Electronics Profits

Net profits after taxes hit new
high for many firms in 1954
when excess profits tax died

MANY firms in the electronics field
showed greater net profits last year
than for any year in the industry’s
history. This was due in part to tax
savings as a result of the expiration
of the excess profits tax and to the
changes in the new tax law.
However, manufacturers may
have to amend returns and repay
for some deductions taken in 1954.
The government is in the process of
changing the provision in new tax
law that allowed manufacturers to
deduct estimated future expenses
such as product warranties in the
year that the products are sold. Un-
der the old law such expenses were

8

Three-gun assembly gets careful scrutiny before being sealed

into color kinescope tv tube

lines of the bigger outfits, set prices
can be expected to fall eventually
below the $500 level that marketing
experts feel is the magic borderline
for general public acceptance. RCA
officials agree with the prediction
that color sets at $300 may well ba
possible when production reaches 5
million annually.

» Color Programming—Through
its NBC broadcasting affiliate, RCA
can help beef up sales by providing
interesting color programs. There

Gain As Taxes S

HOW TAXES CHANGE PROFITS
(13 COMPANIES )

Il FEDERAL TAXES [J NET PROFIT
PROFIT BEFORE TAXES

BILLIONS OF DOLLARS

1954

1950 1954 1952 1953 -

not deductible until they were
tually spent.

Another provision in the new tax
law which has aided net profits per-
mits more of the cost of a new plant
facility to be deductable in its first
years with lower deductions in its
later life. This part of the law ap-

ac-

will definitely be more color on the
air, including a daily strip that can
be used for demonstrations and ad-
justments.

Spreading interest in color will
take more than network broadcasts.
Local color pickups will undoubtedly
lag color film programming owing
to high studio costs for the former.
Although all major broadcast equip-
ment suppliers have color film equip-
ment designs, only about 65 units
have been placed on firm order or
delivered to date.

ide

plies only to facility additions made
in 1954. Other equipment con-
tinues under the longer deprecia-
tion method.

» Effect—Expiration of the excess
profits tax was the main factor re-
sponsible for tax gains in 1954. The
other provisions mentioned were
much less effective. GE in 1953 pro-
vided $308.5 million for federal
taxes on income and renegotiation
while in 1954 the amount provided
was $178 million for a decrease of
$130.5 million or 42 percent.
Sylvania’s federal taxes on in-
come in 1953 amounted to $14.9 mil-
lion including $2.3 million in excess
profits tax. In 1954 total taxes were
$8.9 million representing a drop of
$6 million or over 40 percent. As a
result of the new tax law, the com-

pany’s federal tax provision for
(Continuved on page 10)
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Transition—matches the crystal to
N-Type connector over a broad
frequency range.

|23456789101112)3|

Tangential Sensitivity of IN358
The input signal level, expressed in
db below 1mw required to produce
an output pulse of amplitude
tangential to the noise level.

1mplity
front-end design

over a BROADBAND microwave frequency range

NEW TRIPOLAR CRYSTAL DIODE g voto
offers these five advantages —d IRIEGLAR ———

- .

RF

® Simpler, broadband crystal ® No extra plumbing is required —

mount ® Built-in rf bypass capacitor — BYEASS
® Signal goes in one end— @ Available with or without

is taken off the other bulit-in d¢ return

By matching the inherent broadband characteristics of
coaxial cable, the Tripolar crystal diode introduces an en-

tirely new concept in broadband microwave circuitry and Frequency Range:................ 1,000—12,400 Mc

| |

| |

| |

| |

opens a fresh, simpliﬁed approach to front-end design. | Figure of Merit: {(1).......... 10 min. at 675010 Mc I
The IN358 video detector is the first of these new broad- i iahgsntiall sensiivily:=30 BBM cxex "eq"e"cé'°"f° :
band crystal diodes. In a simple holder, it covers the fre- I . . el |
quency range from 1 to over 12 kmc. The IN358 is connected | Video Resistance:.......... 430 °hm’_nm@°2h5':é |
in series with standard coaxial cable between the signal | Ambient Temperature: —40—70°C |
source and amphﬁer. A l Note 1. Measured in untuned broadband holder I
Other broadband video types are available now and | I
broadband mixer types will be ready soon. !_ ______________________ .l

ANOTHER REASON WHY IT PAYS TO SPECIFY SYLVANIA

*SYLVANIA

LIGHTING - RADIO . ELECTRONICS - TELEVISION - ATOMIC ENERGY

SyLvania Erectric Probucts INc.
1740 Broadway, New York 19, N. Y.
In Canada: Sylvania Electric (Canada) Ltd.,
University Tower Bldg., Montreal, P. Q.

ELECTRONICS — May, 1955 Want more information? Use post card on last page. 9



INDUSTRY REPORT — Continued

1954 was reduced by $800,000.

For Westinghouse the changes in
the tax code and a change in com-
puting current federal income tax
costs had the effect of increasing
the firm’s 1954 net income by about
$4.5 million. The company paid a
total of $78.6 million for federal
income taxes compared to $75.9 mil-
lion in 1953.

» Future—Not all companies had
lower taxes in 1954 as a result of
tax law changes. However, many
that d.d pay higher taxes did so as
a result of higher net sales which
in some cases moved them to a
higher income bracket. Despite tax
relief in 1954 total taxes for many
firms still amounted to over 50
cents on each pretax profit dollar.

%

7S :
PRODUCTION of ""Thru-Con’’ boards for table model radios is stepped up at
GE as . . .

Wiring Boards Hypo Plastic Sales

Laminate manufacturers see
their business volume tripled
this year by printed wiring

GROWING use of printed wiring in
electronic equipment means rising
business volume for laminated sheet
manufacturers. There are about
two dozen firms in the laminate field
although net all sell printed wiring
boards. Last year these companies
sold close to $1 million worth of
boards for printed wiring use. This
year total printed wiring board
sales may be somewhere between
$3 and $5 million.

One major set manufacturer re-
cently placed a $54,000 order for
one month’s supply of copper-clad
laminates and may spend a total of
over $500,000 this year on the ma-
terial. One board manufacturer esti-
mates that 10 percent of total lami-
nate production is accounted for by
printed circuit boards.

10

Big computer manufacturers such
as IBM and Remington Rand are
volume users of printed circuits.
One of the firms has already or-
dered over 200,000 boards.

» Cost—A 3 by 4-foot sheet can
cost about seven or eight dollars.

The copper foil thickness used in
almost all present day applications
is one to two ounces per square foot,
and the increasing use of the boards
has caused a tightness in elec-
trolytic copper supply.

At present, there is only one
source for the copper but one lami-
nate maker indicates this may
change soon.

» Thru-Con—GE, which manufac-
tures its own laminates, recently
announced that it will concentrate
its production of printed wiring
circuit boards on a through-connect-
ing type which will eliminate pro-
duction steps and reduce the cost

of mechanized assembly. The com-
pany will curtail production of
etched board types and will step up
production of “Thru-Con” boards to
replace them. These have the cop-
per wiring pattern plated not only
on the board, but through its holes
to make the front-to-back circuit
connections.

They do not require staking pins
since the holes have eyelets plated
as integral parts of the wiring. GE
expects that about one million
radios will be produced this year
using printed circuit boards.

Magnistors Promise to
Supplement Transistors

New circuit element acts as

amplifier or bistable storage
device

MAGNISTORS are small saturable re-
actors having unique shapes and
flux paths. They are divided into
two general classes described as
transient and permanent. The
transient type has no memory
while the permanent or two-state
class will remember its set or re-
set condition indefinitely even if
all power is removed.

Magnistors are used to gate,
switch, amplify, count and record.
They also form logical arrays for
adding, subtracting, shifting and
other computing functions.

Such a circuit element has an in-
definite shelf life according to
Potter Instrument Company who
developed the magnistor. They
are undisturbed at temperature
ranges attained in commercial and
military equipment. (See p 280,
this issue).

The simplest form contains two
windings wound on special ferro-
ceramic material. One winding, the
signal coil, is used to carry a sine-
wave signal in the range from 100
ke to 15 mc or pulses having a
repetition rate from 0 to 10 mec.
By varying the d-¢ current applied
to the second winding (control
coil), the impedance of the signal
winding to the carrier frequency

or pulses can be varied over a
{Continued on page 12)
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ASNAP FOR WIRING BOARD ASSEMBLIES

N E W Sprague Type 28D

Push-Lok™ Electrolytic Capacitors
Give Fast, Fool-Proof Mounting

“ERE’S THE BEST APPROACH yet to elec-
trolytic capacitors for printed wiring board
assemblies.

It’s Sprague’s new Type 28D Push-Lok Elec-
trolytic. Just insert the connecting lugs through
the slots in the wiring board, and the capacitor
is held securely in place until the chassis is ready
for dip soldering . . . so securely that solder gaps
are eliminated. Spring action of the Push-Lok
lugs is strong enough to hold relatively heavy
capacitors in place, even when the hoard is
carried sideways, or upside-down on a conveyor.
‘Tab connections are always in close contact with
the printed conductors.Yet, unlike other designs,
no secondary operations are required for this
fast and secure mounting.

Other advantages include:

Fool-Proof Positioning—A. Push-Lok can only
be inserted the right way. A wide index terminal
is provided in the mounting ring to index the
assembly on the chassis or other surface if desired.

The Ability to Print Wiring Boards on Both Sides—
Shoulders on the Push-Lok lugs plus additional
prongs keep the capacitors clear of the chassis.

Safety—Circular shield conforms with sug-
gestions of Underwriters’ Laboratories, Inc.
Tools cannot be inserted easily between the
bottom of the capacitor and the chassis.

FOR COMPLETE INFORMATION on these new Type
28D Push-Lok electrolytic capacitors, write for

Engineering Bulletin to Sprague Elecrrl:C Co., ETET e BefudTia Willhprofiie yBunwili coms
35 MarshallStreet, North Adams, Massachusetts. plete applicatien engineering service for optimym

results in the sre of electrolytic capacitors.

*Push-Lok is a Trademark of the Sprague Electric Company

WORLD’S LARGEST
CAPACITOR MANUFACTURER

Export for the Americos: Sprague Electric Internationol Ltd., North Adcms, Moss. CABLE SFREXINT

ELECTRONICS — Ma)’, 1955 Want more information? Use post card on last page. 1



INDUSTRY REPORT— Continued

ratio as high as 500 to 1 if desired.

Power levels in the range of
microwatts to tens of watts can be
controlled.

U.S. Urged To Increase
Surplus Disposal

THE Hoover Commission, in its re-
port to Congress on surplus prop-
erty, recommends that the Armed
Forces get rid of obsolete stock or
stock that is rapidly becoming un-
suited to military needs. From $10
billion to $25 billion of supplies now
in government warehouses could be
eliminated with proper inventory
control and more realistic stock
levels.

The government would have to
dump surplus stock at an annual
rate of $2 billion, original cost, for
the next several years.

» Return—The average return
from surplus sales is now running
around 6 percent of original cost.
Returns from electronic surplus
equipment are as low as 3 percent.
This is due to many factors includ-
ing high obsolescence of some equip-
ment.

Tubes Show Tubes On
Closed-Circuit TV

ENGINEERS attending the IRE con-
vention in New York were intro-
duced to a new GE tube, the GL-
6442, via a closed-circuit telecast
originating at the company’s tube
plant in Schenectady, N. Y. The
new tube promises to raise the
power-handling capability of low-
power radar, beacons and naviga-
tion aides at frequencies up to 4,000
me.

The hour-long program was pro-
duced by Box Office Television. The
cameras picked up live sequences
demonstrating the manufacture and
use of new tubes. A two-way audio
system was used so that the audi-
ence could ask on-the-spot ques-
tions of design and production offi-
cials at the plant.

12
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Industry Future Holds $20 Billion

Realistic appraisal of the field’s
future potentials yields increas-
ing volume figures

THE NEXT ten years in the elec-
tronies industry will see the pres-
ent annual volume of $9 billion
rising to $20 billion in the year
1964 according to an appraisal of
the industry’s business prospects
by Sylvania Electric.

» TV—The report indicates that
the long-term potential for tv will
range between 6 million to 7.5 mil-
lion sets per year throughout the
next decade. In 1955 unit sales of
tv sets will probably fall off to
6.4 million with a total factory
value of around $1 billion. During
the three year period, 1958-60 com-
bined unit sales of black-and-white
and color sets are expected to
average 6.9 million, with dollar
volume averaging around $1.2 bil-
lion a year. At the end of the dec-
ade, about 7.4 million sets will be
sold at a factory price level of $1.5
billion.

It is expected that no more than
about 150,000 color tv sets will be
produced this year with only 100,-
000 of these being sold to the pub-
lic. About 34 percent of all sets
produced in 1958-60 period how-

ever will be color sets and by 1964
color is seen accounting for 61 per-
cent of total set production.

» Radio—The study estimates that
7 million home radio sets grossing
around $147 million will be sold in
1955 and that by 1964 8.5 million
home radio units will be sold at a
dollar total of near $162 million.
Annual auto set sales are expected
to reach 5.6 million by 1964 with
a dollar volume of $140 million.

Records and phonographs were
seen maintaining a fairly level vol-
ume of sales of between $120 mil-
lion and $140 million over the next
decade.

»Defense—Government purchases
of electronics equipment might
reach $2.5 billion in 1955 according
to the report. A volume of $3.2 bil-
lion a year was seen for the
1958-60 period reaching $4 billion
a year by 1964.

» Industry—Sales of equipment
for industry and commerce were
estimated at $570 million for 1954
and were expected to increase to
around $640 million this year. By
1958-60 annual sales of industrial-
commercial equipment are expected
to reach $900 million going to be-
tween $1.3 billion and $1.4 billion

(Continued on page 14)
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COMPLETE LINE OF CORES
TO MEET YOUR NEEDS

% Furnished in four standard
permeabilities — 125, 60, 26
and 14,

% Avcileble in a wide range of
sizes to obtain nominal in-
ductances as high as 281
mh/1000 turns.

¥ These toroidal cores are given
various types of enamel and
varnish finishes, some of
which permit winding with
heavy Formex insulated wire
without supplementary insu-
lation over the core.

ELECTRONICS — May, 1955
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HIGH Q TOROIDS for use in
Loading Coils, Filters, Broadband
Carrier Systems and Networks—
for frequencies up to 200 KC

For high Q in a small volume, characterized by low eddy current and
hysteresis losses, ARNOLD Moly Permalloy Powder Toroidal Cores
are commercially available to meet high standards of physical and
electrical requirements. They provide constant permeability over a wide
range of flux density. The 125 Mu cores are recommended for use up to
15 ke, 60 Mu at 10 to 50 ke, 26 Mu at 30 to 75 ke, and 14 Mu at 50 to
200 kc. Many of these cores may be furnished stabilized to provide
constant permeability (4+0.1%) over a specific temperature range.

*Manufactured under license arrangements with Western Electric Company ~&D a744

- THE ARNOLD ENGINEERING (COMPANY |

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
General Office & Plant: Marengo, lllinois
DISTRICT SALES OFFICES . .. New York: 350 Fifth Ave.

Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. !

coudd
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INDUSTRY REPORT— Continued

by the decade’s end in 1964.

» Tubes—Sales of radio receiving
tubes, tv picture tubes, special elec-
tronic tubes and other components
for repair purposes will be near
$800 million in 1955, according to
the study. In 1958-60, the total is
expected to reach $1.2 billion and
by 1964 is expected to aggregate
$2.3 billion for a 250-percent gain
in a decade.

» Markup—Added to the factory

prices of the foregoing estimates
are the revenues of distribution
which exceeded $2 billion in 1954
and will be on the same level this
year. By 1958-60, markup is ex-
pected to pass $2.8 billion and rise
to about $4.2 billion in 1964.
Repairmen’s service charges are
expected to show a gradual increase
from $925 million this year to $14
billion ten years hence.
Broadcasting revenues are ex-
pected to rise to $5 billion for 1964,

("‘b

TUBE sockets and other components are automatically inserted by . . .

Robot Assemblers Coming Soon

Machinery maker begins pro-
duction and schedules delivery
of assembler

LiMITED production has been started
by United Shoe Machinery on its
conveyor tvpe machines for auto-
matic assembly of electronic equip-
ment. (ELECTRONICS, Sept., 1954,
p 6 and 232) Delivery will begin
in early summer.

The machines are already in daily
operation in major radio and tv
factories such as Emerson, GE and
RCA. The machines have already
been used to insert components in
well over 500,000 printed wiring
boards which have been put into
commercial sets, mainly radio and
tv receivers.

The equipment has a capacity of
over 9,000 boards a day. Parts of
the sets that utilize mechanized
assembly vary from subassemblies
for tv receivers to virtually com-
plete chassis for table radios. Re-
liability of more than 99.5 percent
for equipment under actual produc-

14

tion conditions has been reported by
users.

» Development—The company is
continuing development and produc-
tion evaluation of a complete line of
inserting units designed to handle
components such as one and two-
watt resistors; mica, tubular and
disk capacitors jumper wires; tube
sockets; and i-f transformers. In-
cluded in this system is an advanced
method of automatic dip soldering.

Magnetic Amplifier
Sales Increase

WITH total sales in 1952 repre-
sented as one index point, volume
increased for one manufacturer of
magnetic amplifiers to 6.5 points in
1953, and to 113 points last year.
The firm, which entered the field
on the assumption of industry wide
sales of at least 600,000 units a
year, estimates that their sales
index this year will be 114,

Glass Makers Push

Parts Field Invasion

Glass components for mass
radio-tv market debut as tube
consumption grows

VALUE of glass envelopes used by
the electron tube industry is in the
neighborhood of $75 million annu-
ally. Billings have increased as tv
picture tubes have grown in size
and number,

So far use of glass in components
has been limited. However, increas-
ing activity in the low-cost radio
and tv components field is planned.

Corning Glass recently concluded
an agreement for the marketing
some of its electronic components
through the distributors of Erie Re-
sistor Corp. It also reduced prices
in certain lines and introduced a
number of low-cost components es-
pecially designed for commercial
radio and tv applications.

» Military—Glass makers are con-
tinuing research and manufactur-
ing of electronic devices for the
military services. Recent develop-
ments include fused silica delay
lines, and precision glass screens
for c-r tubes which contain 200,000
accurately formed holes per square
inch. In addition glass makers are
working on the design of glass ra-

screen of glass,

Newly developed
shown against an enlargement of
itself, contains 200,000 holes so small
they cannot be threaded with a human
hair

(Continued on page 16)
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for modern,
profitable
automatic production . ..

call on KA“ LE

cathode
ray tubes

Write for information
on special experimental
and research services
offered by Kahle.

@nm
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.. World’s leading
exclusive manufacturer
of production machinery
for the electronics field

If you’re making (or plan to make) diodes, transistors,
sub-miniature, miniature, cathode ray tubes, or other
electronic tubes or component parts, take full advantage
of Kahle’s invaluable experience.

With Kahle methods and “know-how”” you’re sure of
getting exactly the right machinery to produce exactly
what you want...accurately, dependably, profitably.

For more than a quarter of a century the leaders in the
electronics field have relied on Kahle for production
machinery. Typical production steps automatically
performed by Kahle equipment include sealing, bulb
making, stem making, exhausting, grid winding,
filament coil winding, lead wire welding.

" Write today for additional details, equipment

specifications, production data, and quotations.

Get first hand information at our conveniently located plant—
15 minutes from Times Square, 5 minutes south ¢f Lincoln Tunnel

/

(L. ENGINEERING COMPANY

12307 SEVENTH STREET ¢ NORTH BERGEN, N.J.

Want more information? Use post card on last page.
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domes for aircraft and guided mis-
siles.

» Tubes—A 22-inch rectangular
glass blank for color tv picture
tubes is now being shipped in lim-
ited quantities by Corning Glass.
The new tube is approximately the
same length and height as a 19-inch
round bulb and is designed to fit
into the same size cabinet.

It is designed for a shadow mask
tube and is constructed so the mask
can be mounted by either of the two
methods now in use, the flat land or
the pin method. The bulb is adapt-
able to either the three-gun or
single-gun system. Sampling of the
tube began last fall. The company
is also making small shipments of
21-inch round glass bulbs.

40

TUBE RENEWAL SALES GAIN
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RECEIVING TUBE RENEWAL SALES

\ C-R TUBE RENEWAL SALES
1

1952

1953 1954 1955 (EST)

Renewal Market Gains Prominence

One-third of receiving and
cathode-ray tube sales are ac-
counted for by renewals

REPLACEMENT market for electron
tubes is steadily edging into greater
prominance. Last year over 30 per-
cent of total receiving tube sales
were for renewal representing a
dollar volume of $89.6 million out
of total sales of $275.9 million.
This year total receiving tube re-
newals are running at 33.1 percent.
In 1950 receiving tube replacement
accounted for only 18 percent of
total production.

» Types—The bulk of receiving
tubes for replacement in the past
few years have been entertainment
types for home receivers. Receiv-
ing types for uses other than home
entertainment sets have increased
but accounted for less than 1.5 mil-

16

lion units of total renewal sales last
year.

Most of the $89.6 million in re-
ceiving tube renewal factory sales
last year were made to parts dis-
tributors who annually do approxi-
mately $100 million in tube sales
including crts. Tube sales account
for about 25 percent of totual parts
distributors’ sales.

» C-R Tubes-—Although unit vol-
ume of renewal sales of cathode-
ray tubes is far below that for re-
ceiving tubes, dollar volume repre-
sented by the tubes is significant.
Last year renewal sales of 1.8 mil-
lion c-r tubes amounted to $43.7
million equal to over half the re-
newal dollar volume for receiving
tubes. This represented an increase
of 6,000 units over 1953 sales. The
big volume in cathode-ray tube re-
placement sales was done in the
19 through 21-inch sizes. A total

of 810,000 out of the 1.8 million
sold last year were in this size. The
17-inch tube was next largest in
renewal sales accounting for about
785,000 of total renewal unit vol-
ume. The 12 through 15-inch c-r
tubes accounted for 148,651 units
of total volume. All other sizes has
unit sales below 35,000.

» Future—Raytheon, in apprais-
ing the future of replacement sales
of receiving tubes, tv picture tubes
and industrial tubes expects that
by 1965 there will be a twofold or
even greater increase in sales. This
would bring total annual renewal
sules for these tube types close to
$150 million in 1965.

Economy Forecast
For Color Camera

AIMING towards a color television
camera no more complex than pres-
ent monochrome devices, RCA engi-
neers have developed a tricolor
Vidicon that generates red, green
and blue signals simultaneously.

It has been used successfully to
televise color slides and motion pic-
tures where high light levels are
employed. Further refinements are
expected to achieve greater sensi-
tivity.

» Color Strips—Heart of the tube
1s a color-sensitive target evapo-
rated onto the tube face. The target
comprises 900 vertical strips of al-
ternating red, green and blue color
filters covered by three sets of semi-
transparent signal strips. All the
strips of the same color are elec-
trically connected.

As the target is secanned by a sin-
gle electron beam, the filters permit

Developmental color Vidicon would re-

place three of the image orthicon type

shown below to save expense and bulk
{Continued on page 20)
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This device represents an important advance in the field
of automatic instrumentation. In conjunction with the
Slotted Line, it makes possible accurate, truly rapid measure-
ments of VSWR, complex reflection coefficient or impedance
of antennas, termination filters, pads, cables and other net-
work elements.

The Drive can be attached easily to one end of any of
the new improved Type 874-LBA Slotted Lines. Sweep
speed and length of line swept are completely adjustable,
even while the carriage is traveling. Optimum settings for
various measurements may thus be made.

For CRO horizontal deflection a sawtooth voltage is
provided, the magnitude of which is accurately proportional
to carriage position. This feature permits easy calibration of
the horizontal scope axis. If the driving oscillator is squere-
wave modulated, a base line is made available for the scope
and VSWR can be measured directly on the scope face. Posi-
tions of voltage minima can also be determined in this
manner. Where preferable, a standing-wave meter can be
used in place of the scope at slow speeds.

This Drive has nc backlash problems whatever, because
the Sweep is determined by the positior of the carriage. Con-
sequently, both forward and backward sweeps are used.

GENERAL RADIO Company

275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A,

90 West Street NEW YORK 6

8055 13th St., Silver Spring, Md. wWASHINGTON, D. C.
920 S. iMichigan Avenue CHICAGO s

1000 N. Seward Street LOS ANGELES 38

SWEEP SPEED — continuously adjustable from one full sweep (46 cm) in more
than 10 seconds, to one full sweep in less than one second.
SWEEP RANGE — continuausly adjustable from 1 cm to 46 cm.
SIGNAL FOR CRO HORIZONTAL PLATES — voltage divider with sliding
contact on carriage provides d-c output.
TYPE 874-LBA SLOTTED LINE . ., with Adjustable Stub
gor tuning crystal rectifier........ .... $231.00

TYPE 874-MD SWEEP DRIVE
(Includes motor and drive mechanism,
speed control, tubular potentiometer and
adjustable travel stops)......$220.00

1915-1955

40 Years of Pioneering

® ir Electronics
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TRANSISTORS

ALL-TRANSISTOR 455 kc |. F. PORTABLE

completely interchangeable, without selec-

tion of components

successfully freld tested for an entire year

available in production quantities

hermetically sealed

equipped with standard military lead

spacing

made by the Raytheon-perfected fusion
alloy process that has already produced
nearly two million transistors

HIGH FREQUENCY TRANSISTORS — HERMETICALLY SEALED CASE

® 455 kc performance matching highes:t
industry standards for portable radios

® operates for 500 hours from 4 standard
flashlight batteries

® delivers 120 milliwatts UPO

® ENSI (equivalent noise sideband input)
comparable to vacuum tube portables

Collector Extrin. Base . L
TYPE Base Current Freq. : Rise Capac.
Cutoff Resis. Ampl. Cutoff Temp. | °C/mW ppuf
Volts #A VA ohms Factor mc. °C
CK760 —6 1 -10 75 40 5 85 0.62 14
CK761 -6 1 -1.0 75 45 10 85 0.62 14
CK762 —6 1 —1.0 75 65 20 85 0.62 14

Note: above characteristics are average except where noted

RAYTHEON TRANSISTORS

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

SILICON POWER RECTIFIERS

RREVERSE 100,000 L
RFORWARD I"”

Watts Output at
Case Temperaturei of

Number of
Circuit CK776 30°C 70°C 170°C

One Phase
Half Wave 700 530 265
Full Wave 1600 1070 530

/ i Bridge 3050 2040 1020
Three Phase

Half Wave 2150 1070

1 Bridge 4550 2270

\/ T Maintained with heat radiator

g At maximum power handling
capability of CK776, an equiva-
lent selenium rectifier could occupy

& as much as 100 times the volume.

N —

[op N o8]

&
RAYTHEON SILICON POWER RECTIFIER CHARACTERISTICS N
IAXIMUM VOETAGE  MAXIMUM CURRENT A
ATi
TYPE CK775 voLTS VOLTS | AMPERES AMPERES WATTS
CASE TEMP. 30°C* @ ) 5 5 o
CASE TEMP. 170°C* @ & 15 5 10
NO HEAT RADIATOR X 5 N
AMBIENT TEMP. 25°C L) 60 20 y 3
AMBIENT TEMP. 170°C 40 60 20 05 20 N\ "" -v
—
TYPE CK776 =
CASE TEMP. 30°C* 125 20 50 15 4 =
CASE TEMP. 170°C* 125 20 15 5 10 E =2
NO HEAT RADIATOR
AMBIENT TEMP. 25°C 125 200 6 20 30 ACTUAL
AMBIENT TEMP. 170°C 125 20 20 05 20 SIZE

*maintamed by exlernal heat radiator
At 25°C both CK775 and CK776 have Maximum reverse current is 25mA for CK775
maximum drop at 5 amperes of 1.5 volts, at —60 volts, CK776 at —200 volts.

Excellesce en Eleclionics.

RELIABLE SUBMINIATURE AND MINIATURE TUBES 1
SEMICONDUCTOR DIODES AND TRANSISTORS
NUCLEONIC TUBES » MICROWAVE TUBES
RECEIVING AND PICTURE TUBES

Semiconductor Division — Home Office : 55 Chapel St., Newton 58, Mass., Blgelow 4-750u
For application information write or call the Home Office or: 9501 Grand Avenue, Franklin Park (Chicago), lllinois, TUxedo 9-5400
589 Fifth Avenue, New York 17, New York, PLaza 9-3900 + 622 South La Brea Ave., Los Angeles 36, Callfornia, WEbster 8-2851
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INDUSTRY REPQRT— Continued

the signal strips to produce appro-
priate electrical signals. Since the
beam moves in a fashion similar to
the scanning of ordinary camera
tubes, the tube generates directly
and simultaneously the three
primary color signals required for
the composite broadcast signal.

Private-Plane Market
Boosts Airborne Sales

Multiengined craft require
much electronic gear and out-
number airliners

MANUFACTURERS of airborne elec-
tronic equipment are looking to the
private-plane field as a rapidly
growing market for instruments.
There are 70,000 active privately
owned aircraft of which 40,000
carry some kind of electronic equip-
ment. About 25,000 firms use one
or more aircraft in their business—
usually for chauffeuring executives.
There are 1,500 multiengined
private aircraft as against 1,000
planes operated by the airlines.

» Market—Electronic equipment
currently installed in light planes
is valued at nearly $500 million.
Value of electronic equipment in-
stalled aboard airliners is about $50
million (considering each plane’s
equipment worth about $50,000).

Annual business supplying air-
borne electronic equipment to the
airlines amounts to about $5 million
against an estimated $1 billion for
military aircraft. Yearly expendi-
ture by light-plane owners is about
$30 million.

» Requirements—Minimum re-
quirement for a private plane is a
vhf receiver with broadcast and
navigation-band reception and a
two-watt transmitter. This can be
bought for $437.

Electronic equipment for a light
twin-engined executive plane may
cost $20,550.

This includes:

2 automatic direction finders... $4,000
1 vhf omnirange receiver...... 700
1 36-channel vhf receiver...... 2,000
1 marker-beacon receiver....... 600
1 3-axis autopilot with ILS..... 6,000
1 distance-measuring equipment 7,000
1 isolation amplifier............ 250

$20,550
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BORING work

is guided by electronics at Minneapolis-Honeywell as .

Tubes Infiltrate Metal Trades

Companies apply electronics to
milling and drilling machines
for more efficient production

ELECTRONICALLY controlled milling
machine capable of producing air-
craft dies or parts of any shape
will be developed by Convair under
a $1.1 million Air Force contract.
The 200-ton milling machine and
the electronic system that directs
it will be completed in about 18
months.

Minneapolis-Honeywell has de-
veloped a punched paper tape con-
trolled automatic boring machine
for producing instrument gear
trains.

» Milling—The control system for
the Convair milling machine will
include an input system, computer,
director and control console. Sig-
nals will guide the milling ma-
chine’s four cutting heads, its bed
and turntable. Control system de-
sign will be based upon work done
at MIT under Air Force auspices.

»How It Works—Punched cards
of a keyboard may be used to write
in the dimensions of the part. The
computer prepares numerical com-
mands for the machine and tran-
scribes them on punched paper
tape.

The commands are fed to the

electronic director and transferred
to magnetic tape. The director can
either control the milling machine
directly or the magnetic tape can
be fed to a control console designed
solely for controlling machine op-
eration.

In this way the computer-di-
rector is freed for other problems.
It can support many different ma-
chines such as rolling mills, stretch
presses and special-purpose pro-
filers.

» Savings—The numerical or digi-
tal control concept eliminates the
human error that may be intro-
duced in analog control schemes
where a machinist makes the first
part with a control unit recording
his movements.

On some parts, savings of as
savings of as much as 85 percent
of the present lead time are ex-
pected with the new method. On
parts having greater complexity,
the lead time savings may not ex-
ceed 15 ©percent over present
methods. Savings of $50,000 or
more will be possible in the elimina-
tion of some tcolings for just one
part.

®» Drilling—The system worked
out by Minneapolis-Honeywell in-
cludes a standard four-spindle Ex-

(Continued on page 22)
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@A LI-ANGL

BARRY MOUNT

=) Works at any angle
ALL-ANGL BARRY MOUNT

Cup diometer ... 1 inch

Maximum load ...............3 pounds
Weight ... less than 1 ounce } $

| e
...with HIGH DAMPING in all directions

Now you can forget all limitations on mounting positions for
delicate apparatus. You can design for easiest installation and best
space utilization, because the new Barry ALL-ANGL vibration isolator
works in any position. Upside down, on a bulkhead, at any slant —
position means nothing to this new BARRYMOUNT.® Damping is
exceptionally high in all directions; transmissibility at resonance is
less than 3. The ALL-ANGL mount is interchangeable with other
miniature BARRYMOUNT isolators.

This isolator is the answer to your toughest vibration-protec-
tion problems. Let us show you what it will do for you; or
write for Bulletin.

BARRY CONTROLS

INCORPORATED

Formerly The Barry Corporation

707 PLEASANT STREET WATERTOWN 72, MASS.

SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES
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cello precision boring machine
modified with built-in electronic
controls and circuitry and a tape
reader housed in a control cabinet.

Hole coordinates and feed in-
structions are punched on the tape
by a perforating machine similar
to a typewriter. KElectronic sig-
nals from the tape regulate the
linear travel of the boring ma-
chine’s hydraulic cross slide and
the rotary motion of a holding fix-
ture mounted on the cross slide.
Tape preparation requires approxi-
mately five minutes per hole and
complete changeover from one part

Electronics Booms

Industry leaders anticipate

increasing level of military,
radio-tv and industrial sales

UNQUALIFIED optimism is the out-
standing characteristic of the elec-
tronies industry in the Los An-
geles area.

With 15 firms in 1943, the indus-
try now encompasses 440 firms
operating 506 plants with a total
area of 9,750,281 sq ft and em-
ploying 69,637 persons. Gross bill-
ing for 1956 is expected to top §$1
billion (ELECTRONICS, April, 1955,
p 20) and may reach $1.1 billion
in 1960.

P Patterns—The industry is made
up largely of small firms (less
than 500 employes) some of which
started when handfuls of engi-
neers left the electronics depart-
ments of large aircraft plants and
founded organizations to exploit
their individual talents.

More than half the firms are en-
gaged in engineering and design.
Products are characterized by
short production runs and a high
creative content per dollar.

Items manufactured include
military electronic equipment, in-
dustrial and scientific instruments,
test gear, computers, radio and tv
sets and audio equipment.

» Trends—Aircraft firms entered
the electronics business by way of
the weapons-system method of
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to another can be accomplished in
about 30 minutes.

» Future—Use of electronic con-
trol in metalworking operations
will be much in the news next fall
when nearly every large machine
tool builder introduces an elec-
tronically controlled machine.

Tool builders have been busy un-
der wraps for some time. Some of
the development work has been
done by electronics companies un-
der contract while other tool build-
ers have established their own elec-
tronics departments.

In The West

INDUSTRY BILLING
IN LOS ANGELES AREA
$12 - ‘
| w//
/
I,Q — f
w
&
< 08/ =
]
(&3
a
S 06—
<« |
z
o
)
D04 -
m
02
O l5a 943 1955 1954 1956 1960
(EST) (EST)

procuring military aircraft and
guided missiles. However, the air-
craft industry has been noted for
subcontracting much of its spec-
ialized work in the past and
even the firms best staffed elec-
tronically continue to buy off-the-
shelf items from electronics manu-
facturers.

Precision wire-wound resistors
are important to guided missiles
and for specialized instruments.
Units cost from 64 cents to $64
dollars depending upon the accuracy
required.

Magnetic tape is playing an in-
creasingly important part in the
film industry. Sound for the
movies is recorded first on mag-
netic tape then put on optical
sound track. Voecals, accompani-
ment, dialog and special effects
are often recorded separately.

Some tape used is 35 mm wide and
has sprocket holes like film.

Guided missile expenditures are
expected to increase 35 percent
this year and comprise a big chunk
of the $650 million super-weapons
budget. One company specializing
in field support equipment which
includes go-no-go control system
testers expects to do a $60 million
business this year.

» Future—Eight-year time table
for tv development includes the
following: automatic production of
monochrome sets resulting in a
10-percent saving in direct labor
together with increased qual-
ity and product uniformity; pro-
duction of color sets selling for
under $500; manufacture of tran-
sistorized sets using picture-on-
the-wall tubes. Immediate objec-
tive of set manufacturers is a sec-
ond or third monochrome set in
every home.

Microwave Ovens To
Enter Home Kitchens

Units for home use that brown
as they cook may be available
late next year

ORDERS will be taken by GE next
year for household electronic ovens
that use magnetron-produced high-
frequency radio waves to cook foods.
The new ovens probably will not be
available before the end of 1956.
Built-in models will be displayed
during the coming year, according
to the company.

No price has been set for the units
but they are expected to cost more
than conventional built-in ovens.
While it will cook faster than to-
day’s standard ovens, the current
cost for electronic oven cooking will
be about the same as for conven-
tional methods.

»Features — Electronic ovens have
been used experimentally for many
yvears and have been produced
for use in commercial establish-
ments. Feature of the GE unit is
that it browns food as it cooks.

(Continued on page 24)
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Type 116R Polar
Pattern Recorder -

2 et e

A ew!

Leading members of the aviation industry have long known
about this means of measuring aircraft and missile antenna
radiation patterns. In the course of various engineering pro-
jects, they have come repeatedly to Airborne Instruments
Laboratory with antenna test problems. As always, Airborne’s
scientists sought to create equipment, singularly perfect in
performance yet flexible enough to meet many specific needs.
Their efforts resulted in the Type 105 Model Range System,
which automatically records polar plots of the relative field
strength of aircraft radiation patterns.

The Type 105 System, however, is not only important within
itself. Out of its totality have emerged several significant de-
vices, designed for many recording purposes. Among these
are the 116R Polar Pattern Recorder, the Type 20 SWR In-
dicator, and the Type 373 Rectangular Coordinate Recorder.

Here again is an example of creative initiative, by AlL en-
gineers, providing a continuous succession of advanced in-
struments for America’s industrial progress.

Seud for informarion about the 105 Model Range System
and literature on other recording devices.

Type 373 Rectangular ; 3
i i SWR Indica
Coordinate Recorder o

B AIRBORNE
@) INSTRUMENTS

LABORATORY

C.

160 OLD COUNTRY ROAD ¢ MINEOLA, NEW YORK
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INDUSTRY REPORT— Continued

Heretofore, electronically cooked
food has lacked the appetizing
browned surface achieved in a reg-
ular oven.

Test data on a developmental
sample of the new range shows that
it cooks meats in from one-sixth to
one-eighth the time required by
conventional methods.

Financial Roundup

Over two-thirds of the firm’s
reporting show gains in 1954
net profit over 1953

YEAR 1954 was one of the best on
record profitwise for the industry.

Following are the net profits for 26
firms for the 12 months of 1954 or

the fiscal period indicated, com-
pared to 1953:
Net Prolit

Company 1954 1953
Admiral ........ $6,647,974 $8,213,165
Aircraft Radio .. 576,127 390,611
Am. Cable & Radio 1,890,072 1,656,659
ACF Industries 9m 4,305,949 5,742,949
Burroughs ...... 7,796,065 7,206,655
Electronic Assoc.. 244,557 130,685
Electronic Corp.

Of Am......... 162,106
Gen. Dry Batteries 529,301 403,358
Gen. Prec. Equip. 5,488,090 3,436,349
Globe Union .... 569,280 1,682,276
Hallicrafters 6m. 275,241 *949,337
Hoffman

Electronics . ... 1,485,513 1,199,655
Indiana Steel .... 587,854 335,925
Minnesota Mining 24,624,225 17,977,771
Motorola  ....... 7,572,000 7,076,000
National Union.. . 1,289,264 * 166,458
Norden-Ketay ... 1,002,922
Oxford Electrie. . 93,983 99,886
Raytheon 9m..... 3,692,000 2,703,000
Robertshaw-

Fulton ........ 3,677,709 2,649,181
Sprague Electric. 3,333,408 2,888,281
Standard Coil. ... 2,871,290 2,972,481
Texas Instruments 1,200,000 1,270,000
Trav-ler Radio. .. 241,000
Triad Transformer 52,111
Zenith .......... 5,676,264 5,631,701
* Loss.

» Securities—American Electron-
ics of Los Angeles filed with SEC
covering §$1,250,000 of 5-percent
convertible debentures due 1967 to
be offered at 100-percent of their
principal amount. Net proceeds are
to be used to retire loans and debts
and for general corporate purposes.

Collins Radio registered with
SEC covering 122,500 shares of $50
par convertable preferred stock.
Proceeds will be used to redeem
outstanding preferred and for
working capital.

Norden-Ketay registered with
SEC covering stock purchase war-
rants and/or 22,500 shares of com-
mon stock issuable pursuant to
stock warrants. Net proceeds will
be used for corporate purposes.
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What It Takes To Be An Executive

Varying views are held on tech-
nical management qualifica-
tions

WHAT it takes to be a successful
technical manager was one of the
main discussion points in the engi-
neering management sessions at the
1955 convention of the Institute of
Radio Engineers.

» Job—An effective technical man-
ager, as described in one paper, is
able to organize and direct the ac-
tivities of others for greater pro-
ductivity. He is also effective in
representing to higher management
the ideas, points of view and needs
of his own people in such a way that
they can have a bearing upon com-
pany plans.

A technical manager is badly
handicapped if he attempts to man-
age scientific and engineering peo-
ple without a thorough understand-
ing of their tasks. Thus it is neces-
sary to convert some technical peo-
ple into administrators and execu-
tives.

» Qualities—However, the very
qualities that make a man outstand-
ing as a creative engineer are likely
to be disqualifying for managerial
responsibility. Five important qual-
ities in which the typical engineer
differed from the typical executive
are:

e The engineer is primarily proud
of his intellectuality while the exec-
uttve is primarily proud of his
practicality.

® The engineer is spontaneously in-
terested in physical things and
physical processes while the execu-
tiwe is spontaneously interested in
people.

* The engineer is more thoughtful
than active, introverted, while the
execultve is more active than
thoughtful, extroverted.

® The engineer is less able to use his
own emotions as drives. He finds it
hard to accept emotion in himself
or others. The executive can accept
his own emotions and use them as
drives to accomplish results with
himself and others.

®* The engineer may be limited in

both fluency and clarity of verbal
expression while the executive must
be superior at both points and must
be effective in verbal communica-
tions.

U.S. Cues Electronics
At German Trade Fair

Thirty firms send equipment
abroad for U. S. exhibit in
Hanover

AMERICAN electronies will play a
major role in the U. S. Department
of Commerce’s exhibit at the Ger-
man Industries Fair, April 24 to
May 3, at Hanover, Germany.
At least 30 U. S. manufacturers
of electronic equipment will dis-
play their products at the Fair as
part of the U. S. Government ex-
hibit. The Hanover Trade Fair is
one of a series of international ex-
hibits in wkich the U. S. is offi-
cially to participate as a means of
acquainting Europeans with U. S.
products and facilities.

Robot Op Takes
Code At 600 WPM

All-electronic Morse code converter
developed at C.G.S. Laboratories is
viewed by company and military offi-
cials. It automatically translates Morse
signals at any speed from 10 to 600
words per minute to finished form as
a printed message on a standard tele-
type printer

(Continved on page 26)
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yourself in your engineering models and you will specify them

QUALITY CAPACITORS

BUILT BY HAMMARLUND

Performance requirements for electronic products — commer-
cial, industrial and military — are becoming more difficult to
meet. Specifications call for the finest quality components avail-
able to fulfill exacting equipment tolerances.

Hammarlund variable capacitors have been designed and
built for more than 25 years to meet the most demanding of
requirements. Check the general characteristics of these out-
standing variables:

Rotor and stator plates of brass
stock soldered, not staked, to
their supports to permanently
insure perfect contact and pre-
vent loosening of plates,

Stator supports soldered into
eyelets assembled to steatite
insulators.

Terminals hot-tinned for ease
in soldering.

Insulators of low-loss steatite,
impregnated with DC 200 sili-

cone fluid to prevent absorp-
tion of moisture.

Rotor and stator assemblies
nickel or silver-plated.

Rotor contact springs of beryl-
lium copper or phosphor
bronze, and nickel or silver-
plated.

Precision soldering fixtures and
assembly jigs used in fabricat-
ing to assure absolute uniform-
ity of plate spacing.

These are basic reasons why Hammarlund capacitors should
be used where highest dependability is required. Convince

for production.

For detailed information on Hammarlund
variable capacitors write for this

latest catalog. It includes complete
drawings and specifications on

all standard units. Ask for bulletin E-5.

ELECTRONICS — May, 1955
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Miniature “MAC*
Variable Capacitor

VU” Cpnc‘ilor
For Up to 500 Mc

Special 3-Gang
Precision Capacitor

g 2 v Lo
Precision Frequency

Meter Capacitor
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Military To Give
Navaids Business

SOME TWO YEARS after the end of
the war, systems of electronic aids
to air navigation were generally
agreed upon. Loran, the long-
range aid developed for Navy ships,
was agreed to be the best com-
promise until something better
came along. For short ranges,
VOR/DME was chosen to guide
aircraft across the continent.

At present, the North Atlantic,
the Gulf of Mexico and the area
off the Pacific Coast are blanketed
with an invisible network of hy-
perbolic lines generated by trans-
mitters that are, mostly, run by
the Coast Guard. The Civil Aero-
nautics Administration is pushing
forward a program that will total
436 vhf omnirange and 241 dis-
tance-measuring stations across
the country by the end of fiscal
1955.

» Speedup—Korean hostilities and
the development of fast aircraft
have caused some big changes in
navaids thinking. To counter
loran’s lack of overland coverage
during daylight and extend its
nighttime service, Navarho has
been proposed. Operating on a
low radio frequency, it is expected
to extend a usable beam out to
2,500 or 3,000 miles. An experi-
mental Air Force installation will
o in soon at Camden, N. Y., using
three 15-kw transmitters precisely
phased.

In doubt is the future of VOR/
DME. Despite a large CAA in-
vestment in ground equipment as
well as a healthy amount in pri-
vate aircraft, the military are
pushing for adoption of another
system known as Tacan. Basically,
Tacan is said to do more things
better than VOR/DME but the
system 1is still under security
wraps. It is known to require some
of VOR/DME frequencies.

Policies mapped by the Air
Navigation Development Board
will be carefully scrutinized by
House and Senate committees be-
fore final acceptance of the Tacan
system,
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May 2-5: Third Annual Semi-
conductor Symposium of the
Electrochemical Society, Cin-
cinnati, Ohio.

May 2-5: Joint Meeting URSI,
IRE, National Bureau of
Standards, Washington, D. C.

MAY 3-5: First National Flight
Test Instrumentation Sym-
posium, ISA, Wichita, Kan-

sas.,

MAY 10-12: Eleventh Annual
Meeting and 1955 Metal Pow-
der Show, Bellevue-Stratford
Hotel, Philadelphia, Pa.

MAy 13: Automation, Engineer-
ing For Tomorrow, Sympos-
ium, Engineering  School,
Michigan State College, East
Lansing, Mich.

MAY 16-19: Electronic Parts
Distributors Show, Conrad
Hilton Hotel, Chicago.

May 17-19: Communications
Section, AARR, St. Francis
Hotel, San Francisco, Calif.

MAy 18-20: Annual National
Telemetering Conference and
Exhibit sponsored by IRE,
AIEE, TAS, ISA; Hotel Mor-
rison, Chicago, Ill.

MAay 19-21: Global Communica-
tions Conference, sponsored
by AFCA; Hotel Commodore,
New York, N. Y.

May 23-25: Ninth Annual Con-
vention of the American So-
ciety for Quality Control,
Hotels Statler and New
Yorker, New York, N. Y.

MAy 24-26: Ninth Annual
NARTB Broadcast Engineer-
ing Conference, Washington,
D. C.

MAy 25-27: Ninth Annual Fre-
quency Control Symposium,
Signal Corps, Hotel Berkeley
Carteret, Asbury Park, N. J.

May 26-27: Electronic Com-
ponents Conference, Los An-
geles, Calif.

JUNE 2-3: IRE Materials Sym-
posium, U. of Penn. Physics
Bldg., Philadelphia, Pa.

June 3-5: ARRL Hudson Divi-
sion Convention and Amateur

FUTURE MEETINGS

Radio Equipment Show, Hotel
Adelon, Long Beach, N. Y.
JUNE 6-8: Fourth Annual Con-
vention and Trade Show, Na-
tional Community Television
Association, Park Sheraton

Hotel, New York, N. Y.

JUNE 14-16: First Magnetics
Conference and Exhibit,
AIEE, APS, AIMME, Wil-
liam Penn Hotel, Pittsburgh,

Pa.

JUNE 20-25: Symposium on
Electromagnetic Wave Theory
sponsored by URSI and the
University of Michigan, Ann
Arbor, Mich.

JUNE 27-29: Radome Sym-
posium, Ohio State University
and Wright Air Center, Co-
lumbus, Ohio.

Auc., 22-23: Symposium on
Electronics and Automatic
Production sponsored by Stan-
ford Research Institute and
NICB, San Francisco, Calif.

Avuc. 24-26: 1955 WESCON,
Civic Auditorium and Fair-
mount Hotel, San Francisco,
Calif.

AUG. 26~SEPT. 4: Great German
Radio, Gramophone and TV
IZxhibition, Dusseldorf, Ger-
many.

SEpPT. 12-16: Tenth Annual
Instrument Conference & Ex-
hibit, ISA, Shrine Exposition

Hall and Auditorium, Los
Angeles, Calif.
SEPT. 19-20: RETMA Sym-

posium “Electronics For

Automation and Automation

gor Electronics, Philadelphia,
a.

SepT. 28-29: Industrial Elec-
tronics Conference, AIEE,
Rackham Memorial Auditor-
ium, Detroit, Mich.

Oct. 3-5: National Electronics
Conference, Hotel Sherman,
Chicago, Ill.

OcT. 21-25: First Annual Tech-
nical Meeting, IRE Profes-
sional Group On Electron De-
vices, Shoreham Hotel, Wash-
ington, D. C.

Industry Shorts

» Juke Box type of storage system
using magnetic disks instead of
tape or drum provides fast high-
capacity random-access memory for
a soon-to-be-announced business
computer.

» Number of fused junction’tran-
sistors for low frequencies manu-
factured by Raytheon that are now
in use totals nearly two million.

» Experimental auto radio that
uses nine transistors has been de-
veloped by RCA. It requires no
vibrator, power transformer or rec-
tifier and uses about one-tenth the
power needed by conventional sets.

» Net recovery to the U. S. Treas-
ury under the Renegotiation Act of
1951 for the period between 1951
and 1954 was $39 million.

» Total attendance at the 1955 IRE
National Convention was 40,093.
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® Continuously Tunable Thru
Video VHF and UHF Frequencies,
50KC-950MC Range

® Sweep Widths to 40 MC
® Single Dial Tuning

Used with a standard cathode ray oscilloscope,
the Kay Calibrated Mega-Sweep will display the
response characteristic of wide band circuits over
the frequency range of approximately 50 ke to
950 mec. It features a calibrated dial indication
of the approximate output frequency. The cen-
ter frequency of the sweeping output voltage
may thus be set to an accuracy of about 10%.
The calibrated Mega-Sweep is the ideal instru-
ment for use in alignment of amplifiers and fil-
ters ... also as an FM source of wide range for
instructional and lab purposes.

SPECIFICATIONS

Freq. Range: 50 ke to 1000 mec.

Freq. Sweep: Sawtooth, adjustable to 40 mc.
Repetition rate, 50 to 100 c¢/s.

RF Output: High, approx. 100 mv max. into open
circuit. Low, 5 mv into open circuit.

RF Output Control: Microwave attenuator con-
tinuously variable to 26 db.

Output Waveform: Less than 5% harmonic dis-
tortion at max. output.

Meter: Provides crystal detector current for peak
output.

Regulated Power Supply: 105-125 v., 50 to 60
cps. Power Input, 100 watts.

Send for Cotalog 110.A

$495 f.o.b. factory

WIDE RANCG]S

T .
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Che
antiiives

Mega-Sweep

G

B KAY ELECTRIC COMPANY

14 MAPLE AVENUE PINE BROOK, N. J.
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SWEEPING OSCILLATORS
for every application

Mega-Sweep

Widest range of the Kay line of sweeping
oscillators. Provides continuous frequency
coverage up through UHF-TV bands ~
50 ke to 1000 mec. Widely used in radar
system development and in alignment and testing of TV
and FM systems and components, as well as wide band IF
and RF amplifiers and filters. Freq. range, 10 mc to 950
mc. Write for Catalog 100-A. Price, $465 f.0.b. factory,

KAY
111-A CALIBRATED

Mega-Sweep

Higher output model calibrated Mega-Sweep, with zero
level baseline. Higher output facilitates frequency response
testing of UHF converters or tuners. Wider sweep width
permits multi-channel response viewing. Zero level bases
line is convenient means of measuring gain of test circuit.

SPECIFICATIONS
Frequency Range Output Impedance Output Voltage
(Into Load)
1. 10 mc—950 mc 70 ohms unbalanced 0.15 Volis
2, 450 mc—900 mc 300 ohms balanced 0.3 Velts

Sweep Width: Continvously variable to approx. 40 mc max.
Write for Catalog 111-A Price, $575 f.0.b, factory

KAY 112-a causraten Mega-Sweep
Same as 111-A, except total frequency range is 800 mc to
1200 me. Catalog 112-A. Price, $575 f.0.b. factory.
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RUGGEDIZED INSTRUMENTS,

ROLLER-SMITH

Provides One Source
for All Your Instruments

With the introduction of A.C. Rug-
gedized panel instruments, Roller-Smith
has made their famous precision instru-
ment line one of the most complete ever
offered . . . one which provides you with
a single source of supply for al/ vour

instrument needs.

Styled by leading industrial designers
and featuring an eye-appealing “New
Look,” the A.C. Ruggedized line matches
other Roller-Smith panel instruments
and provides maximum readability, ac-
curacy, and maintenance simplicity.
Available in 215” and 315" hermetically
sealed cases, these instruments conform
to specification MIL-M-10304 (Sig. C).
These A.C. Ruggedized instruments, like
all other Roller-Smith products, are pro-
duced by master craftsmen with nearly
50 years of precision engineering and
manufacturing experience. Whatever
your instrument problem, consult us for

a practical, economical solution.

Ortid et {Bbidion

1825 WEST MARKET STREET BETHLEHEM, PENNSYLVANIA

Precision Products Since 1908
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CONTROLLED WELDING

is an important part of

QUALITY CONTROL

in the manufacture of all

RELIABLE SUBMINIATURE TUBES

Standardized Work
Place Setups for
each material
combination and

Employee Training
Program in welding
techniques, welder main-
tenance and defect
detection greatly reduces
the incidence of
operator-caused

weld defects.

geometric configura-
tion to be welded,
including specification
of welder head,
electrode material and
design, welding
current, time and

1 pressure insures
optimum welding
conditions at all times.

New Electronic Heat
Program Controls
developed by
RAYTHEON permit
splash free welding of
coated and oxidized
materials.

Specially Designed i
Precision Produced l
Electrodes eliminate need for /
hand dressing of welder points
thus providing uniform contact /
with material to be welded.

New Raytheon Designed
Welding Heads have
many unique features

including precision con-
trolled forging pressure
insuring high weld strength,
simplified design for
easier maintenance, and

Radiagraphic Inspection
of Welds permits precise
Quality Control through non-
destructive inspection
techniques.

small size which permits use
of multiple welder heads by
one operator.

2 These production and test-

*AYTHEON ing techniques and equip-

/ ments have been developed

by RAYTHEON wunder

Bureau of Ships sponsor-

ship to improve the weld

quality of guided missile
tubes.

RELIABLE SUBMINIATURE AND MINIATURE TUBES
SEMICONDUCTOR DIODES AND TRANSISTORS
NUCLEONIC TUBES « MICROWAVE TUBES
RECEIVING AND PICTURE TUBES

Receiving Tube Division — Home Office : 55 Chapel St., Newton 58, Mass., Elgelow 4-7500
For application information write or cal! the Home Office or: 9501 Grand Avenue, Franklin Park (Chicago), Illinois, TUxedo 9-5400
589 [Fifth Avenue, New York 17, Mew York, PLaza 9-3900 « 622 South La Brea Ave., Los Angeles 36, California, WEbster 8-2851

Want more intormation? Use post card on last page. 29
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UIPMENT LEASE PLAN

FIELD MAINTEMANCE S3SERVICE AVAILABLE
JFROUGHO JT THE CDUNTRY

REPRESEMTATIVES: - Albuquerque - Atlanta - Baltimore - Bayonne . Bridgeport . Bu#alo » Chicago - Dayton

Want more informatior? Use post card on last page.
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FIELD INTENSITY
RECEIVER 02000

e Four interchangeable RF Tuning Heads Range 950 to 11,260 mc with four (4) interchangeable,
plug-in RF tuning units featuring direct reading UNI-DIAL
e Uni-Dial Tuning control.

Low noise figure.

e Double Tuned RF Pre-Selection . .
Excellent gain stability.

e Signal-Lock Automatic Frequency Control Automatic frequency contral,
Direct reading output in db with provision for external ]
e All purpose AM, FM, Pulse metering and recording. i
Separate audio and video channels.
The new Polarad Model R Receiver is a fully integrated unit Connectors for external IF attenuators.
which combines reliability, ruggedness and simplicity of opera- High sensitivity and broadband tuning achieved with double

tuned cavity preselector which tracks automatically with

tion. Characterized by high sensitivity, low noise figure and
the local oscillator.

excellent gain stability, this versatile instrument is ideal for ) )
External type cavity klystron with non-contacting chokes.

communications, laboratory measurements, field intensity mea- Klystron voltages regulated and automatically tracked with
surements, production testing, and automatic monitoring. the oscillator.
2 1
|
SPECIFICATIONS:
Basic Receiver: Model R-B Frequency Accuracy: Audio output:
o H P
Tuning Unit Frequency Ranges: 1% . 5 u. un.d|.storted across 500 ohms ¢
IF Bandwidth: FM Discriminator
MOge: gé¥ | ggg :0 %ggg me ame Deviation Sensitivity:
odel RS-T: 1, o 4, mc RO .7 volts/mc
Image Rejection:
ot R T Greater than 60 db Skirt Selectivity:
iy : Gain Stability with AFC: 60 db to 6 db bandwidth
Signal Capabilities: 2 db for 24 hour period ratio less than 5:1
CW, AM, FM, Pulse Automatic Frequency Control: IF Rejection:
Sensitivity: Puil-out range 10 mc off center 50 db
—80 dbm or better throughout Recorder output: Input AC Power:
range on all models 1 ma full scale 105 to 125 v., 60 cps., 460 watts
Trigger output: input Impedance: (ANT)
10 v. pulse across 100 ochms 50 ohms

(o] W.N"7.\»3 ELECTRONICS CORPORATION

o 7S R 43-20 34th STREET, LONG ISLAND CITY 1, N. Y.
VEN peLia®)

Newton » Philadelphia » San Francisco + Syracuse » Washington, D. C. » Westbury « Winston-Salem - Canada, Arnprior, Toronto—Export: Rocke International Corporation

ELECTRONICS — May, 1955 Want more information? Usc post card on last page. 31



32

~O0W ARE YOUR COMMUNICATIONS ?

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

COMMUNICATION IS OUR BUSINESS

For a good many decades McGraw-Hill has stood for complete coverage
in the business literature field. Now the McGraw-Hill TECHNICAL WRITING
Service offers a new approach to your publication problems —an inte-
grated writing, editing, illustrating, and printing service for the custont
production of: INSTRUCTION MANUALS, PRODUCT BULLETINS, TRAINING AIDS,
INDUSTRIAL RELATIONS LITERATURE, ANNUAL REPORTS, COMPANY HISTORIES,
PROCEDURAL GUIDES and other collateral literature. More than 150 editorial
and graphic experts are at your disposal, ready to prepare high-quality
material to your own or government specifications. Save time, save money
... and make your communications work! Let our staff be your staft for
technical and business publications.

McGraw-Hill Book Co. TECHNICAL WRITING SERVICE

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

This service is available through ad agencies.

May, 1955 — ELECTRONICS



If you want a compaet, wire-

wound resistor for your tough
jobs. speeify Ohmite axial-lead
resistors. These power-type units
are designed to stand up under
high temperatures. All parts-

core, resistance wire, vitreous-
enamel coating, and terminal
bands—are ‘“‘thermally bal-
aneed” to expand and contract
as a unit. Terminals remain
firmly anchored, cracking is
eliminated, and moisture can-

not enter the resistor.

1925-1955

© HI A IT B axial-lead

vitreous-enameled resistors

18 SIZES—1 to 15 WATTS*
3/16”, 1/4” and 5/16" diameters—1/2" to 1-3/4" lengths

W /! o ST //
s,
/

{ '

/ 7
*The rating for any one size is debermined by the maxamur operating tem-
perature cs specified by Underwriters’ Laborctories, RZTMA, or MIL-R-26B,

%\.\\
h\
P

OHMITE RESISTORS HAVE
BALANCED THERMAL EXPANSION

Provide perfect and per- Its thermal expansion Exclusive Ohmite formula
mcnently stable elecrical dosely motches all other thermally matches core,
connections, moterials i1 the resistor. terminals, and wire.

Write for Buwlletin 147

3610 Howard St., Skokie, illinois {Suburb of Chicago)

) w2\ 7 3

RHEOSTATS RESISTORS RELAYS TAP SWITCHES
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Battery Of Leesona No. 108 Coil Winders installed in the plant of Acme Electric
Corporation, Cuba, N. Y. The most advanced hand-feed coil winders ever designed,
Leesona No. 108’s wind 4 to 30 paper insulated coils in stick form simultancously. Note
how conveniently the controls are located for quickly changing 1o a new coil spe¢ — one
of many advantages for speeding production on long or short runs. Inset shows an Acme
Electric precision-wound luminous tube transformer which features coils that provide
18 MA 12000 volt secondary.

At ACME ELECTRIC...Leesona coil winders
provide new production advantages

Managor credits No. 108 winding equipment with new Leesona Many similar reports prove how
hi ith vital sh No. 108 Hand-Feed Coil Winders. Leesona No. 108 Coil Winders — the
machines with vital share Plant Manager W. I'. Koubek of Acme  most aceurate, flexible and economical

in increasing output Electric sends the following report: hand-feed winders ever developed
are bringing important benefits that

Transformers made by Acme Elee- ¢‘Leesona No. 108 Winders are do- can save you time and money, (oo,
tric Corporation are used in a wide ing ;1 great J([)<‘l) oﬁ'lc.\'pumllng our
~ . . . o wroducetion. or short runs on a
range of equipment, including radio, {vi(lc variety of coil types, the Get the Whole Story
TV and other electronic apparatus, quick-change features "of these The coupon below will bring you
rectifiers, neon signs and fluorescent machines are unequalled. We’re complele facts on Leesona No. 108

lighting. To meet increased demands getting excellent results in hoth Coil Winders, together with other
quality and quantity from the ac-

for its products, Aeme Electric re- curacy, 'cagy wperalion A fasy helpful  coil winding information.
cently replaced old hand-feed coil winding speed of our new 108%.”° Why not check and mail it today?

——re o e ey v ——— e 216
. UNIVERSAL WINDING COMPANY

P. ©. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 15
Please send me

[_] Bulletin on the Leesona No. 108 Hand-Feed Coil Winder.

® D Condensed catalog of Leesona Winders,

D Bulletin on the new Leesona Pay-As-You-Profit Plans for purchasing or leasing modern
coil winding machinery.

FOR WINDING COILS

IN QUANTITY.. INOME. . vaiin » srorrsmsmsmsiss sTmiersrsm o5 » 4 ok Beb sTalele « SETETITETSTs 2 Titleeo oo vvenuns tecsssssuean
ACCURATELY...USE COMPONY . ot e e e e
LEESONA WINDING MACHINES [ SRR LR ., -y Zone....S1018. s i enennnnnnnnnn
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new marion

advancement MEDALISTP

in instrument

! meters
design

/»»_4 i N

g s 2
milliamperes “o

DIRECT CURRENT

INST. €O, uUS.a,

Model MM2 MEDALIST
Actual Size

Greater readability and modern styling in
minimum space. Interchangeable with
ASA[JAN 2'> and 3 inch sizes. Up to
50% longer scale in same space as
ordinary type. Available in various colors.

Comparison of Medalist and Standard Style

marion electrical instrument company
401 CANAL STREET, MANCHESTER, N. H., U. S. A.

Manufacturers of Ruggedized and “Regqular’ Panel Instruments & Related Products NS

ENGINEERED IN THE AR

copyright 1965 M.E.1. Co. *Trademark Patents Pending.

& ,
o S |
m a r l o n 'wz‘ ?: I ‘S::D . &
-~y
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... the Eimac

4X5000A

Ceramic Radial-Beam
Power Tetrode

The Eimac 4X5000A ceramic radial-beam power
tetrode, with a Skw plate dissipation rating and
16kw power output in typical C'ass-C telegraphy
operation fills a power gap in the tetrode field.
Rugged ceramic replaces glass, increasing im-
munity to damage by thermal and physical
shock, and stack type production techniques as-
sure uniform quality characteristics. Straightfor-
ward coaxial structure allows the advantages
of low lead inductance. An integral finned
anode permits improved cooling with low air
pressure. Especially suitable for Single Sideband
operation, the versatile 4X5000A handles high
inputs without going into the pcsitive grid region
and delivers 10kw peak envelope power output
with zero driving power in typical Class-ABy
operation, High power gain, low inter-electrode
capacitances, simple circuit needs and non-
emitting grid wire, inherent Eimac tetrode fea-
tures resulting from over 20 years of transmitting
tube specialization are, of course, maintained.

TYPICAL OPERATING CONDITIONS
Frequencies up to 30 Mc

Class-C Class-C
Telegraphy Plate Mod.  Class-ABy

D-C Plate Voltage 7500 5000 7500 volts

D-C Screen Vcltage 500 500 1250 volts S—
D-C Plate Current 2.8 1.3 1.9 amps ﬁ"‘::"@
D-C Screen Current .500 .170 .200 amps e 4
D-C Grid Current .250 .045 0 amps

D-C Grid Voltage —350 —400 —300*volts

Peak R-F Grid Vollage 590 520 300 volts

Driving Power 150 25 0 watts

Screen Dissipation 250 85 250 watts

Plate Power Inout 21 6.5 14.2 kilowatts

Plate Power Qutput 16 5.5 10 kilowatts

*In the Class-48) operating conditions listed, adjust grid bios
to obtain 500 mo d-c plote current with zero driving voltage.

The above operating conditions show approximate grid
driving power and plate power output, Allowance must be
made for 1-f lesses in practical circuits.

For further information, contact our Technical
Services department.

EITEL-McCULLOUGH, INC.

SAN BRUNO, CALIFORNIA
The World’s Largest Manufacturer of Transmitting Tubes

ELECTRONICS — May, 1955 Want more information? Use post card on last page.
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Experienced electronic engineering . .. backed by
diversified heavy industrial facilities . . . gives the

Byron Jackson Co. Electronic Division an unusual
ability to pioneer precision electronics in practical form.

The engineering nucleus of this Electronic Division
has, since 1944, been engaged in the development and
manufacture of high power signal generators,
precision slotted lines, miniature digital type
transducers, and other precision electronic equipment.

Now these electronic skills are teamed with

the metallurgical, hydraulic, mechanical, chemical,
nuclear, electrical and petroleum specialists and
scientists of Byron Jackson Co. In addition, a multi-
million dollar investment in plants and production
equipment supports our specialized electronic

manufacturing and testing facilities.

This unique combination of engineering talent and
production abilities is ready to work for you in the field
of measuring and testing instruments, complete
systems, or an entire development production project.
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MAGNETIC TAPE RECORDING
helps Road-Test Timken Truck Axles

An Ampex Model 306 Recorder
programming oaxle-test dynamometers
at Timken-Detroit.

Magnetic tape recordings are now being used to duplicate rugged
road-tests at the Timken-Detroit Axle Division of the Rockwell
Spring and Axle Company, Detroit, Michigan. A four hour tape
cycle is made of actual road surface and driving conditions . . .
then played back through torque and speed dynamometers —
repeatedly — until a test axle breaks down.

Result: more realistic and efficient testing — better axles for
today's trucks, buses and trailers.

WHY TIMKEN CHOSE AMPEX

Timken engineers required a recording and playback medium that
could give near-perfect reproduction of the original road test
phenomena . . . and would playback indefinitely without
introducing errors through wear and speed irregularities. They
found that the Ampex F-M recorder best met these exacting
requirements. lts extreme stability of tape motion, precise timing
and consistent accuracy produced laboratory “road-test” results
within 1% of actual conditions.

LET AMPEX STUDY YOUR REQUIREMENTS

Ampex manufactures the most complete line of magnetic recorders
for complex and sensitive automation, communication and
data-handling systems. Why not let Ampex application engineers
determine what magnetic tape recording can do for you?

For further information, send for our 16-page illustrated bulletin, "'Data Recording, Machine Control
. and Process Regulation.”” Contact your nearest Ampex representative or write to Dept. E-1897

AM]I [EX ANOTHER APPLICATION BY THE INSTRUMENTATION DIVISION OF

CORPORATION AMPEX CORPORATION + 934 CHARTER STREET, REDWOOD CITY, CALIFORNIA

Branch Offices: New York; Chicago; Atlanta; San Francisco; College Park, Maryland (Washington D.C. area),

Distributors: Radio Shack, Boston; Bing Crosby Enterprises, los Angeles; Southwestern Engineering &
Equipment, Dallas and Houston; Canadian General Electric Company, Canada.

38 Want more information? Use post card on last page. May, 1955 — ELECTRONICS



TELEMETERING

 oBAND PASS
e LOW PASS

o

i

S

L

s

in Standard
Miniature
Subminiature !
sizes

i -
A 3 i 2=
b Rged ! 3 . 4
2 il -
G a .
. Jid z . I COMPLETE LINE of filters for every channel |
7 : v : and band width ...in Standard, Miniature
4 7 A . Subminiature ard “Tom Thumb” sizes ..
- many available from stock.
p MINIATURIZED filters that save 80% space.
! Ak g ’ filters that 80% space
] retain all desired attenuation characteristics.
HERMETIC SEALING, OCTAL PLUGS and other
new features.
only Burnell offers you... |
4 |
SPECIAL PHASE LINEARITY characteristics
e - e - to conform to new concepts of high accuracy
PARTIAL LISTING OF MINIATURE TELEMETERING BAND PASS FILTERS telemetering practice.
1 157, 30%
i Channel Freq. Band Band %‘: C‘F,’::h" Attenuation 4
] Width | Width SPECIFICALLY DESIGNED for telemetering,
] PPyl Type No. W- L (BT L these filters have found great utility in a
400 CES. S-15456 4DB —15% | 408 —30° 7 q 3 9
3‘3’8 ‘ i:ﬁ?; 2:55:;; 206u2% | 3 |200n So5 ,2 e 4: wide v?met};'Of tc'ommumca,t,xons and
Kl Shieseo 40DB — 279, |40DB — 547, control applications.
1300 " S-15460 3.5DB = I15% [3.508 - 30%, :
1700 S-15461 1% %422 |1 Ib. 7 oz | 20DB — 237 | 2008 — 467 f APPLICATION ENGINEERING Service plus
700 g 4008 — 27% | 4008 —54% § complete technical literature. Write
Y | Dept. C, for Catalog 102A.
3900 S-15465 | 515479 i
4500 S-15466 i
5400 S-154467 | S-15480
7350 §-|5468 S-15481 o8 y 309, \
10500 " S-15469 | S.15482 3DB — 159, | 3DB —30%
12300 " | S-I5470 | - 1% x3x2% | 9% or. |200B — 23% | 2008 — 46% PNt
! 14500 S-15471 | S-15483 40DB — 267, | 40D8 — 52% | ,,\ﬂ_‘ | Teletype: Yonkers, N.Y. 3633
22000 S.15472 | S-15484 >
27000 o S-15485
30000 e S-15473 | S-15486 l =
40000 . S-15474 | S-15487 | I
52500 S.15475 & . d
' BURNELL & CO et e
OPTIMUM OPERATING IMPEDANCES SOCKET TERMINAL CONNECTIONS { -" |NC. and Rela'ed
INPUT OUTPUT YONKERS 2, NEW YORK |
Terminals 1 & 2 500 ohms Terminals 1 & 6 500 ohms Pacific Division: 720 Mission St., 5. Pasadena, Calif. Networks

Terminals 1 & 3 10000 ohms Terminals 1 & 7 50000 >hms H

- e




Direct, automatic
ower readings

4 I BFF POSIRON
"'00 : N WLTORE GUANECYING DOLOMETER

SPECIFICATIONS

Power Range: 5 ranges, front panel selector. Full scale readings of
.1, .3, 1, 3 and 10 mw. Also continuous readings from —20 to + 10
dbm. (0 dbm = .001 watt). Power range may be extended with
attenuators or directional couplers in microwave system.

External Bolometer: Frequency range depends on bolometer mount.
Bolometers can operate at resistance levels of 100 or 200 ohms
and can have positive or negative temperature coefficients. Any dc
bias current up to 16 ma is available for biasing positive or nega-
tive temperature coefficient bolometers. D¢ bias current is con-
tinuously adjustable and independent of bolometer resistance and
power level range.

Suitable bolometers are:

Instrument fuses: -4p- G-28A 1/100 amp fuse:

Barretters: Sperry 821, Narda N821B or N610B, PRD 610A4, 614,
617 or 631C.

Thermistors: W. E. D166382 and 32A3, V. E. Co. 32A3, 32A5,
Narda 333, 334.

Accuracy: £59% of full scale reading.

Power: 115/230 v =10%, 50/1,000 cps, 75 watts.

Dimensions: Cabinet Mount: 734" wide, 11%4” high, 1214" deep.
Rack Mount: 19” wide, 7" high, 1214" deep.

Weight: Net 20 lbs. Shipping 32 lbs. (cabinet mount).

Price: $250.00.

Data subject to change without notice.

CW or pulsed power
Wide frequency range
No calculations
Assured accuracy

Operates with wide
variety of bolometers

New! -hp- 430C
Microwave Power Meter

Here is the newest, finest, most dependable source of
instantaneous microwave power readings available to-
day. The new -hp- 430C gives you power readings di-
rect in db or mw and completely eliminates tedious
computations or troublesome adjustment during op-
eration. The instrument measures either pulsed or CW
power on either waveguide or coaxial systems. Opera-
tion is entirely automatic, stability is extremely high,
and the meter may be used with a wide variety of
bolometer mounts having either positive or negative
temperature coefficients. The broad nominal measur-
ing range can be extended to higher powers by means
of directional couplers and attenuators.

For measurements of CW or pulsed power, -hp- 430C
uses either an instrument fuse, barretter or thermistor
as a bolometer element. Operation may be at either
100 or 200 ohms. Power is read direct in milliwatts
from 0.02 to 10 mw, or in dbm from —20 to --10dbm.

@ ELECTRONIC TEST INSTRUMENTS for

40 Want more information? Use post card on last page.
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Use these precision -hp- instruments with
-hp- 430C for greater coverage, convenience

-hp- 752 Multi-Hole Couplers—For measur-
ing average power 1 watt to 1 kw (with at-
tenuator) in waveguide systems. Models cov-
er all frequencies 2.6t018.0 KMC. Coupling
factors of 3, 10 and 20 db available most
bands. Directivity better than 40 db full
range; accuracy within +0.4% full range.
Primary guide SWR less than 1.05. $260.00
to $100.00.

~hp- 750 Cross-Guide Couplers—For measur-
ing powers up to 1 kw (with attenuator),
where precision accuracy of -bp- 752 not re-
quired. Comprises two waveguide sections
joined on broad faces, providing 4-terminal
network. Models cover frequencies 2.6 to
12.4 KMC; coupling factors 20 or 30 db,
coupling accuracy better than +1.7 db, di-
rectivity 20 db or more. $100.00 to $50.00.

-hp- 382A Precision Attenvators—For meas-
urements up to 5 and 10 watts, this revolu-
tionary new broad band instrument may be
employed. -Ap- 382A attenuates from 0 to

-hp- 476A Bolometer Mount

50 db, full range, independent of frequency.
Phase shift constant with attenuation. Ac-
curacy within +29% of db reading. Mod-
els cover frequencies 3.95 to 18.0 KMC,
maximum dissipation 5 to 10 watts. SWR
less than 1.15. $450.00 to $250.00.

-hp- 370 Waveguide Attenvators — Wave-
guide sections providing fixed amounts of
attenuation. Used to extend power range of
-bp- 430C. Models calibrated for frequen-
cies 3.0 to 15.0 KMC, power dissipation 1.0
watts (1 kw peak), SWR 1.15, 6, 10 or 20
db attenuation. $75.00 to $55.00.

-hp- 487A Thermistor Mounts—Simplify set-

-hp- 752 Multi-Hole Couplers

ups, save time and insure maximum accuracy
in waveguide power measurements. Models
cover frequencies 3.95 to 12.4 KMC with
full range SWR of less than 1.5. Permanent-
ly installed 200 ohm negative temperature
coefficient thermistors. No tuning, large over-
load factor makes burnout virtually impos-
sible. Maximum power level 3 mw. $95.00
to $75.00.

-hp- 477A Coaxial Mount — Thermistor
mount providing full frequency coverage 10
MC to 10 KMC with SWR less than 1.5.
Requires no tuning, uses long time constant
elements for accurary even on low duty cycle
pulses. For use with 430C or other bolome-
ter bridges providing negative temperature
coefficient operation at 200 ohms. Requires
13 ma bias. Power range 0.02 to 10 mw.
Uses Type N tf connector. $75.00.

-hp- 485 Detector Mounts—Single tuning
control accurately matches waveguide section
to bolometer element; instrument also de-

tects rf energy with crystal substituted for
bolometer element. Models for frequencies
2.6 to 18.0 KMC, SWR 1.25 to 1.5. All
models employ crystal or barretter except
P485 (12.4 to 18.0 KMC), which uses pet-
manently installed thermistor. $125.00 to
$75.00.

-hp- 476A Bolometer Mount—Universal bo-
lometer mount requiring no tuning, no ad-
justment. Frequencies 10 to 1,000 MC, in-
stantaneous, automatic power readings 0.02
to 10 mw. SWR less than 1.15, 20 to 500
MC; less than 1.25, 10 to 1,000 MC. Uses
four 1,/100 amp fuses. Uses Type N tf con-
nectors. $85.00.

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

HEWLETT-PACKARD COMPANY

3330A PAGE MILLROAD -

PALO ALTO, CALIFORNIA, U. 5. A.

Cable “HEWPACK''
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS

COMPLETE COVERAGE, HIGHEST QUALITY

ELECTRONICS — May, 1955
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-hp- 487A Thermistor Mounts

-hp- 4835 Detector Mounts

-hp- 382A Precision Attenuators

-hp- 4774 Coaxial Mount

-hp- 750 Cross-Guide Couplers
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COMPONENTS ~ 22 O

or ANY MAGNETIC MATERIALS JOB...

“MAGNETIC,
MATERIALS”

This 32-page book contains valuable
data on all Allegheny Ludlum mag-
netic materials, silicon steels and spe-
cial electrical alloys. INustrated in tull
color, includes essential information
on properties, characteristics, applica-
tions, etc. Your copy gladly sent free.

ADDRESS DEPT. E-65
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You can rely on core materials like
the Allegheny 4750 components illus-
trated above, in your receivers, record-
ing heads or microphone assemblies.

In fact, whether your equipment 1s
small or large, the extra-broad line
of A-L magnetic materials will solve
your magnetic core problems. It Iin-
cludes all grades of silicon steel sheets
or coil strip, as well as Allegheny
Silectron (grain-oriented silicon steel),
and a wide sclection of high-permea-

STEELMAKERS to the Electrical Industry

bility alloys such as 4750, Murneral,
Permendur, etc.

Our service on these marterials also
includes complete facilines for rthe
fabrication and heat treatment of
laminations. (For users of elecirical
sheets and strip, our lamination
know-how is a real bonus value!)
Either way, we'll welcome the
chance to serve you. Allegheny Lec'lim
Steel Corporation, Oliver Building,
Pittsburgh 22, Pa.

Allegheny Ludlom

Want more information? Usc post card on last page.
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VITAL SPOTS IN NATIONAL SECURITY

A

THESE FREED COMPONENTS CONTRIBUTE EFFICIENT,
RELIABLE PERFORMANCE IN RADAR, LORAN AND
SONAR DEVICES.
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G.E. MECHANIZED PRODUCTION
AT LOWER COST...ASSURES

Both types offer high reliahility at temperatures

Take a close look at the tran-
sistor values G.E. now offers.
Because production lines are
now mechanized, these tran-
sistors are made in less time
at reduced cost. Machine
methods today assure strictest
adherence to the top quality
standards demanded of all
General Electric Germanium Products.

Mechanization results in CON-
TROLLED CHARACTERISTICS, re-
moving any inaccuracy on the part of
the operator. Narrow limits are built
into production transistors giving

TYPICAL USES: Audio and Intercom Amplifiers,
Servo Amplifiers, Carrier Current Amplifiers,
Test Equipment, Fuel Gauges.

SPECIFICATIONS OF THE 2N43A
and USAF 2N43A

Absolute Maximum Ratings:

Collector Voltage

(Referred to base) —45 volts
Collector Current —50 ma
Collector Dissipation 150 mw
Storage Temperature 100° ¢
Collector Cutoff Current

(—45 volts) — 10 microamps

TYPE 2N43A

a more uniform produc’

In military and commercial
applications these G-E tran-
sistors offer precision quality,
topmost reliability at mass-
volume prices!

General Electric’s P-N-P
junction transistor, 2N43A, is
the first to be written into Air
Force specifications! MIL-T-25096
(USAF) was actually written around this
G-E product which was developed for the
military. Now it serves an ever-increas-
ing number of commercial as well as
military applications.

e P e ] - s e

s APPLICATIONS ANn swaalrltAr@:*om;_éégé AL

&

i % i

DESIGN FEATURES:

STURDY CONSTRUCTION...meets critical
military tests for shock, vibration,
humidity, life.

SEALED JUNCTION... contamination gases
permanently eliminated!

HIGH POWER OUTPUT... case design makes
possible a collector dissipation of
150 mw.

HERMETIC SEAL...unaffected by moisture.

LONG LIFE...no change in characteristics
during life of equipment.

44 Want more information? Use post card on last page. May, 1955 — ELECTRONICS



MAKES TRANSISTORS AVAILABLE
CONTROLLED CHARACTERISTICS

up to 100°C...are now available in production lots!

HIGH FREQUENCY TRANSISTOR

A new, revolutionary manu-
facturing technique, the ex-
clusive G-E rate-growing
process, coupled with the all-
welded hermetic seal, now

makes possible extra long : -
life, and noticeably-reduced TYPE 2N78
manufacturing costs by —

® Making 2000 or more transistors from cne
rate-grown crystal.

@ Achieving uniform characteristics in all 2000
transistors—eliminating wasteful rejects.

—g SRR e

APPLICATIONS

For pulse and switching circuits, RF and IF ampli-
fiers; high-frequency test equipment; telephone
repeaters.

SPECIFICATIONS
Collector Voltage (Referred to Base) 15V
Collector Current 20 ma
Emitter Current —20 ma
Storage Temperature 100° C.
High Frequency Gain at 2 mc 13db

® For further details on specifications and prices,
write General Electric Co., Section X455, Germa- Billet of germanium is removed from furnace, prior to
nium Products, Electronics Park, Syracuse, N. Y. cutting into enough tiny pellets for 2000 transistors.

Progress Is Our Most Important Product

GENERAL &3 ELECTRIC

ELECTRONICS — May, 1955 Want more information? Use pest card on last page. 45
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INTERNATIONAL

INTERNATIONAL
industrial power rectifiers

INTERNATIONAL
tv and radio miniature rectifiers

INTERNATIONAL
high voltage cartridge rectifiers

EL SEGUNDO, CALIFORNIA - ORegon 8-6281
NEW YORK: 501 MADISON AVENUE e Plaza 3-4942
CHICAGO: 205 W. WACKER DR. « FRanklin 2-3889

Werld's Largest Supplier of Zuality Jndustrial Rectifiers
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How REMINGTON RAND uses
» Micro-Vision to maintain
" peak shaver production

S

G e

G — -
s e
Gl

-
-
L

Remington Rand has solved the problem of critical
inspection with Bausch & Lomb Stereomicroscopes.
And it’s done with an increase in producticn.
Clear, sharp, magnified views of shaver head—
with natural depth perception—quickly reveal flaws
such as tiny cracks, bent blades, burrs, contact
between cutter and head. Increased operator comfort,
higher efficiency, keep peak production rolling.

Uit for NEW! EXCLUSIVE 3-D

MICRO-VISION BOOK

@® See actual stereo views!

# Know how and where to use Sterecmicroscopes!

# Fit exact model fo job needs with Selector-Chart!

WRITE FOR FREE COPY. Ask for
Manual D-15. Bausch & Lomb Opti-

al Co., 61441 S-. Paul Street, Roch-
::terOZ, New Ycrk.au B BAUSCH 6 LOMB

SINCEWIBSH

America’s only complete optical source. .. from glass to finished product.

STEREOMICROSCOPES

ELECTRONICS — May, 1955 Want mere information? Use post card on last page. 47



QUTPUT POWER METER

MILLIWATTS

MARCONI
EQUIPMENT
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Marconi are specialists in the design of instrumants to aid
electrical engineers in making accurate observations of the
more intricate electrical functions.

Their instruments—more than seventy specific designs—are
widely used throughout industry and civil tele::om munications.
Full details are freely available if you will write, stating your

requirements.

OUTPUT POWER METER Type TF 883

Ideal for accurate audio frequency
power measurements, ideal for
optimum load matching, the TF
893 has an input impedance vari-
able in 48 steps rom 2.5 ohms to
20,000 ohms, and a power mea-
surement range extending from

20 uW to 10 watts. The input
circuit is centrz-tapred for push-
pull working. The frequency range
extends from Z0 ¢ps ;0 35 k¢ ; at
50 cps the resoons2 relative to |
kc is 0.5 dB down, a- 20 kc 1 dB
down.

100-dB STEP ATTENUATOR Type TF 1073

Variable in 1-dB steps over its 0-
to 100-dB range, the Marconi
TF 1073 Attenuator is a particu-
larly uscful and versatile instru-
ment. It has a characteristic
impedance of 75 ohms and a fre-

quency response fiat from d.c. to
100 mec.  Usirg tke full 100 dB
at 100 mc the maximum error does
not exceed 0.6 dB; even at 150
mc the TF 1073 has a most accept-
able performance.

MARCONI INSTRUMENTS

VACUUM TUBE VOLTMETERS

DEVIATION METERS - WAVEMETERS

23-25 BEAVER STREET

ENGLAND:
CANADA:

Muanaging Agents in Export

FREQUENCY STANDARDS
WAVE ANALYSERS

NEW YORK 4 -
INSTRUMENTS LIMITED, ST
CANADIAN MARCON! COMPANY, MARCONI BUILDING, 2442 TRENTON AVENUE, MONTREAL

HOUSE, STRAND. LONDON. W.C.2,
TC 65

HEAD OFFICE: MARCONI

MARCONI'S WIRELESS TELEGRAPH

OUTPUT METERS
Q METERS

COMPANY LIMITED, MARCONI

48 Want more information? Usc post card on last page.

FM & AM SIGNAL GENERATORS
BEAT FREQUENCY OSCILLATORS

HANOVER 2-0198

ALBANS,
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Here's an exciting new development

NICOTE
NICOTE

NCOTE %
NIDOTE s et
NCOTE
NCOTE B
T S—

I

This idea starter is free for the
asking . . . contains complete
facts and details about NICOTE
. . . Frenchtown's new single
metallic coating for use with
both hard and soft solders. Ask
for Bulletin 155.

ELECTRONICS — May, 1955

in metallized ceramics!

Hereis Frenchtown’srevolutionary
answer to a problem that has baf-
fled industry for years . . . a satis-
factory single metallic coating for
refractory ceramic bodies which
provides a surface for applying
solders with melting points be-
tween 275° and 1600°.

NICOTE, applied to refractory
ceramic bodies by high tempera-
ture firing, in most applications
requires no expensive preliminary
processing such as bufling, electro-
plating, or tinning to form a strong,
firmly-adhering bond with either
hard or soft solders.

Whether the problem requires
the fastening of a metal part or
other metallized ceramic parts to
its surface, NICOTE offers distinct

renchtown

METALLIZED CERAMIC COATING

for use with both hard and soft solders!

advantages over ordinary silver
soft receptive coatings as well as
molybdenum and tungsten hard
solder coatings. It will withstand
molten soft soldering wndefinitely

. . it’s less costly to produce . . .
requires no expensive processing.

NICOTE’S mechanical bond to
the refractory ceramic body ap-
proximates ceramic strength, mak-
ing it ideal for hermetic seals, high
strength mechanical seals, and
vacuum type applications.

Like to know more about the
amazing possibilities of NICOTE
Metallized Ceramic Coating for
your product? Bulletin 155 con-
tains complete engineering details.
Write for a free copy today. There’s
no obligation, of course.

PORCELAIN
COMPANY

86 MUIRHEAD AVENUE I TRENTON 9, NEW JERSEY

Want morc information? Use post card on last page.
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LABORATORY FOR ELECTRONICS, INC.

75 Pitts Street Boston 14, Masscchusetts

OSCILLOSCOPES o MAGNETOMETERS o COMPUTERS
SOLID DELAY LINES e S5PAR e SPAR-5
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ALSO KNOWS HIS OSCILLOSCOPES

Government of Specifications:
Canada among X-AXIS PLUG-IN UNITS
many purchasers o Model (s) 1400, BASIC, with 0.5 to

5000 cps trigger generator @ 1401,

SWEEP DELAY, continuously variable from
°f the new 1. psec. to .1 sec. o 1402, VIDEO

3 SWITCH, time sharing circuit, BW 5 cps to
ultra-'versatlle 8mc. o 1403, GATED MARKER GENER-
ATOR, 0.1 to 10,000 pusec. timing markers

LFE 411 e 1404, TV TRIGGER SHAPER, triggers

on composite video signal @ 1405, LONG
SWEEPS, from .1 sec./cm. to 5 se:z./cm.

The 411 is a2 specialized Oscilloscope made
versatile by 6 X-axis plug-in' units. Great BASIC SCOPE
flexibility is now ycuss at quite reasonable

e Y-Axis Amplifier

cost. Check every “eature — compare
against compstitive makes. And whatever o Deflection Sensitivity — 15 mv./cm. p-p
your resea-ch problem, before you buy a for both d-c and a-c (max.) e Max.

: E Engineerin Signal Voltage — 500 volts, peak e Fre-
new scope, call the nearest LFE Engineering quency Response — d-c to 10 me. (3 db.

Representative or wiite LFE direct about ol o3 landiem [Rospbnse = Rise Tie

the matchless 411. (10%-90%) — 0.035 pusec. e Linearity
of Deflection — Max. deflection, 5”. At
2" unipolar deflection, maximum com-
pression is 109% e Signal Delay — 0.25
usec. @ Input Termination — 52, 72, or
93 ohms e Input Impedance — 1 wregohm,
30 uu f.

o X-Axis

e Sweep Time Range, calibrated — 0.1
usec./cm. to .1 sec./cm. @ External Sweep
Sensitivity — 2 volts/cm., p-p. e Fre-
quency Response — DC to 1 me, (3 db.
point) @ Triggers — Internal =4=; External
+; 60 cps; Internal Trigger Generator
5000 cps e External Trigger Sensitivity —
1.0-100 volts for Triggers having a slope
of greater than 40 volts per second.

OTHER FEATURES

o Flat-face CRT Type 5ABP-1 (P7 or
P11 optional) — Accelerating Potential
3000-4000 volts e Deflection Plates
Accessible @ Power Requirements: 105 —
125 V., or 210-250 V., 50-60 cycles.
385 watts @ Dimensions: 13" w, 173" h,
21" d.

ELECTRONICS — May, 1955 Want more information? Usc post card on last page.




HEAVY DUTY, PRECISION REGULATED POWER SUPPLIES

FOR LESS THAN THE COST OF BUILDING THEM YOURSELF

Bench Model 50
0-500 VDC @ 0-500 MA $415.00

These general purpose, heavy
duty power supplies save you
time, money and experimenta-
tion. They are tested, fully
guaranteed, now in use in
many leading research and
industrial laboratories and
manufacturing plants. You get

quick delivery, dependable

equipment ready for immediate
LAMBDA’'S TWO WIDEST RANGE,

MOST VERSATILE POWER SUPPLIES

installation.

SPECIAL
FEATURES

» Hermetically sealed oil filled
condensers

» Stable 5651 reference tubes
» Easy-to-read 4 meters.

» Overload circuit breakers
{magnetic type)

» Vernier high-voltage control

» Time-delay tube protection
Rack Model 50-R
500 MA $395.00

SR

Regulation (line)..,..... 000000000000 ®ONR000000 Better than 0.19,
Ripple and Noise.......ooviiiieenceen. Less than § millivolts rms

S PECI FI1 CATI OINSS

Polarity: Positive terminal connected internally to negative terminal of

L1 ) 105-125 VAC, 50-60 C, 800 W (max) DC output No. 1
DC OUTPUT NO. ): (regulated for line ar:slggd‘)lnc . . able) AC OUTPUTS (unregulated):
................. - e .
Xﬁlr:gxi .............. 0-500 MA (°Ve(|'ci:'i::‘)\¥‘is!t};g‘;8;laange) ‘Two outputs, isolated and ungrounded. Each is 6.5 VAC at SA (at 115
Regulatio‘n. (hne) ....................... Better than 0.159% or 0.1 V VAC input). Allows for drop in connecting leads. May be connected in
Regulation (load)........cciviiineennn Better than 0.5%, or 0.3 V series for 12.6 V (nominal) at 5A, or in parallel for 6.3 V (nominal)
Internal Impedance. ... ....vovirmvennnncnnnnns Less than 2 ohms at 10A.
Ripple and Noise. .. ... vvivtiienenee.., Less than 8 millivolts rms
Polarity. .. .cooeveuen. Either positive or negative may be grounded SIZES AND WEIGHTS:
Bench Model 50 Size: 121" Hx 22" Wx 15" D
DC OUTPUT NO. 2: (regulated for line only) Weight: 110 Ib b
g . net; 175 1b,
Voltage Ranges Internal Impedances: eigh net 5 shipping
a) 0-50 VDC (no load) 3,300 obms (max) Rack Model 50-R  Size: 10%,” Hx 19”7 W x 1414,” D
b) 0-200 VDC (no load) 17,500 ohms (max) Weight: 89 Ib. net; 143 1b. shipping

LAMBIDA

103-02 NORTHERN BLVD.:

ELECTRONICS CORP.

CORONA 68, NEW YORK
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KOCH

PRINDUNCED “'KDKE!!

ELECTRONICS — May, 1955

...World’s largest fabricator of moulded Fiberglas products

How to insure valuable equipment
against damage

In the test illustrated above, a Koch Fiberglas
carrying case was loaded with three times its weight
and dropped 250 feet into the sea. The case was
undamaged.

This remarkable case, made only by Koch, is
revolutionizing the whole concept of protecting
valuable equipment of all kinds in shipping, han-
dling and long term storage.

The case will not dent. It will not corrode, so
painting is unnecessary. It safeguards against shock,
vibration, fungus, mildew. No outer crating or other
protection is required for shipment or storage. The
Koch Fiberglas case is absolutely airtight, and under
severe tests has maintained a vapor and moisture
transmission rate of zero.

Cushioning material inside the case is moulded to
fit perfectly the contours of the equipment, giving
maximum protection against vibration and shock.

Sixty thousand Koch Fiberglas cases are now in
service with the U. S. Air Force and BuAer all over
the world. To date there has not been a single un-
satisfactory report, or casualty to a case or the valu-
able equipment it contains.

If you manufacture equipment that needs this
kind of protection, we will be glad to confer with
you about your problem. Address Dept. EK.

CORTE MADERA, CALIFORNIA

Want more information? Use post card on last page.

KOCH FIBERGLAS

Pioneer in reusable Fiberglas containers
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BUDD e STANLEY specialists in microwave transmission components

announce

A REVOLUTIONARY NEW METHOD
OF PRODUCING

Exclusive method developed and
perfected by our research engineers

produces waveguide assemblies
of a quality higher than your

specifications at about half the cost.

waveguides requiring complex
bends and tolerances never before
possible can now be produced to
meet your mosl ex;urlin;:

precision requirements.

Quality
Economy
Dependability

We shall be glad to send you complete details.
Write, wire or phone

Bupp . STANLEY Co. INC.

43-01 22nd St., Long Island City 1, N. Y.
Phone STillwell 6-1706
Cable Address “BUDDSTAN"
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Phase Angle at 6.3v, 60 cycles is 21°--5° at 30 cycles is

nominally 20°, at 100 cycles 26°.

Contacts are SPDT, break-before-make,
100 volts maximum, | ma maximum.

changes only slightly from 30 cycles to

/
C1¥ loy Nojse
n,
and are rated up to gﬂmyﬂlll/f

amperes, coil resistance approximately 165 ohms D.C.
Noise with all 3 contacts at one megohm impedance, and with c”ﬁf{g,/,
wide band amplifiers, will have an effective value of 50 micro- €
volts or less. The offset of narrow band amplifiers will be very

much less. The specification of noise requires careful defini-

Shy
tion, users should refer to the detail specifications and bul- ”ﬁm f

letin 103.

Temperature may be any value from —65°C to 85°C. rel;
The nominal phase angle will vary from about 17 degrees //Jb/e

at —65°C to 25 degrees at 85°C.

Vibration from 10 to 55 cycles will not damage the chop- f[/ggeo,
per up to as high as 30 G. At these higher G values there

will be some modulation of the phase angle.

Frequency of operation may be any value from 25 to ‘

110 cycles, to maintain full performance, balance, ete.

Humidity may be any value, except of
external condensation on the header.
Shock yalues as high as 505 will not da
chopper.

Altitude may be any value, as the unit is
cally sealed.

DESIGN

MIDDLE RIVER

ELECTRONICS — May, 71955

i .
lo
e
Dwell Time is approx. 170°. The nominal value of dwell time Viay:
100 cycles. faflﬂllﬂm
Coil demand at 6.3 volts, 60 cycles, is approximately 37 milli- of
(4
0,

course for ‘
mage the ‘
hermeti- -

AIRPAX

PRODUCTS
COMPANY —~

ERS ENGINEERS

BALTIMORE, MD.

Want more information? Use post card on last page.
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Picture of Your Set Being Improved
by Volkert Stampings Research

At Volkert, as in your TV set manufacturing operations, research is an unending process.

Whether it’s electron-gun parts for black-and-white or color, receiving-tube components,
or shadow masks for color TV, Volkert research sees to it that the stampings
vou require are more economical in assembly...more efficient in performance.

Volkert serves as engineering consultant and confidential experimental laboratory for the
electronics industry, as well as its No. 1 source for precision stampings. A consultation
with Volkert at the development stage assures you dependable stampings at the production stage.

are two easy ways to learn more about precision stampings

The Volkert View quarterly keeps you up-to-date on electronic stamping developments. Just
drop us a line and you’ll be put on the mailing list.

Stampings for Electronics, our color film, tells how Volkert daily produces 2,000,000
precision parts. Arrange for a group showing in your plant.

VOLKERT STAMPINGS, INC.
222-34 96th Avenue, Queens Village 29, L. [, N. Y. ” ﬂl’
for design...tooling...and production of precision stampings
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SUPPORT YOU

ELECTRONICS — May, 1955

Grumman Aircraft En-
gineering Corporation,
designers and builders
of quality Naval aircraft from the FF-1 of the
thirties, the famed World War II Hellcats, to
the present day swept-wing Cougar and Super-
sonic Tiger Jets, has selected Bogue Electric
power supplies for laboratory, production and
flight-line testing.

Since 1892, Bogue has manufactured pre-
cision electrical equipment. The Bogue name
plate on ground support apparatus, airborne

] . a—“ p
R AIR FORCE RECRUITMENT PROGRAM

relies on
“ Bogue Precision Power

equipment, systems testers or electronic
power, is your seal of time tested approval.

There is a Bogue Engineering Represent-
ative in your area to discuss your power ap-
plications and assist you in the selection and
design of power apparatus to meet with your
exacting specifications. A telephone call or
letter will have him at your service.

Write for Descriptive Bulletin 440

Bogue Electric Manufacturing Company
Paterson 3, New Jersey

Want more informotion? Use post cord on last poge.



Vital link between thought

paces all military and industrial activity

58

RADIO COMMUNICATION, oldest of the electronic sciences, has
long played an important role in the thought-action process; yet
today it is being called upon for capabilities and performance char-
acteristics far beyond those afforded by the present state of the art.

Such demands stem from the basic importance of advanced com-
munication systems in maintaining American military superiority.

Recognizing this, The Ramo-Wooldridge Corporation is today
engaged in research and development activities leading to the pro-
duction of radio communications systems capable of providing the
information capacity, versatility, range, and reliability necessary to
insure maximum performance of our weapons systems.

And yet the challenge is not all military. It is inevitable that the
application at Ramo-Wooldridge of these advanced modern theories
and new techniques will lead to significant accomplishments in the
field of commercial communications as well.

The Ramo-Wooldridge Corporation

and action

Engineers and physicists
qualified to undertake ad-
vanced work in systems
analysis and engineering,
circuit development, trans-
mitter and receiver engi-
neering, modulator devel-
opment, and propagation
studies are invited to in-
vestigate the opportunities
existing in HF and micro-
wave communications, data
transmission, facsimile, and
allied fields, awaiting them
at Ramo-Wooldridge.

DEPT. E, 8820 BELLANCA AVENUE; LOS ANGELES 45 CALIFORNIA

Want more information? Use post card on last page.
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for uniform. EXTRUDED Ceramics

Custoln-maae fechinical Ceramrics A Rbe A A
FOR WIDEST CHOICE OF MATERIALS ' .‘°R-".""Aﬁ__9:"

FOR VOLUME PRODUCTION
FOR DELIVERY AS PROMISED

®
Send your blueprint with outline of oper- | \p ﬁ@
ating conditions and let our engineers C!

show you what AlSiMag can do for you!




These hands can mold the future
of your product...

U. S. Rubber engineers

y

Here are the facts about ’U. S.” molded rubber The makers of general appliances, air condition-
as a basic material : ing, farm equipment, petroleum equipment, trans-
) portation equipment, plumbing fixtures, textile
1) Molded rubber, in the hands of “U.S.” engi-  machinery, products for public utilities, chemicals
neers, is molded to tolerances never before ob- and pharmaceuticals—to name just a few—are
tainable. using “U. S.” molded rubber to increase the per-
formance efficiency and saleability of their prod-
ucts. They have obtained advantages no other
material can provide.
3) “U.S.” molds rubber that has achieved new Learn more about' what United States Rubber
Company can do with molded rubber for your
products. Get in touch with United States Rubber
4) “U.S.” compounds from natural and synthetic Company’s Molding and Extrusions Department
polymers. through address below.

2) “U.S.” molds compounds to meet extreme
flexing requirements.

standards in resistance to oil, water, cold, heat.

“U.S5.” Research perfects it...“U.S.” Production builds it...U.S. Industry depends on it.

UNITED STATES RUBBER COMPANY
MECHANICAL GOODS DIVISION : ROCKEFELLER CENTER, NEW YORK 20, N. Y.

Hose « Belting « Expansion Joints ¢ Rubber-to-metal Products « Oll Field Specialties ¢ Plastic Pipe and Fittings ¢ Grinding Wheels ¢ Packings « Tapes
Molded and Extruded Rubber and Flastic Products s Protective Linings and Coatings s Conductive Rubber « Adhesives ¢ Rol! Coverings « Mats and Matting

60 Want more information? Use post card on last page. May, 1955 — ELECTRONICS



Highest Microwave Power
Absorption.. Smallest Size
-« LOwWest Welght..

BOGART

AV4HIBS
DUMMY
LOADS

Lightweight, Heat Resistant

All-Aluminum construction and black enamel fin-
ish help reduce weight and resist heat. All models
are available with either choke or cover flanges.

“AF Model X4062

No Cooling Fins Required

In laboratory, in field testing, in production —
wherever extremely high microwave power is
used—Bogart VHP* Dummy Loads do the job of
much larger and heavier units, Even at the full
peak power rating of rigid waveguides, no cool-

ing fins are required. Hpecial-Applisations

We invite your engineers to consult with our own
staff. We will be pleased to discuss your particu-

Negligible Moisture Absorption

The lossy material is uniquely designed to pre-
sent a minimum reflection coefficient, while per-

lar problems with you, without any obligation on

your part. Write today.
*Yery High Power!

mitting only negligible absorption of moisture.

MAX. PEAK MAX.
FREQUENCY POWER AVERAGE APPROX.
MggEL RANGE (MEGA- POWER MAXIMUM LENGTH  WIDTH HEI!GHT WEIGHT WAVEGUIDE

(KMC/S) WATTS) (WATTS) VSWR  (INCHES) (INCHES) (INCHES) (LBS.) AN TYPE
X4062 8.20-12.4 0.29 75 110 4% 1% 1%, % RG-52/U
B4062 7.05-10:0 0.46 80 110 5% 14 1% 1 RG-51/U
€4062 5.85-8.20 071 1000 110 6% 1% 2% 1%  RG-50/U
H4062 3.95-5.85 20 2000 110 9% 1% 2% 3 RG-49/U
S4062 . 2.60-3.95 32 2500 L1100 13% 2% 3% 6%  RG48/U
L4062 112170 172 4000 110 30 4% 8 48 RG-69/U

Above data subject to change without notice.

BOGART MANUFACTURING CORPORATION
318 Selge! Street Brooklyn 6, New York

serving the electronics industry since 1942 design ¢ development ® production

Want more information? Use post card on last page. 61
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ENCAPSULATED COILS...

The term “SCOTCH” and the plaid design are registered trademurks for the more than 300 pressure-sensitive adhesive tapes made in U.S.A. by Minnesota
Mining and Mfg. Co., St. Paul 6, Minn. Export Sales Offices: 99 Park Avenue, New York 16, N.Y. ln Canada: P.O. Box 757, London, Ontario.

62

manufactured by the R-B-M Division ol Essex Wire
Corporation meet U.L. standards. One of the new
“SCOTCHCAST” Resins is used! R-B-M tests
show 6 times the dielectric strength of previous ma-
terials, and “SCOTCHCAST” gives iwice the
dielectric strength after 30 days at 90°C.

THINK WHAT “SCOTCHCAST CAN DO FOR YOU!
You can quickly and easily tailor special resins that
will fit your most exacting requirements. By mixing
different “SCOTCHCAST” Resins, you can con-
trol viscosity, cure-time and flexibility to withstand
heat and cold cycling. You get the right resin for

5-10 minutes and up.

QUICK FACTS on “SCOTCHCAST”’ RESINS

@ Flexible, semi-flexible and rigid varieties. ® Filled and unfilled types. ® Available for
dipping, impregnating or encapsulating. ® Pot viscosities from 50 to more than 20,000
centipoise. ® Cure temperatures range from room temperature to 325°F. Cure time:

your particular purpose! A 3M Sales Engineer will
be glad to help you.

PERFECT TEAMMATES! “SCOTCH” Brand Elec-
trical Tapes can save you time and money on dozens
of different coil applications, too!

FREE! A graphic chart illustrating and describing
the performance properties of the complete line of
“SCOTCHCAST” encapsulating, dipping and im-
pregnating resins will be sent on request. Write
Minnesota Mining and Manufacturing Co., Dept.
EE-55, St. Paul 6, Minnesota.

Reg, U. S, Pal. Off.

SCOTCHCAST RESINS

BRAND

Want more information? Use post card on last page.
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Does your clectronic “brain™ require hydraulic or electrical “muscles™?

To assure precise functioning of automatic devices, servo mechanisms,
control equipment and instruments, equip them with power by Pesco—
Hydraulic Pumps, Hydraulic Motors and Electric Motors. These aircraft-
quality units operate with unmatched precision and absolute dependability
over a long service life. They are extremely compact, lightweight and
Py ruggedly built for severe environmental conditions.

For information on how these Pesco products can be applied to your
particular problem, contact: PESCO, 24700 North Miles Rd., Bedford, Ohio.

P.RO_DUCTSDIVISION BORG-WARNER CORPORATION

’vQ 24700 NORTH MILES ROAD . BEDFORD, OHIO
« O

N
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o/"
\\? dych
T

=
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Into the construction of this coil form
goes C.T.C’s rigid quality control to
highest production standards.

The result isanother C. T.C. first — a
miniaturized coil form (%s” diameter
by !2” high when mounted) that is
shock-resistant and exceptionally
rugged — shielded against radiation,
electrically, and therefore ideal for
“close quarter” use in [.F. strips and
numerous designs where adjacent
mounting is necessary.

C.T.C.’s policy of continuous step-
by-step quality control in the manufac-
ture of every component means guar-
anteed performance. Already certified
materials are doubly checked before
manufacture.

Whatever your component need —
let C.T.C. solve your problem — with
either custom or standard designs of
quality-controlled, guaranteed compo-
nents including insulated terminals,
coil forms, coils, swagers, terminal
boards, diode clips, capacitors and a
wide variety of hardware items.

Put your component problem up to

64

C.T.C. now. For samples, specifications
and prices — write today to Sales Engi-
neering Dept., Cambridge Thermionic
Corporation, 437 Concord Ave., Cam-
bridge, Mass. On West Coast, contact
E. V. Roberts, 5068 West Washington
Blvd., Los Angeles 16 or 988 Market St.,
San Francisco, California.

Coil Form Data: C.T.C.’s LS-9 coil form has a brass
shell enclosing a powdered-iron cup-core, tuning
slug, phenolic coil form and silicone fibreglas
terminal board. Three terminal boards are avail-
able with choice of two. three or four terminal lay-
out. Forms, unassembled, may be had without
windings . . . or wound and assembled to your
specifications.

CAMBRIDGE THERMIONIC CORPORATION

makers of guaranteed electronic components,
custom or standard

Want more information? Use post card on last page.

Capacitor: New CST-50 variable ceramic capacitor
surpasses range of capacitors many times its size.
Stands only !%3;” high when mounted, is less than
%" in diameter and has an 8-32 thread mounting
stud. A tunable element of unusual design prac-
tically eliminates losses due to air dielectric giving
large minimum to maximum capacity range (1.5
to 12MMFD).

May, 1955 — ELECTRONICS



Pr-eci;:?;.:::::'l'urnirg ) =S - ) Precision
ard Boring = e S Ty Welding

v

A modern plant of 350,000 square feet
... the finest machinery and equipment
for the manufacture, assembly and test
of precision electronic, electro-mechanical,
. - mechanical and nuclear instruments. .. ecision
e add o these a highly skilled staff of -
! research, development, engineering
and manufacturing specialists and
an experienced management...
means Daystrom can do the complete
job, from drawing board to finished
product... ALL UNDER ONE ROOF!

Hobbing 56" Precision Borirg,
Rirg Gear Turring and Threcding

Write
For Our
Brochure

nstrumerg

- Doystrom Affilates: ~
Civision of American Gyro; Heath Company;
Daxstrom, Inc. Daystrom Electric Corp.;
Americon Type Founders, Inc.;
Daystrom Furniture Div.
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from VACUUM MELTING—

improved alloys with exceptional properties

WHAT ARE VACUUM-MELTED METALS?

Vacuum-melted metals are a familiar family of alloys with new, improved
characteristics. For during high-vacuum melting, gaseous impurities are
literally sucked from the molten metal. The result is cleaner, purer metals with
desirable properties not previously attainable . . . in, for example, superalloys,

bearing steels, high-strength steels, electronic metals, or magnetic alloys.

WHAT ARE THEIR ADVANTAGES?

Many characteristics of a specific alloy can be improved by vacuum melting and
casting . . . for impurities that limit an alloy’s potential are removed.

Tensile and impact strength, stress rupture strength at elevated temperatures,
and fatigue life can all be substantially improved . . . and creep and

brittleness minimized by vacuum melting.

HOW CAN | BEST USE THESE IMPROVED ALLOYS?

Frankly, vacuum-melted metals are so new that many applications for them
have not yet been explored. But where they have been used, they’ve proved
their effectiveness in improved performance. Superalloy jet engine turbine
blades, for example, have given more than twice the performance life of blades
made of conventional air-melted alloys. And ball bearing rejects dropped from

50% to 3% when vacuum melted steels were used.

WHERE CAN | GET VACUUM-MELTED METALS?

Now, Vacuum Metals Corporation, pioneer in the development and production
of vacuum-melted and cast alloys, is producing tool, high-speed, stainless and
alloy steels — in most sizes and grades — as well as special ferrous and
nonferrous alloys. If you have a metals problem that vacuum-melted alloys
might solve, please describe it in as much detail as possible. Write

Vacuum Metals Corporation, P. O. Box 977, Syracuse 1, N. Y.

o

VACUUM METALS CORPORATION

Jointly owned by Crucible Steel Company of America and National Research Corporation

66 Want more information? Usc post card on last page. May, 1955 — ELECTRONICS
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Whether the instrument system requires mechanisms
combining miniaturc size with high torque, or great
deflection with high sensitivity, or ’most any other com-
bination of specific instrument characteristics...morc

Model 9934 —Miniature,
self-shielded core magnet
mechanism designed for op-
eration of warning flags
where space requirements are
critical. Capable of 90° total
deflection.

than likely there’sa WESTON mechanism already avail-
able which meets the requirements exactly. But for new
or unusual necds, Weston engincers arc available to as-
sist at the drawing board stage. In cither case, Weston'’s
long leadership in instrument design...since 1888...
offers best assurance of getting mechanisms specifically

designed for, rather than mercly adapted to. the system.
WESTON Electrical Instrument Corporation, 614 Frel-

Model 9889 —5Small self- inghuysen Avenue, Newark 5, New Jersey.
shielded core magnet mechan-
ism featuring spring-backed
jewels for ruggedness and the
requirements of vibration and
shock; suppressed characteris-
tics if desired; optional loca-
tion of mounting. Capable of
90° total deflection and can
be used for both warning
flags ond indicator.

Model 9897 —long scale, 250° self-
shielded movement, linear motion for op-
eration of pointers where great deflection
is a requirement. Capable of sensitivities
in the order of 1%2 microamperes per
degree deflection.

Model 9891%—Unique “Y-
Cor” magnet construction
giving very high flux density
with very high torque. De- {
signed for operating extreme- i
ly long pointers. Small size
makes it ideal for multi-mech-
anism instrument use. Capable
of 45° (22.5-0-22.5°) total
deflection, essentially linear

up to 40° (20-0-20°).

= I i
Model 98907~ Unique 1;\ Model 9929 —Self-shielded

l.IY.Corl.l LT T T Rl core magnet mechanism of
TR Rabily Iur.gter than high flux density. Designed
Model 98,9]’ glving ex- for operating pointers with
fremely high fh{x density. high moments of inertia. Total
T extr'em.ely high torque deflection up to 12C degrees
makes it ideal for oper- ; \! available. Also available in

ation of the ""9‘” and miniature size (Model 9892). /
heavier type pointers. 1
'

FER

0] | {oepankionty |
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RCA 'Balanced Lme’ feature;’

NEW 24-INCH Aluminized Picture Tubes—RCA-24CP4-A, RCA-24DP4-A,
and RCA-24YP4 — round our the RCA 'Balanced Line’ for the new look in
your receiver line.

These new tubes bring you the advantages of RCA “Advanced Technique”
Aluminizing—an example of the farward thinking, planning, and engineer-
ing that make RCA Tubes famous for quality.

See for yourself how RCA top-quality aluminized picture tubes empha-
size clarity and sharp detail in your new set designs. See your RCA Field
Eepresentative for your needs.

For technical data, write RCA, Commercial Engineerirfg, Section E190
Harrison, N. J.

/

{ RC& A u:n:ed Technique’

Alumm—ued Pntwre Tubes

i dwgonul
type daflectian argle

21ALP4 A 90
21AMP2-A S0
21ATP4 90
21AVP4-Aj2]1AUPY-A 72
21AWP4 72
21YPA-A 70
212P4-B 70
24CP4-A 90
24DP4-A 90
24YP4 S0

;_E low-voltage electrostatic M

A m\\ RADIO CORPORATION of AMERICA

\ //@ ELECTRON TUBES
e T

HARRISON, ¥.J.

focus

m

mmzzmzmms

o S R S e =5 2|
magnetic |




Try this for size

For guided missiles, airborne equipment,

portable and mobile ground equipment

In these and related fields, where lack of space is the
problem, manufacturers have turned to miniaturization.
Daven’s new ceramic switch occupies a panel area of
less than 1Y2 square inches—incorporates features that
ensure long life and trouble-free operation.

Despite its small size, this switch is extremely rugged
and has been designed to withstand all types of field
service. Coin silver contacts, rotors and slip rings are
provided for low and uniform contact resistance and
excellent electrical characteristics. Ceramic parts are
silicone impregnated to function under extreme humidity.
Sturdy solder terminals are supplied for wiring.

Single pole style has 18 shorting type contact posi-
tions available. 2 or 3 pole types may also be obtained.
Several sections may be “ganged” by adding supplemen-
tary wafers. Flash-over voltage at 60 cycles is 1000 volts
peak . . . current carrying capacity is 2 amperes.

This sturdy, high-quality switch is precision pro-
duced . . . will give years of service in fine commercial
and military equipment. DAVEN's expert engineering
staff is at your service for help with special problems
or orders to your specifications. Write today for further
information.

9

'

—

. Mintature Ceramic
. Switch... Series M

WORLD" S LARGEST M ANUFACTURER o

F

wDAVEN-

191 Central Avenue, Newark 4, N. J.

ATTENUATORS



MICROWAVE

PAT. APPLIED FOR

Unlimited design possibilities are now afforded the

2 | Power A R d
= 55t e systems engineers with Bomac's complete line of dual
S| requeney | S| max> | Type Destription Designation TR tubes.

L | 1215.1355 | 1285)2000 | TR | Dual, Band Pass 6634/BL90 Bomac dual tubes are designed for use with suitable
s | 26003000 | 2800{ 750 | TR | Dual Band Pass 6636/BL87 t S g -
- id junctions t ide balanced duplexers
s | 2650-2950 | 2800| 750 | ATR| Dual BLY2 short-slo h?lbrc.i!u ctions 1o provide balanc P
c 5400-5900 | 5650 | 700 TR Dual 5865 6640 /BL60 of utmost simplicity.
(% 5400-5900 5650 | 3000 TR Dual 6568, Band Pass BL6I3 |n operaﬁon' fhe balanced duplexer is similqr to
€ | 5400-5%0 | 5640| 300 | ATR | Dual, Fixed-Tuned, Contact Mount BL63 T duol Th | I
x | 8490-9578 | 9000{ 200 | TR | Dual IBS3A 6334/BL27 magic-T or rat race duplexers. The very low coupling
X | 849%0-9578 | 9000 200 | TR | 6334 tapped Flanges Both Ends BL78 between the transmitter and antenna eliminates the
X 8490-9578 9000 | 200 TR 6334 plus Separate Channel 1B63A BLSI B .
X | 8190-9578 | w000| 200 | TR [ 6334 with Recovery Time I usec at necessity of employing one or more ATR tubes and
1db 6643 /BL84 reduces the losses introduced in radar systems by
X | 8490-9578 | 9000| 200 | TR | BLS4 with Heater BL8AH th tubes. The feat f N iqht and
X | 8490-9578 { 9000 200 | TR | 633 with Large X Flange Input and ese fubes. Ihe tealures or cempaciness, weight an
Small X Flange Output 6642 /BLE0O excellent performance with respect to both transmission
X | 8490-9578 | 9000| 200 | TR | Dual 1B63A, 2 usec Recovery Time | 6646/BL604 d . ... fered by th dual
X | 8490-9578 | 00| 200 | TR [ BL604 with Heater 6647 /BL604H and reception characteristics offere y these dua
X 8490-9578 | 9000| 200 TR 6334 with Special Hole Dimensions tubes hold many advantages for microwave systems
for Aluminum Flanges BL607 L .
X | 8490-9578 | s000] 200 | TR 6334 with Special Saddle Type Flange | 6648 /BL615 designers and engineers.
; g:ggggg% 30:0 250 | TR | Large X Guide 6501 Bomac offers a complete line of hybrids to be used
- 050 | 250 TR Four-Element Tube for Large X Guide | 6564 /BL71 . o . g !
x | 8490-9578 | 9000] 250 | — | Integral 6334 Hybrid Duplexer BL507 in conjunction with these dual tubes — the tubes caz be
Ku | 15000-17000 | 16000| 100 | TR | Dual, Band Pass 6560/BL35 supplied with integral shutters, offering continuous
crystal protection.

We invite your in- é . \9 Catalog on request.
quiries  regarding /.?omac o[d oralories, Inc. LITOIP Iy
W ENGINEERING ‘[’)epg E6 BOMAG
m DEVELOPMENT

BEVERLY, MASSACHUSETTS

Laboratories, Inc.

B PRODUCTION GAS SWITCHING TUSES - DIODES - HYOROGEN THYRATRONS - DUPLEXERS - MAGNETRONS Beverly, Mass.
- MOOULATORS - CAVITIES
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TYPE 310

Portability
Overall dimensions-—6%,” wide,
10” high, 17" deep.
Weight—only 23, pounds.

Transient Response
Risetime —0.09 psec.

to 0.1 v/div in 3 calibrated steps.

Versatile Triggering

AUTOMATIC TRIGGERING.

Flat-faced CRT

Al

IN THE LAB

Type 310 Cathode-Ray Oscilloscope —$595

Coupled only, 2 cycles to 3.5 mc-—0.01 v/div

Internal, external, line... ac- or dc-coupled, and

Tektronix

Portable Oscilloscope

gives you Laboratory Performance

...in the FIELD!

The Tektronix Type 310 is fully capable of performing
much of your laboratory work, yet has the physical
characteristics desirable for work away from your
bench. It handles easily and fits into tight spots, sim-
plifying field maintenance of complex electronic equip-
ment. The high performance of the Type 310 can help
you speed up your field work...its low weight and
small size can ease your equipment handling problem.

Complete accessibility to tubes and components is
maintained by a unique step-chassis construction,
hinged at the rcar. Accurate calibration and excellent
lincarity permit reliable quantitative measurements—
you read time and amplitude dircctly from the screen.
Functional panel design and versatile control system
contribute to operator convenience, making this new

oscilloscope an easy-to-use ficld and lab instrument.

CHARACTERISTICS

Wide Sweep Range
0.5 psec/div to 0.6 sec/div, continuousty variable.
18 calibrated sweeps from 0.5 psec/div to 0.2
sec/div. Accurate 5-x magnifier extends cali
brated sweep range to 0.1 usec/div.

Horizontal Input
Sensitivity—1.2 v/div.

J Sensitivity
DC to 4 mc—0.1 v/div to 50 v/div in 9 calibrated Voltage Calibrator
steps, 0.1 v/div to 150 v/div continuously vari- Square wave, approximately 1 ke—
able. AC-Coupled—3 db down at 2 cycles. AC- 0.05v 1o 100 v in 11 steps.

Jewel Warning Light
Indicates when controls are at non-calibrated
settings.

Power Requirements
105 to 125 v, 60 to 800 cycles, 175 watts.

DC-Coupled Unblanking

3WP with 1.8-kv accelerating potential.
Edge-lighted graticule with '/, divisions. All DC Volitages Electronically Regulated

f.0.b. Portland {Beaverton), Oregon Te k ,ro n '.x’ ’n CQ

Please call your Tektronix Field Engineer or Representative
for complete specifications, or write to:

P. O. BOX 831A + PORTLAND 7, OREGON
CYpress 2-2611 . CABLE: TEKTRONIX
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THE POWER OF THE PRESS

Printed Circuitry is the development

that’s revolutionizing -he electronics industry. ..
and w2 at C-D are proud of the

part we're playing in this “giant step” of progress.

Whatever your preduc:...from felevision

and tape recorders to hearing aids, radar or rockets...
C-D’s 2rinted Wiring Civision

offers printed circuitry designed specifically for you.

Write for Brochure PRT 255 to

Cornell-Dubilier Electric Corp., South Plainfield, New Jersey.

consistently dependable

CORNELL-DUBILIER CAPACITORS

Plants in South Plairfield, N. J.; New Bedford, Worcester and Sambridge, Mass.;

Providence and Hope Valley, R. |.; Indianapolis, Ind.; Sanford aad Fuquay Springs, N. C.; Venice, Calif,;
Subsidiaries: The Radiart Corporation, Cleveland, 0.

and Co-nell-Dubilier Electric International Corp.

THERE 4RE MORE C-D CAFACITORS IN USE TODAY THAN ANY OTHER MAKE




GENERAL ELECTRIC ANNOUNCES

Vac-u-5e.

RECTIFIERS

New Line of G-E Component Rectifiers Achieves 3 Performance Highs

® 63 VOLT PEAK INVERSE
¢ 60,000 HOUR

General Electric’s new line of Vac-u-Sel Component
rectifiers offer greater application flexibility than any
other rectifiers in history. You can now obtain a rec-
tifier cell with a peak inverse rating of 63 volts, or a
rectifier which will operate up to 130 C ambient tem-
perature, or a rectifier which has a life expectancy of
60,000 hours.

New G-E Vac-u-Sel rectifiers now make it possible
to match performance requirements for life expect-
ancy, ambient operating temperature, and atmos-
pheric protection, as well as electrical characteristics.

THREE NEW RECTIFIER CELLS make up the new line
of Vac-u-Sel rectifiers; a 26-volt low temperature cell,
a 26-volt high temperature cell, and a 45-volt high
temperature cell. All three are produced by the
vacuum evaporation process described at the right,
but special variations in the manufacturing give them
distinctly different electrical characteristics.

26-VOLT LOW TEMPERATURE CELL is the standard
industrial cell, used on applications where ambient
operating temperature will not exceed 55 C. Rectifiers
using this cell have a life expectancy of 60,000 hours
at normal current rating,.

® 130 C AMBIENT OPERATION
LIFE EXPECTANCY

26-VOLT HIGH TEMPERATURE CELL can meet operat-
ing requirements up to 130 C at full voltage. Current
need not be derated where shorter life is acceptable.
Life expectancy at 130 C is 1000 hours.

45-VOLT HIGH TEMPERATURE CELL has a 63-volt
peak inverse voltage. Unlike most 45-volt rectifiers,
this is a true, long-life industrial cell. Frequently this
rectifier may be substituted for ones employing 26-
volt cells. Since fewer cells are required, savings of up
to 30% in cost, and up to 35% in the size of the
stacks are possible. Life expectancy of this 45-volt
cell is 40,000 hours, and the cells can be used at
ambient temperatures up to 110 C.

ALL VAC-U-SEL RECTIFIERS operate with exception-
ally low forward voltage drop and low reverse leak-
age, and their margin of superiority in these char-
acteristics increases in service. All Vac-u-Sel rec-
tifiers undergo extensive testing and grading, and
matched cells are used in assembling stacks. A
variety of finishes and mounting arrangements are
available to meet virtually any requirements.

MORE INFORMATION on these new Vac-u-Sel rec-
tifiers is available from your nearest General Electric
Apparatus Sales Office, or by writing Section 461-36,
General Electric Co., Schenectady 5, N. Y.

Frogress ls Ovr Most Important Product

GENERAL @3 ELECTRIC

RECTIFJER DEPARTMENT

METALLIC RECTIFIER COMPONENTS FOR PRACTICALLY EVERY DC REQUIREMENT

VAC.U-SEL

72 Want more informgtion? Use post card on last page

SELENIUM

COPPER-OXIDE

GERMANIUM
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WHAT IS VAC-U-SEL?

Vac-u-Sel is the General Electric
trademark for a new line of metallic
compcnent rectifiers with exceptional
electrical characteristics. The name
Vac-u-Sel is used because these new
rectifiers are produced by a vacuum
evaporation process.

WHAT IS THE VAC-U-SEL PROCESS?

Ir. the Vac-u-Sel process, cells are
loadec on the inside of a sphere and a
vacuum of over one,/millionth of an
atmosphere is drawn on the sphere.
Seleniam is then evaporated inside the
sphere onto the rectifier plates.

WHY USE A VACUUM?

The vacuum permits greatest con-
trol over contaminants which affect
the quality of the finished rectifier.
There are more than 100 variables in-
volved in making selenium rectifiers.

WHY S THIS PROCESS BETTER?
Vacuum evaporation provides great-
er uni‘ormity between individual cells
and stacks. It produces a more even
deposition over the entire surface of
each cell, eliminating cracks and thin
spots. The electrical characteristics of
a rectifier are highly dependent on the
thickness of the deposit, and vacuum
evapor-ation permits greater accuracy
in controlling this thickness. In addi-
tion. it fosters better crystalline orien-
tation, allowing natural rather than
pressed formation.
ARE VAC-U-SEL RECTIFIERS BETTER?
Thae electrical characteristics of new
General Electric Vac-u-Sel rectifiers
are zreatly superior to ordinary com-
mercial selenium rectifiers. Full de-
tails of Vac-u-Sel rectifier performance
are given on opposite page.

GENERAL 3% ELECTRIC
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for Fuses of Unquestioned
High Quality

Fernes w@—Millions upon millions of BUSS fuses have

given dependable electrical protection in homes, on farms and

in industries over the past 40 years, thus establishing the
unquestioned high quality of BUSS fuses.

With a reputation like this, BUSS can’t afford to take a
chance with faulty fuses that could injure its business and
yours.

That's why every BUSS fuse, normally used by the

Electronic Industries, is tested in a sensitive elec-

tronic device that automatically rejects any fuse not

correctly calibrated, properly constructed and right
in all physical dimensions.

Fuses that give you double protection against
loss of user goodwill are the result. Not only
are users guarded against damaged equipment
when there is trouble on the circuit, but they
are also protected against irritating shut-
downs caused by needless blows.

Then why not be sure your buying and

stock records specify BUSS and FUSE-

TRON fuses . . . you'll save time and
trouble by using BUSS as the one
source for all your fuse needs.

Makers of a complete line of fuses
for home, farm, commercial,
electronic and industrial use.

BUSSMANN MFG. €O. [TETRIETE) o vcco- |
ELRC
555

University at Jefferson,
St, Lovis 7, Mo.
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Fixed or adjustable “Greenchm’’ power resistors. 5 to
200 watts.

CLAROSTAT

Greenochm Jr.* cement-cased tubular power resistors
for point-to-point wiring. 5, 10, 14, 15 and 20 watts.

Series ZT Stack Mounting resistors, 30 to 75 watts.
Approved for RW-20 through RW-24 characteristics G
and J of MIL-R-26A specifications.

Standee* power resistors. 10, 15, 20, 25 and 30 watts.

Consider these three good reasons wry your power
resistor requirements are best met by specifying
CLAROSTAT. ..

1. Adequate choice of types, wattages, resistance
values, terminals, mountings. No need to impro-
vise. No wasted time and effort t-ying to make
the wrong thing do. Rather, you can get the cor-
rect Greenohm*, Glasohm™, Stande=* or Series ZT
Stack Mounting resistors for you- exact needs.

. And you can make sure of the e»act resistance
value and wattage rating by using the Clarostat
Power Resistance Decade Box. It inserts in the
actual working circuit and under zctual working

.
e B

Glasochm* flexible power resistors.

Winding on glass fiber core, protected

by braided glass fiber sheathing. {5 and 3
V8" dia., 1 and 2 watt per winding inch. Any [
length. Standard, 114" No. 20 tinned leads. Other \ \
type terminals available. ‘

o

P Resi de B o

| Power Resistor Docade Box. ML I
conditions, any resistance value from 1 ohm to
999,999 ohms, at the mere flip of knobs. When
best operating conditions are attained, you read
the inserted resistance value right off the six
dials. No guessing. No calculating. Rather, the
correct resistance value.

3. Install the “Greenohm’ or “Glasohm’ or other
Clarostat power resistor. You can now ‘‘Stand Pat
with Clarostat.” For the millions of Clarostat re-
sistors in daily use, month after month, year
after year, in all kinds of radio-electronic and
electrical assemblies, are proof sufficient that
no tougher power resistors are available today.

WRITE ¢or Engineering Bulletins. Let us collaborate on your
T resistor problems and needs, whether standard or special.

RN Coitiots and Bosistris

ELECTRONICS — May, 1955 Want more information? Use post card on last page.
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ALLEN-BRADLEY COPPER CLAD MOLDED RESISTORS

RADIO,

76

Va, 1,2, 3 & 4 WATT

rated at 3 and 4 watts at 70C Ambient Temperature

A new and important addition to the Allen-Bradley
line of radio, electronic, and television compo-
nents are these Types GM and HM copper clad
Bradleyunits, each fitted with a heavily tinned cop-
per clamp. These new resistors are designed to be
attached to a metal panel or chassis with rivets,
bolts, or self-tapping screws. If attached to a metal
panel four inches square and 0.050 in. thick at an
ambient temperature of 70 C, the maximum continuy-
ous wattage rating of the Type GM Bradleyunit
is 3 watts; the Type HM Bradleyunit is 4 watts. At

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

6o o e

BRADLEYOMETERS
V2 & 2 WATT

BRADLEYUNITS

OR RADIO, TV & ELECTRONIC APPLIC

40 C ambient temperature, the ratings are 4 and 5
watts, respectively. However, if these copper clad
Bradleyunits are suspended by their leads without
being bolted to a metal panel, their respective rat-
ings are 1 and 2 watts.

The copper clamp does not completely encircle
the Bradleyunit, thus leaving a slot through which
the color-code bands are plainly visible. Type GM
Bradleyunits are available in all RETMA values from
2.7 to 22 megohms and Type HM Bradleyunits
from 10 ohms to 22 megohms.

e In Canada—Allen-Bradley Canada Limited, Galt, Ont.

CERAMIC CAPACITORS

0.00001 to 0.022 MFD HIGH EFFICIENCY

ALLEN-BRADLEY

ELECTRONIC

AND

TELEVISION COMPONENTS

Want more information? Use post card on last page.

ATIONS

FERRITE COMPONENTS
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FIRST V-0-M with ALL in ONE!

BURTON BROWNE ADVERTISING

MODEL 630-MA
™~ LW VT
\ Reg:EeT

onMs PEZR  VOLT
10,000° 20,000 OC 9,008+ 10,000 AC
“0" DB
AT 1,737
ON S0C
OHM LINE

WADE IN BLUFTTON, ONIO, . S- A.

SER. NO:

7C RANGES . . . nearly double those of conventional testers

FREQUENCY COMPENSATED . ..
for accurate readings over entire audio range

HIGH AC-DC ACCURACY ON SAME SCALE

ACCURACY: 1-1/2% DC to 1200 Volts, 3% AC to 1200 Volts
METER PROTECTION AGAINST OVERLOADS

TEMPERATURE COMPENSATED . ..

Accurate within a wide range of ambient temperatures
SIX RESISTANCE RANGES Including 100 Megohms
COMPLETELY INSULATED Black Molded Case

MIRROR SCALE And Knife-Edge Pointer

ALL TRIPLETT

actual size

TESTERS APPROVED FOR COLOR

see them at your distributors

TRIPLETT HAS THE MOST COMPLETE V-0-M LINE

R

MODEL 630-NA
Volt-0hm-Mil-Ammeter
DEALER Net Price ... $69.50

MODEL 630 Famous
Volt-Ohm-Mil-Ammeter $39.50
33 ranges and many other
features making this the
favorite in a popular V-0-M line

MODEL 630-A Laboratory Type
Voit-Ohm-Mil-Ammeter with
mirror scales, 1-1/2% DC
accuracy and special 1/2%
resistors for greater accuracy.
Found in the best laboratories
and production lines. $49.50

MODEL 631 Combination
V-0-M and VTVM $59.50

This sensational 2-in-1 battery
operated combination saves
you money — will do all your
work easier at half the price.

MODEL 666-R Pocket size
V-0-M. Practically a portable
laboratory with self contained
snap-in type batteries. $26.50

The above are examples of
the complete Triplett V-0-M
line in which 10,000 ohms per
volt AC sensitivity has been
featured for 10 years.

eay

TRIPLETT ELECTRICAL
INSTRUMENT CO.
Bluffton, Qhio



TAYLOR

Laminated Plastics
Vulcanized Fibre

Shop Talk

TAYLOR

FIBRE CO.

Plants in Norristown, Pa. and La Verne, Calif.

PHENOL —MELAMINE—SILICONE—EPOXY LAMINATES * COMBINATION LAMINATES s VULCANIZED FIBRE * POLYESTER GLASS ROD

Tips for designers

Furniture can make good use of the mar-
resistant, tough surface afforded by Taylor
Vulcanized Fibre plywood combination
table tops.

Terminal strips for high-precision elec-
tronic instruments benefit by the excellent
insulating properties of Taylor XXXP-301
hot-punch phenol laminate.

Heavy bumper blocks for steel mill use,
made of Taylor Built-Up Fibre several
inches thick, give long service under severe
shock and abrasion.

Selenium rectifier plates are insulated by
washers made of Taylor Grade 353
phenol laminate . . . chosen for its dimen-
sional stability and mechanical strength.

TAYLOR FABRICATING

FACILITIES
Your production can be simpli-
fied . . . schedules safeguarded

. inventory headaches cured
... and overall costs reduced by
having Taylor fabricate finished
parts to your specifications.
Efficient, modern facilities are
ready to serve you. Get in touch
with Tayvlor about your specific
requirements.

78

High strength, light weight, excellent insulating and corrosion-resistant qualities make Taylor Epoxy Glass
Base Laminate the ideal material for tubing in an aircraft fuel gage tank unit made by Avien, Inc.

When service conditions are tough-

use Taylor special-purpose laminates

Designing for severe service? Then
take a look at what Taylor special-
purpose laminates can do. Taylor’s
resin chemists have developed spe-
cial formulations of melamine, sili-
cone and epoxy resins . . . for combi-
nation with a variety of base mate-
rials. The result is a line of laminates
which offer the plus performance
that your new designs may require.

Taylor epoxy laminates. Retain su-
perior mechanical properties after
exposure to high temperatures (above
430 F) ... have outstanding electrical
characteristics, moisture resistance
and resistance to corrosive chemicals
. . . setting these laminates apart as
a means of solving difficult design
problems.

Taylor melamine laminates. Excellent
resistance to arcing, electrical co-

Want more information? Use post card on last page.

rona, flame and chemical attack
characterizes these materials . . . use-
ful in many electrical applications.

Taylor silicone laminates. These with-
stand temperatures up to 500 F . . .
provide insulation where other lami-
nates thus far cannot be used. They
also possesshigh mechanicalstrength,
low power factor and low moisture
absorption.

Sheets, tubes and rods of these ma-
terials are available in a range of
sizes that will give you maximum
economy of material in your manu-
facturing processes.

To help you in the application of
these specialized materials to your
specific product, Taylor offers the
service of its experienced engineering
staff. Call on Taylor for a consulta-
tionon yourindividual requirements.

May, 1955 — ELECTRONICS
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Here's f/re New

(Surfade Barrier

TRANSISTOR

Industrys F|rsi \
{ High Frequency Transistor ;
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N ---Avaitable Now! ./
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For the First Time...
High Frequency Circuits Can Be

COMPLETELY TRANSISTORIZED

325>

Philco SB Transistors are
available in the sizes shown
here —standard and miniature.

Today, Philco’s new SB Transistor opens
up a completely new field of commercial,
industrial and military applications for the
electronics design engineer. With vastly
superior performance assured to 50mc and
above, many basic circuits can now be
completely  transistorized. Video bandpass
amplifiers, wide band low-pass amplifiers,
high frequency oscillators and high speed
switching are only a few of the innumer-
able circuits which the design engineer can
produce quickly, easily, efficiently with the
revolutionary new SB Transistor.

UP TO 10 TIMES BATTERY LIFE

The Philco Surface Barrier Transistor operates
efficiently with power consumption of less than
one milliwatt ! This extremely low power drain
results in up to ren times the battery life obrain-
able with junction transistors, vastly reducing
operating costs. Hermetically sealed, the SB
Transistor has greater inherent characteristics
of stability, longer life and higher efficiency
than any other type of transistor.

HIGHEST UNIFORMITY YET ATTAINED

Due to Philco’s unique design and precision
production methods, the SB Transistor reaches
a degree of uniformity and unvarying quality
never before achieved with transistors. This
remarkable quality permits design engineers to
specify the Philco SB Transistor with full
assurance of superior performance.

Now being produced in quantity this new
Philco SB Transistor is available for your
current projects and immediate shipment
can be made to you.

For complete technical information on the PHILCO SB Transistor

write Dept. E

PHILCO CORPORATION

OVERNMENT
NDUSTRIAL

A ND
DIVISION

PHILADELPHIA 44,

® PENNSYLVANIA

In Canada: Philco Corporation of Canada Limited, Don Mills, Ontario
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the “Phantom Saboteur’ of Automation
can cause 101 production troubles...
rejects . . . without your knowing it!

*
“Y arying Y oitage Trouble

plays hob with timers, sole-
noids, and electronic gear in
production and inspection
departments., A Stabiline
Automatic Voltage Regu-
lator prevents this ‘sabo-

tage’.

Electrical

Engineer
has the
answer...

s
G

2
foaocniy
B

s
o

STABILINE
Type EM 4115

Superior Electric offers o complete line of automatic
voltage regulators. Send for Bulletin S351.

® Automatic machines and processes

. . . Inspection department equipment
can go ‘haywire”’ every time your volt-
age varies — even within so-called

“allowable limits”’. Given the oppor-

can spot V.V.T. and help you cure many
production headaches you now con-
sider to be ‘“‘routine trouble” that you
have to live with. When he recommends
a Stabiline automatic voltage regulator

tunity your plant Elec- you can be sure these troubles are under

] T -
UPtpsop ;ucmr |

trical Engineer control.

See Superior Elextric’s
Mobile Display when

hd it visits your area. e e s [ e | e e e [ e [ | s [ e ases [ e [ o] eeve [eem] o | SR LS ST 0L =
' : THE SUPERIOR ELECTRIC COMPANY, 205 Reynolds Ave., Bristol, Conn.
THE | g
Please send me a copy of your STABILINE Bulletin S351.
COM PANY Nomes. v ifiadsm: b vieas sl Do oo ar cBESEods bi I iaepreed: s mndall gus  r wish SEAT S

|

|

| Company NGme. ... ittt it e e ol A W i AL bl A AR

BRISTCL, CONNECTICUT

Manufacturers of: POWERSTAT Voariable Transformers STABIINE |
Automatic Valtoge Regulators « VOITBOX A-C Power Supplies |
LUXTROL Light Control Equipment » VARICELL D-C Paower Supplies |
Superior 5-WAY Binding Posts |

Company Addiess: s s n v .'s 08 ud B an o w8 ¥ addmd Bl 50 bl ne em G mEy BeE E e[ b @ e S
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Simplify Your Access Panel and Door Assemblies e

Fasten them faster with Quick-Lock

%

Hstd

- it e

Fastening removable access doors and panels need not be a laborious and costly
producticn or assembly operation—not if they’re fastened with QUICK-LOCK.

Designed for simple installation, QUICK-LOCK requires no special tools. It speeds
up mounting and demounting detachable panels with only a 90° turn required to
lock and unlock it in a jiffy.

The fiexible mounting and tapered stud makes QUICK-LOCK ideal for assembling
curved sheets and insures a tight fit when locked. Stud is self-ejecting when unloeked.
Minimum deflection is assured—only initial loads are carried by the helical spring.
Solid supports take up increased loads.

Industrial and agricultural equipment manufacturers would do well to analyze the
cost-saving features of QUICK-LOCK’s simple design. A good way would be to call in
a Simmons Engineer and discuss the economy of a QUICK-LOCK installation as com-
pared to your present fastening method. Why not send for him today?

SIMMONS FASTENERS

u | SIMMONS FASTENER CORPORATION ¢ 1750 NORTH BROADWAY, ALBANY 1, N. Y,

Want more intormation? Use post card on last page May, 1955 — ELECTRONICS



UP TO 10 AMPERES AT

TYPICAL INVERSE CHARACTERISTICS AT 125 € TYPICAL FORWARD CHARACTERISTICS AT 125 C ALLOWABLE AVERAGE CURRENT VS. TEMPERATURE
70 28
60
’i. 2 1N414 1N412 IN413 'f 2.5
9 50 & 20 2
= WNaTY AETIES 5 N 2
S 40 =16 iu
§ & ik 1.254C, WATT HEAT SINK
&
3 30 ERP) w
w 1N4T3 o A‘!()
9 a z !
o ‘. ]
z 3 E
10 O 4
2
0
0 25 50 75 100 125 150 175 200 225 250 0 5 1 15 2 25 3 35 4 45 5 25 50 75 100 125 150
INVERSE VOLTAGE (volt:) FORWARD VOLTAGE (volts) TEMPERATURE ( O
» oys . o . . T2Y0 o - .
{— Rellablllty at ngh Temperatures Transitron’s high power silicon rectifiers are designed for

reliable high temperature operation in power supply and mag-
netic amplifier applications. Types 1N411 and 1N412 are

% q S particularly useful for 28 Volt DC supplies, while type 1N113
( High Power Handling Ability is designed for 130 Volt AC bridge rectifier service.

Overcoming the basic limitations of selenium, germanium and

o4 the gas-filled tube, these rugged rectifiers also offer major
B Negligible Leakage Current savings in both size and weight. Bulletin TE1321C contains

detailed information.

. In addition to high power types, Transitron manufactures a complete line of medium
n— NO Forward Aglllg power silicon rectifiers and diodes. Write for Bulletins TE1321 and TE1322.
o
«»— High Conductance RATINGS AT 125°C
PEAK RECURRENT MAXIMUM RMS MAXIMUM AVERAGE
TYPE INVERSE VOLTAGE VOLTAGE FORWARD CURRENT
ol O Q (VOLTS) (VOLTS) ~ (AMPERES)
W »— Miniature Size 25°C* 125°C*
1N411 50 35 25 10
. a . 1N412 100 70 18 7
«>— Hermetic Sealing INA13 200 J 140 12 5
e _ g—— 1

*Rectifier mounted in a 1.25°C/Watt heat sink.

Trangitron —==- =2 @« [ &=

electroniec “corporation ]
melrose 76, massachusells Glass Diodes Silicon Diodes Germanium Diodes Transistors Silicon Rectifiers




Never before!

NOT 2: (motor)+ gear train)
BUT ONE homogeneous unit

New Power Motor—Gear—Train

~

1. Unique: Not 2 separate units

but a single entity. An entirely
new principle—another OSTER

“first."”
2. More Versatile: Any output
speed from 10,000 to .3 RPM.,
3. Extremely High Torque Capac-
ity: e.g., 100 #-in. at 523:1 and 1600

#-in. at 10,500:1.
4. Lighter-Smaller: e.g., 10-1/2 0z.,
1-1/2"dias, 3-1/2" long at 523:1 ratio.
5. Availablein28 Vand 115V DC or
in28 V and 115 V 400 cycle AC

6. 1.50" dia. (Type 3094) illustrated.

Variations include 1.25” dia. (Type

3101), 1.062"* dia. (Type 3200) and

1.75"* dia. (Type 2487).

*Available soon.

For a precision speed reducer with low

backlash and low composite error at a

moderate price specifyan OSTER Power

Motor-Gear-Train adapted to your indi-

vidual application. Write for further in-

formation TODAY. Actual Size
1.50" dia. (Type 3094)

]
JOHN OSTER MANUFACTURING CO.

AVIONIC DIVISION

RACINE, WISCONSIN
Your Rotating Equipment Specialist

Other products include Actuators, AC Drive Motors, DC Motors for Special Applications, Fast Response Resolvers,
Servo Torque Units, Low Inertia Servo Motors, Synchro Differentials, Two-Phase Reference Generators, Tachom-

eter Generators and Motor Driven Blower and Fan Assemblies,
May, 1955 — ELECTRONICS
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a low cost

all
.1y hatched

ol
- MDROAIRE

you can count on!

THE BONDED BARRIER TRANSISTOR
First dependable H-F Transistor for quantity production

Collector Voltagz . . . . —12 volts

ABSOLUTE Collector Current . . . . —3 ma
MAXIMUM SPECIFICATIONS  Collector Dissipation . . 30 mw
Ambient Temperature . 55°C.

AVERAGE CHARACTERISTICS AT TEMP. 20° C., FREQ. 1 k¢, COMMON BASE

Collector Voltage . . . . . . ... ... ...... —4.5 volts
Emitter Current. . . . . . . ... ... ... ... 0.5ma
H 11, input impedance, output short circuit. . . . 350 ohms
H 12, voltage feedback ratio, input open circuit. . 3.5x 10~
H 21, current amplification, output short circuit. . —0.75
H 22, output admittance, input open circuit. . . . 10 muohms
Ico, Collector Cutoff Current . . . . . . .. . ... —5 mu a.
Max. Power Gain, Gnd. Emitter. . . . ... ... 25db
Freq. Cutoff. . . . . ... ... .......... 5me

OTHER ® Hermetic Sealing
HYDRO-AIRE @ Transistor Socket Strips
FIRSTS

® Packaged line of Transistorized Audio Pre-amplifiers

The Aviation

Subsidiary of

ELECTRONICS — May, 1955

NOW READY FOR QUANTITY
PRODUCTION AT LOW COST

We held off counting this chicken
until it was well and truly hatched!
And now that time has come.

The Bonded Barrier Transistor has
been exhaustively tested, and found
dependable in service throughout
the frequency range shown at left.
R Not only that: the Bonded Barrier
process is ideally suited for large-scale
@ ﬁ\ﬁ production. Hydro-Aire’s Electronics
p P Division is now completing new mass
production facilities to meet the
widespread demand for a transistor
that offers such great potential
in electronic design.
Sample quantities are already being
shipped to certain users. You will
appreciate that we shall have to hold
to certain priorities on such a
much-needed item; but we shall deal
as fairly as possible with all
legitimate inquiries. We can only
advise you to contact us right
away, so that you may be high on the
list, both for test quantities now
and production quantities later.
Please write on your company
letterhead.

Inc.

Want more information? Use post card on last page. 85
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d Evidence
Adde ot —

Flip the switch up . . . the counter adds. Flip it
down . . . it subtracts. And this 2-way countability
makes this new counter a distinct asset to modern
systems of automation, control engineering and
stock control. Readily adaptable, easily installed
and connected to existing circuits, the Veeder-
Root *“ plus or minus’’ counter is a reliable double-

VEEDER-ROOT
HARTFORD 2,

INCORPORATED
CONNECTICUT

Want more information? Use post card on last pege.

Adds and

Subtracts

check on the operation of machines, processes,
systems. And it’s just one of scores of standard and
special Veeder-Root Counters for every field of
reckoning from atomics to electronics to automa-
tion. What is your counting problem? Let’s put a
mathematical eye on it . . . write:

Chicago 6, Il New York 19, N. Y. o Greenville, S. C.
Montreal 2, Canada Dundee, Scotland
Gffices and Agents in Principal Cities

‘“The Name that Counts”’

May, 1955 — ELECTRONICS



Speaking of resistor quality

. it is worthy of note that Stackpole Fixed
Resistors are one of the most
widely used brands in
meeting today’s exacting

specifications.

| Speaking of resistor
supplier co-operation

... the Stackpole record of personal attention to detail
in matching resistor requirements and of following through
with “on time” deliveries of dependable, fully

quality-controlled units, speaks for itself.

Electronic Components Division
STACKPOLE CARBON COMPANY, St. Marys, Pa.

STACKPOLE

FIXED COMPOSITION

R ESI STORSS

Backed by the keen personal interest

and full co-operation of the specialists who produce them

ELECTRONICS — May, 1955 Want more information? Use post card on last page.




Flexibility in Application
Versatility in design...

packaged
analog-digital

converters

Shaft Position to Digital Converters features
reliability, long life, non-ambiguity and speed
makes these converters ideal for computers or
data handling systems where serial read-out is
preferred. Librascope converters transmit infor-
mation at almost any rate desired up to 1 mc and
in some cases above, and may be multiple time-
shared, holding extra circuitry to a minimum.
All units quickly adjustable, syncro-mounted.
Available in Binary, Gray code or Binary deci- .
mal code as shown in chart below. Special units ; - N FEATJRES:

may be designed to your order.
« Urique, st=ggered double

Write for catalog information.
br st p ckoff system.

« Reads aut zerially into
DIMENS ONS -elays or s 1gle or multiple
DIAMETER X LENGTH scan T]Etrf:es,

RESOLUTION
OVER FULL RANGE

RESOLUTION PER
INPUT SHAFT REV.

Analog-dig al or digital-
analog cpexztion.

7 digiti 128 1 pﬂt in 123 2"x 2%,

 13digt | 128  lparting192 2°x3%,"
BINARY  17digt | 128 ~ partin 131,072 2"x414," Mzy te :ime-shared.
19 digit 1 part in 524,288 2" x 4%,

Syncro-momnted.

0-2000 1 part in 20(0 3 x484," Assoda edzircuitry can be
BINA . ; !
IDARY 0-3600 200 — Tpartin 3600 s X 47" desigaed te fit your
CODED 020,000 200 1 part in 20,000 3 x4, data-t ardlmg problems.
DECIMAL 0-36,000 200 1 part in 36,000 3%, x634”

GRAY 8 256 1 part in 255 U x 1"

* SPECIAL Precision gearing ) Life Expectancy: Function of lead curent,
UNITS Shaft Speed: 120 rpm continuous J For 13 digit unit @ 2 ma. per brush, life zpprox.
Operating temp: —55° C to -75° C 5x10° breaks or makes a: approx. 120 rpm.

AVAILABLE Shock and Vibration: up to 15 G, 5 to 500 cps.

Engineers, physicists and mathematicians
interested in challenging California careers,
contact Mac McKeague, Personnel Director.

A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 5 COMPUTERS. COMPONENTS AND CONTROLS.

LIBRASCOPE, INC. - 808 WESTERN AVENUE * GLENDALE, CALIFORNIA
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Don’t take gaskets

for granted!

Flowed-in

results for
many users!

Now electronic parts manufacturers are flowing gaskets
into place at speeds up to 300 per minute. And they end up
with a gasket that is integral with the part and custom-
formulaled to meet a wide range of problem conditions.

Simple Application. A uniform circular track of “Flowed-
in” gasket material is deposited onto a rotating part. Baking
or drying transforms the fluid into a solid rubbery gasket.

Important Economies. Gaskets are flowed in place auto-
matically or semi-automatically, replacing costly hand
operations. Minimum gasket material is needed for full
sealing efliciency. Scrap material problems disappear.
Inventories are reduced and simplified.

Resistance Properties. Dewey and Almy “Flowed-in” gaskets
are formulated with resistance properties to meet the needs
of each particular job. They are now being used to create

A

gaskets are cutting
costs, i proving

effective seals againsl weather, gases, solvents, moisture,

oils, hydraulic fluids, pressure . . . and to form shock-
resistant cushions between component parts.

Fully Proven. The equipment which Dewey and Almy
designs and builds for the “Flowed-in”" gasket process is
based on more than 35 vears of field experience. The gas-
keting compounds are a result of Dewey and Almy indus-
trial research in the chemistry of small particle dispersions

. a continuing research program that has brought
benefits 1o almost every industry, through such varied
products as: Battery Separators ¢ Shoe Materials + Sealing
Compounds for Food Cans + Resin Adhesives * Ciyovac
Bags for Food Packaging * Soda Lime » Flowed-in Gaskets
for Industry + Chemical Products for the Construction
Industry + Meteorological Balloons + Print Blankets and
other specialized Belting * Organic Chemicals.

DEWEY aond ALMY
Chemical Company

Division oF W. R. Grace & Co.

Cambridge 40, Massachusetts

ELECTRONICS — May, 1955
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Wire forming costs
with CHASE WIRE

Now, in this compact, easy-to-handle PAYOFFPAK
you can get a continuous length of Chase
copper alloy wire weighing 400 to 500 pounds!

This new Payoftfpak puts an end to frequent
set-up of wire-forming machines. .. means

more continuous, economical operation, less
costly down time!

You'll like the easy way this Payoffpak handles,
the space-saving way it stores... and the way

' CHAGE SS it protects the shining surface of Chase copper
A .lA‘S]“ BRA‘ alloy wire from rough handling in transit

& (:UPPER C” and storage.

Ask your Chase Wholesaler or nearest Chase
Warehouse about the new Payoffpak the next
time you order copper alloy wire.

Chase s

PAYOFFPAK WIRE FORMING MACHINE
=o'
BRASS & COPPER CO.
WATERBURY 20, CONNECTICUT « SUBSIDIARY OF KENNECOTT COPPER CORPORATION  The Nation’s Headquarters for Brass & Copper
Albanyt Chicago Detroit Los Angeles New York St. Louis
Atlanta Cincinnati Grand Rapidst Milwaukee Philadelphia San Francisco
Baltimore Cleveland Houstan Mirneapolis Pittsburgh Seattle

Boston Dalfas {ndianapolis Newark Providence Waterbury
Charlottet Denver Kansas City, Mo.  New Orleans Rochestert ( tsales office only)
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XI—.R is the designation of Cannon's

all new audio cord connector . . . the most modern addition to
the long line of distinguished Cannon Connectors featured on all
top-quality microphones. It's really quiet, too!

New resilient insulator and specialized construction of socket
contact assembly protects against disagreeable mechanical
interference . . . noise problems encountered with many other
type connectors when their cables are moved,

pulled or subjected to shock.

Features streamline design, bright nickel finish, integral cable
clamp, neoprene cable relief, and the time-tested Latch-Lock that
Cannon pioneered on the first audio connectors. Available with
three 15-amp. or four 10-amp. contacts. Available in panel
receptacle type, providing same continuous characteristics.
Available from distributors everywhere, or from

the factory in production quantities.

.

UIET

Pin Assembly Plug

Socket Assembly Plug

first in connectors

CANNON ELECTRIC COMFANY \
3209 Humbolct St.,
Los Angeles =1, California

Factaries in Los Amgeles; East Haven;

Torerto, Canada; London, England.

Rzp-esentatives ir all principal cities.
: Disteibutors everyshere.

Please




Atlas Built
Parallax Correcter
Helps Keep Guns

PRECISIONEERS OF ELECTRO-MECHANICAL
ASSEMBLIES FROM PILOT STAGE...ON

Computers, correcters, radar and sonar systems Atlas
develops and “‘precisioneers’’ assemblies and components ; ~ .,
for all types of electro-mechanical devices. Furnishes the d A ‘o
practical engineering step between the idea and the pro- l /
duction line. .
Atlas design, production and methods engineers, tool- S
makers and skilled mechanics are ready to work on your proj- \
ect on a job basis . . . as many men, machines and hours of
work it requires and no more. Every up-to-the-minute cost cut-
ting tool and technique is utilized. Atlas metallurgical and elec-
tronic technicians thoroughly test your product.
From pilot stage to production efficiency of electro-mechanical equip- Write for booklet ** Precisioneering
ment the leaders rely on Atlas “‘creative engineering.” Atlas Precision Electro-Mechanical Equipment.”
Products Co., Philadelphia 24, Pa. (Division of Prudential Industries).

“Fomre @W . . Lo Prodlecotiore Liree”

Bowed .
4y GERY g it

ATLAS

Frecrsrion Froducts
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AMP Taper Tab
receptacles for wire
sizes 26 to 18

AMP Taper Pins

for wire sizes . A

TAPER TAB RELAYS

A-MP TAPER BLOK

less cube and cost

WITH ADDED RELIABILITY

Cubic restrictions have brought about a

whole new concept of wire termination. The AMP Taper
Technique with AMP taper pins, tab re-

ceptacles, blocks and modified miniature components will help
you take full advantage of small wire,

small insulation and small space for your wire terminations.

AMP Trade-Mark Reg. U. S. Pat. Off. © AMP
Send today for your copy of

Another, example of AMPs copy of
our brochure, AMP’s Creative
Creative Approach to Botter, Wiring oprosch to Better Wiring.

AIRCRAFT-MARINE PRODUCTS, INC., 2100 Paxton Street, Harrisburg, Pa.
In Canada: AIRCRAFT-MARINE PRODUCTS OF CANADA, LTD., 1764 Avenue Road, Toronto 12, Ontario, Canada
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Designed to your specifications

. manufactured 1n volume

Switches, connectors (including new clip-
on type anode connectors), tube caps,
shock mounts, individual stampings and
moldings. .. these and hundreds of other
specialized components and assemblies are
designed and manufactured by Ucinite for
use in electronic equipment of all kinds.

With an experienced staff of design

ELECTRICAL RSSEMBLIES

ewtonville 60, Mass.
Divisib of-Uni'teil'-Gar'r F_'asten _

Want more information? Use post card on fast page.

 UCINITE CO

engineers . . . plus complete facilities for
volume production of metal parts and the
assembly of metal to plastic and ceramic
parts, Ucinite is capable of supplying
practically any need for small electrical
components. Call your nearest Ucinite or
United-Carr representative for full infor-

mation or write direct.

Specialists in

ELECTRICAL ASSEMBLIES,

RADIO AND AUTOMOTIVE
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you can

't risk wmng

trouble in an elecéromc

A R S S

Out goes your favorite reading lamp,
leaving you mumbling in annoyance—
even so, it’s hardly a calamity. But in the
International Business Machines Corpo-
ration’s incredible electronic calculator,
the “701,” wiring trouble is simply out
of the question. It cannot be allewed to
happen.

One of the “701’s” three “memory”
devices is the Electrostatic Storage Unit.
All information to and from other com-
ponents of this powerful electronic
“brain” passes through the Electrostatic
Storage Unit which stores data or re-
leases it in 12/1,000,000 of a second.

ELECTRONICS — May, 1955

Obviously, this kind of performance de-
mands consistently dependable perform-
ance from all machine elements.

For users of hook-up wire there is,
then, significance in the fact that Rome
Synthinol® Hook-up Wire is used in wir-
ing the power supply for this electro-
static storage unit. Rome Synthinol’s
characteristics of high resistance to heat,
flame, acids, oils, plus consistent quality
control during production, are what
make it dependable.

[t will pay you to investigate the ad-
vantages of this quality Hook-up Wire,
Rome Synthinol.

It Costs Less to Buy the Best

Want more information? Use post card on last page.

The banks of cathode ray tubes in
the IBM Electronic Data Processing
Machines are known as Electrostatic
Storage Units, one of three “mem-
ory” devices.

Rome Synthinol Hook-up Wire is
used in wiring the power supply for
the IBM Electrostatic Storage Unit.
The unit shown here is part of the
deflection gate and supplies the
necessary voltage to it.

ROME CABLE

FOME «- NEW YORK
and

TORBANCE » CALIFORNIA

95



MAXIMUM EFFECTIVENESS
AT LOWEST COST...

RMC Type JL DISCAPS

RMC Type JL DISCAPS provide ideal performance
over an extended temperature range. The maximum
capacity change between —60° and +110° C is only
+17.5% of capacity at 25° C. Lower initial cost, smaller
size, and greater mechanical strength combine to effect
worthwhile economies in production line operations.
In addition to standard leads, Type JL. DISCAPS,
as well as temperature compensating and by-pass
types, are available with RMC’s exclusive “Wedg-Loc”
leads or plug in leads for printed circuit applications.
If you have a capacitor problem RMC engineers are
prepared to work with you. Your inquiry is invited.

Wedg-Loc Leads

Plug-in Leads
AVERAGE CURVE
CAPACITY VS. TEMP.
EXTENDED TEMP. RANGE
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ TYPE JL DISCAPS

PERCENTAGE CHANGE
FROM 25°C VALUE

POWER FACTOR: 1% max. @ 1 K C (initial) INSULATION: Durez phenolic—vacuum waxed

POWER FACTOR: 2.5% max. @ 1 K C, after humidity INITIAL LEAKAGE RESISTANCE: Guaranteed higher than 7500
WORKING VOLTAGE: 1000 V.D.C. megohms

TEST VOLTAGE (FLASH): 2000 V.D.C. AFTER HUMIDITY LEAKAGE RESISTANCE: Guaranteed higher than
LEADS: No. 22 tinned copper {.026 dia.) 1000 megohms

CAPACITY TOLERANCE: + 10% + 20% at 25° C

ci'nsfﬁfc RADIO MATERIALS CORPORATION
CAPACITORS GENERAL OFFICE: 3325 N. California Ave., Chicago 18, IIl.
~ FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. |

Two RMC Plants Devoted Exclusively to Ceramic Capacitors
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Include these
in your design

' Tuning Fork and

" Frequency Generator

The VARO Tuning Fork is designed for use as a
high accuracy frequency or timing reference in ranges
from 300 to 4000 cycles. Highly miniaturized and
ruggedly constructed, the VARO Tuning Fork is
designed to meet all applicable military environments
including temperature sxtremes and vibration. When
used as a signal filter, its high Q provides sharp and
consistent characteristics. The VARO Tuning Fork
is made to plug in a standard nine pin miniature
tube socket.

SPECIFICATIONS

TUNING FORK

Accuracy:  0.1% over entire range of military environments. Higher orders
of accuracy availoblle on special request.

Frequency: Available at any frequercy within range of 300 to 4C00 cps.
Size: 0.875 in. diam.; 2.750 ir. high; Standard nine pin tube socket.
Weight: 2.502 oz. (Max.)

FREQUENCY GENERATOR

Input: 28v + 10%

Ovutput: 2.5v nominal

Accuracy:  0.1% under all military environmental canditions
Size: 1.375 in. diom.; 2.750 ir. high; Standard octal socket.
Weight: 4 oz,

Pacific Coast Rep.: Pacific Scientific Co., 1430 Grande Vista Avenve, Los Angeles 23, California

ELECTRONICS — May, 1955

The VARO Frequency Generator’s accuracy
is independent of input voltage variations and external
loads. No oven or thermostat is required for its accurate
operation in any environmental condition. The oscilla-
tor circuit of the VARO Frequency Generator uses
silicon transistors in place of vacuum tubes. It is de-
signed to plug into a standard octal socket. Special
circuit and physical designs may be adapted to any
application requirement.

Other VARO products made for Military Aircraft
Fire Control and Navigational Equipment

FREQUENCY STAMDARDS

FREQUENCY CHANGERS. REGULATED SUPPLIES

VOLTAGE REGULATORS SPEED CONTROLS
VOLTAGE AND FREQUENCY SENSITIVE RELAYS

ELECTRONIC INVERTERS

For further information please write:

MANUFACTURING CO.,INC.

2201 WALNUT STREET, GARLAND, TEXAS

Dayton Office: Box 553, Far Hills Branch, Dayton, Ohio

Want more informatien? Usz post card on last page. 97



JLE RESISTORS
INTED CIRCUITS

Type UPM-45

For TV preset control applications. Control mounts
directly on printed circuit panel with no shaft ex-ension
through panel. Recessed screwdriver slot in front cf control and
3/8" knurled shaft extension out back of control fcr finger
adjustment. Terminals extend perpendicularly 7/3%”
from control’s mounting surface.

Type GC-U45

Threaded bushing mounting. Terminals
extend perpendicularly 7/32” from control’s
mounting surface. Available with or without
associated switches.

Type U70 (Miniaturized)

extend perpendicularly 5/32"
from control’s.mounting surface.

Type YGC-B45

Self-supporting snap- n bracket
mounted control. Shaft center spaced
29/32" above printed circuit panel.
Terminals extend 1-1/32"
from control center.

Type XP-45

For TV preset control applications. Control mounts
on chassis or supporting bracket by twisting two ears.
Available in numerous shaft lengths and types.

Type XGC-45

For applications using a mounting chassis
to support printed circuit panel.
Threaded bushing mounting.

Type WGC-45

Designed for solderless wire-wrapped connections

with the use of present wire-wrapping tools.
W@l Available with or without switch and in

single or dual construction.

o f o

® 4 ._ i The rontrols illustrated e typical constructions.

‘bg\.'
@

CHICAGO TELEPHONE SUPPLY
(6o¢wm/t'0n

e Excivescve .9}'2965 Loinds ere Frveiscor NMavs Shoduclior o/ Yariable SZosiidoss

CTS years of engineering and techmcal experience makes available
many other types for your automation needs.




_ONE ~DAY Processine B

International Crystals F-6 Series
1000 KC to 60 MC

Wire mounted, plated crystals, for use in com-
mercial equipment where close tolerances must be
observed. All units are calibrated for the specific
load presented by equipment.

Holders: Metal, heremetically sealed.

Calibration Tolerance: =.0025% of nominal ot 30° C.
Tolerance over Temp. =.005% from —55° to +90° C.
Range: +.002% from —30° C to +60° C.

Circuit: As specified by customer. Crystals are available for all

major two-way equipments. In most cases the neces-

\ L . sary correlation data is on file))
- Drive level: Maximum—10 milliwatts for
F-605 fundamental, 5 milliwatts for overtone
N Pin dia. .0S0 Prices: Available on request,
N Pin Ingth. .238 ™
N
USES:
[ ]
1. For fast replacement in
existing equipment. Replace-
ment crystals are available for all
major two-way equipment.
2. To eliminote large inven- :
tories of crystals for new [\ F-609 N
equipment. In most cases yo N
q :: tals f ° t YthU AN Pin dia. .095
can have crystals for a set the & Pin Ingth. .445
day after the customer specifies .
his channel. This leads to rapid N
sales of your equipment, and sat-
isfied customers.
3. For development work.
Rapid delivery to insure the eli-
mination of bottlenecks in procure-
ment for research and develop- F-612
ment. . Pin dia. .125
Delivery: ONE DAY PROCESSING. All orders | p. i "o
Send for FREE Catalog covering of less than five units of any one frequency
International's complete line. in the range 1000 KC to 60 MC will be mail-
Crystals available from 100 KC ed within 24 hours from the time recelved. \

to 100 MC. = \

WHEN ORDERING SPECIFY:
(1) Frequency (2) Holder Type*
(3) Circuit Data (32 mmf load, series resonance, etc.)

For standard commercial 2-way equipment specify
model number and drawing number where available.

(4) End Use (Equipment type & manufacturer, develop-
ment, etc.)

*Adaptors can be supplied for 3, " pin spacing.

ONE DAY

: ; . 18 N. Lee Fhone FO 5.1165  SERVICE
gnternattona-/ CRYSTAL Mig. CO., lllC. OKLAHOMA CITY, OKLA.
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TRY SOLVING YOUR

TOUGHEST PROELEMS
WITH

100

Thousands of engineers have found that facture. We can fabricate parts 1o your own

“TEFLON” has what it takes to selve some really
tough problems in the electronics and electrical
manufacturing fields. They have also found

specifications or supply you with “TEFLonN” in
the form of rods, sheels, tubes or tape. For fur-
ther infermation, write today.

R/M, with its unmatched skill, experience and

PROPERTIES OF “TerLoN™

High dielectric strength ¢ Moisture absorp-
tion zero * Unaffected by weather - Excellent
heat stability up to 300°F. in
operation * As tape leaves no carhon residue

facilities, a tremendous help in solving those
problems. For R/M has been working with this
plastic ever since it first was produced. If yon
have a problem the chances are good that R/M
has encountered it and already worked out a
solution.

ontinupus

along discharge path + High impact resist-
The several different products pictured above
indicate R/M’s versatility in “TEFLON” manu-

ance * Nonadhesive * Stretches easily * Tensile
strength 1500-2500 psi.

*Du Pont’s trade-mark jor its tetrafinoroethylene resin

RAYBESTOS-MANHATTAN, INC.
ASBESTOS TEXTILE DIVISION, MANHEIM, PA.

FACTORIES: Manheim, Pa. e Bridgeport, Conn. ¢ No. Charlestor, S.C. ¢ Passaic, N.J.
Meenah, Wis. ¢ Crawfordsville, Ind. e Peterborough, Ontario, Canada
RAYBESTOS-MANHATTAN, INC., Asbestos Textiles » Packings ¢ Brake Linings ¢ Brake Blccks ¢ Cluich
Facings « Fan Belts + Radiator Hose ¢ Rubber Covered Equipment « Industrial Rubber, Engineered
Plastic, and Sintered Metal Preducts ¢ Abrasive and Diamond Wheels ¢ Bowling Balls

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

..W

world’s smallest mica capacitor

El Menco’s Dur-Mica DM15 provides assurance of
peak performance in a variety of transistor circuits

zmd other miniature electrenic equipment in

military and civilian nppli(dtionb

A new, tougher phenolic casing provides assurance

of long life and stahility through wide

ranges in temperature.

Parallel Leads provide greater versatility—allow

eflicient, safe use of the El Menco Dur-Mica DM15

in applications heretnfore impractical.

Saves Money—El Menco’s Dur-Mica DMI15 costs

even less than the famous El Menco CM15.
Provides economy of size.

CAPACITIES AVAILABLE:
DM15—Up to 510 mmf at 300vDCw
Up to 400 mmf at 500vDCw
DM20—Up to 5100 mmf at 300vDCw
Up to 3900 mmf at 500vDCw
Available in 125°C operating lemperature. Minimum
copacity tolerance available—= 1,% or 0.5 mmf
{whichever is greater).

For your special requirements—
we are pleased to offer informa-
tion and assistance. Write for
free samples and caralog on your
firm’s letterhead.

THE ELECTRO MOTIVE MFG. CO., INC.

WILLIMANTIC CONNECTICUT

g p - r 1€

Sk - Jobbers and distributors write to Arco Electronics, Inc., 103 Lafayette St., New York, N. Y,
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MINIATURIZATION
plus
PERFORMANCE

TIC, a leader in precision potentiometers, again sets the ULTRA-LINEAR

standard. New L10S provides miniaturization for com- RUGGED . if .
pact assemblies . . . without sacrificing performance. B
P HIGH TEMPERATURE, -

o gt
Designed to meet stringent military specifications — il
tested to MIL-E-5272A. Manufactured to extremely

CHECK THESE

close mechanical tolerances — precision pilot
centerless ground shaft . . . precision ball bearings. FEATURES
Made for high electrical accuracy. Type L10S provides
rugged construction . . .light weight. . . low torque LINEARITY:
. inherent stability . . . and high resolution. *0.05% stondard; +£0.025%, special.

TEMPERATURE RANGE:
—~55°C. 10 +130°C.

Wide temperature and resistance ranges of miniature e e

L10S provide greater versatility. Extend its application 1000 ohms to 100,000 ohms.
in servo systems . . . computers . . . control . . . tele- WEIGHT:
metering . . . and measurement systems. Check the 1 ounce.

TORQUE:

L10S features. Then write for free brochure.

Storting .75 in. oz., Running .60 in. oz.

TECHNOLOGY INSTRUMENT GORP.

533 MAIN ST., ACTON, MASS. (COlonial 3-7711
West Coast Mail Address P.O. Box 3941 North Hollywood, Calif. POplar 5-8620
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Monsanto
PROFIT

Cross bar emitter for “Zheck
Prover,” molded of Resinox 3700,
as it is received by _.BM w-th raw
metal connectors.

one®
-

eo0 8"
...0........ L
e0s
......’..

.9.’..

Monsanto’s thermosetting molding powder ends scrap-
ping problem...cuts machining time...speeds production
of ‘‘Check Prover’’ part!

An integral part of IBM’s famous “Check Prover” is a
4" x 514" cross bar emitter which brings together the
intricate wiring system of the machine. The block con-
tains over 50 tiny metal inserts through which the vari-
ous electrical leads pass.

The Plastics Engineers at the IBM plant in Pough-
keepsie, N. Y., where the machines are manufactured,
say Monsanto’s Resinox 3700 has been specified for the
molding of these blocks for over two years.

Resinox 3700 has completely eliminated wasteful
scrapping and other serious production problems, such

For outstanding heat resistance and durability, specify R E S I N Ox 3 7 o o

As wirzs are attach2d t> metel con-
necters in Resinox 3700 olock tazre
is £ trouble with craking or inserts
beir.g pushed out of alignmen:.

IBM SPECIFIES RESINOX*3700
Jor cross bar emitter—cuis costs inm half'!

as blocks cracking during wire assembly operation, and
metal inserts breaking off or pushing out of alignment.

Furthermore, there are no shorting problems. Machin-
ing time on the flatter, smoother blocks has been cut
25%. The cross bar emitter is an expensive part and
Resinox 3700 has reduced its production cost over
$30,000 a year.

Other qualities of Resinox 3700 of special interest to
manufacturers of electrical parts are its outstanding arc
resistance, its dielectric strength, its excellent dimen-
sional stability, and its moldability.

Perhaps Resinox 3700 is exactly what you need to
solve an electrical equipment problem. Write today for
full information. Monsanto Chemical Company, Plastics
Division, Dept. E-5. Springfield 2, Mass.

MORSANTO

e

*Resinox: Reg. U.S. Fat. Of,
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‘ge modern
~ fits new
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enamel wire
exacting coil designs!

New processes and controls
assure uniform quality:

Uniform over-all size —for uniform windings.

Uniform softness with high tensile strength
for tighter windings, reduced breakage.

Uniform spooling, larger packages for lower-
cost windings.

Uniform property balance for good flexibility,

solvent resistance and dielectric strength.

Any time magnet wire is your problem,
consult Phelps Drodge for the quickest, easiest answer!
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FIRST TRANSISTOR RADIO MADE POSSIBLE
.. by INSUROK® copper-clad

Ask for descriptive b letin,
*INSUROK Copper-Clad Lam naes.™

RICHARDSON

Laminated and
Molded Plastics

106

printed circuits!

Here’s a remarkable example of miniaturization

.. made possible mainly through the use of printed
circuits and transistors. This diminutive radio weighs a
scant 12 ounces, complete with battery. Yet, it has
good tone, is selective, and delivers plenty of volume.

2

/

Here’s the printed-circuit board used in the Regency
. . made with Richardson T-725 copper-clad INSU-
ROK. Engineers of LD.E.A., Inc. of which Regency
is a division, laid out the circuit. Croname, Inc.*
Chicago, took it from there - . printed the complex
circuit on RichardsonT-725 copper-clad INSUROK,
then etched it. Results: a lightweight, compact, effi-
cient circuit . . tedious, time-consuming wiring elimi-
nated . . faster assembly.

Many grades of Richardson laminate INSUROK

are available copper-clad on one or both surfaces.
We invite your inquiry.

-

*Here’s what Croname has to say about T-725 cop-
per-clad INSUROK, “Quality is superior . . service
good. And Richardson gives us helpful engineering
assistance.”

he RICHARDSON COMPANY

~ FOUNDED 1858
2797 Lake St., Melrose Park, Ill. (Chicago District)

SIX PLANTS: Melrose Park, IIl. e Indianapolis, Ind.
New Brumswick, N. J. ® Newnan, Ga. e Tyler, Tex. ¢ Ogden, Utah

SALES OFFICES IN PRINCIPAL CITIES
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MICRO
POWER METER

DC to 11,000 mc

measures microwave power
with only one probe

Over the entire frequency range DC to 11,000 MC, Polarad’s new Micro Features and Specifi::ations:
ili i H Single power probe for all frequencies.

Power Meter utilizes "only one power probe, sypplled as an integral part e o s W

of the instrument. This unique power probe will sustain severe overloads

Direct reading.
without burnout since it does not contain hot wire barreters or other Broadband Coverage .............. DC to 11,000 me continuous
delicate components.

in single mount,
0-1 mw, 0-10 mw,

Multi-Power Range ..

0-100 mw,
This new rugged and stable instrument reduces microwave power readings 0 qf"z‘bﬁbrlno dbm,
to the simplicity of everyday low frequency measurements. It is a true rms - Impedance ...50 ohms coaxial.
milliwatt indicating meter accurately measuring CW and pulse power, in © VSWR ..Less than 1.4:1 from

0 to 5000 mc.
Less than 2:1 from
5000 to 11,000 mc.

milliwatts and dbm. Insensitive to line voltage changes.

Because of its wide band coverage, the Polarad Mode! P-2 is outstanding + Accuracy ... + 1.0db,
as a general lab and field i i - Connector .. .Type N plug.
a general lab and field mstryment, available for power measurgments ~ Imout Power Required 115v +10%, 60 cps.
at all commonly used frequencies. The P-2 can be completely calibrated . Dimensions ... .10” x 8” x 8”.
from its own se!f-contained DC source. - Weight

KLYSTRON
TUBE TESTER

tests all klystron tubes

Now, for the first time, you can test all commercially available klystron Features:
tubes, built-in cavity types as well as those requiring external cavities, Ferforms the following baslc tests:
just as easily as you make tests on vacuum tubes. o. Filament continuity.
, i b. Short circuit tests between all elements.

Polarad's new Model K-100 Klystron Tube Tester provides complete meter- <. Static d-c tests—measurement of rated d-c currents and
ing facilities and control adjustments with a tube data chart to determine voltages: ‘

. . . d. Life test—relation of cathode current versus reduced
settings. Safety features protect personnel at all times when testing filament voltages.
tubes requiring high voltages. e. Dynamic test—provisidn is made for external modulation

so that klystron tubes may be dynamicaily tested with
external r-f measuring equipment.

$pecial adapter mount for all commercial types of klystrons.

AVAILABLE ON EQUIPMENT LEASE PLAN « Safety features protect personnel during tests.

]  Protective devices prevent misadjustment and save tubes from
FIELD MAINTENANCE SERVICE AVAILABLE Pt

‘ THROUGHOUT THE COUNTRY | accidental burnout.

Built-in heavy duty blower provides forced air cooling of the
klystron tubes.

Tester designed to be adapted for future tubes.

Built-in Universal Power Supply may be used for klystron testing
purposes outside the instrument.

e Vo 7t ) ELECTRONICS CORPORATION REPRESENTATIVES  payyon washington, D.C.

- b All rque Fort Worth Westbury
*o VEN gELIA 3\\“ 4320 34“1 STREET At}?aur?tl;e i Iﬁos AYn'gekles ginsagn-iarl‘%rpior
Balti ew Yol anada: Arl s
LONG ISLAND CITY 1, N. Y. * EXeter 24500  52yonne Newton Toronto
Bridgeport ghilardelprgia Ex'lar?tré:rnRaTi:::al
Buffalo an Francisco
Chicago Syracuse
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THE RECORD-SETTING G-12A

TS | limegld SISO CRIETs Facilities That Measure to 1 part in 10°

stability of 1 part in 10° over a 24 k
hour period, stability that requires W W Back JK Research, Production and Certification.
the most accurate methods of meas- {
orementzavaildbleg Just a short time ago a crystal offering the extreme sta-
bility of the JK G-12A was viewed as a scientific curio.
Even its measurement was a scientific effort; its first use

limited to Jaboratory equipment.

But today JK Glasline crystal units in these exacting

70 COMPLETE stability ranges are meeting the defncn.d for ultra stable
‘ frequency control in many field applications. They are be-

THE ENVIRONMENTAL ing production engineered, manufactured, tested, and per-
PICTURE: formance certified in commercial production quantities for
THE NEW JK09 OVEN use as precision time base units, as long range navigational
aids, and for spectrum conserving communications systems.
They provide unprecedented stability and reliability, with
the compactness and environmental protection that today's

To the protection JK Glasline design provides against moisture,
contamination, vibration and barometric pressure, the JKO9

oven adds control of temperature. It is production tooled for field equipment requires.
economy and uniformity, is small and light (1.28" x 1.70"; 1.5
oz.), and is capable of maintaining a temperature constant to These advanced research, production and testing facilities

within +7°C over a range of —55° to +100°C. Here is an 3 d with f
oven that matches the performance of many, massive multi-stage are important to everyone concemed with hrequency man-

heaters — an example of JK's ultra-stable miniaturization pro- agement prob'ems becquse fhey are fhe l(eys fhcf can un-
m. 1

gra lock tomorrow’s door for you. The control of the quartz ery-

stal, so long an art, has become a science.

JK-G9: Precision "Glasline”
quartz crystals, sealed in evacuated
glass for cleanliness and protec-
tion, over a complete range of
800 cycles to 5 me.

THE
JAMES

KNIGHTS
PRODUCTS COMPANY

Crystals for the Critical - Sandwich, lllinois

JK-G4: "Glasline" Crystal
Filter Resonator. For broad
filter applications such as
power line carrier communica-
tions and telemetering. Fre-
quency range 50 to 200 ke.

(ACTUAL SIZE) | |

JK-G3: 10 mc to 150 mc. Miniature
size, minimum aging drift, hish Q for
maximum performance. JK ministurized
“Glasline" crystals meet the growing
need for minimum size with maximum
stability

JK “THERMYSTAL”

AN ADVANCED FREQUENCY CONTROL DESIGN

1. Higher Merit Factor: Vacuum enclosure in-
creases Q) of crystal.

2. Calibration Accuracy: + (1 cycle -+
0001 %)

3. Temperature Stability: 30 to 900 ke +
.0001%, 1000 kc to 150 mc + .00005%. Oven

Ultra-Precision frequency control requires that temperature varies less than + 1°C over ambient
crystal oven, power supply and oscillator circuitry be range of -55°C to + 85°C.

compatible in design and construction for optimum pre- 4, Secular Stability: Less than .001 % per year.
cision and reliability. The James Knights Company will Crystal is specially processed and sealed in glass
combine their precision crystals and ovens with tried and enclosed vacuum.

proven circuitry in packages that wifl'meet your mechanical 5. Low Oven Power: 6.3 v @ 1.5 amp moximum.
layout requirements, at a saving of valuable customer en- Thermostat cycles less than 3 times per minute at

gineering time. Precision frequency signal sources covering
the wide frequency range of 60 cycles to 150 mcs can be
made available to meet your specific application.

room temperature.



that uniocks tomorrow’s door

The following JK equipment, uied in combina-
tion, provides means of certifying crystal per-
formance to a stability of one part in 10°

1. A special Sulzer-designed precis cn mc oscillator
incorporating a Jomes Knights G-12A 1 mec crystal in
an electronically controlled oven hclding tempera-
tures to =.0C01°C.; with an overall frejuency stability
of better than one part in 10¢ for 24 tours.

2. A precision crystal impedance oridge capable of
measuring parameters over the frequency range of .1
to 10 mc. L/C products can be measured to an ac-
curacy of one part in 10, and -esistancz m=asure-
ments to better than 5%

3. Electronically controlled multi-cavity cven, capable of
holéjoir]\gc temperatures of crystals on test to within
—+- o

"'l often say that when yous can meass 2 what you
are speaking aboul and exgress it in mumbers you
know something about it: aut when ~vou cannot
measure it, when you caniot express i in numbers
your knowledge is of meager and uisatisfactory
kind; it may be the begisn ng of knowledge, but
you have scarcely, in your thoughts, edvanced to
the stage of science, whatevar the mater may be.”
Lord kelvin, 1883

Quality and service are James Knights
traditions that apply to the simplest JK
crystals as well as to the most complex, and
apply to our smallest customer as well as
our largest. So whatever your requirements
— look to James Krights as a dependable,
cooperative source for quality, price and

i MILITARY TYPES:
de|lvery. Hermetic sealed, metal
cased, in frequency ranges
PRESSURE MOUNT- from 16 kc to 100 mc.
ED: A complete line of
commercial and military

types.

ULTRA-SONIC TRANSDUCERS: Carefully oriented and
processed to your specifications, in a variety of shapes with
holes, dimples, soldered-on leads, and backing plates. Tan be
plated with a variety of metals.

TEMPERATURE CONTROL OVENS: Avail-

able for a wide range of applications.
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1000 WATTS

Rugged, versatile general purpose H. F.
transmitter — Aerocom’s 1046 packs 1000 watts
of power and high .003%, stability under
normal operating conditions (0°to +50°C.).
Excellent for point-to-point or ground-to-
alr communications.

Multi-channel operation on telegraph Al,
or telephonc A3 with GM-8A modulator . ..
new Aerocom 1046 can be remorely controlled
with TMC-R at control position and uses only
one pair of telephone lines. In A3 operation,
the local dial control panel is located in
modulator cabinet.

Transmitter cabinet has 834 inch panel
space available for cither local dial control
panel or frequency shift keyer

Model 1046 operateson4 crystal-controlled
frequencies (plus 2 closely spaced frequen-
cies) in the band 2.0—24 Mcs. Operates on
one frequency at a time; channeling time
2 seconds. Operates into either balanced or
unbalanced loads. Operates in ambient -35°
t0+50° C. Power supply: nominal 220 volts,
50-60 cycles, single phase.

Complete technical data on request

WITH .003% STABILITY

3090 S.W. 37th AVENUE MIAMI 33, FLORIDA
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POPULATIO

Even in the most remote areas,
wings aloft are guided on their way
=———————_ by Rerocom’s new medium range Aerophare
=———————+=— Transmitter. This transmitter was designed and built

to provide long, trouble-free service with no attendarts ...

' here the total population is Zero.
AEROCOM'S -

v Vv
MR
Dual Automatic
Package-Type Radio Beacon

nl‘ﬂ' ' |

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

Frequency range 200 — 415 kes.: self-contained P. A. coil and
"plug-in” crystal oscillator coil cover entire range. (Self-excited
oscillator coils covering 200-290 and 290-415 kcs. are available.)
High level plate modulction of final amplifier is used, giving 40%
tone modulation in 100 watt transmitter and 60% in 50 watt model.
Microphone P-T switch interrupts tone, permitting voice operation.

R

LA
- el
el el

This unit can be cperated in air temperature range 0°C to
+ 45°C using 866A rectifiers, or from — 35°C to + 45°C using
3B25 rectifiers; humidity up to 95%.

R
G

AT

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

Unit is ruggedly constructed and conservatively rated, provid-
ing low operating and maintenance costs.

COM

Reg, U. S. Pat. Off.
3090 S.W. 37th. AVENUE MIAMI 33, FLA.
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AIRCRAFT PANEL BOARD
— GB-28M, %” laminate.
Sawed to shape, holes
drilled, counterbored and
countersunk. Machined by
C-D-F.

ARMATURE SLOT
WEDGES — GB-28M,
sawed into strips, then
beveled edges were
broached to angle of 21°
23’, and strips were cut
to exact length. Machined
by C-D-F.

RF COIL FORM — Natural
GB-112M Dilecto rolled tub-
ing, smooth edced. Sawed to
length; drilled and burred
by C-D-F.

TERMINAL BLOCK—GB-28M.

Machined by C-D-F.
v

112 Want more information? Usec post card on last page.

Sowed to shape, grooves INSULATOR — ML rod. Turned on
milled, corners sanded round. automatic screw machine by C-D-F. }
Holes were drilled, counter- Grade ML is a fine weave cotton
bored, characters stamped. fabric base laminate bonded with
a melamine resin. Easy to machine.

For high heat applications
C-D-F Melamine Dilecto
cleanly machined by C-D-F

As operating temperatures rise, melamine laminated plastics
can satisfy many requirements for component parts. Glass
base melamine grades of Dilecto resist elevated temperatures
—up to 300° F. continuously, 350° F. intermittently. They
have extremely high impact strength; excellent arc resistance
and self-extinguishing properties. C-D-F melamine Dilecto
grades are usually specified for many electrical applications
requiring high arc resistance, mechanical strength, flame and
heat resistance.

C-D-F can supply melamine Dilecto in sheets, tubes and rods
in the following grades:

GB-28M—Medium weight glass base laminate with melamine
resin. Highest mechanical strength; excellent arc resistance,
high heat and flame resistance; self-extinguishing. Dimension-
ally stable—little affected by temperature and humidity.

GB-112M—Lightweight glass fabric with melamine resin.
Substantially same characteristics as GB-28M. Usually
produced in thickness less than !5”.

GM-1—Glass mat base melamine resin bonded laminate.
A lower cost product suitable for many applications requiring
arc resistance along with good mechanical strength and
flame resistance.

USE COMPLETE MANUFACTURING FACILITIES OF
C-D-F. Make us responsible for your complete job . . . from
laminates to finish machining of components. C-D-F has
the know-how to cleanly machine melamine Dilecto to close
tolerances. C-D-F can save you time, money and waste of
material. And when you make C-D-F responsible for the
complete job, you know what you’re getting: components
machined to exact specifications; strict adherence to quoted
prices; and prompt delivery.

Write for samples and technical bulletins on melamine Dilecto
components. Call in a C-D-F sales engineer, tell him your
problem. He’ll help you.

See our general catalog in Sweet's Design File for more data, the
address and telephone number of your nearest C-D-F sales engi-
neer. Also write for technical bulletin and specific catalog, free
test samples, or send us your print for quotation.

D (s ticnt Diiont Fhe

CONTINENTAL-DIAMOND FIBRE COMPANY * NEWARK 28, DELAWARE
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UNREGULATED LINE VOLTAGE

TYPICAL RECORDING FROM A LINE VOLTAGE VARIATION SURVEY:

The chart at the top is representative of the average line voltage of stable voltage are often followed by periods of violent transient
- condition found in a comprehensive survey of commercial and fluctuations and/or large. gradual swings. The bottom chart, re-

industrial establishments. A tracing at the same point made at corded at the same time, shows the output voltage of a Sola Constant

another iime might show entirely different conditions, since periods  Voltage Transformer fed from this line.

SOLA REGULATED LINE VOLTAGE

End Fluctuating Line Voltage Handicap
to Reliable Product Performance

Whgl( ]II?C voltage fluctuations impair the performance of voltage sonsxt.xve e L DEETE D
clectronic equipment, Sola Constant Voltage Power Transformers often provide SOLA POWER TRANSFORMERS
a simple, economical solution. Stock or custom designed units are available.

The Sola regulator has no moving parts and requires no manual adjustment
or maintenance. Operation is automatic with response time 1.5 cycles or less.
Regulates as close as +1%, with line voltage variations as great as 30%,.

To meet special load requirements or service conditions, units can be custom-
designed for production quantity orders. Variations available for special-order
work include:

e Capacily ranges from a fraction of « va to 30kva

o Wide variety of vollage inputs and outpuis

e Frequencies other than 60 cycles

e Provisions for wide ambient temperature ranges

e Structural features for installation as a component

o Premium mechanical features [or military service and other special duty

The cost of Sola voltage regulation may be far less than you anticipate for
two reasons: 1) installation of a Sola unit eliminates the need for the conventional
non-regulating power supply transformer and any regulating components which
vou may currently use . . . 2) your requirements may be satisfied by a stock
unit or custom design already on file. A Sola sales engincer is always available
to discuss your voltage regulation requirements with you.

' WV Write for Bulletin  7-CVES
A : for facts on the complete line of Sola
n Constant Voltage Power Transformers.

TRANSFORMERS

CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electrcnic and Electrical Equipment ® LIGHTING TRANSFORMERS for All Types of Fluorescent and

Mercury Vapor Lamps, L] SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, lllinois, Bishop 2-1414 . BOSTON: 272 Centre Street,

Newton 58, Massachusetts © NEW YORK 35: 103 East 125th Street ® [OS ANGELES 26: 2025 Sunset Boulevard ® PHILADELPHIA: Commercial Trusi

Building ® CLEVELAND 15: 1836 Euclid Avenue ®  KANSAS CITY 2, MISSOURI: 406 West 34th Street  ®  TORONTO 9, ONTARIO: 617 Runnymede Road
Representatives in Other Principal Cities



Tests show two CATHALOYS
most versatile cathode materials

New alloys from Superior Tube
simplify selection, prolong tube life
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Now the engincer’s job of selecting the right cathode alloy for
practically any electron tube can be a simple choice between two
new CATHALOYS from Superior Tube.

CaTHALOY A-32* is an active alloy characterized by rapid activation,
high emission level throughout life, very low interface impedance,
and absence of sublimation. These remarkable advantages are the
result of using aluminum in place of silicon or magnesium as the
reducing agent. The addition of a small percentage of tungsten
also makes A-32 approximately 507, more shock resistant than
cathodes without tungsten. Thus A-32 is suitable for virtually
any active alloy application, including ruggedized tubes.

CathaLoy P-50 is a passive alloy of carefully controlled analysis
that is commercially available in WELDRAWNT cathodes as well as
Lockseam.] It can be made in WELDRAWN form because of its
capacity to take much more severe reductions in cold drawing
without rupture than other grades of passive alloys. P-30 is
identical in composition with the well-known ASTM Grade 21.
The important difference is in the method of melting which im-
proves the uniformity and completeness with which deoxidation
is accomplished. All heats are tested in Superior Tube’s laboratory
before being approved for production.

ON TEST. Laboratory photo of test diodes used in Superior Tube’s

Ask for complete technical reports on both these new CATHALOYS. electronic labaratory. Under exhaustive tests, the new Cathalays
Write Superior Tube Co., 2500 Germantown Ave., Norristown, Pa. display perlormance characteristics not present in ather alloys.
*Patent applied for TTM Reg. U.S. Pat. Off., Superior Tube $Manufactured under U.S. patents NGTE. Cathaloy is a trademark of Supericr Tube Co., Reg. U.S. Pat. Off,

CATHALOY A-32—3750 psi Tungsten-free cathode alloy—2500 psi WELDRAWN PASSIVE ALLOY. Typical uses for Cathaloy P.50 are in

50% STRONGER. High temperature tensile testing machine proves Weldrawn cathode sleeve shown &t right and in disc cathode
Cathaloy A-32 approximately half again stronger than tungsten- shank at left. Heretofore, passive aloys have not been commer-
free cathode alioys. cially available for these applications.

@ All analyses 010" to %"
OD. Certain analyses in
- ” ”/ﬂ, ” e light walis up to 214" OD.

The big name in small tubing

114 Want more information? Use post card on last paga. May, 1955 — ELECTRONICS
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FIRST OF ALL FOR REL.AB.LITY

HUGHES SEMICONDUCTOR PRODUCTS

All diodes mnade by Hughes avre:

MoisTURE-ProoOF—Fusion-scaled in a
one-piece glass envelope. This construction
eliminates a major cause of diode failure.
ruUcceD- Small volume and muass cnable
them to withstand physical shock and vi-
bration.

sTasLE Internal elements are isolated
from damage or contamination. Mechanical
and electrical characteristics remain stable
throughout a long operating life.
THoRrRoUGHLY TEsTED - All diodes are
tested for electrical and mechanical charac-
teristics. They operate faithfully over wide
ll“]bic”t t(‘l]lp(.’]”dtl]r(‘ l'angcs.
SUBMINIATURE* [N miniaturized circuitry,
the high component density possible with
these diodes promotes greater volumetric
cfhiciency.

ELECTRONICS — May, 1955

Why should you use Hughes semticonductors? First of all—
Sor reliability. You can depend o these devices to stay within published

ratings and specifications under varied and severc operating conditions.
‘g

Tor instance, Hughes subminiature diodes
have now been used by many major manu-
facturers of clectronic equipment. Withoue
exception, available performance reports
indicate thar, in military and commercial
installations alike, the Hughes components
have maintained an extraordinary record
of failure-free service. Today, these same
diodes are continuing to add to the reputa-
tion for superior reliability svnonymous
with Hughes Semiconductor Products.

Aircraft Company, Culver City, California

The Hughes line of semiconductor de-
vices is being steadily expanded. It now
comprises a wide selection of Germanium
Point-Contact and Silicon Junction Diodes,
and Photocells. New products, now under
development, are being readied for coni-
mercial production. Watch for their re-
lcase. They, too, will embody the same
Hughes quality in design and manufacture
that spell out unsurpassed stabilitv and re-
liability. Specify Hughes—with confidence.

SEMICONDUCTOR SALES DEPARTMENT

)

New York
Philadelplia

Syracuse

Chicago

*Maxinuan dinensions, standard germaninm diode glass envelope: 0.265 inch by 0.105 inclh.

ROX.
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COMPOSITE STOCK

Composite Contact Material

that meets your requirements

Composite Contact Assemblies

that cut your costs!

There are many advantages for using General
Plate composite contact materials, processes and
facilities. Among the more important are better
performance, longer operating life and lower fab-
ricating costs.

But that’s not all — here at General Plate you
have a single source that can supply your contact
requirements be it composite raw stock, contacts
or complete assemblies. General Plate stock and
contacts are available in a wide range of alloys
designed to meet your specific requirements.

General Plate Composite Contact Materials
make it possible to manufacture complete contact
assemblies to close tolerances by single blanking

Want more information? Use post card on last page.
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and forming operations. Compare
this to other methods whereby the
contacts and supporting members
are fabricated separately and then
assembled by brazing, welding or
staking methods.

By letting General Plate fabricate

your complete contact assemblies,

you will save money, time and trouble ... need-

less equipment cost and problems of scrap dis-

posal are eliminated . .. contacts and/or contact

assemblies made to your exact specifications are
shipped to you ready for installation.

Write for complete information and Catalog
PR700.

You can profit by using
General Plate Composite Metals!

METALS & CONTROLS CORPORATION
GENERAL PLATE DIVISION

35 FOREST STREET, ATTLEBORO, MASS.

| FABRICATED ASSEMBLIES &

May, 1955 — ELECTRONICS
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Check these

Below, we’ve listed typical types
WhC“' are \ ! PSI features . .. - from PSI’s broad standard diode line.
your \ ) @ Versatile lead . We also make many special diodes. .. 5
. i configurations e and if your needs cannPt be p)gtwby
diode - . standard types, PSI engineers will be
. A ® Glass-to-metal | gjad to investigate your specific prob-
requireme nts? \ h flisfonscal ~ lem promptly. Write us for compietc
® Welded construction ~ produet informatiog.:%;é:» )

GERMANIUM GOLD BONDED DIODE SPECIFICATIONS (@ 25°C)

RETMA PSI| OUTLINE 1 MAXIMUM INVERSE MINIMUM FORWARD MAXIMUM INVERSE CURRENTY
TYPE TYPE WORKING VOLTAGE (v) § CURRENT @ +1v (ma) @ SPECIFIED VOLTAGE (ma)
HIGH VOLTAGE TYPES

PS200 A/B/C 200 20 0.05 (— 50v) 0.2 (—200v)
1N39A B 200 3 0.2 (—100v) 0.8 (—200v)
1INS5B A 150 5 0.5 (—150v)
HIGH CONDUCTANCE TYPES

PS201 A/B/C 90 150 0.02 (— 10v) 0.18 (— 90v)

After switching from 5 ma 1 usec forward pulse to —40v, back resistance must equal or exceed 25K in
0.3usec. Loop resistance = 2000 ohms min.
PS202 A/B/C 30 100 0.02 (— 20v)
PS203 A/B/C 30 100 01 (— 20v)
0.35 (— 20v) @55°C

GENERAL PURPOSE — MEDIUM CONDUCTANCE

PS205 A/B/C 80 75 0.05 (— 50v)

PS206 A/B/C 60 75 01 (— S0v)
1N143 B 100 40 0.1 (—100v)

PS207 A/B/C 80 40 005 (— 50v)

PS208 A/8/C 60 (Note 2) 0.02 (— 10v)0.12 (— 60v)

After switching from 5 ma 1usec forward pulse to —40v, back resistance must equal or exceed 80K
in 0.3usec. Loop resistance = 2000 ohms min.

GENERAL PURPOSE

PS210 A/B/C 100 15 0.02 (— 20v) 0.1 (—100v)
0.15 (— 20v) 0.3 (—100v) @55°C
PS211 A/B/C 60 30 0.05 (— 50v)
0.2 (— 50v) @55°C
1N63 B 100 4 0.05 (— 50v)
IN67A A 80 4 0.005 (— 5v) 0.05 (— 50v)

SILICON JUNCTION DIODE SPECIFICATIONS (@ 25°C) C

Psla OUTLINE erNlloMNUyofﬂggAi TRANSITRIETNISIOLTAcg MINIMUM FORWARD MAXéMg'Q"E('::‘FV'EE'I‘)S‘%ﬁﬁgENT
—E5 W Et/Es (%) @ +1v (ma) (1a) @ 25°C (ua) @ 150°C

(D) PS5C0 A/B/C 300 90 3 001 (—150v) 5.0 (—150v)
(D) PS501 A/B/C 150 90 10 001 (— 75v)  5.0(= 75v)
(D) PS502 A/B/C 55 95 30 001 (—30v) 50( 30v)
(D) PS503 A/B/C 30 95 60 001 (— 15v) 5.0 (— 15v)
1. Diodes may be obtained with other configura- A high ratio of E/E indicates a sharp voltage

tions to meet special needs. saturation which in turn correlates with reli-
2. During 0.l1usec SO0 ma peak half-sine forward ability of the unit. This ratio is measured for

pulse (Maximum PRF —= [00 KC), forward each diode with respect to its Eg.

voltage << 3v. 6. Recovery time: After switching from 5 ma for-
3. (D) denotes Developmental Specification. ward current to two-thirds of the minimum Ejg,
4. Saturation Voltage (Egs) is measured at 500ua. typically each of the diode types reaches a back
5. Transition Voltage (E¢) is measured at 50ua. resistance of SOK in less than lusec.

PACIFIC SEMICONDUCTORS, INC.

10451 West Jefferson Boulevard
Culver City, California

3959 Lincoln Avenue

Chicago, Illinois

2079 Wantagh Avenue,
Wantagh, Long Isiand, New York

THREE SALES OFFICES:

ELECTRONICS — May, 1955 Want more information? Use post card on last page. 117



3 SENIOR ENGINEERING JOBS

WELL WORTH LOOKING INTO ...

SYSTEMS

PROJECT
ENGINEER

6-10 years experience in
missile or radar electronic
system development.
Ability to direct systems
engineering at the pro-

Senior Engineer

TEST EQUIPMENT
DESIGN

7-10 years experience in develop-
ment and design of electronic
test equipment for complete
systems involving microwave and
pulse techniques, adaptation of

commercial instruments to special
applications, preparation of pro-
posals and the actual product
design of electronic and electro-
mechanical devices. Familiarity
with problems of maintenance
helpful. Supervisory experience
and ability required.

Senior Engineer

MECHANICAL
DESIGN

6-10 years experience in
missile or aircraft elec-
tronic package design.
Familiarity with vibration

and other environmental

ject level.

Heve are three especially atiractive job op-
portunities for engineers who want to get
on the ground floor in the important, in-
teresting, and cballenging phase of a new
industry—guided missiles.

Quualified men are given real job responsi-
bilities with Bendix and grow with the de-
velopment of what is not only the nation’s
most imporlunl weapon system, but a pmj(*cl
that will undoubtedly lead to new and im-

problems essential.

portant long-range commercial application.

At Bendix you will be associated with top
missile authorities and have at your connmand
unexcelled engineering and manufacturing
facilities. Salaries for these top jobs and other
opportunities are open for discussion. Write
today to: Mr. W. L. Webh, General Manager,
Missife Section, Bendix Products Division,
Bendix Aviation Corporation, 101 North
Bendix Drive, South Bend, Ind.

23 OTHER ENGINEERING POSITIONS!

Bendix also offers unusual job opportunities  detail every phase of our guided missile oper-
for assistant engineers, junior engineers,  ation will be sent to you on request. If you are
and technicians, as well as a score of other interested in guided missiles, this book is
assignments. A 30-page book describing in  bound to interest you. Write for it today.
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problem: Electronic Assemblies
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Long experience in this highly specialized field enables
Makepeace to supply efficiently and promptly electronic assem-
blies which meet the most unusual and exacting specifications.

Even Tighter Tolerances Than MIL-T-85-B Are Readily Met

When Makepeace supplies such components as rotary joints,
antenna feeds, crystal mixers or highly specialized assemblies,
manufacturers can be confident that each one will not only ex-
actly meet but often surpass the most rigid specifications. Our
engineering staff is always available for consultation on the

design and manufacture of prototypes and for
projection of production runs . . . and our un-
usually complete testing facilities are at your
disposal. We invite your inquiries.

Makepeace Can Meet Your Requirements In
Collector Rings and Brushes

Complete self-contained assemblies are avail-
able either MAKEPEACE standard 2 to 24
circuit stock ring and brush assembly or units
made to meet special requirements for minia-
ture large electro-mechanical rotating devices
and systems. New materials and techniques
developed in our laboratory and tried in the
field provide hitherto unobtainable perform-
ance at very high speeds and extremely low
noise levels as well as economy of space and
weight. Slip rings from .050” 0.D. to 48” O.D.
in solid or laminated precious metals are avail-
able in a great variety of alloys. Our unique
facilities for designing, testing and engineer-
ing are at your disposal.

D. E. MAKEPEACE COMPANY

Division of Union Plate and wire Co.
ATTLEBORO, MASS.
Sales Officas: New York o Chicago ¢ Los Angeles ¢ Columbus

Precision Rectangular Waveguide Tubing e Microwave Components = Microwave Transmission
Assemblies * Electrical Contact Material  Formed Electrical Contacts « Crossbar Welded Contacts
« Slip Ring and Silp Ring Assemblies = Brush Assemblies * Preclous Metals Ciad To Base Metals »
Sheet — Tubing — Wire and Assemblies ¢ Sendzmir Precision Rolling

Want more information? Use post card on last page. 119



Creative..Imaginative

TELEPHONE PAY STATION

709, Cost re-
duction . . The
manufacturers
wanted to cut
production
costs on this
pay station. They wanted more posi-
tive mechanical action built into the
unit . . to minimize service calls. So
their engineers, cooperating with In-
diana Permanent Magnet engineers,
designed a new magnet assembly
using specially designed Indiana
Permanent Magnet (A), replacing a
conventional type steel magnet. As-
sembly functioned as a part of coin
return assembly (B). Results were
(1) flux increase 27% . . from 2750
Maxwells with steel magnet to 3500
with Indiana Permanent Magnet
using Alnico III, (2) magnet cost
reduced 70%, (3) weight saving, (4)
simpler design, (5) fewer service
calls required.

TACHOMETER

2500 .
oM 30\’0‘ h ¢

p s Ll

OB 5001
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£ 1000 j
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Improved stability . . This company
wanted a permanent magnet assem-
bly that would produce sufficient
torque and give added stability to
this tachometer. By varying the anal-
ysis and heat treatment of the magnet
material, Indiana Permanent Magnet
engineers developed special Cunife
permanent ring-magnets (E) and
(F) which, as component parts of
permanent magnet assembly (G),
provided the necessary torque and
improved stability. Results were: (1)
the desired torque and improved sta-
bility; and (2) the redesigned magnet
lent itself better to the limited space
resulting from the new design.

ELECTRONIC
DATA PROCESSING MACHINE

Immediate signal

pickup . . This com-

puter manufacturer required a per-
manent magnet to build up a mag-
netic surface of the drum used in
Magnetic Reader and Recorder . . a
unit of its Electronic Data Processing
Machine. Indiana Cunife Permanent
Magnets were selected. Results:
Strong, dependable signals becuuse
of the high coercivity and perma-
nence of Indiana Permanent Mag-
nets. Another permanent magnet
(Indiana Alnico) was used for the
housing (H) in the magnetic tape
Reader and Recorder unit of the
processing machine. Results: Imme-
diate signal pickup . . sensitivity high
because of magnet's high efficiency.

Here are six thumbnail case histories of
permanent magnet applications. You’'ll no-
tice they all have one thing in common.
Special engineering and design service by
Indiana Permanent Magnet engineers . .
design service that reflects original thinking,
creative thinking, imaginative thinking . .
was an important part of each story!

This specialized service is available to you
without obligation. Indiana Permanent
Magnet engineers, with more than 45 years
experience in designing permanent magnets

for some 40,000 applications, will welcome
the opportunity to assist you in the develop-
ment of your permanent magnet designs.

Indiana maintains the world’s largest en-
gineering staff devoted solely to the design
and application of permanent magnets . .
and the world’s largest and most complete
permanent magnet research and production
facilities.

For additional details and a copy of En-
gineering Design Manual 4.A.5, write The
Indiana Steel Products Co., Valparaiso, Ind.

Wordos WMLWM oé WW



48

B

Permanent Magnet Design

bel[)ed these orz'gz'nal eqm'pment manufacturers
reduce costs . . z'mprove performance o 3 sz'mplz'fy desz'gn

GENERATOR

Permits uninterrupted service . . This
permanent magnet generator uses
28 Hyflux Alnico V, bar-shaped In-
diana Permanent Magnets. Minimum
maintenance and long service are
two “musts” in generators . . and
Indiana Permanent Magnets help in-
sure these qualities. These magnets
(J) eliminate necessity for slip rings
and commutators, which in turn
eliminate sparking and resulting
radio or TV interference. And there’s
no heat from the field coils . . nor
is excitation power needed.

WATT-HOUR METER

@

T

T Y

St wnporarruens

Insures field stobility . . This watt-
hour meter is typical of hundreds of
different types of instruments and
meters using permanent magnets. A
single phase, 15-amp, 240-volt unit,
it uses an Alnico | Indiana Perma-
nent Magnet weighing only 0.2 Ib.
Uniformity and stability of field, so
necessary for maintaining the initial
accuracy of this meter over a long
period of years, is provided by mag-
nets of the type shown above. Simi-
lar magnets are widely used in mass
spectrometers, vibration pickups,
galvanometers, medical instruments,
speedometers, fluxmeters, etc.

L T A T

Pree Subscription: Write for your subscription to “Ap-

plied Magnetics”

. a bi-monthly publication carrying

helpful and practical information about permanent magnets
and their application to industrial and consumer products.
Please write on your company letterhead.

INDIANA

PERMANENT

MAGNETS

SOUND-POWERED
TELEPHONE

Compactness . . was an important
consideration in the design of this
electric self-powered telephone. It is
powered not by batteries nor other
outside power sources . . but rather
by sound waves which initiate a
series of electrically activated im-
pulses. Working with Indiana Per-
manent Magnet engineers, the manu-
facturer, by selecting Indiana Sin-
tered Alnico 11, was able to use
extremely small magnets while main-
taining high performance require-
ments. “Indiana Sintcred Alnico 11,
reported this company’s sales man-
ager, “made possible small magnets
of high coercive force, the greatest
single factor in size reduction of
transducers compared to that pos-
sible with other alloys.”

THE INDIANA STEEL PRODUCTS COMPANY, VALPARAISO, INDIANA

| Mo
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DUPLEX RECORDER

Simultaneously plots two
continuousdata curves vs,
time. Has two independ-
ent measuring systems,
each with any desired
range.

See Data Sheet 10.0-6.

Get better

test data

Y2 SECOND PEN SPEED
RECORDER

Pen traverses full 11-inch

calibrated width of chart qu_ic_ker — With

in only 14 second. Precise

recording of variable

changes without over-

shoot or hunting. Full ac-

curacy, even on spans as ”
narrow as 3 millivolts.

Request Data Sheet 10.0-13.

research

BROWN-RUBICON .

PRECISION INDICATOR t t
Combination of high-pre- lns rumen S
cision potentiometer and

automatic ElectroniK in-

dicator, for highly accu-

rate small voltage meas-

urements and for calibrat-

ing meters, bridges and

similar equipment .

with minimum operator

fatigue.

See Data Sheet 10.0-2.

Research men everywhere are finding that specialized ElectroniK instruments
can save them many precious hours of lab time, by automatically taking over
much of the routine burden of gathering, recording and plotting data.

In addition to the models pictured here, Brown instruments for research in-
clude ElectroniK Function Plotters, in single pen and double pen types . . .
ElectroniK Extended Range Recorder and Adjustable Span Recorder . . . the
ElectroniK Null Indicator, modern successor to the galvanometer . . . and a
family of precision-made servo components. For a discussion of how these
can help in your own research program, call your nearby Honeywell sales
engineer.

MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, Wayne and
Windrim Avenues, Philadelphia 44, Pa.—in Canada, Toronto 17, Ontario.

Honeywell

Fout i Coitiols-
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One Waldes Tr;urciing Saves a Pound in Weight—‘

~ Replaces Cast Retainer Plate and Four Screws |

Denison Vane Type Pump/Mctor

The Denison Engineering Company of Colum-
bus, Ohio uses a Waldes Truarc Beveled Retain-
ing Ring (Series 5002) in their pump/motor to
achieve a simpler, lighter, more easily assem-
bled unit and to cut both material costs and
production time.

This vane-type power package operates as
either a fluid pump or motor without alterations
of any kind. Built for 2000 psi continuous duty,
rugged construction was essential.

~_ Shaft Seal Subassembly

~

Truarc Way: Waldes Truarc beveled retaining ring (internal
Experimental Way: One cast retainer plate plus four socket 5002) retains shaft and bearings, takes up accumulated tol-
head cap screws hold unit together. Assembly requires skilled erances rigidly, prevents leakage around shaft. Unit is one
labor, machinery, tine-consuming careful adjustment. pound lighter. Assembly is quick and easy, more economical.

Wherever you now use machined shouiders, bolts, ring types available. Ninety stocking points through-

snap rings, or cotter pins, there’s a Waldes Truarc out U. S. A. and Canada.

Retaining Ring designed to do a better, more eco- Find out what Waldes Truarc Retaining Rings can

nomical job. Truarc Rings are precision engineered, do for you toward reducing costs and improving

quick and easy to assemble and disassemble. your product. Send your blueprints to Waldes Truarc
More than 5,000 stock-sizes of the different Truarc Engineers for individual attention without obligation.

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

Send for new catalog supplement |\ o\l e 4716 Austel Piace, L1.C. 1, N.Y.

WALDES » Please send the new supplement No. 1 which |
/ ‘ ® | brings Truarc Catalog RR 9-52 up to date. |
~ } (Please print} |
| Na {
y I Title ocooocimemacniamnnannn |
< |
1 CompPany.—-c-e-wemeememenensmammommaaecciaens
e ] Business Address..ooocoeceecomeiiiomerncmeenenenns =
O ® : [
= RETAINING RINGS e LS A i |
WALDES KGHINOOR, INC,, LONG ISLAND CITY 1, NEW YORK === ==

WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U. S. Patents: 2,382,948; 2,411,426,
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785, 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081;
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034, 2,577,319; 2,595,787, and other U. S. Patents pending. Equal patent protection established in foreign countries.
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The fast way to get good components...

& P Liccuolyviic

Capacitors

Carbon
Controls

Mercury
Batteries

Pouwer
Rheostats

) ...also
A resistors,
vibrators,
switches,
rectifiers

call your local

MALLORY

distributor

HE next time vou need clectronie components Your nearby Mallory distributor is a good man to

for experimental use, for short production ruuns,
for repair work or for dozens of other purposes . . .
liere’s a time-saving suggestion.

Pick up the phone and call your local Mallory
disteibutor. He can give vou prompt delivery . . .
often in a matter of hours . . . of any of the variety
of Mallory eomponents which he carries. His stocks
include an extensive selection of precision-made
Muallory ecapacitors, resistors, controls, rheostats,
mercury batteries, vibrators and rectifiers. The
exact sizes and ratings vou want are probably
right on his shelves, ready to send to vou whenever
vou need them.

know. The quiek serviee he gives can save you
many valuable hours. And your “rush orders™ will
never sactifice quality for convenience . .. for vou
will be getting the high standards of performance
which have made Mallory components the choice
of leading manulacturers everywhere.

We'll be glad to send you our complete new 1955
catalog listing all Mallory products carried by
our distributors, and to tell vou the name and
address of the Mallory distributor nearest to you.
Just call our local Distriet Office, or write to us in
[ndianapolis.

Depend on MALLORY for Service!

. R. MALLORY & CO. INC.
Distributor Division, Dept. A
P.0. Box 1558, Indianapolis 6, Indiana

MATToRY

P. R. MALLORY & CO., inc., INDIANAPOLIS &, INDIAMA
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W. W. MacDONALD, Editor

electronics

» TOUGH TRANSITION . .. One
of the major differences between
government and commercial busi-
ness is that in the first case equip-
ment is designed primarily to
meet specifications while in the
second it is more often designed to
meet competition.

This (plus other things widely
realized in the industry) further
explains why manufacturers who
have run across something really
exciting while fulfilling a military

contract cannot always immedi-
ately convert it into civilian
dollars.

» ANOTHER BARRIER? ... One
of the problems faced by a large
and active group studying relia-
bility is the fact that design para-
meters of such things as guided
missiles must embrace not only the
requirements of missiles as we
know them today but also those
likely to be devised tomorrow.

A lively and uninhibited imagi-
nation is called for, as well as
intimate knowledge of current art.
For who, regardless of stature,
can be sure how fast or how far
or how high a missile can go.

» CRYSTALLIZING . . . Gains in
transistor production are in large
part due to perfection of auto-
matic instrumentation and control
for devices that “grow” german-

ELECTRONICS — May, 1955

CROSS

TALK

ium and silicon crystals.

When making semiconductors a
curveless Dior look is one goal of
production men. To keep diameter
constant, temperature in the cruci-
ble must be held constant within,
say, 0.1 degree C at the 940-degree
melting point of germanium. For
silicon, which melts around 1,400
degrees, the control job is still
more difficult, particularly when
the level of the melt drops con-
tinuously.

To do the job, instrument men
joined forces with r-f heating
engineers. Automatic temperature
controllers were modified to pro-
vide greater accuracy. The elec-
tronic heaters were modified to

LOOKING AHEAD . . .

MAY e 1955

permit practically instantaneous
throttling of power output to the
work coil. New circuits were de-
vised, among them one that avoids
system time lags by chopping the
heating power around a dozen
times per second.

» FUNNY FIRE Back in
February we noted that a re-
motely operated California tv sta-
tion burned to the ground before
the studio knew there was a fire
because there was no telemetering
alarm system.

Since then, in the same area,
another station has had a serious
fire because—of all things—the
doorbell shortcircuited.

Mergers will continue at high level for some time. Among reasons:
Desize of big non-electronic companics to diversifv, need of expanding
small companies for capital, current activity of investment houses

Watch for important but not nccessarily last-word improvements in
color-tv picture tubes by at least two manufacturers in midsummer or

early fall

Business will be good but more highlv competitive in period imme-
diately ahead, new products with real advantages moving well, older
products or those merely face-lifted not so well

Mechanized assembly trend, rolling up in size like a snowball, will
bring some headaches, among them difhiculty educating assemblers to
specify wanted overall characteristics of packaged parts combinations
rather than individual component requirements
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Data reduction system including tape recorder, test equipment, fm data con-
verter and linearizer, data processor and summary punch

Discriminator of f-m data converter

By E. M. McCORMICK

Riverside, California

Data Reduction System

N AUTOMATIC telemeter data re-

duction system has been de-
veloped and constructed to fulfill
some of the data reduction require-
ments of the Missile Evaluation De-
partment at the Naval Ordnance
Laboratory, Corona, California. The
input to the equipment is standard
f-m/f-m telemeter signals recorded
on a #-inch magnetic tape and
played back on an Ampex 500 tape
recorder. The output consists of
samples of the telemetered function
to three decimal digits punched in
IBM cards. These samples can oc-
cur up to 400 times per second. The
system will be used also for other
forms of analog-to-digital conver-
sion including pulse-width tele-
metry and quantizing outputs from
analog computers,

The equipment consists of the
f-m data converter and linearizer
designed and made in the Missile
Instrumentation Section of the Na-
tional Bureau of Standards (now
Naval Ordnance Laboratory) Cor-
ona, California, and the Millisadic
data processing system designed
and made by Consolidated Engi-
neering Corp., Pasadena, California.
The author is merely reporting on

126

the equipment made jointly by these
groups.

General Operation

The f-m data converter and lin-
earizer demodulates any one of the
f-m subcarriers and produces a
pulse train, at each sampling time,
whose count is proportional to the
original telemetered function. The
discriminator is extremely stable.
Nonlinearity in the system from
missile function to output can be
corrected in a built-in inverse func-
tion generator. A total of 88 tubes
is used.

The data processing system
counts the pulses in the pulse trains
from the f-m data converter and
linearizer and causes the count to
be punched into cards by an IBM
523 summary punch. Time cbunt is
provided by accumulating in a six-
decimal-digit counter the pulses
which occur at a rate of 100 per
second. Each card contains six deci-
mal digits of time; 5, 10 or 20 sam-
ples of three decimal digits each;
and 14 arbitrary digits making a
total of 80 columns. Since the in-
formation can be punched, in inter-
locking operation, at a rate of only

one card per second by using a
speeded-up IBM 523, intermediate
storage is used. This is provided by
an Ampex digital tape recorder
(DTR) in which the time-serial
digital information is recorded at
20, 10 or 5 inches per second. This
results in an effective card rate of
20, 10, 5 or 1 per second. The sam-
pling rates are, therefore, from
400 to 5 per second. About 512
tubes are used in this section.

Card Record

The first six columns of a card
indicate time to 0.01 second. This
time is that of the first sample
(columns 7, 8 and 9) whose sign
is punched in column 10. The next
sample is punched in columns 13,
14 and 15 with its sign in 16. The
time associated with each sample is
computed by linear interpolation
between values on successive cards.
Where no signs need be punched,
20 samples can be stored on a card,
the first in columns 7, 8 and 9, the
next in 10, 11 and 12 etc.

The last 14 columns of the card
represent information not on the
digital tape but entered directly by
manually operated switches on the

May, 1955 — ELECTRONICS



Control chassis of fm data converter

Linearizer chassis of f-m data converter

Two-card drum storage unit

UMMARY -~ Flight data telemetered from experimental missiles is
decommutated and recorded on punch cards for further study by f-m data
converter and data processing equipment. Designed for f-m/f-m telemeter-

ing, the system also handles pulse-width signals

for Missile Telemetering

IBM punch control circuitry of the
data processing equipment. Gener-
ally, these are used only for identi-
fication of records.

Telemeter Data Reduction

Reduction of f-m telemeter data
involves converting the instantane-
ous value of subcarrier oscillator
frequency to the function which it
represents. A hypothetical example
is given in IFig. 1. Curve A repre-
sents a case where the function
varies linearily with frequency s.
That is, f = ms + b where s refers
to the deviation of subcarrier fre-
quency itself. The operation cor-
responding to m is referred to as
the scale factor and b is the offset.

In this example, scale factor is
0.15 degrees per cycle and the offset
is —2.5 degrees. When the funec-
tion-versus-frequency curve is non-
linear as shown in curve B, it is
convenient to consider the differ-
ence betwen it and a straight line
as A as the nonlinear correction.
Hence, in general, a system for re-
ducing telemetered data must in-
clude scale factor, offset and non-
linear corrections. In the system
described these corrections can be

ELECTRONICS — May, 1955

made by either analog or digital
means.

The f-m data converter front end
is illustrated in Fig. 2. The signal
obtained on playback of the tele-
meter tape contains all subcarriers
and the one to be reduced is sepa-
rated by a band-pass filter. A d-c
voltage proportional to the tele-
metered signal is obtained from
the f-m discriminator and converted
to a 0 to 400-microsecond signal.
This pulse-width signal is initiated
each time a sample trigger occurs
and is used to gate a train of pulses
from the clock pulse generator. The
number of output pulses indicates
the absclute value of the funection
at that time. A zero-set arrange-
ment is provided that permits set-
ting the zero function indication to
any frequency in the band. This,
with a negative function value
marker punched into the card per-
mits offset correction. Where non-
linearity correction is required it is
accomplished by making the width
of the 0 to 400-microsecond gate
vary nonlinearly with the input
voltage. This is done by a linearizer
function generator which produces
the nonlinear difference funection

needed to correct a type B curve to
an A type.

The f-m to d-c converter is
of the pulse-averaging type. As
shown in Fig. 3, the subcarrier fre-
quency is amplified, limited and dif-
ferentiated to produce a series of
pulses, one for each positive-going
zero crossing. These pulses trigger
constant-amplitude, constant-dura-
tion pulses, Normally, their dura-
tion is half the period of the sub-
carrier band center frequency. As
the subcarrier frequency increases,
the proportion of on time increases.
By filtering the pulse waveform, a
d-c signal proportional to deviation
from center frequency can be ob-
tained.

The discriminator has three pro-
visions to reduce d-c¢ drift below
that of other pulse-averaging dis-
criminators. The amplitude of the
pulse in both the on and off states
is accurately limited in amplitude.
A highly stable and repeatable
pulse-width signal is used. This is
obtained by a phantastron precision
delay and dual-triode coupling cir-
cuit. Finally, d-¢ drift is held to a
minimum by a chopper-stabilized
system. A high-gain operational
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amplifier with considerable nega-
tive teedbuck is used. The filtering
action is obtained by an R-C net-
work as a part of the feedback path
of this amplifier permitting 60-db-
per-decade roll-off in the low-pass
filter. The nominal cutoff frequency
can be set to 35, 100 or 200 cps.

Pulse Train Conversion

The amplitude comparators and
the precision saw-tooth sweep gen-
erator provide an output pulse ac-
curately delayved from the input
sample pulse in proportion to the
input voltage. A 0 to 4-v input
signal from the d-c discriminator
will cause the pulse delay to vary
0 to 400 microseconds correspond-
ing to a maximum count of 999.
This is shown in Fig. 4A.

The precision sweep and the sig-
nal output from the discriminator
are applied to two terminals of the
crystal diode bridge null detector.
A switching signal of 30 me is ap-
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FIG. 1—Reduction of linear (A} and
nonlinear (B) {-m telemeter signals

plied to two other terminals. As
long as the signal-voltage amplitude
differs from the saw-tooth output,
there is an output from the null
detectors. However, when the am-
plitudes match, the bridge is in bal-
ance resulting in no output. The
output is amplified by a 30-me i-f
strip with a gain of 4,000. The
change in amplitude at balance pro-
duces the desired output from the
amplitude comparator.

Zero-Set

One of the amplitude compara-
tors is a part of the zero-set circuit.
The input is a presettable d-c volt-
age which causes the output pulse
to occur at a corresponding time
in the 400-microsecond range (Fig.
4B). In making offset corrections,
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it produces a pulse corresponding to

the zero value of the telemetered
function. When the funetion value
is negative, the signal pulse occurs
before the zero-set pulse; if posi-
tive, after the zero-set pulse. The
electronic switch basically causes
the first in time of these pulses to
turn the gate on, the second to turn
it off. The result will be, for posi-
tive values of function, a gate (Fig.
4C), whose leading edge is fixed as
it is triggered by the zero-set pulse
and whose trailing edge varies in
time with the amplitude of the
function. When the function goes
negative, trailing edge remains
fixed, leading edge varies (Fig. 4D).

Total pulse width excursion is
limited to 400 microseconds. By ad-
justing the zero-set d-c input, this
pulse can be set to any desired place
in the band and can accommodate
an all-positive or all-negative func-
tion. An automatic servo system is
provided which will reduce the pulse
width to zero when a frequency cor-
responding to zero function value is
fed into the discriminator.

The output gate duration controls
the number of pulses in the train at
each sampling time. This is done by
switching the clock pulse generator
which operates at 2.5 mc or lower
depending on the scale factor re-
quired.

The zero-set pulse defines the
positive and negative portions of
the function excursion. Through
the electronic switch and the coinci-
dence gate circuits a negative func-

tion marker pulse can be obtained
(Fig. 4E2). However, when the sig-
nal pulse follows the zero-set pulse
the negative marker pulse causes an
X punch in the card. Since the X
can not be recorded simultaneously
with the sample itself, an additional
circuit not shown causes one sample
trigger to produce a pulse train.
The next results in a recorded sign
indication. Similarly, a positive
marker may be obtained when de-
sired.

Function Generator

The zero set will provide the offset
corrections and the continuously
variable clock pulse generator the
scale factor corrections. The non-
linearity correction is made by a
linearizer function generator. The
linear curve would require a linear
saw-tooth voltage. The linearizer
function generator, however, pvo-
duces a sweep voltage which, when
added as shown to curve A, pro-
duces a comparison voltage to the
nuil detectors corresponding to
curve B in Fig. 1. The sample
trigger causes this nonlinear sweep,
400 microseconds in duration, to be
generated at the same time as the
saw-tooth sweep. This is done by
starting a 25-kc oscillator which
produces 40-microsecond pulses that
are counted in.a ring-of-ten counter.
The amplitude of each of the output
pulses (Fig. 5) can be varied by a
precision ten-turn potentiometer
and the polarity controlled by a
switch. It is possible to approximate

;
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FIG. 2—Frequency-modulation data converter and linearizer
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FIG. 3—Operation of pulse-averaging
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most nonmonotonic continuous cor-
rection curves by adjusting the
pulse amplitudes and polarities. A
low-pass R-C filter provides smooth-
ing.

Setup Procedure

For a linear function a plot of the
function versus subcarrier fre-
quency would indicate the frequency
for which zero function value is de-
sired. After setting the input
oscillator to this frequency, the
servo on the zero set will auto-
matically make this adjustment.
The operator then adjusts the clock
pulse generator so that the pulse
train count for a point such as C
(Fig. 1) will correspond to the
function value.

When the curve is nonlinear as in
B, line A need not be the best-fitting
straight line. It is necessary only
that it cross the desired curve B at
a subcarrier frequency correspond-
ing to the beginning of the sweep
from the function generator. Then
the range of the function, maximum
to minimum, is divided into ten
equal parts. The value for the sub-
carrier oscillator frequency for each
is noted. Setting the input sub-
carrier frequency to the lowest of
these frequencies, the potentiometer
and switch for the first pulse is
varied until the desired count is
noted in the data processor counter.
Then the subcarrier oscillator is set
to the next higher frequency of the
ten and the controls varied until the
second function value is indicated.

The range time signals are ap-
plied to the sync-lock channel of
the Ampex 500. The timer circuit
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(Fig. 2) separates the timing signal
from the sync-lock and, when it
occurs as a time burst, demodulates
it. The exact nature of the timing
signals varies from one test range
to another. However, for the
systems it accommodates, the timer
produces 100-pps signals. In addi-
tion, the zero-event time signal is
extracted and applied separately to
the data processor. It resets the
time counters at that time.

The timer also produces sampling
pulses at the rate of 400, 200, 100,
80, 50, 40, 25, 20, 10 and 5 per
second synchronously with the tim-
ing signals. This simplifies the
problem of associating a time value
with every sample.

General Operation

The general data processing op-
eration is shown in Fig. 6. The in-
put data samples would normally
be the pulse train from the f-m data
converter. However, it can be a
pulse-width signal which gates an
internal 2.5-me oscillator to give a
999 count for 399.6 microseconds
pulse width.

Digital operations are performed
on a binary-coded decimal digit
basis in 1-2-4-8 form. Each decimal
digit is actually four binary digits.
Since decimal digits are handled
sequentially, the operation is time
series. However, because these
serial cperations involve parallel
transfers of four binary digits, it
is actually series-parallel.

After the sample has been
counted, the three-decimal-digit
number which has been totalized in
the counters is transferred in time-
parallel to three register decades
for temporary storage. Immediately
after this, the counters are cleared
and are free to count another
sample. The count now stored in the
registers is transferred in time-
series directly, channel A Fig. 6,
to the magnetic drum memory if
the sampling rate is 20 per second
or less. Otherwise channel B Fig.
6, it is transferred to the magnetic
tape (DTR) for playback later at
this lower rate, Fig. 6 channel C.

This information occurs time-
serially corresponding generally to
the way it is to be stored longi-
tudinally on a punch card. However,
cards are punched or read while
being pulled sideways through the

punching or reading stations. That
is, all the 9’s to be punched in each
of the 80 columns are punched at
the same time, the 8-row next and
the 7-row next through to the last
row which is the negative indicator
row. Hence, a column-to-row trans-
formation must be made. This is
done by storing the information
temporarily on a magnetic drum
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which holds two cards of informa-
tion. This is a four-inch drum rotat-
ing at 12,000 rpm. While one card
is being written on the drum time-
serially (column-wise) as it occurs,
the preceding card is reading into
the summary punch row-wise. The
contact closures for the IBM
punches are provided by 66 mercury
relays, each operated by a thyra-
tron.

Digits are stored in time-series
on the drum until 5, 10 or 20
samples have been stored. At this
time a summary punch cycle is
initiated and the card is indexed
through the punch row-by-row.
After a row has been punched, the
drum is interrogated for numbers
equal to the following row number.
Coincidence detection circuits set
up proper column contact closures
while the card is between rows. At
the time the card is indexed at the
next row, contacts are all set up so
that the proper holes will be
punched in that row. This is done
simultaenously for 66 columns of
the punch card.

Range time pulses at 100 per
second are accumulated continu-
ously in a six-decade counter. At
the beginning of each group of 5,
10 or 20 samples of data, range
time information is transferred
with the data to the magnetic drum
or tape. Provision has been made
to indicate negative time by apply-
ing a pulse which will cause an ex-
cess count in the most significant
digit of time. This produces an X
punch in the card, leaving five
digits to indicate time.

Tape Data Pattern

The magnetic tape data pattern
is shown in Fig. 7. This indicates
the manner in which the informa-
tion is handled in combination time-
parallel modes. The data pattern
shown is for five samples per card.
The pattern contains seven parallel
tracks. The center track contains
the sprocket pulses which indicate
where the data is present on the
other tracks. The left track con-
tains the card pulse. Its occurrence
on read-out causes the drum storage
to switch so that the card of in-
formation just recorded will now
start reading into the relay storage
and the part just read-out is
switched to recording. Furthermore
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it causes the summary punch to
start its card cycle.

A computer pulse is recorded on
the next track. This has no ap-
plication in the present system but
it is intended to facilitate direct
transfer of digital information on
magnetic tape into the ElectroData
30-203 magnetic-drum computer.
This would eliminate the necessity
for punching cards and subsequent
reading of them. This pulse occurs
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FIG. 7—Magnetic tape data pattern

once every two samples. The last
four tracks contain the decimal
digit in four-binary-digit form.

The first three sprockets indicate
the hundreds, tens and units value
of the first sample. This is followed
in order by the first two digits of
the six digits of time. Next are
the three digits of the second
sample and the next two digits of
time. The third sample is followed
by the least significant digits of
time. Hence, transferring a sample
is a five-step procedure. The fourth
and all following samples will be
followed by two blanks where no
sprockets exist.

A 20-sample card would require
100 equivalent sprocket times. Since
the read-back rate is 1 inch per
second, the pulse density is 100 per
inch. The 2,400-foot roll of 1-inch
tape normally used on the DTR will
hold over 28,000 cards of informa-
tion. This, incidentally, would re-
quire 8 hours to punch out.

The magnetic tape unit has a
skew-corrector circuit. This assures
the simultaneity of pulses which
should occur in time parallel even
though they may not be read at
the same time by the seven reading
heads. Basically, it causes the
pulses on all tracks to be lengthened
so that the existence of pulses can
be determined by interrogation at
a later time after all pulses have
had an opportunity to occur.

For independent operation, the
data processor has an internal
oscillator for control and will pro-
vide triggering pulses to an ex-
ternal device. A third mode of op-
eration permits the data processor
to funetion in synchronism with
time signals applied to it. This
operates only at a one-card-per-
second rate. Both the f-m data con-
verter and the data processor have
provision for producing a single
sample for test purposes.

Evaluation

The linearizing, offset and scale-
factor adjustments in the equip-
ment have certain limitations. If
the function varied from 1,300 to
1,500 units, these values could not
be punched out as this is beyond
the range of the counter. Even a
function whose count varied from
300 to 500 units could not be ac-
commodated as the zero set ecannot
be zeroed outside the 0 to 400-micro-
second range and, in addition, the
counters cannot be preset. Provid-
ing for punching signs reduces the
sampling rate by one-half. How-
ever, these limitations may not be
particularly serious in many cases.

Telemetered data is punched
into cards to permit subsequent
operations while in digital form. If
a digital computer is to be used for
these operations it can be pro-
grammed to do the linearizing, off-
set and scale-factor adjustments.

The f-m data converter and
linearizer was designed by a group
at the National Bureau of Stand-
ards under the direction of M. G.
Pawley. Much of the circuit design
is due to E. D. Heberling. The diode
bridge comparator was designed by
M. L. Kuder of NBS in Washington.
The data processing system was de-
signed by a group at Consolidated
Engineering Corp. under the direc-
tion of H. E. Burke.
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UHF Rebroadcasting
Cuts Costs

UMMARY —— Exchange of programs between two stations in Maine
reduces production costs and gives greater coverage. Parabolic-dish antenna
at Lewiston-Auburn end of link picks up Portland channel 53 with 48-db

signal-to-noise ratio on video and 50-db ratio on sound. Picture resolution is

350 lines

By HENRY G. ROOT

Chief Engineer
Radio Station WLAM
Lewiston, Maine

FF-THE-AIR pickup of uhf tv
O programs for rebroadcasting
is being used by two stations to
obtain increased coverage without
increasing costs. Community-tele-
vision type equipment and modified
home receivers are used to provide
reliable high-quality video and
audio on an around-the-clock basis.

Station WPMT channel 53 (704
me) in Portland Maine is 30.5 miles
to the south of the twin cities of
Lewiston and Auburn where
WLAM-TV channel 17 (488 mc) is
located. Station WPMT has an erp
of 10.8 kw with an 0.9-deg beam tilt
and WLAM-TV radiates 15.8 kw
with a tilt of 0.5 deg. As shown in
the contour sketch, Fig. 1, the
Lewiston-Auburn pickup point at
a 420-ft ground level is consider-
ably above the main transmitting
lobe of the Portland antenna located
at a height of 336 ft. As a result of
this, rebroadcasting Portland’s sig-
nal from an off-the-air pickup is
more difficult than the converse.

Attenuation between dipoles in
free space is

183.5 X 10¢ k?

db = 10 log \

where R is the distance in miles and
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% is wavelength in meters.

At 704 me. A is 0.425 meter.
Since distance R, between Portland
and Auburn, is 30.5 miles the atten-
uation over this distance will be
119.64 db.

The 10.8-kw output of WPMT

dissipated across 72 ohms (the Z
of a dipole in free space) would
give a developed voltage of 880
volts. Across a 72-ohm load con-
nected and matched to a half-wave
dipole at the 30.5-mile distance,
880 uv volts would exist.

This is too low a signal strength
to contend with mixer loss, lead-in
loss and accompanying noise and
still provide a good noise figure,
especially in the immediate pres-
ence of a 1-kw ch-17 transmitter.
This is the theoretical situation and
of course the practical approach has
some shortcomings by direct com-
parison. The results obtained above
however are relative.

To overcome much of the pickup

Dish antenna picks up signal from
Portland, 30.5 miles to the south, for re.
broadcasting. Station’s 488-mc trans-
mitting antenna is at the top of the
250-ft tower
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noise of the ch-53 signal from
WPMT a parabolic dish shown in
Fig. 2A is used. At 704 mc this
is of a practical size. With a mouth
diameter of 6.85 wavelengths, or
9.6 ft, a gain of 20.68 db is achieved.
This type of antenna offers prac-
tically a complete null at its rear.
This is a useful feature because 0.6
of a mile in this direction lies a
13-kw f-m transmitter and in
Bangor 80 miles to the north in the
same direction a ch-2 outlet is allo-
cated. The rear null provides more
protection than a parasitic array.
The parabola has the focus in the
plane of the mouth and thus will
not materially affect the impedance
of the dipole placed there. A folded
dipole is used so that it may be
rigidly soldered to the stand-off
element without insulators. The
impedance is transformed to 72
ohms by a balun. The focal point

of the dish bears the relation F =
D/4. Beam width is given by
137.5 (D/\) in the vertical plane.
In the horizontal plane it is approx-
imately 1.25 times this figure, pro-
viding a beam spread 20 deg verti-
cally and 25 deg horizontally. Power
gain is 20.7 db.

The output of the antenna is fed
to a converter and a 30-db ch-2
amplifier as shown in the block
diagram Fig. 2B. The connecting
lines ahead of the high-gain ampli-
fier are cut to odd multiples of 3
wavelength at 488 mc. This in-
cludes lengths of coaxial cable with-
in the panels of the units. No in-
teraction of the station carrier
on the pickup is experienced.

Community television pickup
equipment is used. This consists of
the ch-2 converter head and a 30-db
amplifier.

The following results were ob-

tained in day-to-day operation pick-
ing up ch-53 for rebroadcast: There
is approximately 200 wv pickup on
the T72-ohm take-off from the di-
pole. Antenna gain is 66.5 db going
into the converter. An estimated
11-db mixing loss reduces this to
55.5 db on ch-2 coming out of con-
verter. A 30-db low-noise ampli-
fier raises this level to 85.5 db be-
fore entering the coaxial downlead.
Approximately 6-db loss is experi-
enced on this down lead. The sig-
nal level is 79.5-db above 1 pv or
9% mv across 72 ohms as it enters
the transmitter house. The pickup
system contributes approximately
20-db of noise. Signal-to-noise
ratio under these conditions is ex-
cellent. A 48-db signal-to-noise
ratio is obtained at the output of
the receiver.

In effect this ch-2 signal is far
better than a class-A contour would
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ch-53 dish antenna (A) used in rebroadcast

FIG. 4—Receiver audio is modified to
match 600-ohm line
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offer. In some receivers used as
monitors, it might be necessary to
disable the cascode front end to
accept such a strong signal. This
is done by opening up the cathode
of the first tube in the tuner leav-
ing the filament on as normal. Con-
version will go on as usual within
the receiver.

When WPMT picks up a signal
from WLAM, two stacked yagi an-
tennas are used. Because WLAM-
TV is at a higher elevation and has
higher power, less of an antenna is
required at Portland. The pickup
antenna is well within the main
lobe of the WLAM-TV 15.8-kw car-
rier and does not require much
antenna gain prior to conversion.
Equipment similar to that at the
Lewiston-Auburn end is employed
in the system except that the con-
version is from ch-17 to ch-2.

Cathode-follower circuits were
placed in pickup monitor receivers
to feed composite video from re-
ceiver output, and the last audio
stage was modified to feed low-dis-
tortion audio to a 600-ohm load.

An RCA receiver, model 16-S-
349U, was selected since the input
could accommodate coaxial line.
This receiver is built on one chassis
with only the picture tube as a
separate unit. This simplifies main-
tenance,

Receiver Modifications

The last video stage, a 6CLS,
modulates the cathode of the pic-
ture tube. This means that the con-
trol grid of this stage has a negative
sync signal. This is the proper
polarity for feeding to the program
switching buttons on the control
console. The contrast control in
this receiver is in the plate circuit
of this last video stage and so does
not affect the picture taken off the
grid. The picture tube and its
brightness and contrast controls
still function as normal.

Another advantage is that a
power transformer is used in this
receiver, making the chassis cold
with respect to other racks permit-
ing a heavy copper ground strap to
be run to station ground. This is
a necessity because of the presence
of the tv transmitter in the same
room.

Modifications made in the re-
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Video and audio outputs of modified commercial receiver are fed to patch panel
for distribution

ceiver are shown in Fig. 3 and Fig.
4. A cathode follower is coupled to
the grid of the last video stage. The
bias for the 6CL6 should not pass to
the grid of the cathode follower.
The choice of coupling capacitor
was such as to still have a low value
of reactance at 20 cycles. A 0.1-pf
capacitor has 80,000 ehms react-
ance at this frequency. This is ade-
quate previded at least a 680,000-
ohm resistor is used in the grid
circuit of the follower. Cathode
source impedance using a 6ACT is
111 ohms. Since this is higher than
the desired 75-ohm line impedance
a parallel 232-ohm resistor is used
for matching.

Plate and screen current flow-
ing through the cathode impedance
constitute approximately 0.9-v drop
and this is added to the fixed bias
of 13% volts already on the control
grid. Gain of this cathode follower
is 0.4.

Input capacitance of a 6ACT is
normally about 11 uuf. In a cathode
follower it is reduced by the factor
[1 — (E./Es)] or 0.6. This leaves
an input capacitance of 6 upf which
is too low to cause trouble in the
6CL6 grid. The cathode follower is
mounted on a small utility box on
the top rear of the chassis.

The last audio stage of the re-
ceiver is a 6V6. This provides too
much power and distortion for

broadcast use. The pin connections
are identical to those of a 6J5 triode
so that by replacing the tube and
changing the cathode-bias resistor
from 560 ohms to 800 ohms and cut-
ting out the cathode bypass capaci-
tor, distortion and output drop
markedly.

600-Ohm Output

The output transformer matched
approximately 6,000 ohms when
feeding from a 6V6. However,
to obtain low-distortion, the plate
load for a 6J5 should be approxi-
mately 15,000 ohms. A UTC-A25
transformer with a 600-ohm line
secondary was used. The power
output can easily reach 100 mw
with this tube and so a 20-db line
pad also was added to attenuate
the output.

Using the system described the
following results were achieved:
48-db signal-to-noise ratios on vi-
deo; better than 50-db signal-to-
noise ratio on voice and frequency
response within 3-db from 50 to
12,000 cps.

Video bandpass on the receiver
is 3.5 me. On a regular RTMA test
chart, horizontal definition is 350
lines giving a completely accept-
able picture. It is planned to ex-
pand this response band at a later
date.
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Photoelectric Reader

By DAVID H. SHEPARD and CLYDE C. HEASLY, Jr,

Intelligent Machines Research Corp.
Arlingion, Virginia

Model of analyzing reader first developed for Farrington Mig. Co. Qutput pulses of the photoelectric scanner are analyzed by this
reads a ten-digit account number from a Charga-Card sales small special-purpose digital computer which recognizes strokes
invoice and punches the number into the same card, using a by their unique pulse patterns and recognizes characters by

standard IBM card punch. their unique combinations of strokes.
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FIG. 1—Complete electronic reading system. Model now under construction will FIG. 2—Optical system for scanning one line
handle over 450 documents per minute, reading printed data on each in turn and of text on document as it moves past reading
transferring it to desired output medium at speeds over 300 digits per second station
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Feeds Business Machines

UMMARY —— Ordinary printed characters are scanned vertically at rate

of 3,600 words per minute, and resulting signals from phototube are fed

into a character-recognizing memory for transfer to punched cards, perfo-

rated tape or magnetic tape as required for feeding

business machines

the inputs of electronic

HILE processing machines
for business data are by no
means new, their use has largely
been limited by the slow speed,
high cost and low accuracy of key-
board operations. This is so be-
cause the transfer of information
from business document to machine
record medium has always required
the services of an operator to read
the information and to manipulate
a keyboard of one sort or another.
The analyzing reader eliminates
this human limitation on the speed
of electronic business machines by
reading ordinary typed or printed
characters and recording the in-
formation on machine mediums
such as punched cards, perforated
tape or magnetic tape. It is also
possible to use information sensed
to control sorting, editing and
table-lookup operations.

The operation of the reading sys-
tem is shown in Fig. 1. A feed
mechanism passes a single docu-
ment in front of a photoelectric
scanner which scans the characters
on the document. Electrical pulses
from the scanner are amplified and
shaped by the video chassis and
then analyzed by the interpreter.
The interpreter identifies each
character and sends identifying
pulses to coding and storage. The
storage serves as a buffer to meet
the timing requirements of the out-
put device. Information is with-
drawn from storage and used to
control the output device.

Storage also contains informa-
tion as to whether or not the docu-
ment has been successfully read.
This decision is sometimes made by
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the interpreter, which can recognize
errors caused by malformation of
characters, or can be made by the
several self-checking features built
into the equipment. If a document
has been correctly read, it is placed
in the accepted pocket; if not, it
goes into the reject pocket.

Operation of Scanner

A simplified diagram of the ar-
rangement of the scanner is shown
in Fig. 2, The document is fed at
uniform rate past the reading sta-
tion where it is brightly illumi-
nated. The reflected image of the
document is projected through a
scanning disk onto a multiplier
phototube through a series of lenses
and a ntirror.

The scanning disk, shown in Fig.
3, contains a number of radial slits
which puass one at a time in front

of a fixed slit. At the intersection
of these slits, a point of light from
the image passes through and is
projected onto the phototube. As
the disk rotates, the intersection of
the slits moves to give horizontal
scanning across the image.
Because the document is moving,
the image is also in constant mo-
tion, so successive scans fall on suc-
cessive portions of the image.
Since the scan rate is much faster
than the document motion, 25 or
30 scans will occur as one char-
acter passes the reading station.
As the image of a character is
scanned, the output of the photo-
tube will vary. Thus, during a sin-
gle scan the output will contain
positive pulses representating dark
portions of the character, with the
voltage between these pulses repre-
senting the background light in-

Document cards taken ifrom stack move under scanner at right first for reading,
then travel to punching position at center and finally to position at left for restacking
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tensity reflected from the paper.

The means for producing con-
stant pulse amplitudes in spite of
wide variations in ink-paper con-
trast and light intensity is shown
in Fig. 4. The gain of the multi-
plier phototube is controlled by
changing the voltage applied to
dynode 9. The output of the photo-
tube is coupled to cathode follower
V., which drives the cable connect-
ing the scanner to the video chassis.
The signal is amplified by a con-
ventional two-stage voltage ampli-
fier V.V, and fed to cathode
follower V, which drives contrast
control tube V, and the first stage,
V., of the clipping amplifier.

Automatic Contrast Control

The waveform of the amplified
video signal fed to V, to adjust the
contrast control voltage is shown in
Fig. 5 for two successive scans.
The distance between radial slits
is greater than the length of the
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FIG. 3—Details of scanning disk used
to obtain 25 to 30 vertical scans per
character

fixed horizontal slit, so that no
light reaches the phototube for
about 10 percent of each scan cycle.
During this portion of the scan the
output reaches its most positive
value because the phototube sees
true black, or no light. This pulse
is, therefore, called the black pulse.
The signal pulses which occur dur-
ing any scan will not be as high as
the black pulse since the dark por-
tion of any character will reflect
some light. The negative or back-
ground portion of this signal, rep-
resented by the voltage between the
pulses, is clamped through the 2U1
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FIG. 4—Contrast control circuit used to compensate for varying degrees of contrast
between document paper and characters printed on it

diode to the negative voltage set by
potentiometer R,. The voltage dif-
ference between cutoff of V, and
the setting of R, is the pulse ampli-
tude which the contrast control sys-
tem will seek to maintain.

When the voltage difference be-
tween black pulse and background
is greater than the voltage between
R, and cutoff, the black pulse will
rise above cutoff and cause V, to
conduct. During the black pulse, C,
will charge through V,. The higher
the black pulse rises above cutoff,
the larger the charging current and
therefore the greater the voltage
change on C..

During the interval between
black pulses V; is cut off and C,
tends to discharge through R,. The
time constant is the product of C,
and E,. This value is such that C,
will discharge a small amount be-
tween black pulses. The charging
of C, lowers the voltage applied to
dynode 9, reducing the phototube
sensitivity and thereby reducing
the voltage difference between
black pulse and background.

Because the second black pulse
amplitude is reduced, it does not
rise as high above cutoff and so the
charging current is decreased and
the voltage change on C, during

conduction is not as great. During
each scan the net voltage change on
C,, charging during black pulse and
discharging during the balance of
the scan, is a net decrease in the
voltage applied to dynode 9. But
the amount of this decrease gets
smaller each scan until finally the
black pulse only slightly exceeds
cutoff and the discharge and charge
during one scan are equal. When
the charge and discharge have
reached equilibrium, the peak-to-
peak voltage between black pulse
and background will very slightly
exceed the voltage between R, and
cutoff.

If light intensity or document
background changes cause an in-
crease in peak-to-peak voltage, the
contrast control tube will conduct
more heavily during black time and

- ONE SCAN - BLACK PULSE
SIGNAL
PULSES
UL( |
BACKGROUND

FIG. 5—Idealized scanner output wave-
form
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FIG. 6—Plate and grid waveforms of
contrast control tube
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FIG. 7—Clipping amplifier waveforms

further decrease the dynode-9 volt-
age, thereby decreasing the peak-
to-peak  photomultiplier  signal.
After a number of scans a new
equilibrium will be reached.

In the event of a decrease in sig-
nal, the black pulse will not reach
cutoff and C, will continue to dis-
charge through R,. This will in-
crease dynode-9 potential and in-
crease the phototube sensitivity.
As the sensitivity increases, the
peak-to-peak voltage will increase
until the black pulse again just ex-
ceeds cutoff and equilibrium is
again established. Thus, the con-
trast control maintains a constant

ELECTRONICS — May, 1955

amplitude between black and the
backgrourd. The grid and plate
waveforms during recovery from
over-contrast, normal operation and
recovery from under-contrast are
shown in Fig. 6.

Clipping Action

The regulated signal is fed to the
grid of clipping amplifier V,, where
the positive peaks are clamped by
the 2U1 to the voltage set by po-
tentiometer R,. Adjustment of this
clamping voltage determines what
portion of the signal will fall below
cutoff and thereby be clipped. Cor-
rect adjustment of R; removes
background noise caused by paper
specks. Kigure 7 shows the wave
shapes at the grid and plate of V..

The clipping is repeated at V,
where the negative portion of the
signal is clamped at —25 volts.
Since the signal is inverted at this
point one result of the clipping ac-
tion of the sharp-cutoff pentode is
to reduce signal and black pulses

The video output signal at this
point has been compensated for
variations in contrast, is free of
background noise and is of constant
amplitude. It gives a yes-no indi-
cation as to the instantaneous pres-
ence or absence of a portion of the
character.

Identifying End of Scan

To utilize the information in the
signal pulses, it is necessary to re-
move the black pulse from the sig-
nal and to identify the end of each
scan. This is accomplished by the
timing phototube and lamp. The
1P42 phototube is located behind
the scanning disk several frames
away from the fixed slit. An exciter
lamp is located in front of the disk.
The exact location is such that the
phototube sees a pulse of light just
before each radial slit passes off the
end of the horizontal slit. This
causes a pulse to occur just before
the end of the scan. This pulse is
called the end-of-frame pulse.

(Fig. 7) to the same amplitude. As shown in Fig., 8, timing
Y25 hnt oLt
SCANNER -——»1«——— VIDED CHASSIS INVERTER
33%3 BLANKING PULSE
Vig Vig Voo ~Vz3 v
v 26 v )

TIMING CATHODE FOUR-STAGE Al DELAY el e
PHOTOTUBE (> FOLLOWER 5—>1 AMPUIFIER (—>{ 'NVERTER MULTI- || VERTER | 4, WVERTER |
P42 Lsog3 2-5963 7 9963 VIBRATOR 75963 5 618

4 5963
TIMING CHANNEL _ _ B
SCANNING CHANNEL
G-V
sc,x:'m cuvﬁonf WXJ3 g:cf CA;IH%DE TSk Y9
prOTOTUBE [ FoLLOWER [ AMPLIFIER FOLLOWER o = '"‘,’ZRJTGER
| L
B 2593 5963 3593 2- 6547 2
cou#usr 0R
CONTROL TUBE = GATE
el [ INVERTER |
EGJG
; DIFFERENTIATED
ONEvléuor Yz 0R e ’s T
' - IGNAL
p— wuiTIvigRaToR [ "VIERTER GATE [ WERER | ‘“‘{ERLER > ATING
6J6 3646 36 mvf_;JnerER
RECOCNITION. SICNAL
V|3 VH
L] veRTER DIFFERENTIATING .
166 (NVERTER ENO - OF - RECOGNITION
] 616 PULSE

FIG. 8—Arrangement of stages on video chassis which feeds character-recognizing
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phototube V, feeds cathode fol-
lower V,. The resulting negative
output pulse is amplified by V-V,
inverted by V. and applied to the
grid of single-shot multivibrator
V... The output of V, is a blanking
voltage. It begins just before the
end of one scan and lasts until after
the beginning of the next scan. The
length of the blanking pulse is ad-
justable and can be lengthened to
blank out a portion of the scan
where undesired information is be-
ing scanned.

The blanking signal is inverted
twice in order to get standard volt-
age levels. This signal is fed into
one half of an or gate. The video
signal from V, is also inverted and
fed to the other or gate input. This
or gate will cut off V,, only when
both of its inputs are negative.
Since the blanking signal is posi-
tive, the negative black pulse and
any signal pulses which occur dur-
ing the blank pulse have no effect
on V,. After the end of the blank
pulse the voltage goes to a negative
value and any negative signal
pulses occurring in the video signal
will cause positive pulses in the
output of V. These pulses are fed
to single-shot multivibrator V,, and
to inverter V.

Gate Action

The single-shot multivibrator pro-
duces a short fixed-duration pulse
which is inverted by V., and fed
into one input of an or gate. The
output of inverter V., is fed to the
other or gate input. The function
of this group of circuits is to in-
sure that any video signal will have
at least a fixed minimum duration.
If a short signal occurs, V., will be
triggered and its inverted output
will appear at the or gate output.
If a longer signal occurs, V,, will
still cycle, but the output of the or
gate will remain down until the
signal stops. Thus, short signals
are increased to an arbitrary value
where as longer signals are unaf-
fected.

The negative pulses from the or
gate are inverted and fed to the in-
terpreter and also to inverters V..
and V.. The direct signal from
V. is called the recognition signal.
Inverter V,, has a differentiated in-
put and is biased so that it is nor-
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FIG. i1—Characterstic pulse patterns
resulting from scanning of capital let-
ters E and F

mally conducting. The differenti-
ated positive pulse does not affect
the output, but the differentiated
negative pulse at the end of the
recognition signal cuts off the tube
momentarily and causes a positive
pulse. Since this pulse occurs at
the end of each recognition pulse,
it is called the end-of-recognition
pulse and is fed to the interpreter.

The recognition signal is in-
verted by V,; and fed to differenti-

ating inverter V., This inverter
operates like V,; and is sensitive to
negative changes only. Since the
negative change in the inverted
recognition signal occurs at the be-
ginning of each recognition pulse,
the output pulse from V,, will also
occur at the beginning of each
recognition pulse. This beginning-
of-recognition pulse is also brought
to the interpreter.

Recognition of Characters

In addition to the three recogni-
tion signals, the end-of-frame tim-
ing pulse and the blanking pulse
are also sent to the interpreter.
The timing relation of these pulses
is shown in Fig. 9.

The interpreter which receives
pulses from the video chassis is a
special-purpose small-scale digital
computer (Fig. 10) that examines
the pulses and looks for various
pulse patterns which are significant
in isolating the identity of charac-
ters. These patterns and the se-
quence in which they occur reveal
the identity of the characters.

With the letter E as in Fig. 11,
the horizontal lines produce identi-
cal three short pulse patterns for
many scans. The long vertical line
on the left side produces a single
long pulse during at least one scan.
Thus the input signals to the cir-
cuit which identified E would be:
long-vertical-line-left-side, three-
horizontal-lines and nothing-to-the-
right-of-three-horizontal-lines.

A similar logical description is
set up in the form of signals to cir-
cuits representing each of the char-
acters which must be recognized.
The outputs of these circuits can
be used in any way which is de-
sired. If an impossible combination
of strokes occurs, the interpreter
recognizes this as an error and
sends out a reject signal which can
be used to separate the document
in question into a reject stack.

If printed characters are well
formed and free of interference,
the accuracy is equal to the ac-
curacy of punched card reading.
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FIG. 1—Exploded view of ferrite gyrator designed to function as high-speed micro-

wave switch

Microwave Modulator

Uses Ferrite Gyrator

UMMARY - Coaxially mounted ferrite slug in a circular waveguide

section modulates microwave energy without disturbing power source. Modu-

lating frequencies up to 1 me or pulses involving 0.6-microsecond transients

can be handled

APID SWITCHING Or square-wave
modulation of microwave
power without modulation of the
power source may be achieved by
use of ferrite components to pro-
duce rotation of polarization as a
switching function. However, fail-
ure of these ferrite components to
behave rationally or consistently
has made it difficult to predict the
behavior of such microwave switch-
ing systems.

The ferrite circuit component to
be described was designed to modu-
late microwave power to the great-
est possible depth in response to a
100-kc square wave having rise and
fall times in the order of 0.5 usec.
It was required that the modulator
circuits operate with the least pos-
sible power dissipation.

Performance indicates that such
a microwave switching system is
capable of modulating at frequen-
cies of 1 me or perhaps higher or
with pulse waveforms involving
transients as short as 0.6 micro-

ELECTRONICS — May, 1955

second. This has been achieved by
careful design of a current-driving
circuit and a magnetizing field coil
wound around a section of circular
waveguide containing a ferrite
core and by cut-and-try experi-
ments with the walls of the circular
waveguide and the ferrite core.

Switching Process

Figure 1 shows a cutaway view
of the circular section of wave-
guide in which polarization rota-
tion occurs. A ferrite slug 1is
mounted coaxially inside a cylind-

rical waveguide section. A rec-
tangular waveguide feeds micro-
wave power into the circular

section and this section feeds power
to another rectangular section ar-
ranged so that the polarization of
accepted power is perpendicular to
that leaving the input section. The
unrotated component is reflected.

Thus the switch is closed when
there is no rotation (complete re-
flection) and opened fully when

there is exactly 90-deg rotation.
Rotation varies with magnetization
of the ferrite and this is controlled
by a coil wound around the circular
section of guide. Switching speed
depends on the quality of the cur-
rent pulse passed through the coil
and the response of the ferrite to
the magnetizing pulse in terms of
Faraday rotation. Inconsistent be-
havior in switches is related to
hysteresis of the ferrite and to
changes of ferrite properties with
time and presumably with tempera-
ture.

Switch Development

The circuit in Fig. 2 was em-
ployed to generate 100-kc square
waves which were passed as cur-
rent pulses through the switch coil
by V.

At first, attention was given to
obtaining square current pulses by
making the driving voltage wave-
form as sharp as possible. The volt-
age waveform as shown in Fig. 3
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is necessary for obtaining square
waves of fast current rise in an
inductance. The potentials are re-
quired only to change the current
and must be applied during the
rise and fall times. After develop-
ment of the coil and choice of fer-
rite, the waveforms in Fig. 4 were
achieved in the switching circuit.
Figure 4A shows the grid wave-
form applied to the driving stage;
Fig. 4B shows the anode voltage
waveform and Fig. 4C shows the
current waveform taken across R.

The effects retarding the flux
rise in the ferrite slug were found
to be the capacitance of the coil
and its capacitance to ground, the
short-circuited-turn effect and the
inductance of the coil, which in-
creases with number of turns while
the current required for 90-deg ro-
tation decreases.

The brass fittings of the rec-
tangular waveguides (Fig. 1) con-
tribute to the short-circuited-turn
effect and the conductor of the
cylindrical waveguide is much more
closely coupled to the coil. The

coupling of the rectangular wave-
guides must be accepted unless
elaborate modifications are under-
taken, The effect of the cylindrical
conductor may be reduced by slit-
ting it longitudinally or by reduc-
ing its thickness or otherwise in-
creasing its resistance to the
high-frequency components of the
switching waveform. Both precau-
tions were found desirable in pro-
ducing an optimum switch. The re-
quired inductance of the coil was
substantially set by the limitation
on current magnitude to permit use
of a single driving tube. The fer-
rite is mounted in a Teflon jacket
and the cylindrical waveguide sec-
tion formed by coating the jacket
with conducting paint.

The high capacitance to ground,
in this case the conductive coating,
and the capacitance of the coil it-
self were reduced by spacing the
winding away from the guide on
low-loss polystyrene ribs and wind-
ing the coil in three pies. These
procedures raised the self-reson-
ant frequency of the coil from 100
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FIG. 2-—Multivibrator, pulse shaping and current driving circuits used to produce

square current pulses in coil

ke to more than 1.0 mc with the
ferrite slugs in place. Wave-wound
ples are an advantage where the
number of turns cannot be con-
tained in a single layer coil of the
required wire size. Subsequent
measurements have failed to indi-
cate advantages in multiple wave-
wound coils for a 800-turn coil. The
ferrite slugs introduce consider-
able damping and the value of
damping resistor to prevent ring-
ing must be found experimentally.
Ringing was not a problem before
the self-resonant frequency was in-
creased. The short-circuited-turn
effect was removed by putting a
lengthwise slit with a 90-deg twist
in the conductive coating. Later ex-
periments using a paint of slightly
higher resistance also proved to be
satisfactory without the slit. At
present, rotators are being con-
structed in this manner.

Material for the slug is impor-
tant and it has been found that Fer-
ramic MF 1331 offers the best per-
formance of ferrites tried. Two
paints were tried and applied by

FIG. 3—Applied voltage, top. and re-
sulting current pulse in coil, bottom

FIG. 4—Driving circuit waveforms illustrating grid voltage (A), anode voltage (B) and switch current (C)
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brush. Du Pont Silver 4929, not
baked although it is designed for
pbaking on to glass, performed well
with a 90-deg twisted slit to reduce
the short-circuited-turn effect
scribed in the paint when partially
dry. Du Pont Silver 4817 had a
lower conductivity and it was pos-
sible to obtain as high a switching
speed with an unbroken film of this
paint as with the slit scribed in
film of Silver 4929. Since 4817 is
not designed for baking and pro-
vides a low minimum attenuation
through the switch, it is clearly the
more desirable material.

Performance

The switches were tested in the
waveguide circuit shown in Fig. 5,
and the design produced the output
waveforms shown in Fig. 6.

The waveforms are for different
values of bias current. It may be
seen that the bias is quite criti-
cal, particularly when very high
through attenuation is required in
the off switching condition. By
critical adjustment this attenuation
can be as high as 40 db, but in gen-
eral operation a much lower figure
must be accepted. The waveform
even when adjusted carefully,
changes to some extent with time.
Figure 7 shows the through at-
tenuation of the switch as a fune-
tion of coil current. The switching
requirement may be better under-
stood from examination of this
curve, since it is necessary to apply
the switching current pulses to
work between a maximum and ad-
jacent minimum of attenuation. The
hysteresis effect is clearly shown
and the separation of the increas-
ing and decreasing current curves
is seen to be a function of the size
of the closed cycle. To find the
maximum of attenuation is a criti-

SQUARE-
WAVE
DRIVER
VAR FERRITE
KLYSTRON ™ arven MOD
CRYSTAL
INDICATOR oot

FIG. 5—Test circuit for ferrite switches
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pulses
taken at crystal detector. Bottom trace
includes 0.l-usec brightening pulses

FIG. 6—Switch transmission

cal requirement for switching, but
for modulation there is a good steep
slope which proves stable. For con-
sistent switching, saturation of the
ferrite core at 90-deg rotation
might provide improvement if the
shut condition were made to corre-
spond with 90-deg rotation. How-
ever, change of saturation rotation
with temperature could lead to
poor stability.

Conclusions

The best waveforms show rise
times of 0.7 usec, fall times of 0.8
usec and apen and shut attenuations
of 0.5 db and 40 db respectively. An
average performance of 0.7-usec
rise time, 0.8-usec fall time with
open and shut attenuations of less
than 1.0 ¢b and 30 db, respectively,
can be achieved and the adjust-
ments are not too critical.

The input vswr of the open
switch is of the order of 1.2 but
when the switch is closed there is
a vswr at the input of more than
10. This is a simple refiection of
power which may be prevented
from reaching the pcwer source by
duplexing techniques if such isola-
tion is found necessary.

Faster switching speeds and
higher frequencies may be achieved

SWITCH ATTENUATION IN DB

L i _____1 B
-400 -200 o +200 +400
COIL CURRENT IN MILLIASPERES

SWITCH ATTENUATION IN DB

-40

-100 0 +100
COIL CURRENT IN MILLIAMPERES
(B}

FIG. 7—Effects of ferrite hysteresis for
800-ma (A) and 300-ma (B) closed-cycle
switch attenuation

with sacrifice of percentage modu-
lation or with additions to the
power in the driving circuits al-
though the latter procedure intro-
duces cooling problems. Slight addi-
tional improvement in speed may
also be expected from further im-
provements to the coil design and
the dielectric separating it from
the conductive film.

The authors thank the Defence
Research Board of Canada for per-
mission to publish this paper and
B. A. Walker for his interest in the
work. The assistance of I'. Vail in
making the measurements is grate-
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modification of ferrite components
designed and provided by C. H.
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H-plane horn has 100-kw peak output. Choke arrangement and movable side walls are visible in photo at right

UMMARY — Primary radar feed, used in conjunction with single reflector,

ives choice of fan beam for searching or pencil beam for closer examina-
o]

tion of target with throw of switch. Antenna consists of flared H-plane horn

with movable side walls

Fan-Pencil Antenna

By VERNON E. TRINTER

NTENNAS providing a choice of
A,a fan beam or a pencil beam
of radiation are desirable in many
applications. Such antennas permit
radar searching with the vertical-
fan beam and closer inspection of
target objects with the pencil beam.

A primary radar feed has been
developed, which in conjunction
with a single reflector provides
these beam capabilities by simply
throwing a switech. The antenna
consists of an H-plane flared horn
with side walls, which are moved
between two fixed positions in se-
lecting the beam.

Design Choices

When an antenna is required to
provide a choice of fan beam or
pencil beam radiations, one of three
designs may be emploved: the two
feeds may be mounted on separate
support arms, one of which is
swung out of the way when not in
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FIG. 1—Phase {A) and power distribu-
tion (B) of H-plane horn

use; the pencil beam may be dis-
torted by displacement of a part
of the reflector surface to obtain the
fan beam; the two feeds may be
mounted adjacently and in the sume
focal plane, with a resulting angu-
lar displacement between beams.
A combined feed, mounted in a
fixed position in front of the re-

flector, eliminates these awkward
operations. In this combined feed,
the effective centers of both the fan-
beam and the pencil-beam apertures
coincide.

Selection of either of the two
beam types is accomplished electri-
cally by a solenoid or by a drive
motor. This construction provides
greater mechanical stability to the
feed and reduces the number of
mechanical components required for
beam selection.

The reflector employed is a para-
boloid of revolution, 60 inches in
diameter, with a 19.5-inch focal
length. It was desired to obtain a
pencil beam 1.5 deg X 1.5 deg and a
fan beam approximately 12 deg X
1.5 deg in the vertical plane. These
fan-beam dimensions are obtained
with a primary-feed aperture of
approximately 1 X 7 inches. Polar-
ization of the fan beam is horizontal
and a choice of horizontal or eircu-
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H-plane flared horn has movable walls which give a 7-inch aperture when moved
outward and a l-inch square aperture when inward as shown

for Search Radar

lar polarization of the pencil beam
is achieved mechanically.

First attempts to design a feed
antenna providing these patterns
failed because of phase and ampli-
tude discontinuities in the aperture
distributions. These discontinuities
were eliminated in the final design
of the combination feed by using
the H-plane flared horn having mov-
able side walls, illustrated in one of
the photographs.

Side-Wall Positioning

The side walls are hinged at the
throat of the horn. They may be
moved either to the outside, to pro-
duce a 7-inch aperture for the fan-
beam primary feed, or toward the
center to provide a 1-inch square
aperture for the pencil-beam pri-
mary feed.

Phase and amplitude distribution
across the aperture of this feed are
shown in Fig. 1. The pencil-beam
and fan-beam secondary patterns
are shown in Fig. 2. The latter
show that the 1.5-deg X 1.5-deg
beamwidth requirements for the

ELECTRONICS — May, 1955

pencil beam and the 12-deg X 1.5-
deg beamwidth requirements for
the fan beam are very closely ap-
proximated and that the side-lobe
levels are low.

Since the power-handling capac-
ity of the first horn was only about
80-kw peak power and because a

shorter construction was desired, a
second horn was designed as shown
in the photographs. This horn is
11} inches in length, 5 inches less
than the first horn. An improved
choke design for the movable sides
was incorporated, extending back
to the centerline of the hinge.

Breakdown tests show that this
horn can handle 100-kw peak power
at a duty cycle of 0.0015. Although
secondary patterns using this com-
bined feed have not yet been meas-
ured, the similarity of the phase
and amplitude distributions to those
of the previous horn indicates sim-
ilar secondary patterns.

Choice of either linear or circular
polarization of the pencil beam is
obtained with an adjustable probe,
which can be inserted diagonally
across the approximately square
section of the horn in the pencil-
beam position. The proper inser-
tion of the probe, combined with the
correct separation of movable walls,
changes the linear to circular polar-
ization.

While the movable side walls are
held in position by clamps across
the two broad faces of the horn,
they could be positioned to advan-
tage with solenoids or flexible cable
drives, which would move them
against fixed stops. Equipment to
be mounted in front of the reflector
would thereby be kept to a mini-
mum. Pressurization of the feed
could be accomplished by a flat
window cemented in the aperture or
by a rounded radome attached to
the sides of the feed horn.
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FIG. 2—Pencil beam (A) and fan beam (B) secondary patterns for H-plane flared
horn with movable sides and 5-ft paraboloidal reflector with 19.5-in focal distance
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Tone transmitter, tone receiver or alternate two-tone receiver can

be mounted on chassis for mobile service

Typical control consoles for selective calling. Pushbutton selec-

tion of call numbers and transmitter control

Single-Tone Calling

EED often arises for calling a
N single vehicle or group of
vehicles to the exclusion of all
others in a common vhf radio
communication system. It becomes
increasingly important from the
viewpoint of efficient use of per-
sonnel and equipment as the system
expands and as greater use is made
of this medium.

Desirable features to be included
are provision for base station selec-
tion and dispatching; mobile selec-
tion and indication; and mobile
dispatching,

Function of Tone

Single-tone systems are gener-
ally employed where initial cost
is an important consideration and
up to ten different calls are re-
quired. A momentary burst of tone
is used to activate the tone receiver,
which may perform a variety of
operations. The tone device may
unmute the speaker, turn on a call
lamp, or operate a beacon or horn
on the vehicle.

Multiple tones are employed on
systems requiring a large number
of different calls. A two-tone
system, for example, employs two
tone bursts in rapid succession to
activate the tone receivers. Com-
binations possible are equal to the
number of tones raised to the
second power. Single-tone systems
are generally employed in mobile
units since a relatively few base
stations or repeaters are involved
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FIG. 1—Type of circuit used to tap tone
signal from vhi f-m receiver and apply
it to tone device

in most practical applications.

The operational requirements for
a selective-calling system are ex-
ceedingly simple, consisting of an
on indication when called and no
indication or off at all other times.
This extreme simplicity accounts
for most of the design difficulties
arising from effects of noise, voice
and other tone signals. There are
two general requirements to be met
before a signal operates the tone
receivers—tone frequency and tone
amplitude. These two factors com-
bine to yield a figure of merit for
comparing the quality of signaling
equipment.

Input Characteristic

Range of permissible amplitude
excursion for operation of the tone
receiver must equal or exceed the
range of tone amplitude supplied
by the vhf receiver under all con-
ditions of operation including the
full range of variation of supply
voltage and signal strength. Design

FIG. 2—Variation in tone level with
changes in battery voltage at various
audio frequencies

of the tone receiver must start with
the vhf receiver characteristic at
the point from which the tone is
taken.

The audio volume control and
squelch control are usually made
available to the mobile operator.
Reliable calling service must be
provided regardless of the setting
of these controls, making it neces-
sary in most receivers to take the
tone directly from the discrimin-
ator. Disadvantages of using this
point include background noise
feeding into the tone receiver dur-
ing absence of carrier—since
this point precedes the squelch—
and a drooping frequency response
characteristic for constant devia-
tion.

The objective in any tone system
is to have a maximum signal-to-
noise ratio. It is essential from the
operational viewpoint to establish
a system alignment procedure that
permits independent adjustments
of the transmitting and each re-
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UMMARY - Increased usage of mobile radio communications has stepped

up requirement for selective-calling devices. A new approach in equipment

provides plug-in bridged-T selective networks in transmitters and receivers

for single or multitone calling applicable to fixed-station or mobile use

By ELMER W. HASSEL

General Electric Co.
Electronics Park
Syracuse, N. Y.

Simplifies Mobile Radio
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FIG. 3—Typical discriminator output for
constant-deviation signal with changes
in r-f signal

ceiving equipment. By modulating
the transmitter to a fixed degree of
deviation for each tone, the vhf
receiver requirement is to provide
a flat frequency-response charac-
teristic for constant deviation. This
yields a one-to-one signal-to-noise
ratio for other than the desired
tone.

Best Deviation

By selecting a suitable degree of
deviation for the transmitter with
tone, a workable signal-to-noise
ratio can result for voice and noise
signals. Although the tone level
should be made as high as possible
it must be below a level that would
cause distortion and noise result-
ing from the high-selectivity char-
acteristic of the modern vhf re-
ceiver. This figure is below 15 ke
on wide-band equipment and below
6 kc on narrow-band equipment,
particularly on fringe-area opera-
tion.

Figure 1 shows a method of

ELECTRONICS — May, 1955

coupling the tone signal from the
discriminator. Included are an i-f
filter, equalizer and tone output
level stabilizers. The stabilizers are
varistors whose characteristics are
selected to help provide a constant
output level with variations in the
d-¢ supply voltage. The effective-
ness of such a network is shown in
Fig. 2. A maximum change in audio
frequency, such as will occur in
multitone systems, or in supply
voltage results in a +1.25-db or a
—0.75-db variation for the worst
extremes.

Although an f-m system provides

an essentially constant output for
changes in input signal-strength
some variations will occur, par-
ticularly when the input level drops
below limiting. Most users of selec-
tive calling equipment expect it to
function at the extreme fringe of
voice communication. It will be
seen that this is possible depend-
ing upon how the system is set with
respect to levels and the condition
of batterv and generating equip-
ment.

Figure 3 shows the variation in
vhf-receiver output with r-f input
for 10-ke deviation. Combining

Mobile communications chassis comprises transmitter, receiver. power supply and

tone equipment for selective calling
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Fig. 2 and 3 gives the tone level
available to the tone receiver. For
example at the —20-percent ex-
treme in supplyv voltage and at a
20-db quieting level, a 2.35-db drop
in tone level can be expected.
Applying this information to the
tone receiver operating character-
istic enables the limits of the selec-
tive-calling equipment to be com-
puted.

Single-Tone Receiver

A burst of tone that meets the
requirements of the circuit results
in the operation of relay K, in Fig.
4, The circuit functions around the
operation of the selective amplifier,
a feedback-type employing a
bridged-T selective network® as
shown in Fig. 5. Signals fed to the
input are amplified by V,, and V.,
giving a gain of 60 db. The output
of V,, is fed back through the selec-
tive network to ecathode follower
V.s, which is cathode coupled to
Vi

Signals fed through the null-type
selective network back to V. have
the effect of canceling the input
signal, resulting in low output at
V.s. Signals of the null frequency
are reduced by 100 db, providing
little negative feedback and giving
full amplifier gain to this fre-
quency. A circuit Q of 150 is ob-
tained with this arrangement.

The selectivity and sensitivity
available with the circuit described
above can be used as the basis for

a selective-calling tone receiver. An
added degree of selectivity can
be included by the addition of a
selective differential amplifier. The
signal voltage at the cathode of V,
will be a minimum at the null fre-
quency and rise for all other fre-
quencies above and below the null.
Tubes V., and V,; insert a gain of
54 db to this cathode voltage. The
output of V., represents the equi-
valent effect of a notch filter with
the desired tone frequency re-
moved. If special care is taken re-
garding noise, Q’s exceeding 1,000
tan easily be obtained at this point.

Figure 6 displays the results of
rectifying the outputs of both the
selective and differential amplifiers.
Connecting the rectified output of
each amplifier in subtractive series
yields the composite characteristic.
This connection increases the Q of
the circuit to 250. The relay tube
gorid voltage (Fig. 4) is given by
the composite characteristic.

One further factor has been de-
signed into the single-tone receiver,
The selective amplifier will limit
on signal amplitude before the dif-
ferential amplifier. A very strong
signal on the desired frequency will
not operate the relay owing to the
subtractive series connection. It
requires a tone signal of the correct
frequency, of a minimum time
duration and of the correct ampli-
tude to operate this tone receiver.

Figure 7 displays the resultant
characteristic. In general terms the

operating range can be expressed
as within a closed area ==3}-percent
of the center frequency and with
=7 db of the nominal input level. A
minimum of 200 milliseconds of
tone is required. Plug-in type selec-
tive networks permit flexible opera-
tion over the audio passband down
to 3-percent spacing. The operating
range in temperature is from —20
to +100 C.

The closed response curve is ob-
tained through the limiting action
of the selective amplifier. Fluctua-
tion in supply voltage will affect
the limiting point. Figure 8A in-
dicates the changes over the full
range of voltage with which this
equipment will operate, +=25-per-
cent of nominal.

Since the selective differential
amplifier functions to prevent re-
lay operation on all signals but the
correct tone, operation of the tone
receiver through noise must be
considered. Noise will have the
effect of canceling part of the tone
signal. The extent of this reaction
is small. Change in operation for
a one-to-one signal-to-noise ratio at
the nominal plate voltage of 200
volts is shown in Fig. 8B.

Continuing the example started
above, Fig, 8A shows that a per-
missible drop of 5.5 db can be toler-
ated at the —20-percent voltage
level. Compared to the loss in audio
from the receiver of 2.35 db, satis-
factory operation would prevail. At
20-db quieting the noise level is
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SELECTIVE AMPLIFIER DIFFERENTIAL RECTIFIERS RELAY
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FIG. 4—Receiver for single-tone signaling uses bridged-T selective circuit operating within 0.5 percent of audio tone. reducing voice trig-
gering to bare minimum. Plug-in selective network units are chosen for the desired audio frequency
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low thus eliminating the effective
loss of signal from the differential
amplifier. At -—20-percent supply
voltage with a signal-to-noise ratio
of one-to-one, the tone receiver will
tolerute a tone input loss of 4 db.

If operation under extreme con-
ditions of low signal strength, low
battery voltage and high noise
levels is necessary, greatly im-
proved characteristics can be real-
ized by setting the tone level to the
tone receiver under nominal condi-
tions to a level higher than the
midrange value used throughout
this description,

The input level is set by oper-
ating the set level pushbutton (S,
in Fig. 4) and adjusting the tone
input potentiometer R, until the
threshold of operation is reached.
Releasing the pushbutton auto-
matically sets the operating level to
the correct value.

A review of the tone-transmitter
amplifier circuit in Fig. 9 shows a
similarity to that in the tone re-
ceiver, Voltage dividers consisting
of R,, R. and R, form the voltage-
feedback loop making the basic
selective amplifier a stable low-dis-
tortion oscillator. Varistor CR, act-
ing on the transfer characteristic
of V., forms the agc circuit. Fre-
quency stabilities of 0.2-percent,
amplitude stabilities of 0.3 db and
distortion levels of 0.15-percent can
be achieved over the range of 150
to 250 volts d-c supply.

The oscillator output is fed to
cathode follower V.. providing a
600-ohm output continuously vari-
able up to +5 dbm. For levels up to
0 dbm less than 5-percent total dis-
tortion can be obtained. The output
level is held within 1.6 db over the
full voltage range of 150 to 250
volts.

Three forms of tone output can
be furnished: continuous, keyed or
pulsed. Continuous tone results in
sine-wave output of an indefinite
duration. The output may be keyed
under the control of a switch or
relay contacts by grounding the
key-tone lead for no tone and open-
ing the circuit around R, for tone.

Pulsed tone provides a tone sig-
nal of approximately one-second
duration. If B4 is applied to the
lead to C,, CR, will momentarily
give an open circuit resulting in
normal oscillator operation. When
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FIG. 9—Tone transmitter uses same plug-in frequency-selective network as receiver.
Continuous, keeed or pulsed tone output is available

C, becomes charged, CR, again con-
ducts, shorting out the feedback
path and thus forming the tone
pulse.

The pulsed-tone leads can be
automatically controlled by switch-
ing contacts in the control head.
Tone on each transmission or on the
first transmission only may be used
by including or eliminating R,, re-
spectively. Rectifier CR, and its
related components for pulsed tone
are not used for continuous or
keyed applications.

Fach type of selective calling
equipment requires its own send-

ing apparatus to perform the fol-
lowing desired functions:

(1) Select the tone frequency (or
frequencies, in multiple-tone sys-
tems) under the control of the dis-
patcher.

(2) Turn on the vhf transmitter
and put carrier on the air.

(3) Code and time the calling
signal. The length of each tone and
the time interval between tones in
a multitone system is related to the
tone-receiving apparatus and must
be designed to unlock it.

(4) Provide for a means of key-
ing the transmitter with or without

147



SELEC- g i
TnvEEc Bl s, — $,LVEEC KEY TRANSMITTER
NETWORK NETWORK
PUSHBUTTONS
| 2 3 a 5 6 .7 8l 9o
Yy VV VvV VVYVY Y POWER
s —
+ T3 T
ATt M )
't — ¢ KEY CR, ¥ CR,
i TRANSMITTER TONE =
T 3] o :
s ; =20 te
<38
it CLOSE s,; ' ¢, 3970
T—ﬁ 43 GPTION A
20 R
Rg ADJ Rz ADY 3327s»<
TONE TONE Cy .
100K IOOK:: ) \
CLOSE CLOSE /
Re R, OPTION ., OPTION 20
0.0015 g0 3 8.2MEG A Q’}, 8 Rez =
e, 100K CONTROLLED
TONE | OSCILLATOR TONE |[TIMING CIRCUIT AMPLIFIER CATHODE | FOLLOWER
R, Ry Ry
560K 39K a3K
K = X1,000
RZO
v, WAA
= 100K L% o
= Le, B
N~ __S1|CR |
12AT7 SMEG “ li2aT7
33
|VARISTOR 1 00k
RZI ?’R
10K 32 TONE
- 4.3K | MASTER OUTPUT
9 OUTPUT
2"”% one TSZ | LEVEL
TINUOUS TONE

FIG. 10-—Dispatching console supplies up to ten different tones for mobile calling. Electronic timing eleminates relays. Tone options
A and B are described in text. Gang pushbutton detail is shown for numbers 1 and 0

tone codes, on each transmission or
on the first transmission only.
(5) Provide for operation with
local or remote control of the vhf
transmitter carrier emission.

Tone Dispatcher

Two bar keys and ten pushbut-
tons form the controls giving two
possible types of operation. Spring-
loaded pushbuttons can be used to
key the transmitter (option A in
Fig. 10) pulse the tone automati-
cally and hold the transmitter on
the air. Both bars key the trans-
mitter without tone. Rapid dis-
patching techniques with generally
different mobile units or fleets are
possible. Indicator I, (Fig. 10)
shows when tone is transmitted.

Alternatively, equipment can be
provided with interlatching push-
buttons (option B) that lock
down when depressed. The lower
bar keys the transmitter only, the
upper bar keys the transmitter
with tone, automatically sending
the tone pulse. A more convenient
but less rapid dispatching arrange-
ment is provided for use on systems
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that contact a given mobile or fleet
successively before changing calls.

Resistors R, through R, permit
individual adjustment of the level
for each tone. This is particularly
advantageous on remote-control ap-
plications when the wire line con-
necting to the transmitter does not
have a flat frequency response
characteristic. Resistor R, is a
master output level control for
changing the level of all tones
simultaneously.

Tone Interval

The tone-burst interval is easily
adjustable from one-half to two
seconds by the setting of poten-
tiometer R.. Adjustment of the
tone interval is essential to obtain
optimum performance for any
system to compensate for delays in
the control equipment and repeat-
ers, if used. Switch S, permits con-
tinuous tone to be sent when mak-
ing system level adjustments and
for special applications such as
sounding sirens by tone.

The circuit operation is similar
to the tone transmitter previously

described, with pushbuttons (S,)
connecting the selective networks
to the oscillator circuit. The oscil-
lator output connects through C, to
amplifier V,, which normally is
biased beyond cutoff giving no out-
put. The timing takes place as
follows: the grid-cathode of V.
acts as a diode, rectifying a portion
of the heater voltage causing a
plate current limited by R.; C, de-
velops a d-c voltage of 8 volts.

When S, or S, grounds one side
of C;, Vu is cut off resulting in a
sharp rise in plate voltage con-
trolled by the time constant of
CiR.R,.. During the period V. is
cut off, V,; becomes a class A ampli-
fier and passes the tone pulse on to
the cathode follower. The change
in bias of V,; ignites I, causing it
to glow when tone is transmitted.
The output circuit can supply up
to 10 dbm; the source impedance
is 600 ohms.

REFERENCE

(1) L. Stanton, Theory and Application
of Parallel-T Resistance-Capacitance Fre-
quency-Selective Networks, Proc IRE, p
447, July 1946.
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Color frequency standard undergoing tests in development laboratory.
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Close-up photo shows direct-reading frequency meter with
monitoring-oscilloscope screen alongside. Unit is buill en standard rack mounting chassis
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Meter Shows
Color-Burst Deviation

UMMARY —  Frequency deviation from 3.58-mc color subcarrier is indi-

cated by direct-reading meter in cycles per second. Simple, yet accurate de-

vice, is necessary for tv transmitters in addition to usual visual and aural-

carrier frequency monitors

ELEVISION STATIONS that con-
template switching  from
monochrome to color transmission
are faced with the initial determi-
nation and subsequent monitoring
of the color-subcarrier frequency of
3.579545 mc in addition to the
visual and aural-carrier frequen-
cies. The tolerance as set forth by
the NTSC is =0.003 percent.
Simply using a crystal-controlled
oscillator to generate the color sub-
carrier does not assure that the
frequency is within the tolerance
specified. It is essential that a
monitor or frequency standard be
added to check the subcarrier fre-
quency. A relatively simple, yet
accurate standard will be described.
The subcarrier frequency stand-
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By M. JOFFE

Allen B. Du Mont Laboratories, Inc.
Circuit Research Laboratories
Passaic, New Jersey

Crystal oven consists of Synthane outer
cover, Fibreglas insulation layer, heater
and heat-distribution shield

ard shown in the block diagram,
Fig. 1, consists of a highly stable
temperature-controlled 100-kc crys-
tal oscillator and a buffer amplifier
followed by a 10-ke multivibrator,
which drives a 1-ke¢ multivibrator.
A tuned amplifier preceding the
mixer reinforces the 3.58-mc
harmonic from the 10-kc¢ multi-
vibrator.

After mixing, the beat differ-
ence, 455 cps, is filtered, amplified
and impressed across a direct-
reading frequency-deviation meter.
A switch in conjunction with the
oscilloscope and its amplifiers
selects the followinig functions:
1-ke multivibrator frequency
check: 10-k¢ multivibrator fre-
quency check; subcarrier versus
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standard-frequency beat check with
an external interpolation oscillator;
interpolation-oscillator calibration
check.

Circuits

In the circuit of Fig. 2 a 6AK6
tube operates as the oscillator,
with the crystal connected between
the grid and screen. Since there
are no tuned elements in the plate
or cathode circuits, the frequency
is that generated by the oscillating
crystal. 'Two variable air capacitors
in shunt with the crystal set the
frequency and compensate for
aging of the quartz plate. One of
the capacitors has a range of 2 upf
and is capable of correcting a
drift of approximately =+15 cycles
at 3.58 me.

The oscillator is followed by a
12AT7 buffer-amplifier stage. One
tube section feeds a synchronizing
voltage to the 10-kec multivibrator.
The WWWV receiver is also con-
nected to the same point. The other
section of the buffer amplifier fur-
nishes a reference frequency for
checking the 10-k¢ multivibrator.

A second multivibrator operating
at 1 kc receives its synchronizing
signal from the 10-ke stage. To
eliminate crosstalk difficulties
switch S, in series with the plate-
supply voltage of the 1-ke multi-
vibrator, cuts off the stage while

FROM ANTENNA OF
WWV RECEIVER T ©
v [ €
10-KC 1-%C
100-KC f—d MULTI- - MULTI- OSCILLOSCOPE
auFFER VIBRATOR r’ VIBRATOR o
[ =4
e
100-KG MIXER AND FREQUENCY- EXTERNAL
FREQUENGCY b i3 PLIFIER OEVIATION L inrenporarion
CRYSTAL LOW-PASS |—6-m AM
OSCILLATOR SEECTOR FILTER METER OSCILLATOR
3.579545MC FROM SUBGARRIER ——1
GENERATOR
FIG. 1—Tuned-amplifier stage preceding mixer stage reinforces 3.58-mc harmonic

from 10-kc multivibrator for comparison with color-burst frequency

the beat difference is being meas-
ured or the frequency of the 10-ke
multivibrator is being checked.

The harmonic amplifier that re-
ceives the voltage from the 10-ke
multivibrator has an L.-C circuit in
the plate circuit tuned to 3.58 mec.
This increases the level of the 3.58-
me  harmonic above all others
existing in the multivibrator to re-
duce the possibility of selecting the
wrong beat when checking the sub-
carrier frequency.

The 6BE6 mixer combines the
3.58-mc harmonic and the 3.579545-
mc signal from the subcarrier-fre-
quency generator. The resultant

audio beat appears in the plate cir-
cuit. A low-pass filter rejects all
frequencies above 2 ke thus re-
ducing multiple response due to the
mixing action.

lower right and oscilloscope monitor at upper left
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The voltage amplifier following
the mixer feeds the power ampli-
fier, increasing the 455-cycle output
of the mixer to a level of approxi-
mately 2 watts, which is sufficient
to operate the frequency meter. The
impedance-coupling choke is tuned
to approximately 455 cycles and
aids in the rejection of harmonics
that cause erratic meter operation.

Deviation Meter

The meter on the panel directly
indicates subcarrier-generator fre-
quency deviation in cycles per
second. It is a dynamometer-type
audio-frequency meter and indi-
cates frequency in accordance with
the audio used to energize the in-
strument.

The meter’s center frequency is
calibrated at 455 cycles and indi-
cates zero deviation, since when a
3.579545-mc¢ signal beats with a
3.580000-mc signal the difference
frequency is 455 cycles. A deviation
of 5 cycles from 3.579545 mc is
shown as a 5-cycle deviation on the
frequency-deviation meter.

For example:
3,580,000
3,579,540

460

—455

5 cycles

3,580,000

3,579,645
455

—455

0 cycle
3,580,000
3,579,549
451
—455
4 cycles high

low
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FIG. 2—Crystal oscillator V; is followed by multivibrator V: throuch buffer V. Harmonic from Vs is amplified by Vi, and mixed with
subcarrier signal in V.. Beat output is amplified and applied to frequency meter which indicates frequency difference directly as fre-
quency deviation. The L-C network in the plate circuit of V: rejects narmonics preventing erratic meter operation

The 3GP1A tube is the indicator.
‘With its amplifiers and a multiple-
deck wafer switeh, it allows the
operator to use the built-in oscil-
loscope for checking the functions
outlined.

An OAZ2 regulator tube holds the
plate voltage applied to the oscil-
lator and multivibrators at a con-
stant value.

Crystal

The crystal is a parallel-resonant
G-cut 100-ke bar. It is contained, as
shown in the photograph, in a
crystal oven consisting of a Syn-
thane outer cover, a layer of I'ibre-
glas insulation, a heater and a heat-
distribution shield. The crystal

ELECTRONICS — May, 1955

plugs into a socket fixed to the
inner shield.

The heater element is wound
directly on the heater tube, then
cemented in place. A mercury-type
thermostat sits in a well soldered
to the inner surface of the heater
tube and holds the temperature to
60 C =0.05 deg. The air spaces be-
tween the heater and crystal shield
and between the shield and crystal
reduce this variation still further,
so that any temperature change at
the crystal is negligible.

The contacts of the mercury-
column thermostat cannot carry
the current required by the heater
in the ecrystal oven. A sensitive
relay operates from the thermostat

contacts and in turn applies or dis-
connects the crystal-heater voltage
as required to maintain a constant
crystal temperature,

A selenium rectifier furnishes d-c
to operate the sensitive relay; the
transformer that supplies the volt-
age for the relay is also used to
energize the heater of the oscillator
tube and must be left on 24 hours
a day.

A receiver capable of being tuned
to any of the WWYV standard-fre-
quency transmissions must be pro-
vided.

Use of an interpolation oscil-
lator is not mandatory, but it may
be added if more accurate checks
are desired.
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Six-stage band-pass filter using air dielectric has a center frequency of 3,350 mc. Note

use of dove-tail gap at each end

Solid dielectric band-pass filter designed for

operation at 715 mc

Band-Pass Filters Using

UMMARY ——— Design and construction data on filters for insertion in

coaxial lines to obtain band-pass filter performance with large savings in space

and weight. Use of etched wiring and sandwich construction simplifies

fabrication

USING design techniques devel-
oped for direct-coupled cav-
ity-type waveguide and coaxial fil-
ters, experimental strip-line filters
having 10-percent bandwidths in
the uhf spectrum have been devel-
oped. These units have less than
1-db mid-band insertion loss and
provide a rejection of greater than
40 db at frequencies 12 percent
from center frequency.

The design techniques discussed
in this paper are general and are
not restricted to the realization of
these filter characteristics. Some
limitations pertaining to the realiz-
ability of the cavity parameters in
different dielectric media and the
existence of spurious responses are
discussed.

Design Formula

The design procedure for direct-
coupled cavity-type strip-line filters
can be evolved from synthesis pro-
cedures applied in the design of
lumped-parameter circuits.

Bandpass filters can be designed
from low-pass prototypes through a
low-pass to band-pass transforma-
tion. The type and complexity of
the low-pass prototype is dependent
upon the desired frequency-re-
sponse characteristics (skirt selee-
tivity and ripple tolerances in
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the pass-band). For example, the
maximally flat response fuction is
widely used in filter and i-f ampli-
fier designs because of its mathe-
matical simplicity and monotonic
characteristic in the pass-band.
Other response functions, such as

SR

I X1 Xm Xmer Xnes

F-- k== 9}
-J'm,mﬂl- %
|
C)

(

r@—%

FIG. 1—Conventional band-pass circuit
(A) is not as easy to duplicate in strip
line as iz the capacitive-coupled type
(B). Direct-coupled cavity-type filter (C)
can be expressed in terms of the
lumped parameters of the capacitive-
coupled type

the Tchebycheff function, also have
special applications.

A typical band-pass filter result-
ing from low-pass to band-pass
transformation is shown in Fig. 1A.
This configuration is not as easily
realized in strip lines as is the cir-
cuit shown in Fig. 1B. The trans-
fer function of the former network
has an equal zero distribution at
zero and infinite frequencies in the
complex-frequency plane, whereas
the filter shown in Fig. 1B has an
unequal distribution with 2n—1
zeros at zero frequency and one at
infinite frequency (n is defined as
the number of resonant elements).

For this reason, there exists no
one-to-one relationship between the
response characteristics of these
two circuits. However, if the driv-
ing-point impedances of the two
networks are equated and if the
circuit components of one network
are expressed in terms of the other,
the pole distributions of each net-
work will be identical. Although the
zero distributions of the filters
differ, the response characteristics
are essentially identical in the
neighborhood of the pass-band for
small filter bandwidths. For large
bandwidths, the response of the
filter having an unequal zero dis-
tribution will be asymmetrical.
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Strip-Line Techniques

By E. H. BRADLEY AND D. R. J. WHITE

Projeot Engineer

Using transmission-line theory,
the normalized coupling reactances,
X.., and cavity lengths, /,,. ., , ;, of a
direct-coupled cavity-type filter hav-
ing a configuration shown in Fig. 1
C, can be expressed in terms of the
lumped parameters of the capaci-
tive-coupled filter. The general de-
sign equations for an mn-stage
maximally-flat band-pass filter are
tabulated below,

The normalized reactance of the
end discontinuities is

A1=A,.+1_\/4 Tosin S (1)

and the normalized reactances of
all other discontinuities are

~2V2 fo ™ 2(m—1r
Ko 2 =
T _\f‘/ OSp 008 n @

where f, = center frequency of filter

Af = filter bandwidth
m = serial number of discontinuity
The separation of the reactance ele-
ments is

1

2 2
- tan™ <— + tan™! 3
2 < X )le):I B
A

electrical wavelength in air

where =
= a positive integer
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Melpar, Inc.
Alexandria, Va.

Table [—Normalized Reactance

Data for Six-Stage Bandpass
Filter
Discon- Normalized Dimenswons
tinuity Reactance Gap (dor @)
m P ’m in inches
1 —1.82 Dove-tail 0.070
2 -5.45 Sunple 0.039
3 —10.52 Simple 0.097
4 —12.3 Simple 0.116
5 —10.52 Simple 0.097
6 5.15 Simple 0.039
7 —1.82 Dove-tail 0.070

= dielectric constant of trans-
mission medium

Physical Construction

The most difficult problem in the
development of strip-line filters is
their physical realization in the
proposed type of transmission line.
Prior to fabrication, it is necessary
to choose a suitable dielectric med-
ium, develop a broadband coaxial-
to-strip-line transition and compile
a reference library of normalized
reactances versus capacitance-gap
spacings for strip line.

For filters requiring high loaded
Q-factors and a small insertion loss
in the microwave spectrum, the use
of an air-dielectric line is recom-
mended. Where physical size is an
important consideration at lower
frequencies and loaded Q-factors

Senior Engineer

are not large, a high dielectric low-
loss material is desired.

A study is being made to estab-
lish the availability of dielectric
materials having a high dielectric
constant, low loss-tangent, a satis-
factory degree of homogeneity,
properties suitable for copper-clad-
ing and good environmental char-
acteristics. Although not complete,
this evaluation program indicates
the existence of very few high-di-
electric materials available in a
suitable copper-clad laminate form.

Since space reduction is of par-
ticular importance in many applica-
tions, longer filters resulting from
the use of materials having lower
dielectric constants can be physic-
ally accommodated in a relatively
small space by forming the trans-
mission line into a spiral con-
figuration. By using a low-loss di-
electric such as cementable teflon,
a further reduction in size can be
obtained over a similar air-dielec-

tric filter.
Having chosen a dielectric
medium, a suitable strip-line-to-

coax transition is required. To pre-
serve a given filter vresponse,
the transition should have a low
vswr over the entire operational
frequency spectrum. In Fig. 2A, a
transition, employing a UG-290/U
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BNC connector mounted axially to
a strip line having a ground-plane
conductor spacing of 3 inch, had a
vswr of less than 2-to-1 from 2 to
3 kmc. A normal type transition,
similar to those used with most
strip transmission lines shown in
Fig. 2B, had a narrow frequency
response. It should be noted that ob-
jects near the edge of this strip line
affect the performance of the transi-
tion. Asymmetrically located ele-
ments in the transverse plane of the
sandwich-type strip lines, such as
the extended center conductor of
the coaxial connector in the transi-
tion of Fig. 2B, cause a perturba-
tion of the electromagnetic field
resulting in a tendency to radiate.

The first satisfactory design of
a broad-band, coax-to-strip-line
transition in an air-dielectric
structure is shown in Fig. 2C.
Similarly, a second broadband
transition was designed for a strip
line using a teflon-impregnated
fibre-glass dielectric medium. Using
a cascaded pair of either of these
transitions, the maximum vswr over
a frequency range from 1 to 5 kme
was less than 1.30, as shown in Fig.
3. It should be noted that the
terminating load in these tests had
a vswr equal to or less than 1.15
over this spectrum.

The final preparatory step in the
realization of a capacitive-coupled
strip-line filter is the compilation
of normalized reactance data. A
series capacitance is easily realized
in a strip transmission line by mak-
ing a gap in the center conductor as
shown in Fig. 4A. However, except
for very close spacings, it is diffi-
cult to calculate the equivalent

capacitance of a gap because of the
configuration of the fringing field.
A reference library of normalized
capacitive reactance as a function
of gap spacings can be compiled
experimentally by making simple
tests on one-stage strip-line filters
having different gap spacings at
a specified frequency. For ex-
ample, having measured the loaded-
Q of a one-stage filter, the capaci-
tive reactance of the gap spacing
can be computed from Eq. 1.

In order to realize the required
higher capacitances at the lower
frequencies without making the
gap spacings unrealistically small
(«<0.010 in.), a dove-tailed gap de-
signed as shown in Fig. 4B was
employed.

Typical reference libraries of
standard and dove-tailed gaps com-
piled at 3,000 mc in an air-filled
line are shown in Fig. 5. As an in-
teresting by-product of these meas-
urements, the dielectric constant of
the medium, for other than very
small values of Q, can be computed
very accurately using Eq. 8.

Experimental Results

Using the formulas and refer-
ence library data discussed above, a
six-stage maximally-flat filter hav-
ing a 10-percent bandwidth cen-
tered at 3,350 mc and 40-db rejec-
tion at 12 percent from the center
frequency can be designed. Given
the filter bandwidth, Af, center fre-
quency, f,, and the number of reson-
ant elements, n, required for the
desired skirt selectivity, the nor-
malized reactances of the end dis-
continuities, X; and X,,, and of the
other discontinuities can be com-
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FIG. 3—Impedance match of coaxial-
to-strip transitions
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FIG. 4—Simple gap (A) and dove-tail
gap (B) used in compiling table I

puted from Eq. 1 and 2, respec-
tively, and tabulated as shown in
Table I. It should be noted that the
normalized reactance for a capaci-
tive discontinuity is negative.
Referring to the design data in
Fig. 5, all normalized reactances
greater than 3 should be realized
using simple gaps, whereas smaller
values are more conveniently real-
ized with a dove-tailed configura-
tion. The physical dimensions of
both the simple and dove-tailed
gaps can be read from Fig. 5 and
are included in Table I. Dove-tailed
gaps are used in the outermost
cavities to give the required re-
actance values. Considering the
equivalent dielectric constant, ¢, of

S
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FIG. 5—Normalized reactance plot for
simple and dove-tail gaps at a fre-
quency of 3.350 mc

the transmission medium, the
separation of the reactive elements
can be computed from Eq. 3 to be
l,. = 1.31 inches, l,; = 1.47 inches,
l,, = 1.51 inches, l,; = 1.51 inches,
lo = 1.47 inches and . = 1.31
inches.

For an air-dielectric structure of
the type shown in the photograph,
the equivalent ¢ will be slightly
¢greater than unity because of the
presence of the dielectric support-
ing sheet for the center conductor.
Using a % in. supporting sheet of
teflon impregnated fibre-glass, the
equivalent dieleetric constant of the
medium is approximately 1.2 at
3,350 mec. The theoretical and ex-
perimental response characteristics
of this six-stage filter are shown in
Fig. 6.

Filters designed at higher fre-
quencies or having higher loaded-Q
factors require smaller coupling
capacitors, thus eliminating the
need for dove-tailed gaps. At lower
frequencies the filters become un-
realistically long. To shorten these
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units, the strip line was photo-
etched in a snake-like configuration
with the reactance gaps located in
a linear portion of the line. A filter
designed at 715 mc using a
teflon-impregnated fiber-glass di-
electric is shown in the photograph.
The effect of reflections coming
from the impedance discontinuities
at the bends is negligible. Theore-
tical and experimental response
characteristics of this unit are
shown in Fig. 7.

In many applications, filters must
have a large insertion loss over a
wide frequency spectrum outside of
their fundamental passbands. To
examine spurious responses in
strip-line filters, response charac-
teristics of a typical unit centered
at 3,000 mc were measured from
2,500 to 10,000 me. The spurious re-
sponses, shown in Fig. 8A, were
centered at approximately integer
multiples of the fundamental, had
about the same Q-factor and be-
came less discrete as the frequency
increased.

Spurious responses of this type
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FIG. 6-—Response characteristic of six-
stage strip-line filter using air as the
dielectric
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FIG. 7—Characteristic  of  six-stage
strip-line filter in a solid dielectric
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FIG. 8 Suppression of spurious re-
sponse (A) in band-pass filter by cas-
caded band-pass low-pass filter (B)

can be removed with a low-pass
filter having a cutoff frequency
somewhat less than that of the first
spurious response. For example, a
low-pass strip-line filter was built
with a cutoff frequency of 4,000 mc;
when cascaded with the above band-
pass filter, the composite response
characteristics of both filters had
no spurious responses up to 10 kmec,
as seen in Fig. 8B. Above 10 kme,
it is possible that TE or TM modes
of propagation may exist; this
region has not yet been investi-
gated.

Limitations

In designing and building direct-
coupled strip-line filters using the
above techniques, certain limita-
tions exist. The accuracy of the de-
sign formulae is a function of the
filter requirements. For filters hav-
ing a loaded Q-factor of ten, it has
been empirically observed that the
resulting center frequency and
loaded Q lie within a =1 percent
and =4 percent scatter, respec-
tively. This deviation also includes
such errors as those introduced by
inaccuracies in the capacitive-re-
actance reference library and the
photo-etching facilities. It has been
estimated that photo-etching toler-
ances of =0.002 inch should be
adequate except where exacting re-
quirements dictate a center fre-
quency location of less than ==0.5
percent. It is virtually impossible to
determine the tolerance require-

FIG. 9—Effect of capacitive tuning
screws constructed as shown in (A) on
response characteristic (B)

ments since there exist many in-
separable variables, each of which
is dependent upon the design tech-
niques used and the filter require-
ments.

Where some tolerances cannot be
maintained, an alternate way of
realizing filters having exact center-
frequency requirements is to make
some provision for tuning. Figure
9A shows a longitudinal view of a
one-stage strip-line filter with capa-
citive-tuning screws located in both
ground-planes. The symmetrical
location of these screws is required
to minimize radiation that might
otherwise exist. In a one-stage
filter, a 10-percent shift in the
center frequency was realized with
tuning screws located approxi-
mately 0.010 in. from the center
conductor. However, since the
loaded Q of the filter was ap-
preciably changed in tuning, as
shown in Fig. 9B, the allowable
tuning range 1is, therefore, re-
stricted in certain applications. To
align a multi-stage filter, all stages
are completely detuned (capacitive
tuning screws touching the center
conductor of the strip line); the
quarter-wave shift in the standing-
wave pattern at the input circuit is
monitored as each stage is prog-
ressively tuned.

The authors wish to acknowledge
the helpful assistance of D. J. Al-
stadter and C. P. Andrikian in the
compilation of the data presented in
this paper.

155



Automatic Micrometer

UMMARY - Sensing jaw is linked to mirror that sweeps beam of light

across bank of 12 phototubes, each controlling one trapdoor in chute passing

over twelve bins, to give precision sorting of punched phenolic resin spacers

into thickness groups differing by { thousandth inch

PACINGS between contact levels
S on two-motion telephone selec-
tor banks have to be fixed during
the assembly of the banks with an
accuracy of 13 thousandths of an
inch, but the makers of the phenolic-
resin insulating sheet from which
the spacing insulators are stamped
can only supply sheet accurate in
thickness to 3 thousandths. More-
over, this variation does not only
apply sheet to sheet; it may occur
to a smaller degree from place to
place on one sheet.

Former practice was to measure
by hand micrometer the centers of
the spacing insulators as they were
stamped out of the sheet, then
segregate them into batches differ-
ing by half a thousandth of an
inch in mean thickness. These were
then used, together with metallic
spacers of known thickness, to
build up selector banks having the
required spacing between contact
levels.

When production was found to be

By E. T. FEARON

Automatic Telephone & Electric Co. Ltd.
Strowger Works, Liverpool, England

flagging because of the laboriously
slow manual measurement, an auto-
matic tester-batcher was designed.
This machine has a magazine which
is filled with 600 insulators every
quarter of an hour. Apart from
normal maintenance, such as accu-
racy-testing, this is the only atten-
tion it receives; all the machine
operator has to do is collect the
bins of correctly graded insulators
as they become full.

Power for the mechanical opera-
tion of the machine comes from a
%-hp electric motor, which operates
a feed arm to push the insulators
one at a time between the measur-
ing jaws of the micrometer. As each
fresh insulator is pushed forward
it displaces the last one measured.
The movable lower jaw of the
micrometer closes the gap and
then opens to accommodate the

center section of the insulator.
Measurement at the center only
has been found to be adequate be-
cause variations in any sheet are
negligible over the area covered by
one insulator.

The movement of the lower jaw is
transmitted by a second lever under
the top deck of the machine, ar-
ranged as in Fig. 1, to a small
mirror which reflects a narrow
beam of light from a slotted light-
source onto an arc array of twelve
phototubes. The more the jaw of
the micrometer moves to adjust it-
self to the insulator, the further
the reflected light-ray travels over
the arc. When the beam finally
comes to rest it can illuminate only
one phototube.

Photoelectric Circuit

A typical circuit element is shown
in Fig. 2. The two rotating cams
complete one revolution for each
test cycle. When the lower cam in
the diagram connects ground to the

MICROMETER JAWS @
T =9
o . - —
P — p—
e —— o
/W CEVER £
MIRROR
SPOTLIGHT- -~
AN e \
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TRAP
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S130
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FIG. 1—Movable lower jaw of micrometer pushes down one

end of mirror-bearing lever to give optical
thousandth-inch movements
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magnification of

FIG. 2—Circuit used for each phototube. Motor-driven cams
make one revolution for each test cycle. Power supplies are

common to all twelve phototube stages
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Sorts Insulating Wafers

Loading spacing wafers intc sorting machine. After qaging, wafers slide down
chute to opan trap and drop into correct bin. Six bins are on each side of machine

cathode of the type SP41 pentode,
the relay operates, assuming that
the type PE8 phototube is at that
moment illuminated. This relay
holds operated through its own
contacts and also cperates the trap-
opening magnet. The trap will be
open ready to receive the measured
insulator when it is pushed from
the micrometer jaws by the next
selected insulator frecm the maga-

ELECTRONICS — May, 1955

zine. The trap lids form a chute
down which the insulators slide as
they are pushed forward.

After suficient time has elapsed
for the insulator to slide down and
disappear into the furthest trap the
upper cam disconnects the ground
and thereoy releases the relay and
the trap magnet.

Each trap has its own individual
chute leading to a storage bin,

|

£d

Method of arranging phototubes in arc,
Covers of machine give lighttight seal

which is labeled with the mean
thickness in thousandths of an inch
of the insulators it holds. The lever-
age on the optical system is so ar-
ranged that there is a tolerance in
measurement of plus or minus %
thousandth. There are twelve bins,
labeled in steps of half a thou-
sandth and covering the range from
13 to 183 thousandths arranged six
on each side of the machine.
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By PETER G. SULZER

Consulting Engineer
Kensington, Maryland

Audio Oscillator

ECENT publication of a paper

describing a low-distortion
transistor audio oscillator' has re-
sulted in inquiries concerning the
possibility of constructing its
vacuum-tube equivalent. This oscil-
lator, covers the frequency range
from 10 cycles to 100 kilocycles,
with a maximum output of 3 volts to
a high-impedance load. Total rms
distortion, hum and noise is less
than 0.02 percent from 20 cycles to
20 kiloeycles.

The desirability of substituting
tubes for transistors may appear to
be progress in reverse. However,
in this application, where small size
and low power requirements are not
of great importance, tubes are able
to supply more output at lower dis-

FIG. 1—Basic bridged-T oscillator uses
tungsten lamp as amplitude control for
linear operation (A); low-distortion
bridged-T oscillator employs push-pull
arrangement (B)
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Rear view of low-distortion audio oscillator showing the two 10,000-ohm square.
law potentiometers used for frequency control

tortion over a wider frequency

range than transistors.

Basic Circuit

The oscillator® shown in Fig 1A
contains a voltage amplifier V, and
a cathode follower V. Regenera-
tive feedback is provided to the
cathode of V, through a tungsten-
filament lamp, while degenerative
feedback occurs through the
bridged-T network®  Oscillation
takes place at the frequency of min-
imum degeneration and zero phase
shift, f = 1/2zRC, where C =
VC. C.. Amplitude control required
for linear operation is provided by
the tungsten lamp, whose resistauce
increases with voltage until the
attenuation of the circuit contain-
ing the lamp and R, is but slightly
less than that through the bridged-
T network.

The basic circuit is satisfactory
as a general-purpose oscillator;
however, the distortion is about 1,2
percent at an output of 5 or 10 volts.
Tests of the amplifier alone have
shown that most of the harmonic
generation occurs in the single-
ended cathode follower V.. This ig
principally because of the fact that
the comparatively low lamp resist-
ance decreases the effective feed-
back factor of the cathode follower.

If the output is decreased to 1

or 2 volts a distortion of 0.1 percent
may be obtained, but only at the
expense of serious hunting during
the amplitude-stabilization process.
This will occur after every adjust-
ment of frequency and the resulting
amplitude fluctuations may persist:
for many seconds, making the oscil-
lator useless except as a fixed-fre-
quency device.

Modifications

A substantial reduction in distor-
tion can be obtained by using the
two-stage cathode follower* shown
in Fig. 1B. Here the control grid
of V, is driven by the plate of V..
The tubes are effectively in push-
pull, because the plate current of
V. decreases as the plate current of
V. increases and therefore a reduc-
tion in even-harmonic distortion
¢an be obtained. There is an addi-
tional advantage in that the signal
currents of both tubes are available
for driving the lamp and load. The
two-tube cathode follower behaves
as a low-impedance source because
of its built-in amplified negative
feedback.

The oscillator shown in Fig. 1B
can be adjusted to produce a distor-
tion of 0.005 percent at 3 volts, but
the hunting problem remains. Evi-
dently the lamp temperature and
resistance should increase during
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Has Low Distortion

UMMARY ___ Production testing of high-quality amplifiers simplified by

oscillator covering a frequency range from 10 cps to 100 ke in four steps

by changing capacitors. Biased diodes eliminate hunting when changing

frequency by clipping initial overshoot

build-up until an equilibrium con-
dition is reached in which the
amplifier gain is exactly offset by
the attenuation through the bridge’
containing the lamp R, and the
bridged-T network. During the
build-up period the lamp tempera-
ture will overshoot the equilibrium
value, requiring a cooling cycle.

The resulting damped oscillation
can be eliminated by any means that
will do away with the initial over-
shoot. Two biased diodes, adjusted
to clip both positive and negative
half-cycles at slightly over the
normal amplitude will accomplish
this result. If fixed bias is
used, the output-voltage variations
caused by circuit changes such as
the imperfect tracking of the two
sections of the dual potentiometer,
will produce excessive clipping and
high distortion at some frequencies
and insufficient clipping at others.

Fortunately excellent results can
be obtained by permitting the di-
odes to bias themselves, with a long
time constant in each diode load.
The diode bias will then follow
normal, slow output variations, but
will permit heavy clipping when the
oscillator is first turned on or when
transients caused by range switch-
ing occur.

Rectification required to main-
tain the diode bias will produce
some distortion even under steady-
state conditions. However, this is
minimized by the low source im-
pedance of the output stage,

Practical Oscillator

The complete circuit of a practi-
cal oscillator is shown in Fig. 2.
The frequency range from 10 cycles
to 100 kilocycles is covered in four
decades by switching C, and C,
whose values are shown on the
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schematic diagram. Each of the
two resistors consists of a 10,000-
ohm square-law potentiometer in
series with a 1,000-ohm carbon re-
sistor. The two potentiometers are
ganged so that the high-frequency
end of the tuning range corresponds
to the narrow part of the resistance
card, producing a nearly logarith-
mic frequency scale.

A pentode voltage amplifier is
used to obtain sufficient voltage
gain to permit a large amount of
negative feedback at harmonic fre-
quencies, Low-p. triodes are used in
the output stage to obtain sufficient
plate current with the low effective
supply (150 volts) per tube. There

F CPS Cy IN uF C,IN uF
10 -100 075 3.0
t00-IK 0.075 0.3
IK -10K 0.0075 0.03
IOK-100K 0.00075 0.003

™ oK

1,000

1 100 1K 10K

N
= 3V MAX
K:X 1,000

FIG. 2—Complete circuit of a practical
oscillator that covers the range from 10
cycles to 100 kc in four decades

is little advantage in connecting
these tubes as tetrodes, probably
because of the small signal voltages
involved. Several extra components
would also be required.

Although a buffer amplifier would
be desirable to obtain isolation and
increased output power, it is diffi-
cult to produce an untuned amplifier
with sufficiently low distortion. The
attenuator is wuseful for gain
measurements and other tests. Out-
put voltage is constant within =3
percent at all frequencies and there-
fore an output voltmeter is not
required.

Adjustment

The frequency controls should be
adjusted to 1,000 cycles on the 1-kc
to 10-kc range, and R, should be
increased until an output of 3 volts
is obtained. The frequency can
then be increased to 10 kc on the
same range. If the output voltage
is not the same for all settings of
the frequency-control potentiom-
eter, the two sections are not track-
ing properly and one of the 1,000-
ohm series resistors should be
changed so that the output at the
two ends of the frequency range
are equal.

With the values given for R, and
R, a distortion of less than 0.02
percent was obtained with several
different sets of tubes.

The work reported in this article
was performed for McIntosh Labo-
ratory, Inc., Binghamton, N. Y.
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Portion of 12-trace seismogram as seen on 5-inch single--beam oscilloscope using
electronic switch to sample all twelve channels from magnetic tape

Tape playback unit, with endless loop of
magnetic tape in position

Cathode-]

By G. M. GROENENDYKE and G. B. LOPER

Field Fesearch Laboratories
Magnolia Petroleum Co.

Dallas, Texas

N THEIR SEARCH for new petro-

leum deposits in the earth, the
major oil companies use practically
all known measurements that can
be made of the physical nature of
the earth. Of the many measuring
techniques involved in geophysical
prospecting, the one which com-
mands the greatest amount of at-
tention today is the reflection seis-
mograph. This is an acoustic
sounding technique wherein the
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elastic waves generatad by the det-
onation of a small charge of dyna-
mite in a shallow borehole penetrate
deep into the earth. These waves
reflect from suecessive interfaces
between layers of contrasting ma-
terials, as where abrupt changes of
acoustic impedanee occur.

The depths to the various reflect-
ing layers are computed from the
reflection times, after which con-
tour maps are plotted depicting the

lay Display of

subsurface structural conditions.
This survey is made in the hope of
revealing structural conditions fa-
vorable for the accumulation of oil.

Because of the extreme inhomo-
geneity of the earth the significant
reflections of acoustic energy from
depth are often obscured by noise
waves, or the waveforms are fre-
quently so variable that accurate
time determinations are impossible.
These signals are normally recorded
on photographic paper with a con-
ventional oscillograph. In an effort
to glean significant information
from such recordings a number of
the major oil companies and geo-
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Modified DuMont 304AR oscilloscope (center) is fed through 12- Rear of cathode-ray display unit, with power supply at top rear
channel electronic switch (top) and synchronized with magneticc and auxiliary control circuits at bottom rear. Each channel of elec-
lape loop by Berkeley 5424 preset counter (bottom) contrelled by tronic switch has a trace-position control and a sensitivity control
time-track pulses on 13th recorded track for eliminating overlapping of the 12 traces on the screen

UMMARY —— Magnetic recordings of seismic reflections in petroleum
prospecting are viewed on c-r oscilloscope to study effects of filters. Electronic

switch and pulse counter present twelve traces simultaneously for any
desired portion of endless-loop tape

Seismic Recordings

e ontracters tave begun rer (NI 1 T A
cently to record the seismic vibra- UL AT Jl L4 LA AT L 1
tions on magnetic tape. This e e ey e Y 1;"}: /”wwh NNV
technique affords the means of sub- EoigrsearchlLARORATONES T | kil m.'y:‘ "“Wf\gﬁ hﬂ,ﬁ\. \
jecting the records to a variety of S oW e ] ‘ A1) M WA
procedures intended to improve sig- w322 200 Eovl i 23 M Il L{ ‘{“vf YINTIYY M ;}T“Vm
nal-to-noise ratio and to clarify cor- e e , ::! 1 i ] R ‘ o | LJ
relations based on similarity of rre B 1889 | \ &’*\g ¢
waveforms. o T — Ny

The equipment described here
was developed to serve as a rapid
means of monitoring the played-
back seismic records either before
or after analytical treatment with-
out requiring the making of a con-

ventional seismogram. FIG. 1—Pcrtion of typical reflection seismogram, showing signals as conventionally
In Fig. 1 is shown a typical re- recorded on paper by ink-writing oscillograph. Numbers at top are tenth-seconds
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GRAPH
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“TIMING GLOW_ .~~~ o --=""
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( w PAPER - - -~
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FIG. 2—Block diagram of complete cathode-ray display system used for studying

selected portion of all 12 traces

flection seismogram. Time prog-
resses from left to right, with the
closest vertical lines separated by
0.01 second. Each of the first 12
traces is a recording of the motion
at a point on the earth’s surface as
picked up by a vibration detector
or geophone of the moving-coil, per-
manent-magnet type. Traces 6 and
T are signals from detectors near-
est the dynamite charge, other
traces corresponding to successively
greater distances in either direc-
tion. The frequencies involved in
this record range from 20 to 90
cps. Variable electric filters in the
recording amplifier have been pre-
set to pass only this range. Fre-
quencies from 5 cps to 200 cps are
sometimes encountered and a pass
band anywhere in this range may
be selected if the basic channel re-
sponse is broad enough.

Reflections on the record are dis-
tinguished by an increased burst of
amplitude common to all traces, a
common phase relationship, and
similar waveform among all or
most of the traces.

The bottom trace shows a sharp
break near the zero time line which
gives the instant the charge det-
onated. This is the time break.

To record these signals on mag-
netic tape, a 13-track recorder is
employed. The 12 reflection traces
are recorded with a frequency-mod-
ulated carrier. The maximum avail-
able bandwidth of the overall sys-
tem is 5 to 300 cps. Time data are
recorded in the form of a steady
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1,000-cps note on the 13th track
with direct recording (no carrier).
The 0.01-second timing lines are de-
rived from this signal. The time
break is a pulse of less than 1 milli-
second duration which is superim-
posed upon the 1,000-cps tone and
exceeds it in amplitude by a factor
of 2 or 3. Each magnetic tape rec-
ord, representing one seismogram
of about 5 seconds duration, is
spliced in an endless loop and
threaded onto the playback machine
with fixed pulleys and a weighted,
floating pulley to keep it taut. The
full record thus repeats endlessly
about 12 times per minute.

Block Layout

A block diagram of the cathode-
ray display system is given in Fig.
2. The 12 information channels are
applied to an instrument referred
to as an analysis device. In the
simplest form, this may involve
only level adjustment or simple se-
lective filtering to vary the fre-
quency responses of the 12 chan-
nels. It may also include phase
shifting and partial interchannel
mixing. Whatever the treatment
used, the modified signals then go
to a 12-stage electronic switch
which drives a cathode-ray oscillo-
scope for simultaneous viewing of
the 12 traces, and to a recording
oscillograph for making a perma-
nent paper record. The c-r screen
serves as a monitor to show in-
stantly the effects of changes intro-
duced in the analysis circuits and

FI1G. 3—Optical system used with glow
tubes to give accurate time lines

thus reduces the making of paper
records to those which are desired
for computation and permanent file.
The rest of the circuitry of the
block layout is required for syn-
chronizing the c-r sweep with the
repeating of the tape loop, and for
generating the timing lines in the
oscillograph.

As it is not practical to use a
screen large enough to display the
entire seismic record in its proper
proportions, the conventional seis-
mogram being 3 to 6 feet in length,
it is necessary to preselect a short
portion which is to be viewed and
to trigger the sweep each time that
portion repeats so that the images
are always in perfect register. The
signals on the 13th track provide
synchronizing means. The refer-
ence point on the tape loop is the
time-break impulse. This is sepa-
rated from the 1,000-cps tone by
amplitude discrimination, shaped in
the gate multivibrator and applied
to the preset counter to start the
count.

The 1,000-cps tone is filtered with
a parallel resonant circuit to give it
purity and to cause it to sustain
during instants of dropout which
may occur on the magnetic tape.
This is then applied to the counter
input. When the time break occurs
the counter begins to count the
1,000-cps signal. At the end of the
preset count a pulse is delivered to
a sweep trigger multivibrator
which in turn pulses the sweep cir-
cuit of the scope. The sweep trigger
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FIG. 4—Ring of monostable multivibrators in elecironic switch serves to gate the
twelve BAS6 signal tubes in sequence at 20-microsecond intervals

multivibrator serves also to block
subsequent pulses, coming out of
the counter, from triggering the
sweep.

The sweep circuit of the scovne
generates 1 pulse at the end of the
sweep which is used to reset the
gate multivibrator, the preset
counter and the sweep trigger
multivibrators. Both multivibra-
tors are bistable units which re-
spond only to the first impulse
which hits them, until reset. The
counter has four decade units with
a total count of 9,999, so that
within this limit the sweep may be
initiated any selected millisecond
after the time break each time the
tape loop repeats.

The speed of the sweep is inde-
pendently adjustable to have any
duration from 0.1 second to 10 sec-
onds as desired by the operator.
The entire record may be viewed in
compressed form if the sweep speed
is made slow and the counter is
preset on 0000 so that the sweep
starts with the time-break impulse.
On the other hand, a reflection oc-
curring at 1.5 seconds may be
viewed in fine detail if the counter
is preset to start the sweep at about
1,490 milliseconds and the 0.1-sec-
ond sweep duration is used.

The timing lines on the paper
record of the oscillograph are de-
rived from the 1,000-cps tone of
track 13. Output pulses are taken
from three of the decade units in
the counter. The first decade de-
livers a pulse every 0.01 second, the
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second gives a pulse every 0.1 sec-
ond, and the third every 1.0 second.
These are shaped with monostable
multivibrators and combined with a
6AQ5 driver tube to flash a pair of
1131C glow modulator tubes in the
oscillograph. These glow tubes have
suilicient brilliance to make dark
straight lines across the full 8-inch
width of the recording paper. The
optical arrangement is shown in
Fig. 3.

The period of repetition of the
endless loop of magnetic tape may
be any time from 3 seconds to 10
seconds and is generally made as
short as the data will permit so that
screen brightness is enhanced by
higher repetition of sweeping.

Electronic Switch

The electronic switch is a hard-
tube commutator which provides
the means for displaying twelve
information signals on a single-gun
cro. A self-sustaining ring of
twelve monostable multivibrators is
the source of pulses used sequen-
tially to gate the No. 1 grids of
twelve 6AS6 pentode amplifier
tubes. The No. 3 grids are used as
signul grids. In this manner there
is no tube conduction except in the
amplifier, which is gated to the on
or amplifying condition. Although
capable of nigher switching speeds,
the rate is set at approximately 50
ke to minimize the commutation in-
terval and reduce the power which
would be required for a system of
greater bandwidth. The resulting

sampling rate, in excess of 4,000
cps, is adequate for sweep dura-
tions as short as 0.1 second. A
blanking pulse is derived from a
13th  monostable multivibrator
which runs at the 50-ke rate in syn-
chronism with the ring-of-twelve.
It is desirable to apply this pulse
as a Z-signal to blank the cro dur-
ing the commutation interval. The
definition of each trace on the cro
screen then approximates that of
the normal single trace.

Figure 4 is a schematic diagram
of the electronic switch. IFor sim-
plicity only two of the twelve identi-
cal stages are shown. The multi-
vibrators are coupled by 10-u.f ca-
pacitors to form a ring. After
warmup the pushbutton is momen-
tarily depressed. Upon release, a
starting pulse triggers monostable
multivibrator 1. Upon recovery,
stage 2 is triggered and a positive
gating pulse is advanced from am-
plifier 1 to amplifier 2. This ad-
vance is sustained since the
recovery of each multivibrator
triggers the one succeeding. Al-
though this ring is not eritical of
component tolerances, timing com-
ponents R, and C, should provide
uniform time constants. The
brightness of the cro traces would
otherwise not be uniform.

The No. 1 grid voltage of the
amplifiers is normally —25 volts,
representing cutoff. The gating
pulse rises to approximately zero
volts, being limited by the low grid-
cathode impedance of the left half
of the multivibrator, which is
heavily conducting. As the multi-
vibrator cathodes are tied to
ground, the level to which the gat-
ing pulses rise is stable and uni-
form. The plates of the amplifier
tubes are connected to a common
plate load resistor R. across which
appear the twelve information sig-
nals, sequentially commutated.

Each amplifier has a gain control,
E, and a trace position control,
R.. The latter is a No. 1 grid bias
control which serves to adjust the
plate-voltage level when the ampli-
fier is gated. When there are no
signals at the No. 3 grids, there-
fore, the signal across load resistor
R, will be a repetitive sequence of
pedestals, normally adjusted in a
uniform stair-step fashion by posi-
tion controls B,. The range of these

163



controls is limited so that linear
dynamic operation of the tube as an
amplifier is not exceeded.

A positive spike having a sharp
leading edge occurs at the trailing
edge of each pedestal during the
commutation interval when tube
conduction is switched from an am-
plifier to the one succeeding. The
switch output is differentiated by
Ci-R.. The leading edge of this
spike is amplified and inverted by
V. and then used to trigger mono-
stable multivibrator V, This multi-
vibrator is the blanking pulse gen-
erator which supplies negative
pulses to the Z-input of the cro.

Cathode-Ray Oscilloscope

The DuMont 304AR scope was
chosen for reasons of low cost, rack
mounting, response from d-c to 200
ke and full screen deflection on a
flat-face tube. Before the develop-
ment was completed, however, the
circuit was modified as in Fig. 5.
Two push-pull stages were elimi-
nated to improve stability and cut
down noise, power drain and heat.
Response to d-c was maintained.
This is desirable because if the
response is not held up in the low
frequencies there will be intercoup-

ling of signals among the 12 traces,
or, if one trace is shifted in posi-
tion, all the others will shift
slightly as well,

The sweep circuit was consider-
ably simplified. A phantastron
sweep generator was chosen be-
cause of its excellent linearity with
wide voltage excursion, simplicity
and low drain features, and because
it delivers an excellent pulse at the
screen for beam gating and end-of-
sweep indication. A long sweep
time of 10 seconds could be provided
in this circuit with only a 0.1-pf
capacitor.

The sweep function switch has
three functions. OFF gives no
sweep; spots are centered and
steady for focus and position ad-
justment. TRIG is for an external
triggered sweep, with spots blanked
just off the left edge of the screen
prior to sweeping. RECUR gives a
recurrent sweep with no trigger or
sync; spots are blanked between
traces and on retrace.

The TRIG position is normal when
portions of a magnetic tape record
are to be viewed with the sweep
triggered on each recurrence of the
desired data.

The sweep generator is coupled

to the horizontal deflection plates
with a 12AT7 cathode-coupled push-
pull driver. The direct coupling is
necessary because of the low sweep
speeds and repetition rates in-
volved. The sweep is triggered with
application of a short positive pulse
to the suppressor grid through the
0.001-uf capacitor.

To hold the beam in blanked con-
dition between sweeps a 1-mc inter-
sweep Dblanking oscillator was
added. It is a conventional circuit
with r-f coupling to a rectifier in
the No. 1 grid circuit of the c-r
tube to provide control of intensity.
The oscillator, employing a 6BJ6
pentode, is turned on at its suppres-
sor grid. When the sweep starts,
the screen grid potential of the
sweep generator goes highly posi-
tive. This turns on the r-f oscil-
lator, applying positive excursion
to the No. 1 grid of the c-r tube
to brighten the traces for the dura-
tion of the sweep. At the end of
the sweep the 6BH6 screen grid re-
turns to its former potential, turn-
ing off the oscillator and blanking
the beam. This negative excursion
of the 6BHG6 screen is differentiated
and the resulting pulse serves as
the end-of-sweep reset pulse.
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FIG. 5—Modifications made in oscilloscope include simplified vertical amplifier, phantastron generator and r-f blanking stage con-

nected as shown here
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The preset counter was modified
so that the gating signal is sup-
plied externally by a gate multivi-
brator as previously described. This
signal is applied to the suppressor
grid of the regular 6AS6 pentode
gate in the counter which feeds
shaped pulses to the first preset
decimal counting unit. The end-of-
sweep transient resets the decimal
counting units through the normal
circuitry of the counter. However,
these counting units are modified to
reset on the count of 9 instead of
the count of 0. This is desirable
since the first count will then clear
all counting units, and the first
time-line on the oscillogram will be
accentuated as are all subsequent
1.0-second lines.

Bistable multivibrators V. and
V., shown in Fig. 6, serve to initiate
the cro sweep at the preset time.
This time is set by depressing the
numbered pushbuttons on the pan-
els of the decimal counting units.
Counter gate multivibrator V, is
triggered by the positive-going
time-break impulse which is se-
lected, amplified and inverted in
V.. Selector V, is biased near cut-
off. The sensitivity control sets this
bias, and is found desirable because
of track-13 signal-level variation,
associated with amplitude modula-
tion. When V., is triggered, the gate
signal to the counter rises from
—30 v to slightly higher than
ground potential, being limited by
grid-cathode conduction since the
left half of V, is then heavily con-
ducting. The negative-going end-
of-sweep transient which resets the
decimal counting units also resets

V. to its o'riginal state and the
counter is prepared for the next
time-break impulse.

The cro sweep generator is trig-
gered by V, which is similar to V,
in operation. Tube V, in turn is
triggered by the preset pulse from
the counter, at which time the sig-
nal to the sweep generator rises to
a steady value of approximately 15
v and is coupled to the sweep gen-
erator through a 0.001-uf capaci-
tor located with the sweep generator
circuitry. Tube V, is reset by the
end-of-sweep transient simultane-
ously with V,.

When the equipment is first
turned on, V., and V, may set up in
the triggered state, in which case
the counter will not function. A
switch actuated by a spring-return
pushbutton produces a synthetic
end-of-sweep impulse to reset these
multivibrators. This pushbutton
also starts the electronic switch.

Transfer of Timing
to Paper Records

The paper speed during record-
ing is approximately 15 inches per
second. Time lines are provided by
glow modulator lamps, beginning
with the time-break impulse and
repeating every 10 milliseconds.
Each tenth line is enhanced by a
longer pulsing of the glow time
lamp. Each 100th line (1-second
marker) is further enhanced by a
still longer pulsing time.

Figure 7 shows the time-line cir-
cuitry. Tubes V, and V. form a
monostable multivibrator which is
triggered by the negative pulse out-
put of the first decimal counting

TIME REF TRACK (TRACK I3)

PRESET PULSE

END OF SWEEP

TIME-BREAK 270K

AT

1T
L
\Ju

/,-596
V, -5963 Vs &
sox 1 +300V
Vi L0005 150 & <= 297 150k 2150K
; K . = 2 < 500ppF, 3 47K
312AT7 900Ny T Vg i S

— \ —
| 21502 < 3 < LJ
MEGS 3 820K 2820k 2920k

i } 3
270K E?OK 500upF
::-_ h N 470K
—: 47K
820K

10K z7

T d30K -150v
A L= COUNTER GATE K= X 1,000

SENSITIVITY Sweep
CONTROL

FIG. 6—Circuit of time break selector, counter gate multivibrafor and sweep trig-

ger multivibrator
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FIG. 7—Outputs of decade units in
counter are combined to flash glow
tubes used to make time lines

unit. The duration of the conduc-
tion of V, through the glow modu-
lators is determined by the time
constant of C, and the parallel com-
bination of R, and R., and also by
the voltage level to which the grid
of V., begins to rise immediately
after each trigger. This level is
approximately +50 v when V, and
Vs are not triggered, and is influ-
enced by the voltage level of the
cathode of V,. The pulse duration is
accordingly about 50 microseconds.
Tubes V, and V, form monostable
muitivibrators triggered by the
outputs of the 2nd and 3rd decimal
counting units respectively. The
outputs of V, and V; are mixed and
applied to the grid of V, as shown.
The pulse times of V, and V, are
respectively 100 and 250 microsec-
onds. These pulses lower the cath-
ode voltage of V, so that the re-
covery time of driver V,-V, is ac-
cordingly delayed to 100 or 250
microseconds.

For permission to publish this
article and for their cooperation,
the authors are grateful to the
Magnolia Petroleum Co. and to the
Seismograph Service Corp. of
Tulsa, Oklahoma who, under license
from Magnolia, are manufacturing
equipment of the type described.
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OMMON RADAR local oscillator

design practice involves a
loop consisting of a klystron oscil-
lator, afc mixer, some tvpe of
frequency diseriminator and a
feedback amplifier controlling the
klystron frequency with respect to
the transmitter frequency. This
paper describes a system which
eliminates the need for a klystron
and handles the frequency-control
problem without additional com-
ponents and with a considerable
reduction in complexity. The sys-
tem was designed for an X-band
c-w system with a 60-mc i-f but
nothing in the theory precludes
the use of any other combination
of transmitted and intermediate
frequencies.

A simplified block diagram of a
c-w radar system is shown in Fig.
1A. The c-w oscillator, either a
klystron or e-w magnetron, feeds
the antenna. Before entering the
antenna, a portion of the r-f oscil-
lator output power is diverted to
a microwave mixer circuit where
it is mixed with 60-mc power from
a crystal-controlled oscillator. As-
suming a transmitter frequency of
9,000 me, the modulation products
from the mixer will consist of
upper and lower sidebands, 9,060
and 8,940 me, together with some
carrier leakage signal of 9,000 mec.
The desired sideband can be sepa-
rated from the other signals by
a cavity filter while at the same
time removing the noise sidebands
of the local-oscillator signal.

If the transmitted frequency
changes from 9,000 to 9,001 me,
the sidebands generated by the
mixer become 9,061 and 8,941 mec.
Either of these sidebands, mixing
with the transmitted frequency, will
still give an i-f of 60 mec within the
accuracy of the 60-me crystal oscil-
lator.

Mixer System

A diagram of the mixer circuit
is shown in Fig. 1B. The circuit
consists of a standard microwave
balanced mixer utilizing a magic T
with crystal mounts on each of the
collinear arms. Arm 3 in the figure
is the H-plane arm and arm 4 the
E-plane arm.

A signal entering arm 3 divides
equally between the collinear arms
with signals of the same phase in
each arm. The signal entering arm
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Radar transmitter for X-band has component units arranged in order shown on block
diagram. Closeup shows mixer network using magic T

Local Oscillator

By HAROLD B. GOLDBERG

Laboratory for Electronies, Inc.
Boston, Massachusetts

4 also divides equally in amplitude
but with opposite phase in the two
collinear arms. By reciprocity, if
signals of equal amplitude and op-
posite phase travel down the col-
linear arms toward the junction
of the T, they will add and emerge
from arm 3.

In the radar system, a portion
of the transmitted signal is sent
into arm 8 of the T and a 60-mc
signal fed into the two diodes on
the collinear arms. The diodes gen-
erate sidebands which travel back
toward the junction. Since the
local-oscillator signal is to be ex-
tracted from arm 4, there must be
a 180-deg phase difference between
the signals returning in the two
arms.

If arm 1 of the magic—T mixer
is made %,/4 longer than arm 2,
the 9,000-mc signal at crystal 1
is 90-deg out of phase with the
signal at erystal 2. This will result
in a 90-deg phase difference in
the sidebands generated by the
crystals in the two arms. The
sideband from arm 1 will receive
an additional 90-deg shift in travel-
ing towards the junction due to
the A,/4 difference in line lengths,

thus giving the desired 180-deg
difference in sideband phase at the
junction of the T. This method
has the advantage of using the
same type of crystal and erystal
mount on each of the arms. There
is, however, an unfavorable effect
on the carrier leakage in the side-
band output arm. If the two crys-
tals have the same r-f impedance
but are not perfectly matched to
the line, the carrier reflections from
each arm will be of the same phase,
assuming arms 1 and 2 are of equal
length. They will add in arm 4
and not appear in the local-oscilla-
tor arm. If, however, a },/4 differ-
ence exists between arm 1 and 2,
the reflected carriers at the junc-
tion of the T will be 180-deg out
of phase and they will add in the l-o
arm giving poor carrier rejection.

A second method of realizing the
180-deg phase shift is to have arms
1 and 2 of equal length but to feed
the 60-mc to the two erystals from
a balanced system so that there is
a 180-deg phase difference between
the signals at the crystals. This
results in a 180-deg difference in
the phase of the generated side-
bands.

Moy, 1955 — ELECTRONICS



| f
CW | POWER
0s¢ DIVIDER SIGNAL
| S
4
60— MC SIDE- | | 2
CRYSTAL MiXER BAND
0scC FILTER ECHO
IN23C IN23CR
L-0 OUTPUT
o Lo ¥
INDICATOR MIXER
AMP
(A) (B)

FIG. 1—Arrangement of functional units comprising ¢-w radar (AR) and detail of

mixer using magic T with crystal diodes (B)

for C-W Radars

Power ‘ Power

Pair  Output Pair  Output
No. (mw) No. (raw)
1 13.6 11 14.7
2 15.6 12 14.2
3 147 13 16.5
4 13.6 11 13.6
5 15.4 15 13.9
6 13.0 16 13.6
7 11.8 17 15.9
8 15.3 18 16.1
9 14.2 19 12.5
10 15.9 20 13.6

Table I—Sideband Power Output
with Twenty Crystal Pairs

UMMARY —— Design eliminates klystron in local-oscillator of X-band c-w

radar. Crystal-controlled oscillator on intermediate frequency beats with r-f

output creating sidebands one of which is mixed with received signal to obtain

desired i-f

If carrier and i-f signals of
the same relative phase are applied
to two crystals, one of which has
its positive end grounded and the
other its negative end grounded,
the sidebands generated in the crys-
tals will be opposite in phase. The
difference in grounding can be ob-
tained by using an inverted crystal
mount or a regular mount and a
crystal whose elements are reversed
in the crystal package. The use
of one regular and one inverted
crystal mount, besides adding to
the number of different compo-
nents required in the system also
contributes some unbalance to the
system due to different i-f input
capacitances of the two mounts.
This difficulty is eliminated by the
use of one regular and one inverted
crystal in identical crystal mounts.

Experimental Results

Since it was desired to generate
a local-oscillator signal of 10 to 20
milliwatts for the specific applica-
tion, it was necessary to find a
crystal that could stand over 100
mw of incident microwave power
together with about the same mag-
nitude of i-f power. As the only
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crystals available for use at X band
are the 1N23 series, designed for
a nominal input of 1 mw, tests were
conducted using Microwave Asso-
ciates 1N23C and 1N23CR crystals,
to determine the effect of increased
power input upon the crystal per-
formance.

Single 1N23 crystals were run
for 300 consecutive hours with 150
mw of incident X-band power.
After this period, the cryvstals were
checked for conversion efficiency
and noise temperature and were
still within the JAN specs on the
1N23C.

In the local-oscillator generator
150 mw of carrier power was fed
into arm 3 of the T, dividing equally
between the 1N23C and 1N23CR
crystals on arms 1 and 2. Four
volts of 60-me energy was impressed
across the two crystals in parallel.

Table I shows the upper-sideband
power output for 20 pairs of
1N23CR crystals. These are ran-
dom pairs and no attempt was made
to match the crystals.

The sideband power output as
shown in the table ranged from a
low of 11.8 mw to a high of 16.5
mw. The average figure of 14 mw

corresponds to a conversion effi-
ciency of 10.3 db referred to the
carrier input signal. The carrier
leakage in the sideband output arm
at the T was 10 db down from the
sideband level.

The photograph shows the ar-
rangement of components which
corresponds to Fig. 1A. The oscil-
lator, consisting of a Varian V-55
reflex klystron, feeds the power
divider which sends power to the
transmitter and to the local-oscilla-
tor generator T. The local-oscillator
signal is fed to the receiver mixer
through a sideband filter. The filter
is a 4-stage, quarter-wavelength
iris-coupled waveguide filter. It has
the characteristic of passing the
upper sideband with only 1.5-db in-
sertion loss and rejecting the car-
rier by 55 db. Since the carrier
output of the local-oscillator arm
was already 10 db down from the
sideband level due to the balancing
action of the mixer, the carrier level
into the receiver mixer is 65 db
down from the sideband level.

The writer thanks Dr. M. A.
Mever for his many valuable sug-
gestions and overall supervision of
this work.
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Production testing of high-speed counter chronographs using
preset interval generator

EXTERNAL  START  STOP  STOP OUTPUT
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i
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0SCILLATOR] INT COMBINER
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SIX IDENTICAL
NINE - SENSING
TUBES

FIG. 1—Interval generator allows tim-

ing of intervals as short as l-mc

Short-Interval Timer

By N.

A. MOERMAN

Chief Engineer
Potter Instrument Co.
Great Neck, N. Y

ESTING and calibrating radar
Tsystems, sonar systems and
other equipment depending on pre-
cise time interval measurements
requires a means for measuring and
generating exact time intervals.
Where the intervals approach the
time-base period, the techniques to
be described can be employed to
preserve the inherent accuracy of
the counting system.

Predetermining electronic count-
ers involves setting the complement
of the desired number with respect
to the count capacity of the instru-
ment. The interval is terminated
when the counters reach count
capacity. The desired number is
set directly on six interval-selector
switches, one for each digit. These
switches route a single preset pulse
to condition appropriate counter
stages to the complement number.

Nine Sensing

The start pulse for triggering ex-
ternal equipment coincides with the
externally applied start pulse. The
stop pulse in a conventional circuit
is delayed a few microseconds in
the electronic counter stages, thus
limiting the minimum obtainable
interval to that value.

This limitation can be eliminated
by use of the technique illustrated
in Fig. 1. As the counters approach
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count capacity of 1,000,000, each
stage must assume a nine condition.
The last decade reaches this condi-
tion when the count reaches 900,000
or 0.1 second before the end of the
interval. Likewise, the next-to-last
counter reaches the nine condition
at 90,000 or 0.01 second before the
end of the interval, and so on.

To avoid the counter delay of the
stop pulse, it is possible to elec-
tronically monitor each counter
decade and bypass the 1,000,000th
pulse directly to the output rather
than causing it to pass through the
counters and be delayed.

Dual Triodes

This technique is referred to as
nine sensing. Using binary decades,
a nine is represented by the first
and fourth tubes being on. A single
dual-triode tube with its grids con-
nected to the normally conducting
grids of these counting tubes serves
as a nine-sensing circuit. The
plates of all such nine-sensing tubes
are connected through a common
load resistor.

The voltage present at the com-
mon plate connection is low by
virtue of plate current conduction
except when all sensing-tube grids
are negative as a result of all
counter stages registering nines.
When this condition occurs, a nine-

sense combiner routes the next
time-base pulse to an amplifier
rather than through the counters.

It is possible to preset any inter-
val from one period of the time base
frequency to the count capacity of
the instrument. In the case illus-
trated in Fig. 1, the range is 1
microsecond to 1 second in steps of
1 microsecond.

The nine-sensing tubes are shown
in the circuit diagram of Fig. 2.
The grids of the six nine-sensing
tubes are connected to the grids of
the first and fourth binary counter
tubes in such a way that all nine-
sensing tube grids are negative
when each of the six counter dec-
ades indicates nine (a total count
of 999,999).

At that time (grids negative)
conduction through the common
22,000-ohm plate resistor ceases and
the resulting voltage rise is capaci-
tively coupled through a 1,000-puf
capacitor to the control grid of a
type 5919 gate tube. This positive
gate voltage permits the 1,000,000th
time base pulse to pass through the
gate tube to the output circuit.

The circuit that routes the first
time-base pulse to the output is
shown in Fig. 3. Application of
the external start pulse flips the
electronic switch, causing a nega-
tive gate to be applied to the norm-
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FIG. 2—Circuit bypasses counter so that

last pulse goes directly to output

UMMARY

FIG. 3—Circuit eliminates gating error when starting pulse falls between two pulses

of count generator

Nine-sensing technique eliminates usual counter delay by

having stop pulse bypass counter so that it goes directly to output and stops

external equipment. Gating ervor produced when starting pulse falls some-

where between two count-generator pulses is also eliminated

ally positive grid of gate V,;. Tube
V. is connected as a parallel gate
in such a way that amplified time-
base pulses appear at the common
plate connection only when the grid
of V., is negative. Thus the ex-
ternal start pulse opens the gate,
allowing 1-mc pulses to pass.

These positive 1-mec pulses are
amplified and inverted in V... The
resulting negative pulses are capac-
itively coupled to the grid of V.,
and the negative pulses appearing
across the 2,200-ohm cathode re-
sistor are applied to the cathode of
diode V. Diode V, is normally
zero-biased by the connection of its
cathode (through 470,000 ohms) to
4-150 volts. The 150-puf capacitor
in its plate circuit is completely dis-
charged (through the 100,000-ohm
resistor). When the negative pulses
are applied to the cathode of V, it
starts conducting and the 150-puf
capacitor quickly charges to the
voltage developed across the 100,-
000-ohm resistor,

The time constant of the 150-uuf
capacitor and 100,000-ohm resistor
combination is such that the capac-
itor will not discharge between the
1-mc pulses. The first pulse trig-
cers blocking-oscillator tube V,,
causing a start output pulse to be
generated, but subsequent pulses
are held down by the charge de-
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veloped across the capacitor.

The stop pulse is applied to the
cathode of V,;, and since the capac-
itor in the plate circuit of that
diode is uncharged, the stop pulse
will trigger the blocking oscillator
and a second pulse will be formed.

Thus the instrument produces
two pulses on a common line und
defines 2 time interval to within
a fraction of a microsecond.

Gating Error

In high-definition interval-meas-
uring equipment, the output of the
time-base oscillator is gated by an
electronic switch that is turned on
by a sharp voltage pulse. External
equipment being calibrated or
tested is actuated by the same pulse
that turns on the electronic switch.

Appreciable error may occur
when the interval is of the order of
a few cycles of the time-base fre-
quency. Accuracy depends on the
time a start is initiated with re-
spect to the phase of the time-base
pulse. If the start pulse coincides
with a time-base pulse, the interval
will be the exact number of time-
base increments selected. If the
start pulse falls between two time-
base pulses, the interval generated
will be in error since the interval is
terminated only after a prescribed
number of counts are registered.

It is possible to avoid this gating
error by using the first time-base
pulse to trigger the external equip-
ment being tested. This starts the
interval measurement. This first
pulse does not affect the counter
stages. The second pulse occurs ex-
actly 1 microsecond later and regis-
ters the first count. Accuracy is
limited only by the ability of the
electronic switch to open and close
the gate on corresponding portions
of the time-base oscillator pulses
and by the oscillator stability,

Interval Measurements

These techniques can be applied
to measurement of unknown inter-
vals that can be defined by electri-
cal pulses. The number of 1-mc
pulses admitted by the electronic
switch during the unknown interval
corresponds to the number of micro-
second increments in the interval,
in the case of the 1-mec time base.

The interval generator gives any
desired delay corresponding to ex-
act target range in vards or feet
for testing reflection-type ranging
equipment. The use of a lock-out
circuit permits application of start
and stop pulses on a common line
when the equipment is used to
measure intervals. Pulses other
than those intended for starting
and stopping are ignored.
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Airborne Interrogator

UMMARY -

Distance measuring equipment employs pulse transmitter

in aircraft to query automatic ground beacon. Tracking circuits in airplane

lock on the return pulses and servo system measures time delay between out-

going and incoming pulses. Distance is a dial reading

IR NAVIGATION by the long-

heralded system known as
VOR-DME ** has now reached the
stage where both the VOR (vhf
omnirange) and DME (distance
measuring equipment) are available
as packaged items for aircraft in-
stallation. The VOR has been in

widespread use for several years,
but DME with its greater complex-
ity has required more extensive
development and has only within
recent months become commercially
available, This article describes
the airborne DME interrogator.
The DME system consists of a
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uses resonant-line preselector

bidirectional radio link between an
aivcraft and any one of some 450
fixed ground stations distributed
throughout the U. 8. A few are
also operating in Europe’. The
airborne set transmits an interro-
gation signal comprising a series
of narrow pulse pairs at a slow
pulse-rate frequency on any of ten
channels between 963.5 and 986.0
mec. If the DME ground station
receives these pulse puirs and the
interpulse time interval is correct,
the ground station transmits a
reply signal consisting of pulse
pairs having a different interpulse
time interval on one of ten channels
between 1,188.5 and 1,211 mec.

The airborne interrogator, on re-
ceiving the reply signals from the
ground station, tests to see that the
pulse spacing is correct. If it is,
one-way distance equivalent to the
time interval between the original
interrogation signal and receipt of
the reply signal is displayed on a
distance indicator dial. Since the
interrogation-reply process repeats
at a rate between 15 and 30 times
per second, the distance indicator
continuously reads the slant range
between the aircraft and the chosen
ground station to provide the pilot
with distance information as an
aid to navigation.

The airborne equipment includes
a pulsed transmitter, operating on
10 channels, a pulse receiver, also
operating on 10 channels and a
range unit., This latter unit is re-
quired to key the transmitter with
accurately spaced pulse pairs and
select only correctly spaced pulse
pairs from the receiver output.
In addition, it measures the time
interval between the interrogation
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Spots Location

By A. R. APPLEGARTH

Chief Engineer
National deronautical Corp.
Awmbler, Pa.

and reply pulse pairs and supplies
it to the distance indicator. It
also provides an identity signal.

A remote-control device permits
remote channel selection.

Transmitter Assembly

The transmitter unit (Fig. 1)
employs a type 5670 tube as a
Butler-type crystal master oscil-
lator using any one of ten fifth-
mode ecrystals® oscillating at about
80 me. The next stage is a type
6AN5 tube operating as a pulse-
modulated r-f amplifier in which
negative pulses are applied simul-
taneously to the grid and cathode
elements, while the plate and screen
remain at ground potential. This
arrangement permits direct opera-
tion from the delay-line type pulser
without a pulse transformer,

A following 6ANS5 tube in a low-
level class-C r-f amplifier at 80 mc
drives a higher-level frequency-
doubler stage using a type 6293
tube. Similar to a 6146, this tube
is designed for pulse operation.
The 160-mc output from the doubler
is fed to a type 4X150A tripler
stage mounted in a cavity reso-
nant at about 480 mc.

This signal is coupled through a
resonant-line network to a type
4X150G doubler-output stage
mounted in a cavity resonant at the
final output frequency—about 960
me. The last three tank circuits in-
cluding both resonant cavities are
tuned by variable capacitors ganged
to the ecrystal selector switch to
provide tracking.

Receiver Components

The receiver unit (Fig. 2) is a
superheterodyne with crystal con-
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Typical installation of DME controls in airplane cockpit. Mileage indicator is at top
left. Selector controls tied in with VOR-ILS facility are tuned to airport frequency

trol of the local oscillator. The sig-
nal from the antenna is passed
through a broadband preselector
comprising three resonant lines
with aperture coupling, having a
bandwidth of 32 mc at the 3-db
points. A Butler-type crystal oscil-
lator using a tvpe 5670 tube and
any one of ten fifth-mode crystals
oscillating at about 76 mc has a
152-mc  tank circuit* to select
second-harmonic energy.

This signal is passed through a
crystal quadrupler circuit to a 608-
me resnnant line, from which it is
coupled to a crystal mixer along
with the signal from the preselec-
tor. The 25-mc heterodyne output
from the crystal mixer is am-
plified by a four-stage i-f strip hav-
ing a total gain of about 100 db and
a 3-db bandwidth of about 1 mec.
A type 5708 tube is used as a diode
detector, which is followed by a
type 5670 serving as a video ampli-
fier and a cathode-follower output
stage.

Range Unit

In the range unit (Fig. 3) both
sets of transmitter pulses are gen-
erated through gas-tube discharge
of a pulse-forming network (pfn).
The type 5696 tube generating the
first pulse is biased to permit self-
triggering at about 25 pps. A

noise signal is produced by passing
a small reverse current through a
germanium diode. The noise pro-
duced by this method amounts to
about 0.5 volt. It is coupled to the
grid of the gas tube to cause an
irregular jittering of its firing.

Jitter is introduced to avoid pos-
sible erroneous distance informa-
tion that might be caused by re-
ceiving reply signals intended for
some other interrogator operating
simultaneously with the same
ground station and pulsing in ac-
cidental synchronism. The jitter
is sufficient to cause adjacent inter-
rogations to vary at least 400 micro-
seconds. The first pfn has inserted
within its coil windings the end of
a length of #-in. diameter nickel
tubing.

By the phenomenon of magneto-
striction, the magnetic field set up
by the pfn during the pulse forma-
tion creates a mechanical strain in
the nickel that propagates along the
tube® as a sound wave. Pickup coils
are located along the tube at se-
lected distances from the pfn to
provide ten discrete time delays at
multiples of 7 microseconds from
14 to 77. A selector switch chooses
the desired pickup coil, which pro-
vides a one-volt signal to a type
5654 voltage amplifier.

The output of the voltage ampli-
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fier triggers the type 5696 gas tube
second-pulse generator, which is
biased to fire only when externally
triggered. It discharges a second
pfn creating the second pulse, which
is precisely delayed with respect to
the first one by the magnetostric-
tion system described above. Out-
puts of both pulse generators feed
a common load resistor to provide
the pulse modulating signal to the
transmitter.

The second portion of the range
unit decodes the receiver output
signal to determine whether the in-
terpulse interval is correct. A
magnetostriction delay system is
used, similar to the one described
above, but driven by a pulse ampli-
fier. It includes a two-stage output
amplifier because of the reduced
amount of energy available from
the receiver for magnetizing the
nickel. The delayed decode output
signal is fed to the coincidence
tubes along with the undelayed re-
ceiver output and the gate signals
described below.

Time Measuring System

The time interval between the
second pulse of each transmitted
pulse pair and the second pulse of
the corresponding reply pulse-pair
is the basis for distance determina-
tion. A phantastron time-delay
circuit® is triggered by the second
transmitted pulse. This stage, which
is stabilized by two clamp-diodes
and is provided with regulated plate
and filament power, generates an
output signal in its cathode circuit.

The time delay between the trig-
ger and the output signals is a very
linear function of the d-c¢ control
voltage applied to the plate clamp
diode of the phantastron. It is
displayed as the distance indication.
The phantastron output signal
triggers a monostable blocking
oscillator that generates a 10-micro-
second early gate. A short time-
delay circuit consisting of a
diode-damped resonant circuit is
shock-excited by the early gate os-
cillator. The delayed output from
this circuit triggers the 10-micro-
second late-gate oscillator to pro-
vide a 3-microsecond overlap. Each
gate signal is applied to the screen
grid of a triple-coincidence ampli-
fier tube.

The undelayed

receiver output
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pulses are applied to the control
grids of both coincidence tubes and
the delayed decode output signal is
applied to the suppressor grids. If
there is a triple coincidence between
the second pulse of the undelayed
receiver output signal, the first
pulse as delayed in the decoder and
the early or late gate signals, one
or both of the coincidence tubes
will amplify the coincident portion
of the signals and pass it to the
pulse detector and time discrimi-
nator circuits.

Pulse Detector

The pulse detector is a mono-
stable blocking oscillator that re-
sponds to the output of either coin-
cidence tube. When triggered, it
generates a large negative bias-
voltage, which is filtered and ap-
plied to the grid of a relay amplifier
tube. The presence of the large
negative bias cuts off the plate cur-
rent of this tube and thereby de-
energizes the search track relay
causing the input to the servoampli-
fier to switch from the slow repeti-
tive search function to the time
discriminator output for tracking.

The time discriminator is a
double-diode circuit that rectifies
the pulse ouput from each coinci-
dence tube separately. It develops
a d-c output voltage that rises or
falls depending on which coinci-
dence tube is active. The diodes
are biased to allow any existing
potential between 0 and —6 volts
to remain unchanged in the absence
of output from either coincidence
tube. A signal present only during
the early gate will produce a d-c
output voltage that will swing the
servoamplifier grid more negative,
while a signal present only during
the late gate will swing it more
positive. Signals occurring during
the overlap appear in both gates
and cause no change in the d-c out-
put voltage.

The servoamplifier performs a
dual function. During search it
slowly sweeps the phantastron con-
trol voltage (indicated as equiva-
lent miles on the distance indicator)
from below 0 miles (115 micro-
seconds) to beyond maximum range
(2,255 microseconds). At about
110-percent maximum range a con-
tact closes within the distance indi-
cator that discharges the Miller

run-up capacitor coupling the plate
to the grid of the servoamplifier and
restarts the cycle below 0 miles.

The large grid-plate capacitor
serves to increase the natural time
constant of the circuit to require
about 30 seconds to search through
the distance range. During track-
ing, the search-track relay trans-
fers the servoamplifier grid to the
time-discriminator output. This
action corrects the grid voltage as
needed to change the phantastron
control voltage to keep the decoded
reply signal within the 3-micro-
second gate overlap.

Identity Detector

During certain prescribed time
intervals, the DME ground stations
add a third reply pulse 10.5 micro-
seconds after the second pulse. This
pulse is keyed to provide station
identification. The range unit in-
cludes an identity detector com-
prising another monostable block-
ing oscillator with a gating pulse
applied to its cathode, which is ob-
tained by differentiating the late
gate signal. Thus a third reply
pulse occurring 10.5 microseconds
after the second pulse (which is in
the overlap during tracking) will
coincide with this gating pulse and
will trigger the identity detector.
The energy from this detector
operates a small neon lamp located
on the instrument panel of the
aircraft.

The distance indicator is a 270-
deg, 0-1 milliammeter having a
specification accuracy of =1 per-
cent of the actual current (down
to 20 percent of full-scale current).
The overall accuracy is specified as
+2% percent or =% mile, which-
ever is greater. However, this al-
lows for tube aging and severe en-
vironmental conditions. Under
normal conditions, the maximum
error does not exceed =1% percent
or =+=0.2 mile.

Memory Holds Range

The range is actually determined
by the phantastron control voltage,
which is measured by the distance
indicator milliammeter with an ar-
rangement of multiplier resistors
selected by the range switch. The
range switch is a part of the dist-
ance indicator assembly that simul-
taneously changes scale numbers as
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FIG. 3—Heart of airborne interrogator is the range unit that pulses transmitter, measures a
ory during periods of weak signal when the aircratt is maneuvered

it selects multiplier resistors.

Because of the prominent
shadows characteristic of uhf prop-
agation, reception of DME reply
signals is frequently interrupted
for periods ranging up to several
seconds. This is particularly notice-
able during aireraft maneuvers. To
prevent the ranging circuits from
resuming search immediately upon
the temporary loss of reply signals,
a simple memory is built into the
set.

It consists of an R-C circuit that
slows up the decay of the negative
voltage built up by the pulse de-
tector prior to loss of signal, there-
by delaying the operation of the
search-track relay by about 15
seconds. During this memory in-
terval, no change in the d-c output
voltage of the time discriminator
takes place, so the distance indica-
tor continues to show the reading
displayed at the time the signal
faded. If the signal returns, even
momentarily, prior to the expira-
tion of the 15-second memory inter-
val, tracking is resumed.

To conserve plate current, the
four receiver i-f stages are biased
to cutoff except during the 3,000-
microsecond time interval following
each interrogation when replies are
possible. The receiver is therefor
operative only about 10 percent of

ELECTRONICS — May, 1955

the time between interrogations.
The enabling gate is formed in the
range unit by first generating a
large pulse signal that closely fol-
lows the second interrogation pulse,
then shaping it into a truncated
saw-tooth having a flat top 3,000
microseconds wide. This signal is
then applied to the receiver i-f grid
returns through a cathode follower
to lower the impedance level.

Remote Control Unit

The remote channel selector con-
sists of two independent concentric
rotary switches arranged to permit
selection of any 0.1-mc channel be-
tween 108.0 and 117.9 mec. These
are frequencies of the VOR or ILS
stations that have associated DME
stations and are paired to specific
DME channels. The 108-109-110
dial actually selects the DME reply
channel (1,188.5 to 1,211 me) while
the 0.1-0.2-0.3 dial actually selects
the DME interrogation channel
(963.5 to 986 mc). The pulse spac-
ings, or mode, are a somewhat com-
plex function of both interrogation
and reply frequencies.

The channel-selector mechanisms
within the interrogator are pow-
ered by rotary ratchet motors that
home to the switch positions se-
lected by the remote-channel selec-
tor. In addition, the mechanisms

nd identifies time delays and provides mem-

also set up the mode as specified by
the particular combination of inter-
rogation and reply frequencies. A
third ratchet motor sets the pulse
spacing switch sections to conform
with the mode as set up.

Antennas

Separate quarter-wave ground-
plane antennas are used for the
transmitter and receiver. Since the
individual bands are only 25-mc
wide at 975 and 1,200 mc adequate
broad-banding can be obtained by
using rods of about %-in. diameter.
Each antenna consists of a modified
BNC connector having an enlarged
flange with a center conductor ex-
tension rod serving as the radiator.
A cone-shaped Teflon insulator is
added along with a circular clamp-
ing disk to strengthen the aircraft
skin at the point of installation.
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Feedback-Stabilized

TTEMPTS to build a precision

transistor amplifier with gain
accurately stabilized by inverse
feedback have generally failed be-
cause the low input impedance of
the transistors loads down the feed-
back network. When the transistors
are replaced or when the transistor
parameters vary because of aging
or changes in ambient temperature,
the feedback factor may vary.

A transistor differential ampli-
fler' employed in the first stuge of
a feedback amplifier provides a
convenient terminal for feedback
which does not load down the feed-
back network. In Fig. 1, e is the
equivalent input signal of source
resistance R, and e, is the equiva-
lent feedback voltage of source re-
sistance R,.. The stage gain is

/2= —6,/e
= Rras/[ra+re+t(ry +R)A—a)+
(ret+Rp)(1—a)] (1)
if R >>7r.; R, r,and R, << r.
Subscripts differentiate between
the two transistors. Equation 1
shows that the amplified signal de-
veloped across R, is proportional to
the difference between e, and e.. The
presence of a small amplified signal
voltage across R, when ¢, — e, is
due to common-mode effect, usually
defined® as the ratio of this signal
voltage to that which is present
when either e, or ¢, alone is ampli-
fied. Its magnitude increases as
the inequalities decrease. Common-
mode effect due to signal-source

Table I—Amplifier Drift

D-C Offset*

120 F

Input Stage r =3
200 1

Germanium differ-|
ential amplifier. 10 to 25 mv

Single - ended sili-| ‘

con amplifier . . ’ 25myv | 120 mv
Silicon differential|
amplifier |
Pair1... .. .. | 3myv 10 mv
Pair 2..... ... . negligible | 1 mv
Pair3.... ... .. 2mv 8 mv
Pair 4.. . . . negligible 1 mv
[T ——— lmv 3 myv

* Based on initial zero at 70 F

174

Complete ampliiier, shown actual size

resistance and common emitter re-
sistance is

9,

Typical values of . and », for a
junction transistor are 1 megohm
and 40 ohms. A source resistance
E,, of 10,000 ohms results in a com-
mon-mode effect of about 1 percent.

The overall amplifier gain (Fig.
1) as determined by the feedback
network is

A= (R + B)/R (3)

~subject to two conditions. The first

requires an amplifier internal gain
without feedback A’ much greater
than gain with feedback 4. The
variation in A denoted as AA, re-
sulting from variations in A’ de-
noted at A4’ is
Al = A44 /47 4)
The second condition states that
gain A varies in direct proportion
to the amount of common-mode
effect present in the differential-in-
put stage, that is A4 — 5. Variation
in gain due to signal-source resist-
ance R, or feedback circuit-source
resistance R,. can be computed di-
rectly from Eq. 2. Increasing R,
or R, also reduces the differential-
amplifier gain with a corresponding
reduction in internal guain A"
Variation in gain resulting from
the factor r../R, can be reduced to
negligible proportions by replacing
R. with a constant-current source,
as shown in Fig. 2.
Figure 8 is a feedback-stabilized

By DEAN W, SLAUGHTER

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

amplifier emploving germanium
junction transistors. The gain A
without feedback is about 10,000.
If R, and R. are selected for a gain
of 10, it is possible to replace either
of the transistors in the input cir-
cuit with an unselected transistor.
The gain of 10 does not change by
more than a few tenths of one per-
cent.

Low-Drift Amplifier

Variations in base-to-emitter bias
and collector cutoff current due to
changes in ambient temperature
may cause the output of transistor-
ized d-¢ amplifiers to drift. How-
ever, when a differential circuit is
employed in the first stage of these
amplifiers, equal variations in the
parameters of both transistors are
not amplified because of the re-
jection of common-mode signals.
For maximum reduction of d-c
drift, matched transistors may be
selected. They should be mounted
in close proximity on a common
heat sink.

The use of germanium transis-
tors above room temperature in d-c
amplifiers is not recommended.
Figure 4 shows a d-c amplifier em-
ploying mpn silicon transistors
which perform satisfactory at 200
I or higher. By employing a differ-
entiual circuit in the second as well
as the first stage, a worthwhile in-
crease in common-mode rejection
and a decrease in overall amplifier
drift is obtained. Power-supply
regulation of from 2 to 5 percent
is adequate. Amplifier internal gain
is about 2,500.

Table I compares drift versus
temperature of a differential ampli-
fier employing silicon transistors
with other amplifier configurations.
Drift is given in terms of equiv-
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Transistor Amplifier

UMMARY - — Gain of transistor amplifier is accurately stabilized by

inverse feedback to avoid drift, from aging or temperature change. Ampli-

fier can be built with silicon junction transistors for stable operation despite

high ambient temperatures

alent input drift, that is that volt-
age which must be applied to the
amplifier input terminal to return
the output terminal to zero. These
data assume that all the drift is
generated by the transistors and
none by the circuit resistances.
Amplifier zero does not offset by
more than a few millivolts over a
period of hours or weeks if the
amplifier is permitted a 20-minute
warmup.

The supply voltages applied to the
output stage TR, permit an output
swing of at least =10 volts. The
10,000-ohm collector load resistor
may be safely decreased to 2,500
ohms without exceeding the col-
lector dissipation rating of 150 mw.
Because of feedback, the amplifier
input impedance may approach but
never exceed the collector resistance
of TR, The output impedance is
approximately equal to the output
load resistance divided by the
amplifier loop gain A’/A.

The resistor and capacitor con-
nected between the collector of TR,
and ground provide the phase cor-
rection necessary to prevent oscil-
lation. Their values must be deter-
mined experimentally.

The values shown were suitable
for a gain of 10. The resulting
frequency-response curve is essen-
tially flat to 10 ke, rises 3 to
6 db at 60 kc and cuts off at 150 ke.

This paper presents the results
of one phase of research carried
out under Contract No. DA-04-495-
Ord 18, sponsored by the Depart-
ment of the Army, Ordnance Corps.
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FIG. 1—Transistor differential amplif
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FIG. 3—Feedback-stabilized amplifier using germanium junction transistors
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FIG. 4—Low-drift d-¢ amplifier employing npn transistors
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OST-USED schematic sym-
bols for electronic com-
ponents are collected here on
three pages for convenient refer-
ence, as abstracted from the new

54-page American Standards
Association publication Y32.2-
1954, “Graphical Symbols for
A-C SOURCE @
AMPLIFIER
[ Single-Line [ Complete
Diagrams Diagrams

Electrical Diagrams” and (for
transistors) from MIL-STD-
15A, “Military Standard Elec-
trical and Electronic Symbols”.

Symbols may have any orien-
tation, size and line weight. The
open-circle terminal symbol may
be added to leads if desired. Ar-

K ET

Feed-
Ganged Shielded through

(When electrode identification is neces-
sary, curved element represents outside
electrode of paper and ceramic units,
negative of electrolytics and low-poten-
tial electrode of feed- -through capacitors.)

Standard Symbols
for Electronics

UMMARY —— Further simplification speeds drafting and cuts costs. Simple
half-circles are now favored for coils. Basic switch loses arrowhead. Metallic
rectifier symbol now serves for crystal diodes. Antenna goes back to triangle.

Many microwave, transistor and photocell symbols appear here for first time

rowheads may be either filled or
open unless otherwise noted.
Electrically actuated devices are
normally shown in the power-off
position. One-line symbolism has
been adopted for waveguide dia-
grams, as indicated for micro-
wave symbols,—J.M.

CRYSTAL
—[J~

Piezoelectric

(For crystal diode, see RECTIFIER)
COUNTER

Electromagnetic EFD /b

(Triangle points in direction of trans- DIRECTION
:l‘as:e”;nf'tril::cl':r;gle may be used in CHASSIS (Chassis or frame is — B —>
9le- not necessarily at
ANTENNA ground potential) OR oR y
—_— ———
] colL . ¥ Ay
ne-Way Two-Way  Mechanical
-' r oYYy OR o J%- Signal Flow Signal Flow Motion
G | Dipol L | I f
enera pete °oP Magnehc Adjustable FUSE —_—\—
ATTENUATOR Core Tapped Adjustable or Variable
L <
ﬁ St é GROUND 1
Balanced Unbalanced Saturable-Core Inductor or Reactor KEY
BATTERY (Upper coil is d-c winding) E J
S _||||._. _{;_T_h_ CONNECTOR Telegraph
LAMP
One Cell Multicell Tapped Multicell —_— H %)——
(Long line is positive) :@ :@
Female Male Engaged - s e
BELL Contact Contact ilot witchboar
:ED :D\ (Not an arrowhead; draw lines at 900)
Bell Buzzer _@_ @
o
CAPACITOR v vy = 8/
'__ Jack Jack Plug Ballast A-C Glow D-C Glow
Fixed Yariable Trimmer ( @ @ ) _@ LOUDSPEAKER
| Outlet or Connector Qutlet or Connector :tﬂ :ﬂ j;ﬂ
with Female Contacts with Male Contacts
_-I }"' Goneral  Porman Eloer
enera ermanent- ectro-
,\ CONTACT Magnet dynamic
Differential Split-Stator — —’ v 4 {continued on page 178)
ELECTRONICS REFERENCE SHEET
176

May, 1955 — ELECTRONICS




SHORTEST ELECTRICAL PATH TO
THE GROUND-+*SIMPLIFIES WIRING
«««REDUCES SPACE REQUIRED BY
CIRCUIT COMPONENTS—

A JOINT DEVELOPMENT OF ERIE RESISTOR CORP.,
AND CINCH MANUFACTURING CORPORATION,

now in universal use, commercial and mili- ‘ I N ‘ H — E R l E
tary types, available in seven pin minia- room I

With built-in ceramic condensers,
Plexicon Tube Sockets, no larger
than standard receiver socket,

ture, nine pin Noval, and Octal

Capacitors built into socket may be either
by-passed to ground directly, or left open
for coupling applications. On by-pass applica-
tions, ground strap contacting outer plate of
capacitor is connected to metal
chassis when tube socket is

mounted.

provide the most effective method
The schematic diagram shows
basic design principle. The
silvered ceramic condensers
are shown in yellow. Note
that the condenser completely
surrounds the tube pin, and
that specially designed tube
prong terminals are used. MMF—the tube element may

be coupled or by-passed as
. tj‘? desired.

of by-paising . . . with con-
denser clase to tube element pro-
viding shartest path to the ground.

. capacity vp to 1,000

Reduces set assembly
costs—saves space; per-
mits moving other compo-
nents closer to tube socket.
Where space and weight make
compactness mandatory, as in airborne
equipment, the Plexicon socket is the
solution.

CINcH MANUFACTURING CORPORATION
1026 South Homan Ave., Chicago 24, lllinois

Subsidiary of United-Carr Fastener Corporation, Cambridge, Mass.

CINCH components avail-
able at leading electronic
jobbers—everywhere.

For shielding tube, two types are available for miniature

socket as shown, Bayonet with three lengths of shield cans
available and Snap-on, two lengths of shields
available. Bayonet type shown here.

The Mounting strap is a CINCH development for
ease and simplicity in mounting miniature
sockets. One strap nut takes the place
of two conventional type nuts and is

generally used in assembling
sockets having attached base.

BAYONET Write for detailed
SHIELD SHIELD BASE MOUNTING STRAP information




Standard Symbols for Electronics

(continued from page 176)

METER
A-—~Ammeter
CRO--0scilloscope
—'@—‘ G-~-Galvanometer
MA~«~Milliammeter
A or UA——~Microammeter
—=Voltmeter
MICROPHONE
MICROWAVE

DIEL
Path other than Air

—

Guided Path, General

I

Coaxial Cable Circular Waveguide

e

Rectangular Waveguide Ridged Waveguide

— S —

Short Resistor

—_—

Movablc
Short

Coax and Waveguide Terminations

___® __©__
@ &)

Open

E-Plane
1,2, 3

Coupling by Aperture, with
& 4 Path Ends Available

- L

Coupling by Loop Coupling by Loop
to Space to Guided Path

— J

Coupling.by Probe
to Guided Path

R EAY,

Loop Coupling

S

Resistance Coupling

AR

Equivalent Series Resistance Capacmve
Element, General Reaoctance

7 A £

Inductive L-C with L-C with
Reactance Infinite Reactance Zero Reactance
at Resonance at Resonance

Coupling by Probe
to Space

R ©®

E-Plane Aperture
Directional Coupler

X1

Probe Coupling

(For conductance and susceptance dis-
continuities in coax and waveguide,
rotate symbols 90° clockwise inside
triangles.)

0

Hybrid, General

E Ha

Hybrid——Rectangular
Guide & Coax Coupling

ONR

Circular Hybrid
(Use single letter for principal trans-
verse field in plane of ring; use HE for

all other cases.)

Mode Transducer

e

Hybrid Junction

Q,

i

Mode Suppression

G

Resonator for Coax & Waveguide

MICROWAVE EXAMPLES

i

Transducer from
rectangular guide
to coax, with d-¢
grounds connected

>

Ao
T 5

Lt

Ag

)
Circular 5-arm hybrid
with principal coupling
in E plane and 1-arm

H coupling using rectan-
gular waveguide

Transformer with
d-c grounds and
mode suppression
between 2 rectan-
gular guides

Resonator with
mode suppression,
coupled by E-
plane aperture to

guided path and
by loop to coax

e

Resonant magnetron Transit-time split-
with coaxial output plate magnetron with
stabilizing deflecting

electrodes and
internal circuit
Tunable magnetron,
aperture-coupled

Tunable resonator with
d-c graund, connected
to electron device and
adjustably coupled by
E-plane aperture to
rectangular guide

Reflex klystron,
integral cavity,
aperture-coupled

Double-cavity klystron,
integral cavity, perma-
nent external ganged
tuning, loop coupling

Transmit-receive (TR) tube, gas-filled,
tunable integral cavity, aperture-cou-
pled, with starter

MOTOR & GENERATOR

b @)

Mot or Generator
Series Shunt Separately
Excited
PAD
Balanced Unbalonced
PATH

_'LT—

Connections

~1 11~

Air or Space Path

o) FdaY
= == =
2-Conductor

]
T

Na Connection Connection

Conductive Path

Shielded
Single Cable, =
Conductor Unshielded 2-Cond. Cable
with Grounded
Terminal Shield
PERMANENT MAGNET
PHONES ~~
= |
General
Single Double

(continued on page 180)
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Rugged New Mounting for
MALLORY

Tantalum Capacitors

-."ﬁ\ i

a
SPECIALLY DESIGNED for circuits that must withstand heavy shock MALLORY
I : and vibration is this latest version of the famous Mallory XT Tantalum Capacitors
Tantahun Capacitor. meet the toughest

The case has a sturdy threaded neck that fits through a keyed slot in specifications

the chassis. Lock washer and hex nut are supplied to give you an ¢ Long lifs aLtemperatures yp-i0 175°Cs

assembly that will withstand the most severe service. Mounting requires ...ean be supplied for use at 200° C.

only seconds to complete . . . needs no strap or other hardware. o Low -femperature stability down to
-55° C

Next time vou need capacitors for extreme-temperature, high-accelera-
tion duty, plan to use these new Mallory units. They come in a
complete range of ratings and sizes up to 213’ height. Write to Mallory
today for complete data.

Closer tolerances . . . only 450 per
cent, when desired.

¢ Lower leakage currentsthaneverbefore.

Parts distributors in all major cities stock Mallory standard components for your convenience.

MAa ""

P. R, MALLORY & CO.,

Type TAW
Subminiature Silverlvtices*

The smallest capacitor for its rating...4 or 6 mfd. at
4 VDC. Only 115" in diameter, 34" long. Electrical char-
acteristics comparable to larger capacitors.  *Trade Mark

Inc., INDIANAPOLIS 6, INDIANA

ELECTRONICS — May, 1955 Want more information? Use post card on last page. 179



Standard Symbols for Electronics

(continued from page 178) THERMISTOR l J, i
PHOTOCELL Anode; Target Dynode,
Collecting or Collecting
Electrode; X-Ray and
Fluorescent Anode Emitting
. Target
Asymmetrical Photoconductive General With Heater g
( Transducer A ‘L 'R'
Resistive. Use solid arrowhead; TL
means element varies with light) TRANSFORMER —
T Composite Composite Composite Anode
I | Anode Anode and lonically
and and Heated Cathode
| ' Photocathode Cold with Supplemen-
Symmetrical Photoconductive L Cathode tory Heating
Tronsducer; Selenium Cell General Mognetic Core  Shielded
N i .
Photovoltaic Transducer; Barrier or ; I
Blocking-Layer Cell /,J7
Envelope
K ] Shield between One Both
PICKUP Windings, Con-  Winding Windings
nected to Frame Adjustable Adjustable
RECTIFIER
Metallic Rectifier; Crystal Diode; Elec- %/%' % . .
trolytic Rectifier; Asymmetrical Varistor Split Bowallgpe GEG:‘;E].iIZd
(Usg solid arrowhead Arrow shows di- Adjustable Auto- P
rTctlon of forward or easy current, not Mutual TRy Tapped
electron flow) Inductor
Example: Full-wave (There is now no special core symbol
bridge rectifier. for powdered iron cores; symbol for ad- —_—
Polarity of d-c out-. 4 - justable inductance serves instead ta
put voltage is as indicate a movable core) N
shown when a-c is
applied between top
g"'.dd’bm'om leads of TRANSISTOR Triode Twin-Triode
ridge o1 ci el c
RELAY
—_—
- = W p b o
4 —A A N or PNP N, NPN or NPNP
_% Triode Triode
o a ce
SPDT Contacts Two-Circuit g ¢l Voltage Regulator  Vacuum Phototube
x J be bt
b bi
°—i Tetrode Pentode
Thermal
(Arrowhead on emitter is solid and
RESISTOR shows current flow, not electron flow.
Arrowhead must not touch circle or base A
ARA APK line. Letters are not part of symbol; e =
emitter, ¢ = collector and b = base. o
Bosi Tapped Adiverable Voriobl These are MIL-STD-15A symbols, not | Multiplier Phototube Cathode-Ray Tube,
asic appe |ustable ariable yet in ASA) Electrostatic
SHIELDING VARISTOR
TUBES =
—————— + -
SWITCH /\ f 1 C Asymmetrical; Symmetrical
/o Directly Indirectly Photo- Metallic Rectifier g MISIHLes
o °/‘|° Heated Heated cathode . X . R
0/0 o Cathode Cathode (Arrowhead is solid and shows direction
o o)o o o oo of forward or easy current, not electron
Basic DPDT  Selector Selector - flow)
SYNCHRO Cold or lonically VIBRATOR
lonically Heated,
Heated with ?
Cathode Supplementary Pool
Heating Cathode 1 =
Grig- N AN L-I 1 II
Basic Synchro Control Differential — Deflecting, fgnitor for
Receiver, Trans- Synchro Re- Excitor, Reflecting or  Pool Tubes; . .
mitter or Trans- ceiver or Contactor Repelling Starter for Sh'f‘m Bair= SEESSEORE
former Transmitter Type Electrode Gas Tubes (Showing of terminals is optional)
ELECTRONICS REFERENCE SHEET
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Spiral Tubing, another outstanding C-D-F product, is an
important new material for the progressive, cost conscious
design engincer (and purchasing agent). Itis a high strength
plastic made from paper or fibre that is spirally wound,
then impregnated with phenolic resin or insulating varnishes
and carefully cured at high temperatures. The resulting
tubes (round, square, rectangular or formed to special
shapes) are stiff, sturdy, resistant to crush, with good
tensile strength.

This unique product has good dielectric strength with low
dielectric loss properties. Moisture resistance and dimen-
sional stability is easily controlled in the manufacturing
process. The wide varicty of sizes, shapes, forms; the
strength; low cost; ease of fabrication; speed of delivery;
all combine to make C-D-IF Spiral Tubing worthy of your
investigation.

SIZES FABRICATION
The round tubing ranges from 3/32  Spiral Tubing is readily sawed,
to 8” 1D, with wall thicknesses from  punched, drilled, tapped, riveted,

0075 to 14”. The minimum ID of
square and rectangular tubing is 38",
with 214” the maximum ID, Wall
thicknesses range from .010 to 3/32".

stamped, painted, depending on the
grade; it is suitable for automatic
machine operations, but not recom-
mended for conventional machine
threading. Waxing or varnish im-
pregnation to improve moisture re-
sistance is usually done on the fin-
ished coils by the user.

Standard lengths are from 2 to 4,
with special sizes and grades, plain
or impregnated, open for your dis-
cussion with our C-D-F sales and
engineering staff.

FORMS:

See our general catalog in Sweet's
Design File for more data, the address
and telephone number of your nearest
C-D-F sales engineer. Also, write for
C-D-F Spiral Tubing folder ST-53, (a
workbook showing grades, applications,
properties), free test samples, or send

us your print for quotation.
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WE MAKE AND FABRICATE. ..
STRONG, Low-cosT SPIRAL TU BIG

PRIMAPRY APPLICATIONS

COIL FORMS OF ANY SIZE OR SHAPE

for tuned or untuned RF, IF, oscillator, and other
coils used in radio, television, electronic circuits

for solenoids, relays, circuit breakers

for transformers

for permeability tuners

INSULATORS
for selenium rectifiers
for electric motors
relays

BUSHINGS OR SPACERS
armsature shaft spacers
for mechanical support

SHIPPING PROTECTORS AND FOR SPECIALIZED PACKAGING
BOBBIN TUBES
BODIES FOR PAINT ROLL APPLICATORS

AS A COMBINATION MATERIAL
with other C-D-F high strength plastics or electrical
insulating materials

GRADE SELECTION

C-D-F has mass production facilities for both the
manufacture and fabrication of eighteen distinct
grades of Spiral Tubing. Far example, there’s a
special punching grade, fine for punching rectan-
gular or square holes near the end of the tube. A
relatively soft tube is supplied for difficult stapling
or riveting. C-D-F makes high strength automotive
electrical bushings from a very hard tubing with
high axizl compressive strength. Combinations of
kraft, chipboard, Diamond *“fish paper” Insulation,
and other materials are available.

ROUND « FORMED « FORMED AND NOTCHED « SQUARE AND RECTANGULAR

CONTINENTAL-DIAMOND FIBRE COMPANY

NEWARK 16, DELAWARE

Want more information? Use post card on last page. 181



Electirons At Work

Edited by ALEXANDER A. McKENZIE

New Transmission Techniques Extend Range Sevenfold

Rear view of 60-foot experimental antenna used in 230-mile broadband propagation
experiments at uhf. It is compared with modern scoop antenna now being used
in conventional microwave circuits up to 30 miles

RELIABLE communication over long
distances using frequencies in the
ultrahigh region of the spectrum
has been accomplished by engineers
of Bell Telephone Laboratories and
Massachusetts Institute of Tech-
nology. Television and multichan-
nel telephone transmission has been

proved possible over a 200-mile
circuit without relays. This con-
trasts favorably with present

microwave radio relays across the
United States in which the relay
stations are 30 miles apart.
Although early experimenters
presumad that uhf signals traveled

Transducer Tube Changes Signals To Letters

HIGH-SPEED PRINTING, required for
the output of various devices, like
computers, may be possible with a
new electron-image tube. Devel-
oped bv W. H. Bliss and J. E.
Ruedy under the supervision of
C. J. Young and G. A. Morton of
RCA, the tube simulates typeset-
ting. It selects letters and figures
one by one from a font and pliaces
them in luminous form on a 5-inch
circular tube face in lines or any
desired pattern.

The font comprises a lantern
slide bearing a chart of letters and
figures that are projected from out-
side the tube onto a sensitive layer
at the rear of the tube. This photo-
emissive layer emits a stream of

182

only in straight lines so that the
receiver could be assured satisfac-
tory operation only if the trans-
mitter was within line of sight, it
was discovered in the early 1930’s
that transmitted signals could often
be picked up at much greater
distances.

The practical contribution of the
most recent work has been use of
powerful transmitters in the order
of 10 kw and high-gain, directive
antennas having 30 times the an-
tenna area used in the present
transcontinental microwave system
—60 feet in diameter.

Television was first successfully
transmitted over the horizon in
1954 between Holmdel, N. J. and
New Bedford, Mass., a distance of
188 miles.

Over-the-horizon signals should
not be confused with so-called
ionospheric scatter useful for radio-
telegraph communication at rela-
tively low frequencies. Unlike sig-
nals propagated by means of the
ionosphere, the new technique pro-
vides a suitable medium for broad-
band signals.

B ]

W. H. Bliss of RCA, Princeton, inspects resolution of letters on the face of an
electron-image tube that translates coded information into printing
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SAVE TIME AND MONEY

Build these compact Pp wer Supplggs\
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electrons in the pattern of the
projected letters. The stream is
accelerated by a voltage applied to
the wall coating of the tube.
Selection of letters in the re-
quired order is accomplished with
a tiny aperture at the neck of the
tube, permitting only one character
at a time to pass through. The
stream is shifted by a magnetic de-
flection coil around the outside of

the tube to choose the desired letter
or character.

Another set of coils focuses and
deflects the character to its proper
place where it appears in visible
form on a phosphor screen. En-
largement can also be accomplished
by the second set of coils.

As many as 4,000 characters have
been produced clearly in a single
pattern on the 5-inch tube face. The

typesetting process can take place
at speeds up to 10,000 letters a
second.

Source of information for tests
has been perforated paper tape, but
output of magnetic tape. wire or
radio signals or electronic storage
unit could also be used.

In the laboratory, 2,000 char-
acters a second have been clearly
recorded on standard 35-mm film.

Producing Oscillations With A Colpitts Circuit

By RicHARD WHITE McCUSKEk
Merced, Calif.

FAILURE to obtain oscillations from
a class A Colpitts oscillator without
changes in initial component values
is sometimes encountered. Analy-
sis may show that the circuit of
(A) 1is equivalent to the circuit
shown in (B) which can then be
redrawn in the form shown (at
right) in (C).

Components are now arranged in
the configuration of a bridged-T
network in which a null is pro-
duced at the output. With pure

(8)

Colpitts oscillator circuit (A) redrawn in equivalent form (B} and rearranged to show

bridged-T network configuration (C)

sine-wave input, it may actually
give zero output.

In those cases where an oscillator
fails to function, it may be that the
constructor has paradoxically built

a bridged-T network that produces
a null grid voltage at or near the
very frequency the oscillator was
designed to generate.

(continued on page 1863

DEW Line Radar Network In The North Spots Planes

"

ST

Experimental radar unit in the Arctic is prototype of those for Distant Early
Warning (DEW) Line to be constructed for detection of approaching unauthorized
aircraft. Mushroom-shaped rubber dome houses a radar antenna and protects it
from weather. Western Electric is prime contractor

184

Tractors and other heavy equipment are
transported in Arctic by aircraft. Transport
shown shuttles between Alaska and for-
ward base
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how to stop an h-blast

WANTED: a camera to stop the action of
a nuclear explosion at a pre-selected
microsecond, with high quality image-
definition ... that was the problem
handed by the AEC and its Los Alamos
Scientific Laboratory to the Boston firm
of Edgerton, Germeshausen & Grier,
Inc. EG&G solved it by inventing the
non-mechanical Rapatronic shutter . . .
employing the Faraday Effect of mag-
netically rotating the plane of polarized
light as it traverses an optical element
.and relying on HELIPOT* precision
potentiometers and DUCDIAL* turns-
counting dials for sensitivity setting and
calibration.
A light-pulse from the blast falls on a
photocell . . . generates a signal that
passes through a variable time-delay to
trigger a condenser-discharge circuit...
releasing energy which surges through
a coil wound around a lead-glass lens.
The resulting magnetic field rotates po-
larized light from the blast as it passes
through the lens. .. effecting a one-
microsecond exposure.

ELECTROKICS — May, 1955

Sensitivity of the photocell circuit is
controlled by a standard-linearivy
Model A 10-turn HELIPOT, calibrated
with a Model RB puobpIAL. Time-delay
from photocell pick-up to shutter oper-
ation . . . continuously variable frem 0
to 100 microseconds . .. is controlled
by a Model A 10-turn HELIPOT of 0.1%
linearity, calibrated with a Model W10
DUGDIAL.

The coil of the BELIPOT is wound with
more than 10,000 turns of resistance
wire . . . the DUODIAL is settable to a

ST e T e
SITHCIRS R =~

\

> 0SNG

Helipot Corporation/South Pasadena, California
Engineering representatives in principal cities
a division of BECKMAN INSTRUMENTS, INC.

Want more infermaticn? Use post card on lcsf page,

fraction of any of its thousand scale-
divisions . . . and the Rapatronic shut-
ter can be tripped at any preselected
fraction of a microsecond.

For complete details of this and other
HELIPOT applications, write for Data
File 501

MODEL A HELIPOT

W10 DUODIAL

‘. :\l ‘ T
" I p 0 first in precision potentiometers

B

% 242
BECKMAN ) *,, 22
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THE FRONT COVER

MULTICHANNEL recorder de- =t x4 e i 5 T
sighed and built by Beck- L. & o Py sl il

man Instruments, Inc. speeds
static testing of aircraft struec-
tures at Convair in San Diego.
The instrument automatically
measures and records the output
of as many as 200 resistance
strain gages within 5 minutes.
As hydraulic rams apply ealcu-
lated loads to the aireraft struec-
ture, the strain gages attached
to the structure produce unbal-
ance voltages, Fast-cycling step-
ping switches momentarily connect
the recorder’s measuring cir-
cuit to each gage circuit. During
this brief contact period, strain
voltage from the gage is compared
with a slide-wire reference volt-
age and the analog result—in
terms of strain vs known load—
is printed on a tabulating card.
Before a test run begins, gage

3

Technician testing multichannel recorder used to collect strain-gage data during
aircraft structural fests. The equipment measures and records output of 200
strain gages within five minutes, Beckman Instruments, Inc. built the device
for Convair

circuits are balanced at zero load
by means of 200 10-turn Helipots
and a portable servomotor. Any
voltage differential in an unbal-

ing Helipot shaft until the ecircuit

balance poirt is reached.
Imniediate availability of in-

formation permits structures en-

test progresses. The recorder can
also be equipped with a digital
conversion unit so that digital
data can be printed, punched on

tape or preserved in some other
form.

gineers and stress analysts to
maintain a constant check as a

anced circuit drives the servo
motor, which spins the correspond-

Designing 2,000-M¢ Componenis For Communications

By N. C. CoLBy

RCA Victor Division
Radio Corporation of America
Camden, N. J.

WHEN DESIGNING ultra-high fre-
quency circuits for commercial ap-
plications some of the factors that
must be considered are the para-
sitic capacitance of tubes, the de-
sired tuning range, tube accessi-
bility, means of ventilating the
tubes, power output coupling
methods and manufacturing costs.

The physical size of tuned cir-
cuits. usually of the transmission-
line type, is determined by the char-
acteristic impedance of the trans-
mission line, the working frequency
and the input or output capacitance

T
=

]
S
Tuned cavities at left cenier of chassis provide coupling between oscillator mixer
und cmplifier

=
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THIS IS/17/

¥

UNIT SHOWN ACTUAL SIZE [ /

vew3-WATT Boue

miniaturized axial-lead wire wound resistor

SPRAG

SPRAGUE ELECTRIC COMPANY ¢ 35 MARSHALL ST. « NORTH ADAMS, MASS.

ELECTRONICS — May, 1955

This power-type wire wound axial-lead
Blue Jacket is hardly larger than a match
head but it performs like a giant! 1t's a
rugged vitreous-enamel coated job—and
like the entire Blue Jacket family, it is
buile to withstand severest humidity per-
formance requirements.

Blue Jackets are ideal for dip-soldered
sub-assemblies . . . for point-to-point wir-
ing . .. for terminal board mounting and
processed wiring boards. They’re low in

cost, eliminate extra hardware, save time
and labor in mounting!

Axial-lead Blue Jackets in 3, 5 and 10
watt ratings arc available without delay
in any quantity you require. 4 A %

SPRAGUE WATTAGE DIMENSIONS MAXIMUM

TYPE NO. RATING L (inches) D RESISTANCE {

151E 3 V%2 % 10,000 £
27E 5 1% % 30,000 {2
28E 10 1% %s 50,000 {2

Standard Resistance Tolerance: 5%

Want more information? Use post card on last page.

¢
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AaMPHENOLS

ﬁ.—_—/

26 SERIES
OF RACK & PANEL CONNECTORS

Interconnection of vital electronic equipment demands a wide
variety of connector designs. At AMPHENOL this demand has
resulted in the most comprehensive connector line available to
the electronics industry —A N connectors, RF connectors, Blue
rR1BBONS, and hundreds of special components. In the latter cate-
gory are the 26 series of Rack & Panel connectors, which includes
three distinctly different designs, each offering excellent design
and mechanical characteristics.

4,5, 7 & 9 Contact Miniature Connectors

Designed to cover a wide range of miniaturized applications
by the use of interchangeable hardware and contacts. Hex nut
type has threaded body for panel mounting without the use of
external shells. Locking Clip type permits positive mating with
Hood & Cable Clamp type. All with male or female contacts.
Bodies molded of amPHENOL 1-501 blue: gold plated contacts.

Extremely small pin and socket type connectors available in
numerous contact arrangements. Have guide pins and bushings
for positive alignment. Contacts are brass, gold over silver
plated. Bodies are melamine.

11, 15 & 20 Contact Connectors

Available with protective aluminum housings with top or side
cable outlets. Connectors have eyelets inserted in the mounting
holes for extra strength. Interlocking barriers prevent acci-

brass, gold over silver plated, and are molded into the insert.

aMPHENOL

PHENOLIC CORPORATION
chicago 50, illinois
In Canada: AMPHENOL CANADA LIMITED Toronto

AMERICAN

dental shorting. Bodies are mica-filled phenolic; contacts are.

ELECTRONS AT WORK (continued)

of the tube. Physical size of the
circuits is inversely proportional to
both the characteristic impedance
and the capacitance. This fact usu-
ally rules out parallel-line circuits
whose characteristic impedance is
of the order of 240 ohms. Coaxial
structures are widely used because
they provide good shielding, high Q,
and can be built to have a charac-
teristic impedance as low as five or
ten ohms, but their size also is
governed by the capacitive loading
at any given frequency.

FIG. 1—Resonant cavity using single
tube and tuning slug

Using a 2C39A tube in a coaxial
circuit at 2,000 megacycles it is
found that the output line or cavity
is 0.97 inch long, assuming a quar-
ter-wavelength section, and has an
output capacitance of 2 uuf and a
characteristic impedance of 30
ohms. The length of the tube from
the grid ring to the end of the cool-
ing fins is 1.6 inches—a difficult
situation. In many applications a
possible way out is to use multiples
of a quarter wavelength but in ap-
plications where maximum band-
width is desired the additional
stored energy is a serious problem.
What is needed is a resonant cavity
whose dimensions are essentially in-
dependent of capacitive loading.

7

2000 /
1800

1500

2400

FREQUENCY IN NG

100. 200 300
TUNING SLUG TRAVEL IN 000 IK.

FIG. 2—Change in frequency with ad-
justment of tuning slug in single-tube
cavity

A ridge waveguide cavity pro-
vides approximately this feature.
If a cavity is constructed from =a
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One of the Many Outstanding Characteristics of the

DU MONT TYPE 6292 Multiplier Phototube <& e

Stability — the ability of a multiplier phototube to opcrate over extended
periods of time without appreciable change in output characteristics —

is essential to reliable quantitative measurements and to high-quality
flying-spot scanner applications, particularly those involving color
signals. The stability of the Type 6292, achieved with silver-magnesium
dynodes and a construction exclusive to Du Mont multiplier
phototubes (see below) assures reproducible results without continual
recalibration of equipment or, in the case of flying spot

scanners, continual readjustment of video level.

Unparalleled stability, added to excellent sensitivity and cathode
uniformity, very low dark current, and high signal to noise ratio
makes the Type 6292 particularly well suited for those

applications where quality of performance must not be compromised.

The unique Du Mont Dynode Structure

Note independent screen between photocathode and

first dynode, which is brought out to a base pin.

By varying the potential on the screen, optimum
electron collection is achieved, greatly improving
signal to noise ratio. Linear arrangement of box-type
dynodes provides longest possible leakage paths
between low- and high-voltage dynodes, greatly
minimizing dark current and noise. This construction
also provides effective shielding of electron stream,

minimizing the effects of external fields.

Spectral Response

(at 210 V. O cps)
between cathode and
all other electrodes

105 v/stage; O cps
145 v/stage; O cps
Current Amplication at:

105 v/stage
145 v/stage
Average Anode Current
Peak Anode Current
Tube Diameter
Seated Height to Center
of Wind

ELECTRONICS — May, 1955

Cathode Luminous Sensitivity

Anode Luminous Sensitivity

60 L A/lumen

13 A/lumen
120 A/lumen

215,200
2,002,000

S ma

25 ma

2 =1/16 in.

4.7/8 *3/16 in.

The performance features of the Type 6292 are
representative of those of the entire line of
Du Mont Multiplier phctotises, zovering the
entire range of sizes from -inch to 16 inches.
All are built to Du Mont’s rigid specifications
for quality, and are bac<ed by the well known
Du Mont guarantee. For -“ull t2chnical details on
the Type 6292, or other Du Mont multiplier
phototubes, write the Techaical Sales Depart-
ment, Allen B. DuMont Laborctories, Inc.,
2 Main Avenue, Passaic, N. J.

Technical Sales Department

ALLEN B. DU MONT LABORATORIES, INC.

760 BLOOMFIELD AVENUE, CLIFTON, NEW JERSEY

Want more information? Use post card on last page.
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MAGNETIC STARTER

STYLE
SEE COIL FOR YOLTAGE AND CYCLES

FURNAS ELECTRIC CO.
BATAVIA, ILLINOIS

Want more information? Use post card on last page.
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One insulating material that has all the answers?

Sure! It's PLASKON® alkyd

e

[T

For further information on PLASKON

Plastics and Resins, address

BARRETT DIVISION, Allied Chemical & Dye Corporation,
40 Rector Street, New York 6, New York, HAnover 2-7300

The Furnas Electric Company of Batavia, Illinois, needed
a very special plastic to meet the electrical and physical
requirements for contact blocks in their line of magnetic
motor controls. PLASKON Alkyd Molding Compound 422
filled these specifications. Alkyd’s outstanding arc
resistance and high dielectric strength could be counted
on to resist tracking and burning due to arc rupturing
during interruptions of the circuit. Because of PLASKON
Alkyd’s higher insulation value, it was possible to
increase the rating of these motor controls without
increasing their dimensions . . . they operate efficiently
with greater electrical loads than is possible with other
tested materials.

Like so many other electrical manufacturers, Furnas
Electric found that pLASKON Alkyd was the one plastic
that could do all the things required of it. Having the
right material can make the difference between success
and failure of a product. And time after time, PLASKON
Alkyd has proved itself to be exactly right for tough
electrical jobs.

PLASKON Alkyds can also save you money in time and
labor costs. They mold rapidly at low pressures,
with cure-time cut to a minimum.

Dimensional stability, moisture resistance, heat-
dissipating qualities and minimum after-shrinkage make
pLASKON Alkyds popular with the many electrical and
electronic manufacturers who have found them to be
the only satisfactory plastic for their top quality needs.

1 JiSHON.
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To build a better flyback trunsforr...

Resivite

ey~

e
.
1

flyback transformer coil forms are fabricated from select

materials and resin impregnated by a special process to provide

optimum dielectric characteristics.

In volume resistivity ... low power factor. .. resistance

to voltage break down .. .excellent thermal properties . ..

and

low moisture absorption .. . Resinite outperforms all

other resinated products.

Resinite flyback transformer coils are available in

any size or shape and are notched to your specification.

Delivery is prompt in any quantity.

Request full information and samples

RESINITE .. onarlon

Division of

192

2035E W. CHARLESTON ST.

Maryland: Baltimore, Maryland, Plaza 2-3211
Philadelphia, Camden: Philadelphia, Pa., Chestnut Hill 8.0282

PRECISION PAPER TUBE COMPANY

Sales Representatives in:

New England: Framingham, Massachusetts, Trinity 3-7091

Metropolitan New York, New Jersey: Jersey City, New Jersey, Journal Square 4.3574
Upstate New York: Syracuse, New York, Syracuse 4-2141

Northern Ohio, Western Pennsylvania: Cleveland, Ohio, Atlantic 1.1060

Indiana, Southern Ohio: Logansport, Indiana, Logansport 2555

Missouri, Southern lllinois, lowa: St. Louis, Missouri, Sterling 2318

California: Pasadena, Colifornia, Sycamore 8-3919

Canada: Montreal, Quebec, Canada, Walnut 0337

CHICAGO 47, ILLINOIS

Want more information? Usec post card on last page.

(cantinued)

ELECTRONS AT WORK

section of ridge waveguide by sol-
dering a conducting sheet over each
end there will be a resonant fre-
quency associated with it having a
field configuration corresponding
to the TFE, mode in rectangular
guide. If the ridge is extended
across the cavity to increase the
capacitance between the broad
faces of the cavity, it will be neces-
sary to reduce the length of the
cavity to maintain resonance at a
given frequency, but as the capaci-
tance is increased indefinitely the
resonant length of the box ap-
proaches, as a limit, one half wave-
length in free space.

| —

CATHODE

FIG. 3—Dual-cavity amplifier with sep-
arate cavities for anode-grid and cath-
ode-grid circuits

On the assumption that the capa-
citance of the ridge could be simu-
lated by the capacitance of a tube
and tuning slugs distributed along
the length of a cavity, a model was
built using a single 2C39A tube
and a tuning slug, as shown in Fig.
1. The model consisted of a rec-
tangular copper box proportioned to
accommodate the tube and to reso-
nate in the desired frequeney range.
Connections to the anode and grid
structures of the tube were made by
means of spring fingers. Measure-
ments of the tuning range showed
the assembly to be tunable from
1,200 to 3,500 me. No objectionable
spurious resonances were observed.
The wide tuning range and the
quite linear relationship between
resonant frequency and tuning slug
insertion as shown in Fig. 2 are
desirable characteristics.

Following these simple experi-
ments an amplifier was built using
two cavities, one in the anode-grid
circuit and one in the cathode-
grid circuit. Figure 3 shows the
arrangement. The two cavities
were identical in size and had a
common wall. The tuning range of
the two cavities was essentially the
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THE MOST TRUSTED NAME IN ELECTRICAL CONNECTORS

Pioneers 1n
Development of
Vibration-Resistant
Electrical Connector

The unsatisfied demand for a rugged,
dependable connector capable of meeting
the exacting requirements of modern air-
craft led the Scintilla Division of Bendix*
to develop the first vibration-resistant
electrical connector. These connecors
using the revolutionary new insert mate-
rial known as Scinflex were first used on
Scintilla Division’s ignition equipment
for piston engines.

So outstanding was the performance
of this new and better connector that its
acceptance and use have now beccme
world-wide. Today the Scintilla Division
is a major contributor to the electr cal
connector industry.

This pioneering has never stopped.
Bendix was first in the field with cad-
mium plated connectors, which were lzter
made a requirement of military specifi-
cations. Qur latest contribution is the
best engineered closed entry socket con-
tact available anywhere—one which can-
not be mechanically overstressed.

*TRADE-M ARK.

SCINTILLA DIVISION

ot ?ﬂdé/

AVIATION CORPORATION

SIDNEY, NEW YORK

AVIATION PRODUCTS: Llow and high temsion

Ignition systems for piston, jef, turbo-jet engines and

rocket motors . . . ignition analyzers . . . radio shielding

harness and noise filters . . . switches . . . booster coils
+ . . electrical connectors.

Export Sales: Bendix International Division * 205 East 42nd St., New York 17, N. Y.
FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. e Stephenson Bldg., 6560 Cass Ave.,
Detroit 2, Mich. e 512 West Ave., Jenkintown, Pa. e Brouwer Bldg., 176 W. Wisconsin Ave., Milwaukee,
Wisc. ® American Bldg.,, 4 South Main St., Dayton 2, Ohio e 8401 Cedar Springs Rd., Dallas 19, Texas
e Boeing Field, Seattle 8, Washington e 1701 “K’ Street, N. W., Washington 6, D. C.
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SUPERIOR TO
CERAMIC BUSHINGS

HV CONNECTION
COMPLETELY RECESSED

HV

CONCEALED-DISCONNECT

BUSHINGS

60 KV —100 KV

Pronouncedly superior to ceramic
bushings: connection between HV
source and outpuf lead is deeply
within unif —corona completely
eliminated, maximum safety
provided operator.

Molded of tough, flexible resin of
high impact and dielectric strength.
High dielectric and assembly
method permit increased per-
formance and reduced size—
advantageous where restricted
space precludes internal bushing.

A copper sleeve at contact point cur-
tails breakdown from bombardment.

» HVD-60 (60 KV) and HVD-100

(100 KV) handle 1.5 KW « Height 5%’
(234" above base of mounting
tlange), base diameter 3'2"’

» Operating temperature —50°C to
150°C » Two feet of HV lead with
each unit—longer leads available.

Y/ HIGH VOLTAGE (60-100 KV}
PG E U CABLE N ’7\/1‘ ,7‘\/5 Ourput LEAD [
N/ -
\ AN S ) 7
= 7 %Y, \
/ S '/' /, / i /
¥ ” 77 4 Ly
-3 3 1 "

OPPER SLEEVE :N\_K‘(,

PLUG-JACK ASSEMBLY

Diagram showing completely recessed HV connection.

Special assemblies
available for your
higher wattage

requirements

MTL produce HV components such as Power

nomena but applical;le to

MI

Supplics,Pulse Transformcrs,Capacitors,etc.,
dcvclopcd for their instrumentation for the
racliographic recording of ultra speed plle-

unrelated fields.

They invite extraordinary commissions.

OTIME LABORATORIES

7247 ATOLL AVENUE, NORTH HOLLYWOOD, CALIFORNIA
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ELECTRONS AT WORK (continued)

same despite the fact that the in-
put capacitance of the tube Iis
three times as large as the output
capacitance.

Performance of the amplifier was
good. Gain depended on signal
level and bandwidth. The exact de-
sign used in a particular applica-
tion is governed by the requirements
of the application. Interesting varia-
tions in the designs can be achieved
through the use of actual ridges in
the cavities to vary the coupling
between tube and cavity.

Coupling in and out of the cavi-
ties is done with loops placed in re-
gions of strong magnetic fields. The
optimum position of the coupling
loops changes little over the tuning
range, eliminating the necessity of
coupling loops that move as the
cavity is tuned.

A ==
20394
[ ANODE

fEEDBACK;_] —
E Loop J L ouTPUT
FUI CATHODE
FIG. 4—Oscillator uses same configu-

ration as amplifier with feedback loop
added

To make an oscillator it was
only necessary to provide feedback
of the correct magnitude and phase.
This was accomplished as shown
in Fig. 4. The method shown em-
ploys the feedback structure at a
point as close to the tube as possi-
ble to obtain operation over a wide
band of frequencies.

With a given feedback-loop size,
operation over a 300-mc band is
achieved with power output varia-
tion of two decibels. An output of
ten watts can be expected at 2,000
mc with 500 volts on the anode.
Better performance could be ob-
tained, possibly, with a symmetri-
cal feedback system and with a
cavity in which the current distri-
bution is symmetrical but the cost
of the symmetry was not justified
for the use to which this cavity
was put.

In practice, useful power is
taken from the grid-cathode cavity.
As a result of the external loading
and the inherently low input imped-
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HARD-TO-REACH JOINTS than 3 ounces—helped increase output by reducing operator
graphs are soldered quickly with the fine-point G-E Midget fatigue. The Midget’s ironclad-copper tip saves Sanborn
iron—with no damage to adjacent parts. Weight of iron—Iless 14 hour cleaning and tinning time daily, per operator station.

Sanborn speeds assembly 13% with G-E Midget
iron, a small soldering iron with big-iron efficiency

HANDLES LIKE A PENCIL—Weighingless RAPID HEAT TRANSFER is achieved THREE-IN-ONE |RON with 13", 14", %"
than a package of cigarettes, the General through a famous Calrod* heater locatec  tip sizes gives you greater versatility to
Electric Midget soldering iron speeds pro- in the ironclad-copper tip. Result—the meet your soldering requirements. Tips

duction by reducing operator fatigue. G-E Midget iron’s heat efficiency is 990%. can be changed in only 5 seconds.
*Reg. trademark of the General Electric Company

For more information write for GED-2263, G-E Midget Soldering Iron, Section 724-2, General Electric Co., Schenectady 5, N. Y.

GENERAL &3 ELECTRIC



196

202 TILLARY STREET
BROOKLYN 1, N. Y,

SUPERSEDES 100-1000 MC
"~ SLOTTED SECTIONS/

e OF IR ECT,,
<

SPECIFICATIONS

Frequency Range:
100 to 1000 me/s

Residual VSWR:
Less than 1.05

Accuracy of Reflection
Coefficient Angle:
Better than =5°

Characteristic Impedance:
50 ohms

Output Terminals:
Type N jack.
Other interchangeable
connectors

Min. Input Signal:
Approx. 1 volt
at 100 mc/s,
0.1 volt at 1000 mc/s

Dimensions:
8" 1. x5 w.x5%" h.

47/, lbs.

Telephone:
Ulster 2-6800

® READS VSWR
AND REFLECTION
COEFFICIENT

ANGLE DIRECTLY

e SMALL AND
COMPACT

& LOW IN COST

. The PRD Type 219
Standing Wave Detector is the
small package, low cost solution for
making measurements easily and accurately in
the 100 to 1000 mc/s region. By connecting the
cutput to a VSWR indicator, such as the PRD
Type 277, VSWR may be read directly on the
indicator meter. No special detection equip-
ment is required. The reflection coefficient
angle 1s easily determined merely by rotating
the top drum dial to a minimum indication on
the meter and reading the angle on the dial
directly in electrical degrees. No calculations
zre required. The probe and crystal detector are
self-contained.

Usually it is more convenient to work with
VSWR and reflection coefficient angle directly
instead of with other components of the mea-
sured impadance. When other quantities are also
of interest, they can easily be read from a con-
ventional impedance chart. Only $475 fo.b,
N.Y. Write for PRD Reports, Vol. 3, No. 2, and
for 1955 catalog.

iéz/gﬁ : RESEARCH

& DEVELOPMENT CO.INC
Midwest Sales O ffice:

1 SO. NORTHWEST HWY., PARK RIDGE, ILL. —TAlcot 3-3174
Western Sales Qffice:

74112 NO. SEWARD ST., HOLLYWOOD 38, CAL.—HO 5-5287
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ELECTRONS AT WORK (continued)

ance of the tube the grid-cathode
circuit is a relatively low-Q cir-
cuit compared to the grid-anode
circuit. Since the grid-anode cir-
cuit has a high Q it is the main
frequency-determining circuit. The
oscillation frequency can be changed
over a ten-percent range by tuning
only the grid-anode cavity. This
characteristic is exploited in the
application of automatic frequency
control.

The practical problem of applying
d-¢c voltages for bias and anode
voltages is solved by the use of
fabricated mica-dielectric bypass
capacitor structures. The grid is
operated at d-c¢ ground potential
with self-bias obtained with a cath-
ode resistor.

&=
= [uTeuT

F = —
INPUT

FIG. 5-—Oscillator, high-level mixer and
amplifier system. Oscillator grid-cath-
ode cavity is shared with mixer

Tube ventilation is obtained by
means of slots in the cavity walls.
The slots are cut parallel to the
lines of current flow to minimize
losses due to leakage. A blower
properly placed relative to the cavity
will force air through the slots and
also through the cooling fins at-
tached to the tube anode. This ar-
rangement makes it possible to cool
the glass-to-metal seals of tube as
well as the anode, thus prolonging
the life of the tube.

The cooling arrangement and the
construction of the r-f bypass
capacitators do not interfere with
ready accessibilitv of the tubes.

Cavities of the type just de-
scribed were used to make an oscil-
lator, a high-level mixer and an
amplifier for use in a microwave
transmitter. To achieve a compact
economical easily tuned r-f head the
cavity configuration shown in Fig.
5 is used. The tube on the left is the
oscillator with the feedback loop
located near it. The middle tube is
the high-level mixer, and the right-
hand tube is the r-f amplifier.

As can be seen in Fig. 5, the
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THE CHALLENGE

OF CREATIVE

ENGINEERING

|
|

7

AtIBM, engineers are continually exploring the frontiers of man’s
knowledge in the expanding field of electronics.

Here, where the known meets the unknown, they are confronted
every day with challenges that call for truly creative

thinking —new ideas. new coneepts, new applications.

In IBM’s modern laboratories, engineers find the advanced
facilities and, even mere impostant, the atmosphere of freedom
so vital to the search for knowledge and the stimulation

of achievement.

If you are interested in this kind of engineering apportunity, and
have the necessary backgrourd we would like to have you visit
our Poughkeepsie. b (., Lahordtory. Here we con demonstrate —
beyond the power ¢- pmted #0:ds —that IBM pecvides the
environment and cpportunity you have been seekir g. We suggest
that you write, ou:li-ing yow ir terests, to William M. Hoyt,
Room 405, IBM, 290 Madison Avenue, New Yorz 22, N. Y.

INTERNATIONAL EUSINE3: MACHINES CORPORATION

World'’s

L . Zargest Producer
- : - A section.of the _“ of Data
18M Lq‘boratory Ty

Lhas S s - Zrocessing Machiaes
e ;ﬁT Win Poughkeepsve, N Y3 S e A MRADE-MACR % 9

.
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accent

k :%Z’la[l:yWIT H

Telephone Answering Set

Bell Telephone System

STANDARD
CONTROL KNOBS

by

_\

70 Series
Round

The quality of fine electric and electronic
equipment is obvious at every look and touch
when you use Raytheon standard control
knobs.

L SR These injection molded knobs add the appeal

of custom styling at standard cost. They are
available in an integrated family of 54 items —
in a choice of six basic types and five widely

Q&

used sizes.
0 iy Made of tough, durable “'Tenite IT"’ (cellulose
acetate butyrate) with anodized aluminum in-
e serts and dual setscrews. All types and sizes
available in black with gleaming mirror finish
or with non-reflecting matte finish, for govern-
il ment equipments. Also available in color or
SRigte e onen with knob parts assembled in striking color

combinations.

1 Write for complete information. Address De-
Xﬁh partment 6120-KA, Raytheon Manufacturing
Company, Equipment Sales Division, Waltham

128 series Dia) 54, Massachusctts.
Skirted Round

DRESS UP YOUR PRODUCT RAYTHEOR

STANDARD
CONTROL
KNOBS

175 Series Crank
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ELECTRONS AT WORK (continued)

oscillator grid-cathode cavity Iis
shared with the mixer, thus supply-
ing an r-f signal to the mixer be-
tween its grid and cathode. A low-
frequency signal is applied between
the cathode of the mixer and ground
by circuits not shown. The grid-
anode cavity of the mixer is tuned
to the upper or lower sideband as
desired.

The mixer anode shares a cavity
with the cathode of the amplifier
tube which gets its driving signal
in this manner. The amplifier anode
cavity contains a coupling loop by
means of which power is taken out
and fed to an antenna. The novel
feature of this cavity configura-
tion is the equivalent single-tuned
coupling circuit between tubes.
This particular arrangement elimi-
nates frequency sensitive connect-
ing cables and permits changing
frequency and tuning the trans-
mitter in the field by inexperienced
persons. All transmitter adjust-
ments are made to maximize output
power. With the compact arrange-
ment shown a single blower is used
to cool all three tubes with a mini-
mum of duct work.

A microwave transmitter that
operates in the 1,700-2,000-mc
band and employs the cavity con-
figuration just described is shown
in the photograph. Acknowledge-
ment is made of the assistance of
J. A. Liggett, who is responsible
for the mechanical design, and of
R. H. Fricke, who contributed
many of the electrical refinements
during the developments of the as-
sembly.

Observing Whistlers

SWISHES, tweeks, the dawn chorus
and whistlers are names that have
been given to an old electrical phe-
nomenon recently enlisted to study
effects of lightning storms.

When the phenomenon is in
effect, sounds for which the names
are descriptive can be heard in the
output of a high-gain audio ampli-
fier to which a loop or antenna has
been connected. A sensitive record-
player amplifier or hearing aid
amplifier may suffice,

The sounds are thought to be
caused by lightning flashes that
generate radio waves of low fre-
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Stromberg-Carlson uses new Du Pont MYLAR to

REG. U. S. PAT. OFF,

increase switchhoard wire production rate 46%

Close-up of serving machine showing
method of application of “Mylar’ as a

switchb d wire insulati material.
(Machine stopped for photo purposes.)

Unusual properties of “Mylar” make possible improved insulation

Here’s another example of the outstanding improve-
ments now possible with Du Pont “Mylar” polyester
film—switchboard wire made by Stromberg-Carlson.
The company reports that “Mylar,” one-half the thick-
ness but twice the tensile strength of the material for-
merly used, increases the production rate of the switch-
board wire insulating machines up to 469,. And the
superior insulating properties of “Mylar,” along with
its physical properties, give many other important ad-
vantages.

For example, Stromberg-Carlson tests show a three-
to-one improvement, after humidity exposure, for the
insulation made with Du Pont “Mylar.” What’s more,
“Mylar” is tough, flexible, heat-stable, has good aging

qualities . . . and it reduces the outside diameter of
finished wire by approximately 5 mils.
HOW CAN YOU MAKE YOUR PRODUCT
BEFTER WITH ‘“MYLAR’‘?

New Du Pont “Mylar,” used alone or in combination
with cther materials, may well offer you an opportunity
for improving your own products. “Mylar’ has an aver-
agedielectricstrength of 4,000 volts/mil. Tensile-strength
average of 23,500 p.s.i. permits its manufacture in gauges
as thin as 14 of a mil (0.00025 inch). “Mylar” is inert
to the attack of most solvents and insensitive to mois-
ture. Its thermal stability permits an operating range
of -60°C. to 150°C.

*“Mylar® is a registercd Bu Pont trade-mark for its brand of polvestzr film.

Du Pont T i
I . E. I. du Pont de Nemours & Co. (Inc.) |
R | Find out more about new Film Department. Room 4-E, Nemours Bldg. |
] ) | OulBortghylacgSendiay Wilmington 98, Delaware
| vour free copy of the new mIngLo ’ |
: I booklet that gives you the Please send me sample and further informationon “Mylar” |
9 facts and figures...shows olvester film.

polyester film | you how this versatile film POy :

isalreadybeingusedto ad-
: vantage as slot and phase Name |
insulation in motors . . |
| layer insulation in trans- Firm |

| formers... as primary in-
- - | sulation and barrier tape Street Address |
U s parof | for wire and cable. |
BETTER THINGS FOR BETTER LIVING | City. State_ B I
... THROUGH CHEMISTRY o [ s T T T T =Y = i T e T e e e e T [ i e . e — [ [ e [ T [ [ T ] 1
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OLDEST
AND
MOST
TRUSTED
NAME IN
PRECISION
METAL |
ENCLOSURES

When you call on Falstrom 85 years of experience
in manufacturing quality sheet metal enclosures,
cabinets and weldments are at your disposal. Large,
modern facilities, experienced engineers, meticu-
lous craftsmen enable us to produce quality units—
on schedule—at low cost. See what Falstrom has
done for others ... what Falstrom can do for you on
long or short runs, in aluminum, ‘
steel and any other metal, to the
most rigid specifications. Write
for bulletin 142.

“FALSTROM means
—it’s that
much better”!

SINCE 1870

FALRXTROM CoMPANY

93 Falstrom Court, Passaic, N. J.
PRescott 7-0013
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ELECTRONS AT WORK (continued)

quency that follow the earth’s lines
of magnetic flux. The waves appar-
ently travel from one hemisphere to
another, crossing back and forth
over the equator.

The fact that swish or whistler
may sometimes be heard in multi-
ples may indicate that it has
traveled from one hemisphere to
another, bounced back to its point
of origin and then duplicated its
path.

It is believed that the waves go
to the outer reaches of the earth’s
ionosphere, to a distance in space
twice the earth’s radius or 7,127
miles.

Tweeks, which sound like their
name, may sometimes be heard on a
rural telephone line. They result
from lightning flashes that send a
pulse of energy generated by the
discharge bouncing back and forth
between the earth and the lower
inosphere.

The dawn chorus is sometimes
heard early in the morning and
sounds like spring frogs peeping in
a swamp, according to Millett G.
Morgan, director of research at the
Thayer School of Engineering at
Dartmouth College. Dr. Morgan
has set up a co-operating network
for simultaneous observation with
stations at Hanover, N. H.; Knob
Lake, Labrador; Washington, D. C.,

TV Previews New Tube

Closed-circuit television was used by
General Electric to announce a new
lighthouse tube on the occasion of the
IRE national convention. Information on
the type 6442 tube (similar in many
ways to the 2C39) was transmitted from
the company plant in Schenectady to
New York City. The tube, of which a
model is shown in cross-section, has a
coaxial form and operates at frequen-
cies as high as 4 kme
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Alan Press, Traffic Manager of Screen Gems, Inc., TV subsidiary of Columbia Pictures Corp., tells:

“Why Rin Tin Tin is never late!”

‘Every Thursday, kids are waiting for Rin Tin Tin in Miami, told, over 200 unbreakable dates to meet every week.
Fla., and Bay City, Mich., and fifty-threc other cities. They'd “Using Air Express exclusively, we've never missed a
be awfully disappointed if he didn’t show up. single show!
“How do we get him there? It's simple,” says Alan Press. “Yet, we save real money with Air Express. It costs $3.78,
“We ship him on film — by Air Express. We also meet for instance, on our typical 10-Ib. shipment from New
rigid schedules for our other TV network shows: Ford York to Bay City. It's the lowest of all —$1.37 less than by
Theater, Captain Midnight and Damon Runyon Theater. All the next lowest-priced air service.”

Hirlkxpress .

GETS THERE FIRST via US. Sckeduled Airlines

CALL AIR EXPRESS . .. division of RAILWAY EXPRESS AGENCY
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PERKIN.._HAS A STANDARD POWER SUPPLY FOR YOUR EVERY NEED

IMMEDIATE DELIVERY!!

MODEL
LLE XA H
5T032v.
@ 15 AMP.
(CONT.)

MODEL
MG0 YMC
01032V
@ 25 AMP.
(CONT.)

MODEL
MR1040-30
10T040V.
@ 30 AMP.
(CONT.)

MODEL
MR2432-100%
2470 32 V.
@ 100 AMP.
HEONT.)

PERKIN
ENGINEERING CORP.

PERKIN

TUBELESS!!

MAGNETIC AMPLIFIER
REGULATED DC

POWER
SUPPLIES

REGULATION: * 19 (a} from 5-32V
DC {b) from 1.5 to 15 amps. (c) from
105-125V AC. (single phase, 60 cps.)
RIPPLE: 1 % rms @ 32V and full load,
increases to max. of 2% rms @ 5V and
full load. RESPONSE: 0.2 sec.

| METERS: 47,7 AM and VM; 2% accuracy.

MOUNTING: Cabinet or 19 rack panel.
FINISH: Boked Grey Wrinkle.

WEIGHT: 150 Ibs.

DIMENSION: 22 x 17" x 14Y,"

REGULATION: * 1% * (a] at 28V DC;
increases to 2% max. over the range
24-32V; does not exceed 2V regulation
over the range 4-24V DC (b) from 1/10
full load to full load {c) at a fixed AC
Input of 115V,

RIPPLE: 1% rms @ 32V and full load;
2% rms max. @ any voltage above 4V.
AC INPUT: 115V, single phase, 60 cps.
FINISH: Baked Grey Wrinkle.

WEIGHT: 130 lbs.

DIMENSIONS: 22" x 15" x 14,"

REGULATION: * 1 9% (a) from 10 to 40V
DC (b) from 100 to 130V AC (¢} from 3
to 30 Amps DC. RIPPLE: | % rms.

= AC INPUT: 100-130V, 1 phase, 60 cycles.

RESPONSE: 0.2 sec. METERS: 4, AM
and VM.

MOUNTING: Cabinet with 19" rack panel.
FINISH: Baked Grey Enamel.
WEIGHT: 200 Ibs.

— | DIMENSIONS: 22" x 15" x 23"

. REGULATION: * ', % (a) from no load
= to full load. (b} from 24-32V DC. (c) for

~ | 230% [or 460) V * 10%.

i DC OUTPUT: 24-32V @ 100 amps.

~ AC INPUT: 230 or 460V * 10%, 3
~ phase, 60 cycles.

-~ RIPPLE: 1 % rms. RESPONSE TIME: 0.2 sec.

MOUNTING: Cabinet or 19" rack panel.

1 WEIGHT: 250 lbs.

DIMENSIONS: 25" x 15 x 15"

*This unit will be supplied for 230V AC Input
unless 460V is specified.

eERKIy

A4

power supplies

345 KANSAS 3T.  EL SEGUNDO, CALIF. « ORegon 8-7215 or EAstgate 2-1375
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ELECTRONS AT WORK (continued)

and Gainesville, Fla. Observations
were also made aboard the U.S. S.
Atka off the Palmer Peninsula in
the Antarctic.

It is thought that understanding
the mechanism of propagation of
whistlers may lead to new means
of communication and aids to navi-
gation.—A. A, McK.

Insect Control
by Electron Irradiation

By VERNON H. BAKER

Research Professor
Agricultural Eng. Dept.
Virginia Polytechnic Institute
Blacksburg, Va.

OscAarR TABOADA

Assistant in Entomology
Michigan State College
East Lansing, Mich.

and DENNIS E. WIANT

Professor of Agricultural Eng.
Michigan State College
FEast Lansing, Mich.

TwoO OF THE WORST pests that in-
fest grain products, the granary
weevil and the flour beetle, were
selected for tests to determine the
effectiveness of accelerated elec-
trons as an insect control.

Tests made by the Agricultural
Engineering, Entomology and
Home Economics Departments at
Michigan State College in coopera-
tion with The Upjohn Company of
Kalamazoo, Michigan, indicate that
adult granary weevils and flour
beetles can be killed"* with acceler-
ated electrons from a Van de Graaff
generator. Relatively low doses of
accelerated electrons sterilized eggs
of these insects and also prevented
adults from reproducing.

Testing procedure consisted of
counting a known number of in-
sects into a dish containing a
weighed sample of wheat or flour.
These samples were then placed in
a constant-temperature constant-
humidity incubator to allow suffi-
cient time for the insects to lay
their eggs. The samples were then
irradiated with various doses of
accelerated electrons. Some samples
were left untreated as controls.

The Van de Graaff generator used
for irradiation built up a charge of
about 2-million volts. The electron
beam is passed through a thin
aluminum window into the product
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wHeN vou speciFry ... MAGNETIC SHIELDS

' SPECIFY . ..

F e ——

MAGNETICS inc.

Spprmance -
urtarteen

ROERIRESS:

HERE’S WHY ...

Shielding is a vital element in circuit design, and the Mag: ,‘J
netics, Inc. “Performance-Guarantec” on your shields is
your assurance that they have been designed and manu-
factured to meet your performance specifications. You then
know, whether your shields have been made {rom Mumetal,
AEM. 1750, or from any other commercially available
magnetic or non-magnetic material selected to meet your

needs, they will make money for you on the assembly line
by eliminating waste.

You also know that these Performance-Guarantced Mag-
netic Shields cost no morc—indceed, despite the fact that you
have a guarantee of performance, they are sold at prices
standard in the industry. Let our Engineering Department
design your shields and production engineer to your cost
requirements . . . one more important Magnetics, Inc. serv-
1CC tO our Customers.

How Do You Like Your Shields? . ..

Painted, lacquered . . . or unfinished? Painted . . . to match
any equipment shade you select? From any commercially
available material to meet your performance and cost
needs? That's exactly how they’re furnished by Magnetics,

Inc. . . . to meet your specifications.
WANT THE COMPLETE STORY? S '
Write us . . . on your company

A 'b :‘
letterhead . . . we'll be delighted e
to answer your questions. No obli- m”””E’Ics me.
gation, of course. . .. - -y

" e
e e il

DEPT. E-14 BUTLER, PENNSYLVANIA
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WORLDS BEST

FEATURES OF THE SIGMA SERIES 72 RELAY

Operating characteristics

Palarized

Contact arrangement SPDT

Contaoct life and load roting

5x108 @ 60 ma
DC {contacts
easily replaced)

Contact separation 004"

Maox. aperiodic pulse rate
Max. follawing pulse rate
Yibrotian immunity

Height and diameter above

octal plug

204

400 cps

1200 cps

15 g to 500 cps
even at highest
sensitivity
21/2" x
15/16"

*We can't prove this, but it is the
obinion of the man who designed it,

|
|

That thing up there is one of our Series 72
High Speed Relays. It is basking in the
warmth of that glorious moment which only
comes to the most fortunate products — the
moment when the designer still feels his
dreams are realized, just before the mur-
murings start coming in from the field to
shatter ic all.

With most products it never happens be-
cause the complaints arrive soon after ship-
ment of the first samples. Such was the case
with its precursor, our Type 7, which was
to be an improvement over all the old line
telegraph relays (American relays, that is).
Though it was less than half their size, as a
telegraph relay it was disappointing, finding
principal application in other work. The 72
has been "out” ncarly two years and we
cautiously permit oursclves to think the ob-
jective in hand. One or two Very Important
Customers scem to agree.

While hair is down it may be admitted
that this little wonder™ is Sigma’s first seri-
ous challenge to European relays. In fact,
itis alleged by certain "independent labora-
tories” to excel them, particularly for high
speed transmission. If so, we’re in, because
in addition the 72 has provision for main-
tenance and adjustment that combines tea-
tures of the old fashioned phonograph needle
and the timeless water faucet. Bias and sen-
sitivity are “micrometer” adjustable; contact
screws and armature are easily replaceable.

We are now in a position to sell these
paragons in fair quantity. If you buy them
for the type of application for which they
are designed, we won’t even cross our fin-
gCrs — hardly,

t

62 Pearl Street, So. Braintree, Boston 85, Mass.

)€
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ELECTRONS AT WORK {continued)

being
belt.

Applied doses of electrons are
measured in rep (roentgens equiva-
lent physical). The rep is a very
small quantity of energy and may
be defined in terms of calories, or
kilowatt-hours. A dose of 100,000
rep is equal to about 0.20 calorie
per gram. A dose of 100,000 rep
will raise the temperature of a one-
gram sample of wheat or flour
about 0.5 C. A dose of 500,000 rep
will raise the temperature of this
same sample about 2.5 C.

irradiated on a conveyor

100

- LOSS IN 2 MeV
z alIR ,
& .
& 8of /
u '
a v OVERDOSE
Z 60
z
S
T a0
N DESIRABLE
z DOSE /
= 20 DOSE
x ITHROUGH
; WHEAT N\
0 ] \
0 0.2 04 0.6

DEPTH OF WHEAT IN INCHES

FIG. 1—Depth of penetration of 2-mev
electron beam in wheat with 60-percent
ionization at top and bottom of layer

Results of some of the first tests
show that 80 percent of adult gran-
ary weevils died within one week
after receiving a dose of 100,000
rep. About 90 percent of adult
flour beetles died one week after
receiving a dose of 250,000 rep.
Complete kill, immediately after
treatment, was obtained with 250,-
000 rep for the granary weevil and
500,000 rep for the flour beetle.

For practical purposes, doses
much lower than mentioned above
may be sufficient for insect control.
It was found that a dose as low as
10,000 rep will sterilize granary
weevil and flour beetle eggs already
laid and this same dose prevents
adults of these insects from repro-
ducing.

Preliminary baking and taste
tests conducted at Michigan State
College showed that a satisfactory
loaf of bread can be made from
wheat flour irradiated with doses
great enough to kill the adult in-
sects immediately after treatment,
which is a dose 50 times greater
than is needed for egg sterilization.
Some differences were noted in ten-
derness, flavor, moistness of bread
baked with treated flour when
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NEWLY EXPANDED Tl LINE NOW INCLUDES 15
SINGLE CRYSTAL JUNCTION TYPES IN 20%
VOLTAGE RANGES FROM 4.7 TO 470 VOLTS!

Texas Instruments — your most experienced source of sup-
U ply for silicon semiconductor devices. The first commercial
producer of silicon transistors, TT has produced for commer-
cial and military use many thousands of silicon junction
@ diodes and triodes. T1 now introduces a completely new
line of silicon diodes including many high voltage types,
greatly increasing the application for these reliable devices.

high temperature conditions call for silicon diodes from Lg
1

(10O U) This new line features types with characteristics stable to
150°C.
Tl
Maximum Ratings Typical

low back current, another im- Maximum Ratings at 25°C at Elevated Temperatures E:p;cfin‘{y
portant characteristic of TL H -y | jici | Forward Rectnka| Ao Resvaca| Tamp. o
slllcon Junctlon ledCS, opens | Rev. | Break- | Current 25° Reverse | Dissi- | Forward| ent Reverse | Dissi- | Forward 25°C

5 5 T1 |Working| down Current | pation| Current| Temp.| Current | pation| Current | Rev. Volts
up still more space and Welght Type | Voltage | Voltage | Ma. {Volts| Amperes® | mw ma °C Amperes*® mw ma —12vt
saving circuit design possibil- |
s %Vith back C&freft e |lowe| —| 0] 3 | 1|i0ceivioo| 25 | w0joaio) w0 | 15 | 25
as 0.001 microamp at rated 01| —1500|3 | 1|1-10%@-1v[100| 25 | 150|05-10¢| 20 | 10 | 25
voltage for many types, these goac| 47| ssfeo | 1| 1-107 [150| 100 | 150| 0.5-10~4f 40 | 40 | 20
silicon junction diodes can be eo6c| 68| 7513 | 1| 1-107 |1s0] 90 | 150| 0.5-10-4f 40 [ 35 | 16
used in applications where
high opcrating temperatures 608C| 1G.0| 11025 1 1-10-7 | 125 75 150 0.5-10-*] 20 25 12
and low back current requijrc_ 6l0C| 150! 17.0]12 1 1-10-7 | 125 60 1501 0.5-10—#| 20 20 7
mcnts ma_ke germanium 612C| 220| 25.0| 7 1 1-10-7 1125 50 150 0.5-10%| 20 20 e
diodes unsuitable. g1ac| 330| 37015 | 1| 1-10 [125] 35 | 150 05-10~| 20 | 15 | 35
100 per cent inspection and
aging of every TI diode as- 6l6C| 47.0| 520} 3 1 2-10-7 | 100 30 125 0.4-10“] 20 15 2.5
sures maximum rcliability. | 618C{ 680 75.0] 1.5] 1 2-10-7 100 25 125 0.4-10'4; 20 10 20
Thoroughly t;‘lsted at high | Teaoc[ 1000 [1100] 0] 1] 2107 Jwo[ 20 [ 125/ 0410¢ 20| 8 | 14
temperatures, these uniformly | Fre e o560 T 65 4 | 2107 | 90| 15 | 100] 0310 30 | 5 | 12
high quality silicon diodes will
inerease clectronic cquipment || 94C[200]200]3 [ afoalo¢ [e0f 1o | 710210 40 ] 5 | 10
dependability where heat, Il626C{ 33003700 2 | 4| 1106 | 75 7 71} 0.2-10-* 30 4 09
shock and vibration are 628C| 47005200 1 | 4| 120 | 0] s | 71[o210¢ 2| 3| 07
problems. Every unit is her-
meti_cally scaled, .pr0V1d_mg * At maximum working voltage.
maximum protection against + On types 604C, 606C, and 608C reverse voltage was reduced below breakdown voltage.
ambient moisture.

For detailed information about TI’s complete line of silicon
junction diodes, write for Bulletin No. DL-S 431.

TEXAS INSTRUMENTS

INCORPORATETD

6600 LEMMON AVENUE DALLAS 9, TEXAS
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uncoated
socket

Vg

coated
socket

solves

another problem by

WEATHER - PROOFING

An automobile’s light sockets are in a particularly
vulnerable spot and for safety’s sake must function re-
liably. Above all, dust and moisture must be kept out.

The answer was found in the use of chem-o-sol, a
100% solids liquid vinyl dipping and molding com-
pound which was formulated to be applied economi-
cally on a continuous line production basis. This
chem-o-sol is not only tough and flexible but has
completely sealed the socket from moisture, dirt and
chemicals.

Here is another example from our files showing how
a product was improved through using chem-o-sol.

Chem-o-sols are available for many application meth-
ods. New products are constantly being developed
and established products improved by spraying. mold-
ing, die-wiping and knife- or roller-coating this ver-
satile basic material.

Our completely equipped laboratory and trained
chemists stand ready to assist you in formulating the
exact chem-o-sol to improve your product.

Dipped sockets are a product of Watfs Electric and Manufacturing
Company, Birmingham, Mich.

Write for Bulletin 141

KING PHILIP ROAD 0 EAST PROVIDENCE, R

Want more information? Use post card on last page.

AUTOMOTIVE LIGHT SOCKETS

Chemical Products N

ELECTRONS AT WORK {continued)

compared to bread baked with the
same flour untreated. Some tasters
preferred bread made from treated
flour. Further tests are nzeded
using flour treated with reduced
doses before definite conclusions
can be reached.

vl

Irradiated sample of weevil-infested
wheat after 43-day incubation wperiod

=

Control sample of nonirradiated infested
wheat after 43-day incubation

The doses of electrons used defi-
nitely damage wheat for use asg
seed. Seed receiving a dose as high
as 500,000 rep will sometimes
germinate, but will not emerge and
grow when planted. Wheat plants
from seed receiving doses of 10,000
rep, which is enough to sterilize
insect eggs, are definitely retarded
in growth.

The effect of accelerated electrons
on vitamins has been studied by
B. E. Proctor and his associates at
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It takes a unique combination of modern production
facilities, rigid quality control techniques and skilled
workers to make consistently top quality magnet
wire...and General Cable has it! That’s why General
Cable magnet wire is noted throughout industry for
its extraordinary uniformity...providing the ulti-
mate in high level performance.

Important, too, General Cable can always supply
you with exactly the magnet wire you want...when
you want it! They make every type, shape and size:

Modern methods assure product uniformity.

Formvar, Plain Enamel, Nylon Enamel, Silicone,
and other synthetic enamels, with light, intermedi-
ate or heavy coatings.

Cotton, Paper, Silk, Nylon, Glass and Special High
Temperature Covering with single and double wrap-
pings, similar and dissimilar materials.

Plus bonded paper and glass, or other specialized
types. You name it and General Cable makes it ..
and makes it right! So look to General Cable for a!ll
your electrical wire and cable needs!

GENERAL CABLE

CORPORATION

BARE, WEATHERPROOF, INSULATED WIRES ond
CABLES FOR EVERY ELECTRICAL PURPOSE

GENERAL CABLE CORPORATION
Ezxecutive Offices: 420 Lexington Ave., New York 17, N. Y.

SALES OFFICES: Atlanta ¢ Baltimore » Boston e Buffalo
Chicago ¢ Cincinnati ¢ Cleveland ¢ Dallas ¢ Denver ¢ Detroit
Erie (Pa.) ¢ Greensboro (N. C.) ¢ Housten ¢ Indianapolis
Kansas City ¢ Lincoln (Neb.) ¢ Los Anzeles ¢ Memphis

Milwaukee ¢ Minneapolis ¢ New Haven ¢ Newark (N.J.)
New York e Philadelphia ¢ Pittsburgh ¢ Portland (Ore.)
Richmond (Va.) e Rochester (N.Y.) ¢ Rome (N.Y.)
St. Louis ¢ San Francisco ¢ Seattle ¢ Springfield (Ill)
Syracuse ¢ Tampa * Tulsa ¢ Washingtoa, D. C.

Want more information? Use post card on last page.
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MODEL S-14-A

DC COUPLED
10 mv/inch
Vo CYCLE SWEEP

Size: 12" x 6" x 7"
12% Pounds

ANOTHER EXAMPLE OF‘L%”ZE/L PIONEERING...

The HIGH GAIN POCKETSCOPE, model S-14-A, is an outstanding
achievement in the field of oscilloscopes. The high vertical and horizontal
sensitivities of 10 and 15 millivolts rms/inch respectively; frequency re-
sponses within —2 db from DC to 200 KC; non-frequency discriminating
altenuators and gain controls; plus individual calibration voltages are but a
few of the heretofore unobtainable characteristics of DC coupled oscil-
loscopes. The sweep is operated in either a repetitive or trigger mode over a
range from 0.5 cycles to beyond