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THE STANDARD OF COMPARISON FOR OVER 20 YEARS

HIGH FIDELITY
TRANSFORMERS

FROM STOCK...IiTEMS BELOW AND 650 OTHERS IN OUR CATALOGUE B.

HIPERMALLOY series

This series provides virtually all the
characteristics of the Linear Standard
group in a more compact and lighter
structure. The frequency response is
within 1 db. from 30 to 20,000 cycles.
Hipermalloy nickel iron cores and hum
balanced core structures provide mini-
mum distortion and low hum pickup. In-
put transformers, maximum level +10db.
Circular terminal layout and top and
bottom mounting.

ULTRA COMPACT series

UTC Uttra Compact audio units are small
and lignt in weight, ideally suited to re-
mote amplifier and similar compact
equipment. The frequency response is
within 2 db. from 30 to 20,000 cycles.
Hum balanced coil structure plus high
conductivity die cast case provides good
inductive shielding. Maximum operating
level is +7db. Top and bottom mounting
as well as circular terminal layout are
used ir this series as well as the ones
described above.

SPECIAL UNITS
TO YOUR NEEDS

If you manufacture high fidelity
gear, send your specifications
for prices.

TYPICAL UNITS

[TITSevEy

LS-10X Shielded Input
Multiple line (50, 200, 250, 500/600, etc.)
to 50,000 ohms . .. multiple shielded.

e Primary 15,000 ohms.
I Secondary 95,000 ohms C.T.

AN S

LS-19 Plate to Two Grids

R e e

LS-50 Plate to Line

15,000 ohms to multiple line ... 415 db.
level.

— LS-63 P.P. Plates to Voice Coil

CASE  LS-1  LS-2 Ls-3
Primary 10,000 C.T. and 6.000 C.T. suited

a0 Do

Length 31~ 4-7/16" 5-13/16”
width . 2%” 312" S§
Height 33~ 4-3/16” 4-11/16"

to Willlamson, MLF, ul.linear circuits.
Secondary 1.2, 2.5, 5, 7.5, 10, 15, 20,
30 ohms. 20 watts, *

(YRR

Unit Wt.3 1bs. 7.5 Ibs. 15 Ibs.

HA-100X Shielded (nput
Multiple line to 60,000 ohm gnd ... tri-
alloy shielding for low hum pickup.

HA-106 Plate to Two Grids
15,000 ohms to 135,000 ohms in two sec-
tions .. 412 db. level

230w 08
Lt

HA-113 Plate to Line
15,000 ohms to multiple line . .. 412 db.
level ... 0 DC in primary.

HA-133 Plate (DC) to Line
15,000 ohms to multiple line ... 415 db.

Peasonsc o

level .. 8 Ma. DC in primary.

Ferowner-crelly sum Wtosn

A-10 Line to Grid
Multiple line to 50,000 ohm grid.

A-18 Plate to Two Grids
15,000 ohms to 80,000 ohms, primary and
secondary both split.

A-20 Mixing Transformer
Multiple line to multiple line for mixing
mikes, lines, etc.

etaWaCT-CrCEE ta Wcone

A CASE
A-26 P.P. Plates to Lline Length 11/2:
30,000 ohms plate to plate, to multiple width 1"/2
line. Helght 2%
g Unit Weight Y2 1b.

0-1 Line to Grid
Primary 50, 200,250, 500/600 ohms to

50,000 ohm grid.

0-6 Plate to Two Grids
15,000 ohms to 95,000 ohms C.T.

0-9 Plate {0C) to Line
Primary 15,000 ohms, Secondary 50,
200,250, 500/600.

OUNCER CASE

1/—L—L“

0-14 50: 1 Line to Grid Diameter ;/a" g
Primary 200 ohms, Secondary :5 megohm Height -3/1
for mike or line to grid. Unit Weight 1 0z.

| __L
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the RCA TV Switcher TS-5A

adds fades, lap-dissolves,

super-positions to spice up

your commercials

T T
IR L N

The RCA TS-5A Video Switcher is a flexible two-unit
equipment designed to mount in a single standard console
housing. The push-button and fader panel may be located
as illustrated or in the upper face of the console. The
TS-5A is designed for color use as well as for monochrome.

You are invited to ask your RCA Broadcast Sales Repre-
sentative concerning the application of the TS-5A to your
specific requirements, or write Dept. L-157. RCA Engi-
neering Products Division, Camden, N. J.

ENGINEERING PRODUCTS DIVISION

A MUST FOR YOUR TC-4A!

RCA’s new TS-5A Video Switcher will give
increased flexibility to your programming.
If yours is a “"Basic Buy” switching layout,
where video control functions are centered
around the TC-4A Audio/Video Switching
Console, the TS-5A will supplement your
present equipment, greatly enhance the versa-
tility of your station, give new spontaneity to
your commercials.

5 EXTRA INPUTS PLUS "REHEARSAL"
FOR YOUR T5-10A!

If your station already includes the TS-10A
Studio Switcher and you need to provide for
more inputs and rehearsal facilities—the TS-5A
Switcher is the ideal answer. A typical arrange-
ment of these two equipments will provide for
independent studio rehearsal plus 5 extra inputs.

HANDY AS AN INDEPENDENT SWITCHER!

The TS-5A also may be used for independent
switching systems where maximum program
flexibility and economy are desired. The TS-5A
can be conveniently mounted in a standard
console housing adjacent to other console con-
trol units.

RCA Pioneered and Developed Compatible Color Television

RADIO CORPORATION of AMERICA

CAMDEN, N. J.

For more informat.on, circle No. 2 an KReader Service Card



for the “missing links” in

EXACT REPLACEMENT TRANSFORMERS FOR

LINK RADIO EQUIPMENT

For many years, CHICAGO

has made most of the
transformers and filter
reactors for Link Radio
equipment which is widely
used in police communication
and other mobile applications.
CHICAGO Exact Replacement
Transformers for this equipment

are now available through your
electronic parts distributor. The
CHICAGO catalog numbers are identical
to the Link parts numbers. See your
distributor for these components.

IN STOCK FOR IMMEDIATE DELIVERY

CHICAGO REPLACES LINK RADIO MTG. LIST
CAT.NO, TYPE OF UNIT PART NUMBERS: TYPE PRICE
TR-1034 Vibrator Transtormer (6 v.) TR-1034 and 12534 v s 9.50?
TR-1035 Vibrator Transformer (12v.) TR-1035,14268 v 950
"TR-1040 Plate Transformer TR-1040 and 11862 FS  97.50
TR-1050 Vibrator Transformer (6 v.) TR-1050 \ 9.90
TR-1054 Plate Transtormer TR-1054, 11944, 4891 v 1850
TR-1056 Filter Choke TR-1056, 0122V v 1085
TR-1063 Filament Transformer TR-1063, 11992, 7211 V1050
TR-1065 Power Transtormer 7650N, TR-1065 S 1350
TR-1072 Power Transformer TR-1072, 6248 Vo950
TR-1073 Vibrator Transformer (6 v.) TR-1073, 6250, TR-1080 V  9.25
TR-1077 Filter Choke TR-1077, 7282N BX 24.25
TR-1081 Output Transtormer TR-1081 $*  15.00
(Plate to Grid or Line) -
TR-1082 Filament Transtormer TR-1082 TX-1 3125
TR-1083 Filament Transformer TR-1083, 8218N X 20.50 TX
IB'_"]” Vibrator Transformer QZ v.)_IR-7074 v ll 50

*Pin-type terminals in ploce of solder lugs.

'c LEﬂ
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Free ""New Equipment’’ Catalog
You'll want to have the full details on CHICAGO'S

New Equipment Line, covering the complete range of "'Sealed-in-
Steel’ honsformers for every modern cireuit application. Write
for your Free copy of Catalog No. CT-153 today, or get it
from your electronic parts distributor.

o\

EXPORT SALES:
Roburn Agencie., Inc.,
431 Greenwich Street,
New York 13, M Y

CHICAGO STANDARD

TRANSFORMER CORPORATION

3501 ADDISON STREET L] CHICAGO 18, ILLINOIS

For move in!ormalion, cirele No. 8 on Reader Service Card
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o MIGHTY

HAS DEVOTED ITS FACILITIES

in the
 design
» development
» manufacture of

ELECTRONIC and ELECTRO-MECHANICAL
MILITARY EQUIPMENT™

Q%yw)z/ 7/054//?/2/§

Huving delivered annually many millions of dollars of equipment

I /
| . e lome

|
Including
* AIRBORNE NAVIGATIONAL EQUIPMENT

* COMMUNICATION SYSTEMS

* RADAR EQUIPMENT 1980
¥ TEST EQEUIPMENETN (ﬁ”[ (ff 333 333
: fiiih l” 433 3"
7% SERVING THE ARMED FORCES is our most ML= e
important business. Hm_ri 1 IREE £ F'
® Write fcr Facilities Brochure Dept. 12-R = ﬁ m E" gﬂ].-]:] ?J_]:’J Lgﬁsl

ELECTRONICS CORPORATION
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Capaocitor
shown
actual

size

does more jobs — in less space — better!
the first and only miniature mica
capacitor with parallel leads

the DuraMike gives you . . .
P SUPERIOR PERFORMANCE: The DuraMike El Menco

Capacitors range from 1 to 390 mmt. at 5S00vDCw. 1 to 510
mmt. at 300vDCw. Made to mcet all the humidity, temperature
and electrical requirements of MIL-C-5 Specifications.

@) SUPERIOR CONSTRUCTION: The DuraMike
El Menco Capacitor is phenolic coated, durable and tough.
Temperature co-cficient and stability equal to or betier than

To MUQ g é'pm . W characteristic F. Will operate efhiciently at temperatures as
w (.'m WW"’ high as 125° Centigrade.

€ GREATER VERSATILITY: The DuraMike EI Menco

Test the El Menco DuraMike capacitor Capacitor is ideally suited for all military as well as civilian
for yourself! Write for free samples and electronic applications . . . Parallel leads means that the EI Menco
catalog on your firm’s letterhead. DuraMike can be used in positions heretofore impractical.

Has wide application in transistor circuits and other miniature
clectronic equipment. The DuraMike El Menco Capacitor
is ideal for use in printed wiring circuits.

@ GREATER ECONOMY: The DuraMike EI Menco
Miniature silvered mica capacitor sells at prices even lower
than our famous CM-15. Provides economy of size with
maximum performance and widest application.

Jobbers and distributors write to
Arco Electronics, Inc., 103 Lafa-
yette S5t., New York, N. Y.

THE ELECTRO MOTIVE MFG. CO., INC.

WILLIMANTIC CONNECTICUT
molded mica: mica trimmer

For more ivformation, circle No. § on Reader Service Card
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A conventional monochrome
TV camera which has been
modified for color opera-
tion is being adjusted
for a studio color shot.

CHROMACODER

COLORCASTING

By

€. G. LLOYD, Manager
and

P. H. BOUCHERON

Broadcast Equipment Engineering

General Electric Company

Modified conventional monochrome TV cameras, when combined

with a chromacoder, can produce standard NTSC color signals.

OLOR television delivers an impact
for the advertiser which is an order
of magmtude greater than that of
monochrome television. It provides th
viewer with greatly increased entertain
ment and educational values. It alse
provides the engineers who must plan
the technical facilities for the origina
tion of live color programs with many
opportunities to conquer new technical
problems. To these engineers. it is a
challenge to select the equipment that
will produce and transmit the highest
quality color pictures—equipment that
will do so with proper regard for mini-
mum investment, minimum operating
cost and maximum operating ease and
tflexibility. It was with these thoughts
in mind that the chromacoder svstem
of colorcasting was developed.
Sequential color television. as once
approved by the FCC, posed a serious
technical and economic problem in that
it was not compatible. Existing mono-
chrome receivers were unusable for this

DECEMBER, 1954

tvpe of color and would have become
obsolete. Speaking more practically,
color broadecasting would not have been
successful because there would not be
the large number of viewers who could
also see the programs in black and
white. This was unfortunate since se-
quential color is capable of producing
the highest quality of color pictures in
a relatively simple and straightforward
manner.

Consistent and beautiful results can
be obtained with a minimum of adjust-
ment ditliculties. A sequential color
camera requires only the addition of a
rotating dise and some electronic modi-
fications, which result in a unit no
larger than a eonventional mono-
chrome camera. As such, the camera is
both maneuverable and portable, and
still utilizes the same single cable.
Switehing, fading, dissolving, and su-
perimposing can be accomplished in the
usual manner without extremely care-
ful adjustment of the camera and its

associated equipment. 1n short. sequen-
tial color appears to have all the
advantages of simplified technical oper-
ation. It would not be economically feas-
ible, however, if there were insutlicient
receivers, both monochrome and color
to view it. What was needed was a
means of translating the sequential
color signal at the studio to a signal
which could be transmitted in accord-
ance with the FCC-approved NTSC
color standards. This problem has been
solved by the Columbia Broadcasting
System Laboratories, under the capable
direction of Dr. Peter Goldmark, and
the equipment which is being manufac-
tured and which will be deseribed here
follows their basic concept.

Color Cameras

The latest in portable monochrome
camera chains has been modified to pro-
vide sweep speeds of 180 fields and 525
lines. This means 60 red, 60 blue, and
60 green fields per second, and 47,250

RADIO-ELECTRONIC ENGINEERING n



Fig. 1. Modified camera showing nine.
segment color wheel in lower front corner.

scanning lines per second. To facilitate
conversion to NTSC standards without
moiré effects (heat patterns), the sweep
vokes are rotated 90° so that the scan-
ning lines are vertical and cross those
of the conversion equipment at right
angles instead of being parallel to them.
The 3 by 4 aspect ratio is maintained.
which shortens the length of the ver-
tical lines and thereby lessens the high
speed sweep problem.

A nine-segment eolor wheel about 8”
in diameter is mounted in a lower front
corner of the camera, between the lens
turret and the image orthicon compart-
ment. The wheel is driven by a small
synchronous motor which is almost
completely contained within the original
camera dimensions. (See Fig. 1.) By
the addition of two video amplifier
stages. the camera is modified to have
a 12-me. bandwidth. The image orthicon
voke is rotated 90° and driven with
new sweep circuits for the higher rates.
The view-finder is modified to accom-
modate the wider bandwidth and higher
sweep frequencies. requiring a new de-
flection yoke and circuitry. Color tele-
casting imposes a reduced latitude on
the light values which may be used.
and this in turn makes exposure more
critical. A remote iris control has there-
fore been added to permit the camera
control operator to adjust any camera
lens opening for optimum exposure at
any time without involving the camera-
man. The camera control unit is sim-
ilarly modified. and clamping and shad-
ing circuits are altered to suit the new
frequencies. Another color wheel is in-
stalled in front of the picture monitor
so that all camera control functions are
performed while viewing the full color
picture.

Packaged in a manner similar to the
rest of the equipment is a new unit—
the color mixer. It contains a gamma
correction amplifier, commutator or sig-
nal separator. individual gain and set-

8 RADIO-ELECTRONIC ENGINEERING

Fig. 2.
the signal from the modified camera to a standard NTSC color signal.

up controls, adder or mixer amplifier,
and master contrast, setup, blanking,
and clipping controls. It also contains
the drive amplifier and phasing controls
for the camera color wheel. The video
bandwidth is 12 me.. and a feedback
output stage provides two 1-volt out-
puts. one of which is used to feed the
control monitor. An additional portable
power supply is vequired with each
channel to power the color mixer.

Alterations are made in the synce
generator to provide the proper line and
ficld rates which are exactly triple the
original values. Two binary counters are
added to obtain the 60-cycle color drive
pulse which identifies the start of the
red field and keeps the whole system in
color synchronism. The ficld sequential
syne generator may be operated in any
of the conventional ways—Ilocked to the
60-cyele line. synce-locked to a remote
generator, or crystal-controlled. In any
event. it need not have any tie with the
NTSC sync generator which is always
locked to the 3.58-me. crystal.

The portable monochrome switcher
can be easily modified to perform all of
the same functions for four color ¢hains
that it now performs for four black-
and-white chains.

Chromacoder Unit

Field sequential color pictures are
fed to the scan conversion unit which
CHBS has named the “chromacoder.” The
primary function of the chromacoder
is to convert the sequential color signal
having 47-ke. top-to-bottom scan lines
into three simultaneous color signals,
red, blue and green, with 15-ke. side-
to-side scan lines. Operation of the
chromacoder is best described with ref-
erence to a simplified block diagram,
Fig. 2. The conversion is accomplished
by three¢ channels, each of which carries
the information on one color. Each
channel consists of a display or picture
tube and a pickup or camera tube.

Simplified block diagram of the chromacoder which converts

Since information continuously flows
from each of the three simultancous
RB&G output channels while it is sup-
plied to the chromacoder sequentially—
first red, then blue. then green, the
equipment must perform a memory or
storage function. For example, the red
video is on for only 1/180 second. and ix
off for 1/90 second. but the output from
the red channel is continuous. Thix
memory function is achieved partly
in the pickup tube. which has virtually
100¢4 storage. and partly in the long-
persistence P1 phosphor of the display
or cathode-ray tube. The pickup tube
will be covered in more detail later.

An aperture corrector amplifier re-
ceives the incoming sequential color sig-
nal. This amplifier is a phase distortion-
less high peaker which compensates for
the spot size of the CRT’s (cathode-ray
tubes). maintaining the ultimate light
level and spot size for best reproduction.
The amplitude-vs.-frequency character-
istic of the aperture corrector is adjust-
able from “flat” * 1 db up to 15 me. to
“peaked” +15 db at 15 me. From the
aperture corrector. the video signal
continues to the CRT video drive ampli-
fier—a high-gain, high-power amplifier
capable of 60-70 volts grid drive for the
three CRT’s. The drive amplifier also
has a 15-me. bandwidth.

Drive pulses from the field sequential
syvnce generator key the gate generator.
principally the color drive pulse which
identifies the red field. It turns on and
off—or gates—the CRT’s in their cath-
ode circuits in synehronism with the
filters in the color wheel. For example,
when one of the red filters is in front
of the picture tube in the camera, the
red CRT is gated *on" to reproduce the
red information. and the blue and green
CRT’s are gated “off.”

A special aluminized type 7" cathode-
ray tube is used which has an extra
fine P1 green phosphor and a fine spot
gun structure. Each tube is operated at
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Fig. 3. The CPS Emitron with its
associated scanning and field coils.
It uses a charge-storage mosaic.

27-kv. potential. Special attention has
been devoted to the design of the deflec-
tion vokes and sweep circuits used with
the CRT’s to achieve the ultimate in
linearity and stability.

Each of the three CRT’s is imaged
with a conventional enlarging lens onto
one of three pickup tubes which are
CPS (cathode potential stabilized)
Emitrons.

Emitron Tube

The CPS Emitron, developed in Eng-
land by the Flectrical-Musical [ndus-
tries Laboratories, is a television cam-
era pickup tube using a charge-storage
mosaic. Figure 3 shows the Emitron
with its associated scanning and field
coils. The signal plate is separated from
the mosaic by an insulating medium.
The wall anode extends practically the
whole length of the tube. but is made in
two sections to eliminate the undesir-
able electrostatic coupling between the
scanning coils and the signal plate. At
the rear of the tube is the electron gun,
comprising an indirectly heated cath-
ode, a modulator or grid, and a limiter
or first anode. The first anode has an
aperture which limits the electron emis-
sion of the cathode to a narrow
beam. The decelerator supplies a cor-
rective field to overcome geometric dis-
tortion. Focus coils supply a uniform
axial field, while deflection coils provide
the line and frame sweep fields. Align-
ment coils apply a corrective field which
adjusts the axis of the electron beam
to coincide with the lines of force cre-
ated by the focus coils.

Light striking the photosensitive mo-
saic (antimony caesium surface) causes
photoelectrons to be emitted. and these
are attracted to the wall anode. Having
lost electrons proportional to the
amount of light, the individual elements
of the mosaic are charged positively.
In scanning the mosaic. the electron
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beam successively discharges these ele-
ments through their capacity to the
common signal plate. The circuit for
signal current is completed through the
load resistor, the cathode, and the beam,
and the signal voltage developed across
the load resistor is fed directly to the
first grid of the preamplifier.

By virtue of the low velocity electron
beam, the mosaic may be stabilized at a
potential equal to the cathode; hence the
name “cathode potential stabilized Emi-
tron.” The low velocity beam liberates
practically no secondary electrons from
the target so that there is no spurious
shading in the picture signal. Freedom
from secondary emission. together with
the removal of all photoelectrons from
the mosaic, results in high sensitivity
and establishes a reliable black refer-
ence in the picture signal. While not
as sensitive as an image orthicon, in
this application where light levels are
high and fully controlled, CPS Emi-
trons have other distinct advantages.
The major ones are: unity and linear
gamma (gray scale response), absence
of sticking or burning in, longer life
(approximately 1000 hours), minimum

(Continued on page 34)
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Fig. 4. Block diagram of the chroma-
coder system used with a number of
different studio and remote cameras.

Fig. 5. Chromacoder. encoder. and
related equipment (except for sync
generators) housed in standard racks.




BROADBAND R.F. POWER METERS

IRVING STRAUSS, President

Bruno-New York Industries Corporation

By

Fig. 1.

SERIES CAPACITOR

B
i\

SILVER T element supplied with each power meter.

Sectional diagram of bolometer

"_RESISTANCE ELEMENT

’,MSHUNT CAPACITOR

Equipment for measuring average r.f. power from 5

microwatts to 5 watts in

SE OF a series of three power me-
ters makes possible direet, accu-
rate c.w. or pulse power measure-

ments over the entire frequency spec-
trum from 20 to 10,000 mc., with an
over-all accuracy of 5% for average
power levels up to 5 watts. These pow-
er meters, in completely self-contained
packages, represent improved versions
of the basic designs of the military se-
ries AN/URM-19 through AN/URM-
24, which—within their range—have
been adopted as the r.f. power measur-
ing standards for all of the Armed
Services. The broadband frequency cov-
crage, plus high accuracy, portability
and ruggedness, makes these three units
suitable for both field and laboratory
service.

Each meter comprises two cases, one
containing a power bridge, and the
other containing a complete complement
of r.f. components and accessories.
Model 94A covers the frequency range
from 20 to 1000 mc., Model 94B from
1000 to 4000 mc., and Model 94C from
4000 to 10,000 me. Each instrument is
provided with a switching arrangement
so that either a high power or a low
power (high sensitivity) bolometer ele-
ment may be used interchangeably with
the same mount. Since the basic con-
struction of the three meters is identi-
cal, the following description applies
equally to all three.

Circuit Details
Each model utilizes a direct-reading

10

the 20-10,000 mc. range.

summation circuit in which a power-
sensitive bolometer element acts as one
arm of a d.c. Wheatstone bridge, while
at the same time providing the correct
resistive termination for r.f. power en-
tering the power meter. At any given
operating bias current, the resistance of
a bolometer is proportional to the total
power it dissipates. D.C. power is there-
fore used to establish the operating re-
sistance of the bolometer and to balance
the bridge. As r.f. power is added to
the bolometer, d.c. power is subtracted
to rebalance the bridge. The indicating
meter, calibrated directly in milliwatts
of r.f. power, measures the decrease in
d.c. power and indicates the equivalent
r.f. power dissipated in the bolometer.

A block diagram of a representative

Fig. 3. Schematic diagram of the
bolometer element (see Fig. 1)

1000
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Fig. 2.

Over-all view of power bridge.

unit is shown in Fig. 5. Since the d.c.
bias current determines the initial op-
erating point of the bolometer element,
it is essential that this current does not
fluctuate during the measurement pe-
riod. A highly regulated power supply
is used to maintain a steady bias irre-
spective of variations in either line
voltage or load.

As illustrated, the bolometer element
forms one arm of a balanced 200-ohm
bridge. The element represents a nomi-
nal 200-ohm resistance to the bridge
when the correct d.c. bias current is
flowing. A “coarse” and “fine’”’ potenti-
ometer in the opposite bridge arm allow
the bridge galvanometer to be balanced
initially for a *10-ohm resistance vari-
ation from nominal. When r.f. power is
fed into the bolometer, either directly
or through r.f. attenuators supplied as
part of the equipment, the bolometer
resistance changes and unbalances the
bridge, deflecting the bridge galva-
nonieter.

In order to rebalance the bridge, d.c.
bias current is subtracted manually by
means of a precision logarithmic at-
tenuator which is ganged simultaneous-
ly to the bias current and metering cir-
cuits. This attenuator fulfills three
functions: it (1) reduces the bias cur-
rent to rebalance the bridge, (2) main-
tains the impedance constant looking
back to the power supply, and (3) auto-
matically reproduces on the power indi-
cating meter a reading which is propor-
tional to the d.c. power subtracted and,
therefore, to the original r.f. power
introduced.

Two unique features are the ‘“com-
pensate attenuator” and “calibration”
circuits. The ‘“‘compensate attenuator”
circuit is a step series of precision d.c.
attenuating elements which can be in-
troduced into the metering circuit to
compensate for r.f. attenuator varia-

DECEMBER, 1954



@
1 e“ 3
o9

o

Fig. 4.

tions due to frequency and temperature.
For example, if a 10-db r.f. attenuator
has an actual value of 9.6 db at a par-
ticular frequency and ambient tempera-
ture, a compensation factor of +0.4 db
can be artificially introduced by means
of the “compensate attenuator.” This
will allow measurements to be taken
and the original source of r.f. power
calculated by simply multiplying the
meter reading by 10, as if the true at-
tenuation of the r.f. attenuator had
been exactly 10 db.

The “calibration” circuit sets the
proper bias level to take into account
the amount of compensation introduced
into the “compensate attenuator’” and
to correct for temperature variations.
During calibration, the bridge is re-
placed by fixed precision resistors to
allow the level to be set independent of
bolometer fluctuations.

Bolometer Element

Obviously, the bolometer element is
the heart of the measurement system
and the accuracy attainable depends to
a large extent upon the quality of de-
sign and manufacturing of the element
and its mount. Both high power and low
power elements, interchangeable in the
mount, are supplied with each power
meter. The high power element, with a
nominal 200-chm value at 35-ma. d.c.
bias current, is rated at 50 mw. aver-
age r.f. power; it is of the carbon film
type with a negative temperature co-
efficient, and is capable of high over-
load without changing characteristics.
The low power element is designed pri-
marily for high sensitivity and accu-
racy, and is of the Wollaston wire posi-
tive-coefficient type, rated at 1 mw.
average r.f. power over a 4.5-ma. bias.

Previous studies of the Wollaston
wire-type bolometers have indicated
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sizable crrors during pulse power meas-
urement conditions, due to a large re-
sistance and temperature excursion
during the time the pulse is on and a
decay characteristic between pulses
which resulted in average power read-
ings below the correct value. Special
control of the time constant in the de-
sign and manufacture of the elements
furnished with this equipment has
largely eliminated these pulse power
errors and resulted in the over-all ac-
curaey being maintained for all r.f.
power measurements, regardless of
waveform.

A schematic representation of the
bolometer element is given in Fig. 3,
and a drawing of the element itself in
Fig. 1. It is constructed of two resistive
sections, each with a nominal resistance
of 100 chms at the proper bias current.
These sections are in series with the
d.c. circuit and so form one 200-ohm
arm of the bridge. Two small blocking
capacitors are mounted on the clement
so that the d.c. power is isolated from
the r.f. section of the mount. At r.f.
frequencies, the two capacitors have
negligible reactance and may be con-

\‘ b-wi

2C DB ATIENUATOR

\ R F CABLE

Operational setup for Model 94A which covers the frequency range of 20 to 1000 mc.

sidered as short circuits. Therefore, the
effective r.f. input path parallels the
two resistive sections to produce a 50-
ohm termination which matches the co-
axial r.f. circuit. The bolometer element
simultaneously dissipates r.f. and d.c.
power, and its exact resistance is pro-
portional to the total power.

The broadband bolometer mount
houses either the high power or low
power bolometric element, and provides
r.f. and d.c. connections so that the
source of r.f. power may be coupled to
the bridge.

Accessories

A set of precision r.f. attenuators is
furnished with each model to increase
the power range of the bridge. These
units are of the metallized-glass type
in which an extremely thin metallized
resistive coating is deposited upon an
inner insulator of glass. The broad-
band attenuation characteristics derive
from the fact that this film thickness is
small compared with the depth of pene-
tration of the r.f. field so that essen-
tially flat attenuation is achieved over

(Continued on puge 36)
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SUBWAY COMMUNICATIONS

By LEO G. SANDS

Radio Communications Consultant

Use of two-way radio in the u.h.f. range can provide adequate

communication facilities for underground railway operation.

DEQUATE MEANS for communi-
cations between train crews and per-
sonnel at fixed points is the missing

link in present subway operations. Ex-
cept for wayside signals, train crews
are out of touch with train dispatchers
and other supervisory personnel. Sur-
face trains can be equipped with two-
way radio to permit ground personnel
to talk with train crews; however, when
trains are operated underground, radio
at most commonly used frequencies is
ineffective because of extremely limited
range and extremely high electrical
noise level. Tests conducted recently
in the Lincoln Tunnel under the Hud-
son River indicate that u.h.f. radio
might be effectively utilized in provid-
ing communications facilities for sub-
way trains.

Tunnel Tests

Two automobiles equipped with 460-
mc. mobile radio units were operated
within the Lincoln Tunnel and its en-
virons to determine the range over
which satisfactory car-to-car commu-
nications could be anticipated. With
both cars inside the tunnel, excellent
communication was maintained between
the two cars for distances up to 2200
feet. The actual attainable range may
be greater but it was impossible during
these tests to separate the two cars by
a greater distance without serious in-
terference with tunnel traffic.

The tunnel extends downgrade from
both the New Jersey and New York
City terminals to the approximate mid-
point of the tunnel. Solid communication
between the two cars was maintained
when both cars were in the same half
of the tunnel. When one car entered the
rising incline past the lowest point
while the other car was still 1500 to
2000 feet behind, communication could

be maintained until the lead car dis-
appeared up the incline; apparently
the vertical curvature of the tunnel
blocked the radio signals. Excellent
communication was also maintained
while one car was outside on a surface
highway near the tunnel entrance and
the second car was inside the tunnel on
the downgrade.

For the benefit of motorists driving
through, the Lincoln Tunnel is equipped
with a radio broadcasting system oper-
ating on 550 ke. This type of system
depends upon wires strung the length
of the tunnel which are energized by
the radio transmitter. In subway op-
erations, it would be costly and im-
practical to string wires for a great
many miles through subterranean tun-
nels to provide a low frequency commu-
nications system. Furthermore, where
electrically operated trains are used,
severe electrical interference could be
anticipated at low frequencies.

Inductive carrier systems operating
in the vicinity of 150 kec. have been
tested in subway tunnels, utilizing the
third rail as the signal conveyor, and
to date have proved inadequate because
of excessive signal attenuation and ex-
tremely high electrical noise level. Radio
systems operating in the 25-50 and 152-
174 mec. bands do not provide adequate
communications within long tunnels un-
less special transmission lines are in-
stalled.

Tests conducted at Union Station in
Washington, D. C., utilizing 152-mec.
band FM cquipment on a diesel clectric
locomotive and a base station one and
one-half miles from the tunnel entrance,
revealed that contact with the radio-
equipped locomotive could be maintained
for about 500 feet inside of the tunnel
which runs south from Union Station.
It is relevant to note that communica-

tion was possible while the locomotive
was under the catenaries of the elec-
trified portion of the railroad which
extended into the tunnel. As soon as the
locomotive passed the point where cat-
enaries were overhead, communications
ceased.

Train Radio

One of the problems the railroads
face is that of providing radio commu-
nication with trains inside of tunnels.
Freight trains are often more than a
nile long. When the trains are out-
doors, communication between the
radio-equipped caboose and locomotive
is seldom interrupted. However, when
the head end plunges into a tunnel,
communication with the caboose is gen-
erally cut off until both ends of the train
are again outside.

The Raltimore and Ohio Railroad
licked this problem by installing a lossy
transmission line on the inside of the
roof of the tunnel. Radio signals from
the caboose were conveyed by the trans-
mission line to the locomotive when both
ends of the train were in the tunnel.
The train antennas, of course, did not
touch the transmission line but were
in fairly close proximity.

The Lincoln Tunnel tests open a new
field to be explored. It was demonstrated
that noise-free radio communication
could be maintained inside of subter-
ranean tunnels over practical distances.
Since tunnels used in subway train op-
erations seldom have as steep verticai
tangents as the Lincoln Tunnel, ranges
greater than 2200 feet could be antic-
ipated. However, even a 2200° range
would be adequate. By installing u.h.f.
base stations at 2000° to 2500 intervals
within the tunnels. coverage of an en-
tire subway system could be realized.
These base stations could be intercon-

Proposed method for communicating from station to motorman and cars. or—by remote control—from dispaicher to motorman.
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Block diagram showing the essential equipment which could be installed in each subway car.

nected by telephone cables with the dis-
pateher’s office and could be operated
individually, in groups. or all simulta-
neously.

Since all subway cars are essentially
alike, any car ean be the lead car of a
train. This might necessitate the equip-
ping of all cars with radio or at least
with the basie control equipment, anten-
na syvstem, and shoek-mounting for the
mobile radio unit. Control equipment
would be required at each motorman’s
cab, one at each end of the car, but a
single mobile radio unit would suffice
for each car.

The mobile radio unit for subway car
service should preferably be operable
direct from the 32-volt emergency bat-
tery which is standard equipment on
most subway and elevated cars. For
the sake of convenience, the FM trans-
mitter, receiver, and vibrator power
supply should be packaged in a single
enclosure designed for ecasy removal
and installation on a shock-mounted
rack. Control equipment at each end of
the car would consist of a control box,
telephone handset and a loudspeaker.
Arrangements could be provided for
activating only the loudspeaker in the
cab occupied by the motorman.

It would be most convenient to equip
all subway cars with mobile radio units.
However, from a cost standpoint, it
would make more sense to equip all
cars with control equipment, antenna
system, and shock-mounted equipment
rack only. Mobile radio units could be
installed in a matter of minutes in the
cars which would serve as lead cars of
trains during the day.

In the Lincoln Tunnel tests. 10-watt
u.h.f. mobile units were used. It appears
that mobile units rated at 10 wat's r.f.
output would suffice for subway op-
erations. Doubling of the power would
not provide much improvement and
increasing the power by ten times would
greatly increase cost and power con-
sumption. The antenna system could
consist of a 6” flexible whip antenna on
the roof of a subway car connected via
coaxial cable with the mobile radio unit
inside the car.

Passenger Considerations

Another problem faced by subway
rapid transit system operators is that
of providing means for communicating
with passengers. It sounds easy. Loud-
speakers and amplifiers could be in-
stalled in all cars through which the
train conductor could make announce-
ments. However, it is not that simple.
Such a system would require special
wiring run through all cars, including
those not equipped for sound, plus
rapid disconnect plugs at each ernd of
the cars. With all cars of a train thus
wired, the publie address system would
work. However, if an unwired car were
inserted in the train, the audio link
between cars would be broken and the
public address system would be operable
in only those cars on the “live” side of
the unwired car.

This problem has been discussed by
the writer with engineers and officials
of the New York City Transit Author-
ity, the Hudson-Manwhattan Railroad
and others. One solution suggested by
the writer would be the equipping of

cevery subway car with a u.h.f. mobile
unit. and audio power amplifiers, con-
trol equipment, antenna system, and
loudspeakers distributed inside the car.
A pair of loudspeakers could also be in-
stalled facing outward from each side
of the car so that patrons standing at
loading platforms could hear announce-
ments.

With such a system, the conductor
could make announcements direct to
passengers inside his car via a public
address system, at the same time ac-
tivating an FM transmitter which
would transmit his voice via u.h.f. radio
to the other cars in the train. On each
of the other cars, the radio signal would
be picked up by a u.h.f. receiver and
the audio output of the recciver raised
to the proper level by an audio power
amplifier and distributed to the loud-
speakers facing both into and outward
from the car.

If all cars were equipped with both
transmitters and receivers, announce-
ments could originate from any car in
a train. Announcements to passengers
aboard nearby trains could be made
from loading platforms through base
radio stations located at loading plat-
forms. To prevent announcements from
being heard by passengers aboard other
than desired trains, separate radio
channels would be required for different
services. For example, in a four-track
operation, an individual frequency
would be required for northbound ex-
press, northbound local, southbound ex-
press and southbound local trains. The
mobile radio units on all cars, if used

(Continuwed on page 32)

Setup for communicating from a special car to any other car, or from conductor or dispatcher to motorman.
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JULES CARDON

Staff Engineer

the Model R5200 v.h{. receiver.

Over-all view of

By
HOWARD BENSEN

Development Engineer

V.H.E.

COMMUNICATIONS
RECEIVER DESIGN

FREDERICK G. RICHTER

Development Engineer

Servo Corporation of America, New Hyde Park, New York

Features include effective squelch, automatic noise

limiter, b.fo. and variable selectivity circuits.

HE v.h.f. part of the spectrum has

in the past been severely neglected

insofar as tunable receiver coverage
is concerned. Need for such a receiver
in general laboratory work as well as
in the communication field initiated an
intensive effort on the part of Servo
Corporation of America to overcome
this lacking facility.

First efforts to develop a v.h.f. re-
ceiver were governed by a philosophy
that a very sensitive and stable unit
with provision for AM and FM recep-
tion would satisfy almost all require-
ments. However, opinions of what spe-
cial features should be provided were

Fig. 1. Selectivity curves correspond-
ing to values of Q from 33.3 to 200,

solicited from such sources as the air-
lines, CAA, and engineers concerned
primarily with laboratory work. A care-
ful analysis of these opinions indicated
that to make this project worthwhile
all features normally found in the bet-
ter high-frequency receivers, such as
automatic noise limiter, squelch, vari-
able bandwidth, ete., should be incor-
porated. To this end, some novel and
very effective circuits were developed
which will be included in this article.

General Characteristics

The Model R5200 receiver
tinuously tunable over its entire fre-

is con-

quency range of 50-200 me. without
switching. Frequency calibration is dis-
played on a spiral-type dial with an
effective scale length of 72”7, which em-
ploys both fast and slow tuning. The
dial is calibrated directly in frequency.
Calibration intervals are at 100-ke.
points below 100 me. and 200-ke. points
above 100 mec. The following controls
are available on the front panel: (1)
fast tuning, (2) slow tuning, (3) an-
tenna trimmer, (4) r.f. gain, (5) “on-
off”” switch and a.f. gain, (6) c.w.-AM-
FM selector switch, (7) b.f.o. pitch
control, (8) selectivity control, (9)
man.-a.g.c. switch, (10) “on-off” squelch,
(11) “on-off” ANIL, and (12) ‘“send-
receive” switch. In addition, a self-con-
tained speaker, a phone jack and an r.f.
signal level meter are mounted on the
front panel.

Sensitivity of the Model R5200 is

| RARRE R
78 50 25 2% %0 7%
-xc +xe

Fig. 2. (A) Schematic diagram of the complete bandwidth control. (B)
basic circuit. (C) equivalent circuit. and (D) simplified equivalent circuit.
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Fig. 3. Schematic diagram of the squelch circuit. Fig. 4. Schematic diagram of automatic noise limiter.

such that a signal input of less than
1 pv. will produce a 10-db signal plus
noise-to-noise ratio. For a 1-pv. input
signal modulated 30% across the 50-
ohm antenna terminals, the over-all
power gain is 1 watt of audio power
output. Image rejection and spurious
responses are more than 100 db down
at 50 mc. and more than 60 db down
at 200 mec.

A Mallory four-gang inductuner serves
as the tuning element for the two stages
of tuned r.f. amplification. These two
stages, together with the first mixer,
produce an effective gain of 30 db. The
first mixer is followed by a 30-mec.
amplifier to preclude the possibility of
the second mixer becoming a factor in
the signal-to-noise ratio of the over-all
receiver. Gain of the 30-me. amplifier
plus the second mixer and the 5-me. i.f.
amplifiers is 112 db.

Double conversion is employed with
the first i.f. frequency at 30 me. and
the second at 5 me. To improve over-all
stability, the second conversion is aec-
complished through the use of a 25-me.
local oscillator with crystal control. The
5-me. i.f. is made available at the rear
of the receiver chassis through a stand-
ard 50-ohm coaxial connector. This fea-
ture further increases the versatility of
the receiver, and is of particular impor-

tance in its use for direction-finding pur-
poses or in conjunction with panoram-
ic devices. In addition to the i.f. output,
the following functions are also avail-
able at the rear of the receiver chassis:
(1) 600-ohm audio output, (2) 50-ohm
antenna input, (3) phono input, (4)
FM output, (5) b.f.o. injection control,
(6) r.f. signal level meter adjustment,
(7) a.g.c. voltage, (8) internal speaker
“on-off” switch, (9) ‘“send-receive” re-
lay connector, (10) fuse.

Selectivity

Bandwidth is variable over the range
of 25-150 ke. The variation of this
bandwidth is accomplished by effective-
ly multiplying the @ of one of the i.f.
tank circuit inductors. Since the band-
width (bw) of a resonant circuit at the
T4 -power points is equal to F,/Q., where
F. is the frequency of resonance, it is
readily apparent that rather large
changes in bandwidth may be accom-
plished through reasonable changes in
Q. The initial value of the coil Q, for
this stage was chosen so as to give the
maximum desirable bandwidth—in this
case, a value of 33.3. It will now be
noted that if the Q. value of 33.3 is
multiplied by a factor of 6 there will be
a resultant bandpass reduction of 6
(Fig. 1).

The method chosen to vary @Q was to
connect a negative resistance (Ry) in
series with the inductance (Fig. 2D),
resulting in an effective value of:

Ulm )
“’II;/Qn :H\
Referring to Fig. 2B, the element em-
ployed to achieve this negative resist-
ance is V,, used as a cathode follower
coupled to inductor L. through the
coupling capacitors C,;, C.. Referring
to the equivalent circuit, Fig. 2C, the
impedance to the right of terminals
A-A will vary as a function of ga.
Therefore, assuming a # greater than

Q= (1)

10:
B rtrs (3)
bw:%i’o %[?—Rlv) = l(')" (4)

The inherent stability of a cathode
follower permits close control of @
without undesirable detuning of the
resonant circuit.

Advantages of this method of band-
width control over others employing
mechanical devices for varying the
coupling between two resonant cir-

Top view of chassis removed from rack.

View of the chassis from the underside.




+300 +150

+300

TO BUFFER
AMPL.

B.FO.
PITCH
CONTROL

Fig. 5. Beat frequency oscillator circuit.

cuits are readily apparent. Components
may be placed in any convenient place
dictated solely by the electrical require-
ments of good design, and without
regard to placement of control shafts
normally associated with switching
taps on coils or physically varying the
coupling of coils. The control of @
in the foregoing description is accom-
plished by varying a d.c. bias on the @
multiplier tube.

Of special interest in the R5200 re-
ceiver are such features as squelch
and automatic noise limiter (ANL)
which employ unusual circuits that
greatly improve the characteristics of
these functions over those of more con-
ventional circuitry.

Squelch Circuit

The most desirable characteristic of
a squelch is the possession of crisp
off” action with very small changes in
input signal level. The squelch employed
in the R5200 receiver utilizes the prin-
ciple of a gated beam pentode followed
by a sharp-cutoff pentode with a gating
type of suppressor. This principle per-

mits a virtual step function in the “on-
off” action without resultant deleterious
effects of audio gain due to marginal
carrier level.

Referring to Fig. 3, D), is used as a
conventional negative type of detector
with the exception that a bias is applied
to the cathode to prevent conduction
below a predetermined level. When 1,
—the gated beam tube—is in a con-
ducting state, it prevents audio amplifi-
cation from taking place, since its plate
load resistor also serves as the suppres-
sor return for the first audio tube V..
When the carrier level exceeds the bias
voltage on diode I}, rectification takes
place. The rectified voltage is then ap-
plied to both grids of V', so as to obtain
the maximum ¢. from the tube, and
therefore achieve as closely as possible
a step function in the plate current
change. As V', ceases to conduct, the
suppressor of the first audio tube 1’
is permitted to return to zero or the
cathode potential, and normal amplifi-
cation takes place.

This type of squelch was found to
possess  full “on-off” action in the
R5200 receiver at a signal level of 1 uv.
when the antenna signal was varied
0.4 uv.

Automatic Noise Limiter

Requirements of a good automatic
noise limiter are: (1) that it should
have large dynamic range, (2) that its
activation should not load the normal
detector circuit, and (3) that it should
be independent of carrier level changes.

The ANL employs the following prin-
ciples: (1) detection of random noise
pulses “A”, (2) detection of audio mod-
ulation “B” plus random noise pulses
“A” and (3) linear mixing of the two
signals in the form (“B” 4 “A™) — “A.”

Referring to Fig. 4, it will be noted
that demodulated noise and audio signal
voltages, plus a negative d.c. component
due to carrier level, appear at points
A, B and C. The relative amplitudes of
the signals appearing at points A, B

Fig. 6.

Block diagram of complete receiver.
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and C are proportional to the values of
R, R; and R.. R, is adjusted to produce
a d.c. bias across diode I). that will
prevent it from conducting on modula-
tion levels determined by this negative
potential. Since the d.c. voltage across
I?, is proportional to the carrier level.
setting of R, for any modulation per-
centage will hold regardless of carrier
amplitude changes.

Further, since the cathode of 1). fol-
lows the demodulated audio and the
plate will only respond to very low
frequency changes due to a low-pass
filter consisting of R, and C,, a sharp
burst of noise exceeding the instantanc-
ous audio voltage can cause I). to con-
duct and apply the noise pulse to the
grid of V. V', will amplify and invert
the noise pulse which is then coupled
back to point C through the phasing
network consisting of C. and R.. Both
the amplified-and-inverted pulse and
the original pulse are linearly mixed
across R causing their elimination.
D. and 1, may well be regarded as a

negative feedback network for noise
pulses only.
The gain characteristics on noise

pulses for the feedback nectwork are
such that a noise pulse appearing at
point B and of a magnitude ./, will pro-
duce a noise pulse of opposite polarity
and a magnitude of (M, 1R:) at
point B.

Beat-Frequency Oscillator

A major problem in any receiver de-
sign employing a b.f.o. is the placement
of this particular circuit relative to
the front panel, to permit the control
of the b.f.o. frequency or pitch. In the
design of the R5200, it was decided to
minimize the number of mechanical
controls, as the results would be two-
fold: (1) simplicity of construction,
and (2) reduction of microphonics and
instability due to chassis twist, etc.

With the foregoing thought in mind,
a b.f.o. was designed (Fig. 5) which
employs a passive element in the form
of an electron tube across the oscil-
lator-tuned circuit as a frequency con-
trol element. This type of circuit
permits varying the b.f.o. frequeney
through the use of a potentiometer
located at any convenient place on the
front panel. To further insure stability
of the b.f.o., it is operated as a class B
oscillator through the use of a diode
across the tank circuit. Frequency is
varied by utilizing the change in input
capacity of a triode tube as a function
of gain. The input capacity of a tube
is inversely proportional to g» and can
be expressed as input capacity = C,, +
Cox/ (1 4 gaR:), where C,, is the grid-
to-plate capacity, C,x is the grid-to-
cathode capacity, and R. is the total
load resistance.

(Continned on page 36)
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FLEXIBLE &
BROADCAST
RECORDER
INSTALLATION

By RICHARD PARKS

Assistant Chief Engineer
ABC Network.

San Francisco

Vernon Harvey. project engineer. at control console.

T the Awmerican Droadeasting Com-
pany, in San Francisco, a network
recording and delay system has been

designed and built which is unique in
its flexibility and the economy of opera-
tion achieved. Recording and delaying
line transmittal for 40 stations and
a recording studio in the Pacific North-
west and Mountain states, it is operated
by one man at a console remotely con-
trolling six Ampexr 350 tape recorders.
Customary use of a duplicate tape for
protection on material going out over
an extensive network has been dis-
continued. The network is protected
from undue program risk by the flexi-
bility of the system and the reliability
of the recorders.

Noteworthy in the installation is the
complete interconnecting of all lines
and all recorders. Six selector switches
of 15 positions each are used to direct
the input or output of each of the six
recorders. The switches are located on
the control console, and their settings
enable any one or more recorders to
record any incoming program or pro-
grams. Also, any recorder e¢an copy
from any other. Only one recorder at
a time can play back to the principal
outgoing line, but changeover to an-
other recorder can be made instantly.
All recording and playback is adjusted
to + 4 vu line level, which is not af-
fected perceptibly by several recorders
operating simultaneously.

Though the system was designed for
ARC network delay requirements, its
design and the ADC operating pro-
cedure and experience should have ad-
vantages for any radio station needing
two or more studio tape recorders.

Single Control Console

The one man who operates the six
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Remote control console enables one man to handle entire

network program delay operation without tape backup.

recorders handles functions that would
ordinarily be covered by several men
in any less flexible installation. Normal-
ly, from 6:30 a.m. until 10:30 p.m.,
there is always one program coming
in over the line from Los Angeles and

one program going out delayed one
hour to the Pacific Northwest and
Rocky Mountain circuit. In addition,

ADC programs are recorded regularly
on 7” tapes for shipment to station
KULA in Honolulu, and selected pro-
grams from ARC, NBC and Mutual ave
recorded for Station KUAM in Guam.
Recording from any of four studios
can also be handled at this one console.

Four recorders are normally used for
the incoming and outgoing network
delay. Two of these recorders alternate
each half hour for continuous coverage
of the incoming ALC network, while
the other two recorders alternate each
half hour for the outgoing network.
Tapes are physically transferred from
the recording machines to the playback
machines and back for reuse. Although
this transfer of tapes is not essential,
it makes possible continuous use of the
same two machines for outgoing net-
work feed, thus minimizing chance for
error and not materially increasing the
operator's work.

The remaining Ampes 350's are
“spares” and complete the flexibility
of the system. They can double for any
of the four full-time record and play-
back machines, or they can make tape
duplicates of either incoming, outgoing
or separately played tapes. In addition,

RADIO-ELECTRONIC ENGINEERING

they can record from a second incoming
line or play to a second outgoing line
without disrupting the continuous rou-
tine of the other four recorders.

At 30-minute program change times,
the operator uses the control console
for all necessary transfers on both in-
coming and outgoing lines. Outgoing
transfer is the most critical. A push-
button operated relay instantly connects
the desired playback machine to the out-
going network and disconnects the one
that has finished. Recorders on the in-
coming lines are operated conventional-
lv by push-button remote controls on
the console. Stopping of the recorders
that have finished is not critical; they
can be stopped and tapes transferred
at the operator's convenience once he
has started all the incoming recorders.

Backup Eliminated

Confidence in the setup and recorders
has enabled ALC (San Francisco) to
dispense with backup (parallel use of
a second recorder on incoming and out-
going network programs). By this de-
parture from conventional practice, the
need for four additional recorders plus
required floor space has been elimi-
nated. However, with 40 stations on
the line, the manpower and machine
saving would not be worth while unless
nearly all chance of failure had also
been eliminated.

Tape breakage is practically a thing
of the past. Unspliced tape is used on
10%” plastic reels which have a thinner
hub than the NARTB standard alumi-
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Interna!l wiring of the control panel. Over 1000
soldered connections are used in the installation.

The control console is shown at the lefl (next to
author), with the six Ampex 350 recorders at right.

num reels. This hub prevents the un-
even winding which used to leave edges

ly reliable and ideally adaptable to re-
mote control. On the long daily schedule,

only one stoppage; it occurred in a pre-
program warmup and lost no broadcast

sticking up and thus vulnerable to the machines have already accumulated time. A monthly checkup is made on
damage and ultimate breakage. over 8000 hours of use as of this writ- recorders. Only infrequently are any
The Ampex 350 recorders are extreme- ing. During this time, there has been (Continued on page 37)
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AT SERIES

speed up inspection...testing...maintenance! facilitate interchangeability!

fou can connect, disconnect, interchange, replace, test,
end inspzct instruments, assemblies, and sub-assemblies
easily and rapidly when you use Cannon ‘‘Unit Plug-In’*
mulri-contact electric connectors.
You'll find some with shells . . . some without. Shell
style units . . . in a wide variety of designs . . . are ruggedly
cinstruct2d to take the many ‘‘in’" and ‘‘out’’ operations of
rack, panel, chassis, and sub-assembly applications. Varied,
simple, but always rigid mounting facilities provided on each
connector half. Standard, miniature, sub-miniature sizes.
E.th2r cor nector half may be made into a plug by use of an end bell.
Up to 156 contacts. And . . . an amazing number
of combinations of contacts for control, audio, thermocouple,
co-ax, twin-ax, as well as pneumatic connections. In single- or
double-gang. Special moisture-proofed types. Standby units
feature gold-plated contacts to withstand detericration and corrosion.

Write for full information. Write TODAY!

WCE 19
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first in connectors
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CANNONIPIUGS

Rese refer tay Dept. 401

CANNON ELECTRIC COMPANY, 3209 Humboldt Strezt, Los Angeles 31,

California. Factories in Los Angeles; East Haven; Toronto, Canada; London,
Englaad. Contact representatives and distributors in all principal cities.

Jor rapid disconnect

use cannon

“unit plug-in”
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Fig. 1. Device for steady-state calibration of vibration
pickups and accelerometers at accelerations up to 1090g.

Accurate methods of calibrating vibration

pickups and accelerometers devised at NBS.

N RECENT years, the widespread use of vibration pick-

ups has introduced a serious calibration problem. The

increase in the number of pickups has emphasized the
need for rapid, reliable means of calibration over wide
ranges of frequency, amplitude, and acceleration. Two meth-
ods which are proving useful in the accurate calibration
of vibration pickups and accelerometers have recently been
developed at the National Bureau of Standards in connec-
tion with a program of basic instrumentation research
sponsored by the Office of Naval Research, Air Research and
Development Command, and Atomic Energy Commission.

Chatter Principle

The *‘chatter” principle was first described by Sir William
Bragg in 1919, Based on this principle, the chatter acceler-
ometer is a device in which a loose mass on a vertically
vibrating surface bounces or *“chatters” when the peak ac-
celeration of the sinusoidal motion exceeds * 1 g. Using an
improved accelerometer developed by C. W. Kissinger of
NBS, both the chatter of the loose mass and the acceleration
of the shaker table to which the device is attached are con-
verted into an electrical signal which is displayed on the
screen of an oscilloscope.

A mathematical relationship was derived showing (1) the
amount by which the peak value of the sinusoidal accelera-
tion exceeds 1 g and (2) the point in the cycle at which the
first bounce occuvs. If this mathematical relationship is
applied to the accelerometer output as observed on the
oscilloscope screen, acceleration levels from about 1.01 to
1.04 g may be set with an accuracy of approximately 0.29%
at frequencies up to 60 cps, and with somewhat decreased
accuracy up to about 150 c¢ps. The accuracy of calibration
was estimated by comparison with an optical ealibration
in which the peak-to-peak displacement of the chatter ac-
celerometer was measured with a micrometer microscope.
Stroboscopic illumination makes the accelerometer appear
to be nearly motionless for case of measuring displacement.

In the NBS-33-24 chatter accelerometer, the loose mass can
be clamped by a secrew and prevented from chattering. The
accelerometer can then be used as a secondary standard for
aceelerations in excess of 1 g at frequencies up to 1200 cps.

Steady-State Calibration
A method for steady-state calibration at high values of

20
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CALIBRATION
of ACCELEROMETERS

sinusoidal acceleration was developed by T. A. Perls and
C. W, Kissinger of the NBS staff. In this method, a steel bar
is clamped to the head of an electrodynamic shaker at its
center point, so that both ends of the bar are free. The
accelerometer being tested is clamped back-to-back with an
N'BS-33-14 secondary-standard accelerometer at one end
of the bar, and a balancing weight is fastened to the other
end, if needed. The whole system is driven at its resonant
frequency by a 70-watt amplifier.

Steady-state accelerations have been measured with this
system up to 1090 g, zero to peak, at 874 c¢ps. When the
resonant bar was additionally loaded with a 40-gram test
accelerometer, accelerations up to 655 g were attained. In
comparison, if the steel bar had not been used and the
accelerometer had been mounted directly on the shaker head,
the maximum attainable acceleration would have been
only 50 g.

A series of tests was conducted at the Bureau in which the
steel bars used as part of the resonant system were first
tested in the annealed state, then heat-treated and again
tested. Results obtained indicate that such heat treatmert
increases the maximum steady-state acceleration two-fold.
In most cases, the vibrational amplitude did not remain
proportional to the shaker excitation current over the full
available power range. Thus, the elastic properties of the
bars used in the tests limit the maximum steady-state vibra-
tory amplitudes attainable.

In the steady-state calibration method, the armature of
the electrodynamic shaker is part of the resonating system,
and its amplitude of motion at resonance is proportional to
the amplitude at the ends of the bar. This mode of operation
makes it possible to determine that the output of an NBS-
33-14 accelerometer from 25 to 1090 g at 874 cps is propor-
tional, within 29, to the output of a velocity pickup built
into the armature of the shaker.

O
The NBS-33-24 chatter

Fig. 2. accelerometer is used to

determine very accurately the peak value of a sinusoidal
acceleration when its value is slightly in excess of lg.
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PTM’s uvnequalled record
in microwave pioneering
and progress assures you —

NMecioewave al ils
aé)n/téd/ and tesl

No other radio relay system can match the breadth
of the experience built into Federal’s Pulse-Time
Modulation Microwave . . . culmination of over
two decades of research, engineering, manufactur-
ing and installation by associated companies of the
world-wide International Telephone and Telegraph
Corporation.

Here is the multi-channel system that is outstand-
ing for its advanced design—featuring modern tele-
phone techniques . . . streamlined circuitry . . .
fewer tubes . .. simplest, smallest RF equipment . . .
highest RF output...easy, economical maintenance.

Here is the system that is engineered to do a com-
plete communications job for pipelines, railroads,
utilities, telephone operating companies and many
others . .. and do the job dependably!

Over 6,000 route-miles of Federal PTM Micro-
wave have already been installed in the U. S.

Whatever your requirements, Federal is ready to
help you plan microwave links and networks of
any length or channel capacity . . . to deliver a
“turn-key” installation . . . all from one reliable
source of supply. For details, write Dept. H.459,

. .. this unique 23-year background
of world-wide microwave experience

and dependable performance!

PTM and Other Microwave Milestones

by IT&T System Companies:

FIRST public demonstration of UHF communica-
tion (across the English Channel, 1931).

FIRST commercizl UHF link (Lympne, England
to St. Inglevert, France, 1933).

FIRST multi-channel radiotelephone link (Stran-
raer, Scotland to Belfast, Northern Ireland, 1936).

PIONEER laboratory development of pulse sys-
tems of modulation — PTM (pulse time modula-
tion), PCM (pulse code), PAM (pulse amplitude),
and PWM (pulse width).

FIRST public demonstration of PTM multiplex
microwave point-to-point communication (New

York City, 1945).

FIRST public demonstration of PTM multiplex
microwave broadcasting (New York City, 1946).

FIRST commercial-type PTM microwave radio-
telephone installation in: Eastern Hemisphere
(the Netherlands, 1947); Western Hemisphere
(Canada, 1948).

FIRST private-line microwave installation (Key-
stone Pipe Line Co., United States, 1949).

FIRST PTM microwave link for an aviation com-
munication system (Mexico City Airport, 1949).
FIRST television across English Channel, using
portable microwave links (Calais-London, 1950).

FIRST microwave television link to carry simul-
taneous sound (United Scates, 1951).

FIRST long-distarce intercity microwave televi-
sion link in Easrern Hemisphere (Manchester.
Edinburgh, 1952).

PIONEER development of “‘Microstrip”—a substi-

tute for wave guide. Announced to industry, 1953
(United States).

Federal PTM Microwave—First in “FIRSTS”

A Division of INTERNATIONAL
PTM AND WIRE TRANSMISSION SALES

Federal Teleplone and Radio Company

TELEPHONE AND TELEGRAPH CORPORATION
100 KINGSLAND ROAD, CLIFTON, N_J.

In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q.

Export Distributors: International Standard Electric Corp., 67 Brood St., N. Y
For more information, cirele No. 7 on Reader Serrice Card
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MICROWAVE
MOVIES

16 mm. color prints on
“PTM" available without
charge. Write to film
Distributing Dept.
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“TELELINK" MICROWAVE SYSTEM

Engineered to provide reliable serv-
ice for one- or two-channel operation,
the TCR-12 “Telelink” communication
microwave system features low equip-
ment, installation and operational costs.
Announced by the Raytheon Manufac-
turing Company, Waltham 54, Mass., it
is expected to fulfill a definite need for
many applications in the telephone in-
dustry, pipe line companies, railroads,
power companies, air lines, etc. No out-

side housing is required, and standard-
ized, long-life parts are used through-
out. All components were selected to op-

erate well within their rated values.
Circle No. b1 on Reader Service Card

USAF BUYS MICROWAVE EQUIPMENT

Two million dollars worth of micro-
wave radio equipment has been pur-
chased by the United States Air Force
from the Electronics Division of West-
inghouse FElectric Corporation, Balti-
more, Md. Comprising about 150 fixed
stations, the equipment will be sent to
friendly nations in Asia and Europe as
part of the Mutual Defense Assistance
Program. The 2000-me¢. microwave ra-
dio (Type FR) and associated multiplex
equipment (Type FJ) will supply al-
most 1000 complete circuits for private-
and party-line duplex telephone and
telegraphic communications.

Circle No. 52 on Reader Service Card

LONG-WAVE RECEIVER

A long-wave version of the Super
Pro-600 receiver for operation in the
frequency range of 10 to 540 ke. has
been announced by The Hammarlund
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COMMUNICATION

Manufacturing Company, Inc., 460
West 34th St., New York 1, N. Y. The
frequency range is covered in six bands,
with receiver bandwidth variable in five
steps from 300 to 7000 cps.

In general, this long-wave version in-
corporates the same characteristics as
the standard Super Pro-600-JX re-
ceiver. It is a superheterodyne unit with
self-contained power supply, and is de-
signed for 19” relay rack mounting.
Image response is at least 74 db below
the desired signal anywhere within the
frequency range, and the spurious re-
sponse is equal to or less than the im-

age response.
Circle No. 53 on Reader Service Card

USIA CONTRACT AWARDED

One of the largest and most modern
studio and recording installations in the
world is being supplied to the U.S. In-
formation Agency (Voice of America)
in Washington, D. C., by the Gates Ra-
dio Company, Quincy, Ill. Under the
USIA contract, there will be sufficient
audio and control equipment furnished
for the equipping of 16 studios, 40 re-
cording positions (both disc and tape),
one master control console and a record-
ing console. As many as 100 audio lines
can be controlled by the master and
recording consoles through an elabo-
rate preset relay system. A total of 148
rack cabinets will house the many am-
plifiers, power supplies, and other com-
ponents associated with the control
equipment.

Shipment of four of the Studio “C”
consoles (as illustrated) and other as-

sociated equipment was made late in
August. Electrically, this console offers
complete facilities for mixing, signal-
ing, cueing, monitoring and patching.
All attenuators and rotary switches are

equipped with illuminated lucite knobs
and edge-lighted dials, providing posi-

tive knowledge of circuit conditions.
Circle No. 54 on Reader Service Card

“FIELD-FONE'" RADIOTELEPHONE

Smaller and lighter than units of
comparable power, the “Field-Fone” is a
portable two-way radiotelephone which
has just been announced by the Indus-

trial Radio Corporation, 428 N. Park-
side Ave., Chicago 44, Ill. It is powered
by self-contained long-life batteries and
provides dependable FM quality voice
communication over comparatively long
distances.

This radiotelephone was designed
particularly for use by police patrol-
men, firemen, forest rangers, civil de-
fense personnel, and others whose work
requires instant two-way contact. Com-
munications may be maintained with
central fixed radio stations, mobile ra-

dio cars or with other “Field-Fones.”
Circle No. 56 on Reader Service Card

“ALL-TONE” SUPERVISORY CONTROL

Supervisory control equipment de-
signed for use with any type of com-
munications equipment capable of carry-
ing audio signals, including microwave
and v.h.f. radio as well as power line
carrier and wire lines, has been devel-
oped by Motorola Communications and
Eleetronics, Inc., 4601 Augusta Blvd,,
Chicago 51, Ill. Unlike conventional re-
mote control apparatus using multi-
conductor cables, whose installation
and maintenance costs can become pro-
hibitive as distance increases, this sys-
tem is well suited to operation over long
distances.

Providing control and/or supervision
of up to 90 individual points by using
12 different tones, the new Motorola
system enables an operator to control
and supervise remote circuit breakers,
valves, pumps, generators, motors, etc.,
and at the same time automatically pro-
vides a continuous indication of their
position. Alarms can be added to notify
the operator of high or low voltages,
liquid levels, temperatures, pressures,

flows, etc.
Circle No. 56 on Reader Service Card
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ANNOUNCING ANOTHER NEW AMPEX

but this time it’s a superb amplifier-speaker

It's a 25 pound portable amplifier-speaker
that matches the Ampex 600 tape recorder
in appearance and in quality, too! The
new Ampex 620 has FLAT ACOUSTIC RE-
SPONSE from 65 to 10,000 cycles. This
would be a great achievement in a speaker
of any size, but in a 25-pound portable it's
truly exceptional — in the Ampex tradition.

A quality demonstrator to sell broadcast time
Program samples or auditions can now be
demonstrated with a new impact and clarity
that will make prospective time buyers sit
up and take notice. The Ampex 620 can be
carried anywhere. It has amnle power for

AMPEX 620 PORTABLE AMPLIFIER-SPEAKER
Connects with your studio console — or reproduces
directly from tape recorders, turntables or pre-
amplified microphones. The Ampex 620 is a perfectly
integrated design including a 10-walt amplifier,
loudspeaker, reciprocal network, level control, equali-
zation contral and acoustically correct enclosure.
By standard test procedures in air it has low distortion
and an acoustic response curve that is essentially
flat from 65 to 10,000 cycles.

Price is $149.50 complete.

a group hearing in office, conference room
or small auditorium.

A speaker tc monitor with greater sensitivity
The Ampex 620 is an extra sensitive
monitoring unit usable anywhere inside the
studio and outside with portable recorders
as well. It will give operating personnel a
much better indication of recording and
broadcast quality than the usual monitor
speaker. This can help forstall criticism from
the growing percentage of your audience
who listen through high quality amplifiers
and speakers.

AMPEX 600 PORTABLE TAPE RECORDER

Like the great Ampex siudio tape recorders the 600
is the best of its kind. It weighs only 28 pounds, yet
the Ampex 600 can serve every broadcast station reed.
For auditions and demonstrations it is the perfect
sound source for the Ampex 620 amplifier-speaker.
Prices: $498 unmounted, $545 in portable case.

For full description and specifications write Dept T-1977

’Jt:gnafure ofﬁ‘%r_/;ch.on in C/;)un(l :

AMPEX . cus o

CORPORATION

Distributors In principal cities {see classified section of your
telephone directory under '‘Recording Equipment.'')
Distributed in Canada by Canadian General Electric Company.

 REDWOOD CITY, CALIF.

For more (nformation,

ircle No. R on Reader Service Card
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ONE-WATT POWER TRANSISTOR

Now in pilot production at the Elce-
tronic Tube Division of Westinghouse
Eleetrie Corporation,
a germanium power

Elmira, N. Y., is
transistor having

a one-watt rating made possible by a
combination of mounting and physical
design. The black ribbed surface pro-
vides cooling capacity for the one-watt
collector dissipation rating, and addi-
tional cooling is accomplished by fasten-
ing the unit in thermal contact with a
chassis, as shown in the photograph.
This new p-n-p transistor (2ZN71) will
be applicable to any low frequency cir-
cuit where output power is desired.

Cirele No. 57 on Keader Service Card

MICROWAVE TV LINK DONATED

A KTR-100 microwave relay televi-
sion link has been donated by the
Raytheon  Manufacturing  Company,
Waltham, Mass., to Station WGBH-TV,

It will
operate between the WGBH-TV studios
in Cambridge and the transmitter on
Gireat Blue Hill, some 10 miles away.
Sight and sound will be simultane-

a new educational TV station.

L wof\(
0 s serves were a le -
that the |rise of $100,000,0087in money

ously transmitted and received at each
end of the 10-mile path by a four-foot
“dish”  or aluminum reflector. The
transmission from studio to transmitter
cannot be interrupted by hurricanes or
ice storms. After a program has been
received by the ‘““dish” on Great Blue
Hill, it will then be sent out through the
WGBH-TV transmitter.

Cirele No. 58 on Reader Service Card

SECTIONALIZED TUNNEL KILNS

Factory-built electric tunnel kilns de-
signed for easy sectional assembly on
the job are being produced by PPercny

Equipment Company, 833 Chambers
Road, Columbus 12, Ohio. Available in
two models, TPH-31430 and TCH-81054,
and suited to a wide variety of uses,
these kilns have an operating tempera-
ture of 2500 to 2600°F, and an average
time cycle of 10 hours.

The photograph shows an installation
at the Indianapolis, Ind., plant of the
P, R. Mallory Company which uses
Pereny tunnel kilns in the manufacture
of components for the electronic indus-
try. While both sectionalized models
are offered in a range of sizes and
modifications to meet specific production
requirements, the TPH-31430 unit in
the photograph (at the left) is 3’ 2”
wide x 5 3 ” high x 33’ 2” long, includ-
ing the hydraulic pusher assembly. The
complete unit consists of a pusher sec-
tion, preheat zone, high-temperature
zone, and two-section cooling zone.

Cirele No. 59 on Reader Service Card

TIME-SAVING WIRING TECHNIQUE
Wiring jumper wires to resistor

boards at Martin Aircraft, Baltimore 3,

Md., is a simple matter. Until assembly
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line workers become so familiar with a
particular new assembly procedure that
reference data is no longer needed, a
small removable paper template con-
taining information ordinarily found
only on a blueprint is taped to each re-
sistor board. The templates are so placed

as to enable workers to hook up the
various components merely by placing
them directly over indicated locations.

This time-saving manufacturing tech-
nique was first introduced on the USAF
B-61 Matador production line at Mar-
tin Aireraft. According to factory su-
pervisors, a total of some 1500 man-
hours of work was saved before the

templates were discarded.
Circle No. 60 on Reader Service Card

CONTROLLING FLOUR LEVEL

At Awrey Bakeries, Inc., Detroit,
Mich., a new electronic instrument is
being used to control the level of flour
in a large holding tank. Called a Tektor,
the device is actuated electronically by
means of a simple plastic-covered or

18

metal sensing probe extended into the

tank. When the air surrounding the
sensing probe is displaced by the flour,
a signal is given at the instrument and
level control is accomplished.

Flour flows from a sifting machine
into dough mixing equipment, and must
be maintained in the holding tank until
removed in 200-1b batches for mixing
into processed dough. The Tektor, which
controls levels with an accuracy of
+ 1%, maintains an adequate supply of
sifted flour in the holding tank and also
prevents overfilling, It is a product of
Fielden [Instriwoment Division, Robert-
shaw-Fulton Controls Company, 2920
N. Fourth St., Philadelphia 33, Pa.

Cirele No. 61 on Reader Service Card
@
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What means most
fo an Engineer ?

PROFESSIONAL
RECOGNITION

RCA offers all Th

RCA offers career opportunities
for qualified ELECTRICAL and
MECHANICAL ENGINEERS . ..
PuysicisTs . . . METALLURGISTS
. . . PHysicaL CHEMISTS . . .
CERAMISTS . . . GLass TECH-
NOLOGISTS.

Positions now open in Systems,
Analysis, Development, Design
and Application Engineering.
Your choice of long range work
in commercial or military fields.

At RCA you’ll work in an atmos-
phere conducive to creative work
— laboratory facilities unsur-

GOOD
SALARY

UNEXCELLED
FACILITIES

passed in the electronics industry
... constant association with lead-
ing scientists and engineers.

Delightful suburban living easily
available. Modern retirement pro-
gram . . . liberal tuition refund
plan for advanced study at recog-
nized universities modern
company paid benefits for you
and your family.

Individual accomplishments
readily recognized. Ample oppor-
tunity for increased income and
professional advancement.

Join the team at RCA and grow
withtheworldleaderinelectronics.

Personal interviews arranged in your city.

Please send a complete resume of
your education and experience to:

MR. JOHN R. WELD

Employment Manager, Dept. 304L
Radio Corporation of America
30 Rockefeller Plaza, New York 20, N.Y.

SUBURBAN
LIVING

ese...and more!

SYSTEMS—ANALYSIS—DEVELOPMENT—
DESIGN—APPLICATION ENGINEERING
in the following fields:

AVIATION ELECTRONICS (FIRE CONTROL, PRE-
CISION NAVIGATION, COMMUNICATIONS)—
Radar— Analog  Computers— Digital  Com-
puters- Servo-Mechanisms—Shock & Vibra-
tion- - Circuitry — Heat Transfer— Remote Con
trols— Sub-Miniaturization— Automatic Flight

Fransistorization — Automation

RADAR
tems— Information
Trains Stable
Mechanisms

Circuitry - Antenna Design-—-Servo Sys-
Display Systems-— Gear
Elements Intricate

COMPUTERS
ning - Storage "'echnique
Mechamsms-—Assembly Design
Intricate Mechanisms

Digitaland Analog —Systems Plan-
i Circuitry — Servo-
High Speed

COMMUNICATIONS Microwave Aviation —
Mobile —Specialized Military Systems

MISSILE GUIDANCE - Systems Planning and Design
Radar and Fire Control—Servo-Mechanisms
-Vibration and Shock 'roblems—Telemetering

COMPONENTPARTS(COLOR& MONOCHROMETY)
HV ‘I'ransformers— Coils—Deflection Yokes

SEMI-CONDUCTORS —I'ransistors—Diades

ELECTRON TUBE DEVELOPMENT — Receiving
Transmitting—Cathode-Ray—Phototubes and
Magnetrons— Power ‘I'ubes—Camera "I'ubes

ELECTRONIC EQUIPMENT FIELD ENGINEERS
Specialists for domestic and overseas assign
ment on military electronic Communications,
Navigational Aids, and Guided Missiles.

RADIO CORPORATION of AMERICA

R
®

For more information, cirele No. 9 on Reader Service Card

!
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NEW LITERATURE

CONTROL COUNTERS

Detailed descriptions of equipment
and techniques for controlling industrial
equipment by means of predetermined
electronic counters are given in a 20-
page booklet available from Potter In-
strument Company, 115 Cutter Mill
Road, Great Neck, N. Y. Equipment
covered includes counters capable of
being preset to apply control after any
desired number of counts from one to
a million, and a complete line of count
detectors for converting physical in-
crements into electrical impulses for
counting. Over a dozen typical applica-
tions are explained and illustrated dia-
grammatically.

Cirele No. 62 on Reader Service Card

MINIATURE CONNECTORS

Bulletin SR-KM1, available from
Cannon Electric Company, 3209 Hum-
boldt St., Los Angeles 31, Calif., pre-
sents the Cannon “K Miniature” series
of connectors designed for the particu-
lar demands of the computer tield. Com-

plete test data is given, along with
illustrations of the various units and
dimensional drawings.

Circle No. 63 on Reader Service Card

TUNGSTEN BROCHURE

The manufacture, properties. and
uses of tungsten are discussed in a 20-
page brochure published by Sylvania
Electric Products Inc., 1740 Broadway,
New York 19, N. Y. A colorful flow
chart shows how Sylvania tungsten is
quality-controlled from ore to finished
produects.

Circle No. 64 on Reader Service Card

GLASS-CASED CAPACITORS

Hermetically sealed high-voltage
glass-encased GC-type paper dielectric
d.c. capacitors are listed together with
capacitance values and voltages in Bul-
letin GC-1, available from the Gudeman
Company, 340 W. Huron St., Chicago
10. Ill. Operating temperature of the
units ranges from — 55°C to 4- 105°C.
Data includes explanation of catalog

numbers, general information, and com-
plete engineering specifications.
Circle No. 65 on Reader Service Card

TOROID COILS

Hycor toroid coils are available in
three forms: uncased, cased and Type
“P” plastic-encapsulated coils. Complete
technical data, including general char-
acteristics, specification charts and
standard case styles, is contained in
Bulletin STP which may be obtained
from K. T. Eckardt, Sales Manager,
Hycor Company, Inc., 11423 Vanowen
St., N. Hollywood, Calif.

Circle No. 66 on Reader Service Card

POWDER CORES

Magnetics, Inc., Butler, Pa., has re-
leased a two-page bulletin on its line
of performance-guaranteed molybdenum
permalloy powder cores. Bulletin PC-
103 lists standard sizes of cores, elec-
trical specifications and tolerances, and
types of core finishes.

Circle No. 67 on Reader Service Card

“TURBO"” PRODUCTS CATALOG

A 1954 “TURBO” products catalog
has been announced by The William
Brand and Company, Inc., Willimantic,
Conn., that combines easy-to-use fea-
tures with helpful information on wire

(Continued on page 36)

N medical practice and research, the

cuvelte densitometer is used to make
a continuons record of the rate of dve
dilution in the heart chambers by ob-
serving the biood flow from a peripheral
artery. An improved densitometer re-
cently developed by S. R. Gilford of the
National Bureaun of Standards, as part
of a program on medical instrumenta-
tion carried out at the Bureau in co-
operation with  the Army Medieal
Service Graduate School, possesses sev-

IMPROVED CUVETTE DENSITOMETER

cral advantages over previous instra-
ments: greater stability and sensitivity,
smaller size, and greater convenience of
application.

An organice dve is introduced into the
heart through a vein, and the diluted
malterial that issues from the heart is
sampled at a peripheral ariery. The
change in the concentration of the dye
with time is measured by diverting the
blood through the transparent cuvette
in the optical assembly. The variations

Over-all view of the NBS cuvette densitometer. See text for explanation of symbols.
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in the opacity of the blood ean then he
measured and recorded with suitable
electronic equipment. From this record,
caleulations can he made to determine
the amount of blood pumped by the
heart during each stroke.

The optical system includes an incan-
descent lammp  with  filters to provide
monochromatic light for illumination of
the cuvette, and a photomultiplier tube
to intercept the transmitted light. Cell
fatigue effects are overcome by a feed-
back svstem in which the dynode poten-
tials of the phototube are auntomatically
decreased as the light level is increased.
With the logarithmie function that is
incorporated into the instrument, the
scale factor does not require readjust-
ment for successive dyve injections afier
the initial determination has been made.

Components of the NIBS euvette den-
sitomeler are divided into two units: the
optieal assembly and the electronic cir-
cuitry. The electronic unit contains:
(A) pilot light, (B) power switeh. (C)
indicating galvanometer, (D) zero sup-
pression control, and (E) seale-factor
switch. The optical svstem contains:
(F) lamp housing, (G) light-tight slid-
ing tube, (H) cuvette housing, (I) cu-
vette, (J) phototube housing, and
(K) neutral-density filier selector. For
further technical details, sce: Gilford,
“An Improved Cuvette Densitometer,”

R.S.1., Vol. 24, p. 696, August, 1953.

-
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New circuit development obsoletes
conventional UHF 2-Way Radio design

IMMEDIATE
DELIVERY!

UNIQUE CONN-TENNA
DESIGN BEAMS STRONG
HORIZONTAL SIGNAL

[ —

| b w

More evidence of FLEETWAY’s
radical design is found in its
new Conn-tenna. Sketch A shows
how conventional monopole
antenna dissipates much of its
signal at 45° upward angle.
Sketch B shows how multipole
Conn-tenna concentrates radia-
tion along a horizontal plane,
transmitting a stronger signal
with lower power requirement.

CONNECTICUT TELEPHONE & ELECTRIC CORP.

For more information, circle No. 10 on Reader Service Card
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 Connecricut

FILEEFET WAY

FIRST FM 2-WAY RADIO

HIGHER OVERTONE ¢ The patented Lister circuit uses a starting frequency of 75 Mc
instead of the usual 6 Mc. Low 6-time frequency multiplication required to reach 450
Mc contrasts with 24-times or more in other types of equipment.

GREATER STABILITY ¢ Direct circuitry and fewer components permit better control of
signal output, greatly minimize drift and spurious radiation. Result is greater stability
requiring minimum maintenance, producing clearest signal ever attained in mobile
radio.

‘FM’ CLARITY MINUS NOISE * True frequency modulation — for the first time in
mobile radio — produces noise-free, natural tone quality, and eliminates distortion so
common in conventional equipment. This is true FM, not commonly used phase modu-

lation (PM ).

LOWER OPERATING COST ¢ Simplified FLEETWAY circuitry requires fewer tubes
and parts — uses standard, lower cost crystals and tubes, needs less servicing.

NEW 450-470 Mc BAND OPENS 2-WAY RADIO TO EVERY CITIZEN AND COMPANY
* Even if you have not been able to obtain a license for 2-way radio for yourself or
your business, the chances are you can now get an immediate assignment in the
recently opened 450-460 commercial fleet band or in the 460-470 citizens’ band. These
new bands offer easy licensing requirements for anyone who does not qualify in one
of the older channels. You can now enjoy the advantages of FLEETWAY mobile radio
for business or private use.

See your local FLEETwAY dealer or write for “Technical Comparison” booklet con-
taining parts and performance comparison of leading mobile radio equipment.

Conneclicut

108 BRITANNIA ST. MERIDEN, CONN.

RADIO-ELECTRONIC ENGINEERING 27



NEW TUBES

GERMANIUM DIODES

Three “all glass envelope” types have
been added to the Amperes line of ger-
manium diodes. Designed to meet the
needs of users who are interested pri-
marily in reliability of performance

and stability, they feature unusual re-
sistance to humidity and other environ-
mental conditions.

Type INB7G is a high quality video
detector which offers high rectification

efticiency coupled with low loading on
resonant circuits, while the OA71 is a
high back-resistance type designed for
computer and general-purpose applica-
tions. Type OAT3 is also a video detec-
tor having advantages similar to the
1NB87G, and is intended for higher level
i.f. signals where its greater back re-
sistance eliminates peak syne clipping.

Complete data is available from the
Engincering Dept., Amperex Electronic
Corporation, 230 Duffy Ave., Hicksville,
L. I. N. Y.

Circle No. 68 on Reader Service Card

TRAVELING WAVE AMPLIFIER

Huggins Laboratories, Inc., 711 Ham-
ilton Ave., Menlo Park, Calif., has de-
veloped a traveling wave amplifier tube
which will deliver 1-watt output with

1-mw. input from 2 to 4 kme.. without
resorting to any electrical or mechan-
ical tuning procedure. It has a gain of
30 db and a noise figure of 25 db.

28 RADIO-ELECTRONIC ENGINEERING

This tube is expected to find its great-
est application where wide bandwidth
and medium power are required. It may
be used as a power amplifier to raise
the output of milliwatt signal gener-
ators in microwave measurement tech-
niques, and as a driver amplifier in
system applications.

Cirele No. 69 on Reader Service Card

TRAVELING-WAVE TUBES

In a paper delivered at the National
Electronies Conference, Paul R. Wake-
field of the Tube Division of Radia Cor-
poration of America, Harrison, N. J.,,
disclosed the development of two unique
tvpes of RCA low-noise traveling-wave
tubes which promise greater efficiency,
range and sensitivity in mierowave
radio applications. Still developmental,
but available to industry on a sampling
basis, the new R(. tubes consist of an
S-band type for the input stage of
microwave receivers and amplifiers op-
erating from 2700 to 3500 me. and a
C-band type for relay applications cov-
ering a 5900 to 6900 mec. range.

Both types have the lowest noise level
of any comparable tubes developed for
such applications, resulting from the
utilization of a novel three-region veloc-
ity-jump electron gun which “deam-
plifies” shot noises in the tubes. The
S-band tube will operate in a solenoid
with a noise figure of less than 10 db
for a gain of 20 db, while the C-band
type—which utilizes a wave guide feed
—has a noise figure of only 12 db, with
a 20-db gain.

Circle No. 70 on Reader Service Card

CATHODE-RAY TUBE

Up to six independent or related
phenomena may be displaved simulta-
neously on the 7”-diameter face of the
cathode-ray tube developed by the
Eleetronic Tube Corporation. The 76-
RAP was designed for multichannel
oscilloscopes which are required to dis-
play accurately or record a number of
transient, random, or high frequency
signals.

Electrostatic focus and deflection,
with adequate shielding against cross-
talk, are used for all six electron guns.
Each of the guns scans all of the use-
ful screen area and can be controlled
independently. When the tube is op-
erated at accelerating voltages of 2
and 4 kv., sensitivity of both the hor-
izontal and vertical deflection plates is
almost equal in each direction.

Full details are given in a technical

data bulletin entitled “7T6RAP Cathode
Ray Tube,” which is available from
FElectronic Tube Corporation, 1200 E.
Mermaid Lane, Philadelphia 18, Pa.

Circle No. 71 on Reader Service Card

MAGNETRON

Primarily for use in airborne radar
gunsights, the Type GL-6527 is a 3-cm.
pulse magnetron designed for reliable

=

operation without pressurization up to
60,000 feet. The tube's ability to operate
at high altitudes without pressurization
means a weight saving which may be
applied to the plane’s armament or fuel
load.

Announced by the Tube Department of
the General Eleetrie Company, Schenec-
tady. N. Y., the magnetron is a forced-
air-cooled. fixed-frequency, pulsed-type
oscillator. with 9-kw. peak power out-
put. It operates at frequencies between
9345 and 9405 me. Weighing three
pounds, it is electrically and mechani-
cally interchangeable with the type
2J42 magnetron.

Cirele No. 72 on Reader Service Card

HYDROGEN THYRATRONS

A series of 13 hydrogen thyratron
tubes of improved design has been an-
nounced by RKuthe Labarataries, Ine.,

Newark, N. J. Suitable for a wide va-
riety of applications in industrial and
military equipment, they range from
the Type 1528, a miniature tube rated
at a peak output of 10 kw. at an average
power level of 25 watts, to the Type
1257, rated at 38,000 kw. peak, 45 kw.
average. The life of the larger tubes is
extended by the use of internal hydro-
gen reservoirs.
Cirele No. T3 on Reader Serviee Card
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To build a better Flyback transformer
start with a ~

COIL FORM e

Resinite 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. Deliv-
ery is prompt in any quantity.

Request full information and samples

RESINITE ......... .

———————— Sales Representatives in:

New England: Framingham, Mass., Framingham 7091

New York, New Jersey: Jersey City, New Jersey, Journal Square 4-3574
Upstote New York: Syracuse, N.Y., Syracuse 76-8056

Marylond: Baltimore, Maryland, Ploza 2-3211

Philadelphia: Philadelphia, Pa. Chestnut Hill 8.0282

Northern Ohio, Western Pennsylvonia: Clevelond, Ohio, Atlantic 1-10460
Indiana, Southern Ohio: Logansport, Indiono, Logonsport 2555

Missouri, Southern lllinois, lowa: St. Lowis, Missouri, Sterling 2318
Californio: Pasadena, Californio, Sycamore 8-3919

Conodo: Mantreal, Quebec, Conodo, Walnut 2715

PRECISION PAPER TUBE COMPANY

2035A W.CHARLESTON ST. » CHICAGO 47, ILLINOIS

For more information, eircle No. 11 on

ader Service Card

OPHAR

WAXES
COMPOUNDS

Zophar waxes, resins and compounds
to impregnate, dip, seal, embed, or pot,
electronic and electrical equipment or
components of all types; radio, tele-
vision, etc.

Cold flows from 100°F. to 285°F.

| \ Special waxes non-cracking at —76°F.
! |
\ Compounds meeting Government speci-
| fications, plain or fungus resistant.

\ Let us help you with your engineering
| problems.
|

|

mmg ZOPHAR MILLS, inc.

112-130 26th Street,
Brooklyn 32, N. Y.

For more information, ¢ircle No. 12 on Reader Service Card
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YOUR EQUIPMENT?

,éea/q SIMPLEST, MOST COMPACT

AMPERITE
pElAY RELAYS

MOST ECONOMICAL, HERMETICALLY SEALED

Provide delays ranging from 2 1o 120 seconds.

Actuated by a heater, they operate on A.C.,
D.C., or Pulsating Current.

o Hermetically sealed. Not affected by altitude,
moisture, or other climale changes.

P e Circuits: SPST only — normally
{ open or normally closed.

Amperite Thermastatic Deloy Relays are
compensated for ambient temperature
} changes from -55° to 470°C.
Heaters consume approximately 2 W.
LT and mcy be operated continuously.
| l The units are most compact, rugged,

explosicn-proof, long-lived, and

h ’ very inexpensive!

TYPES: Standard Radio Octal, and
ﬂr | 9-Pin Miniature.

MINIATURE  PROBLEM? Send for Bulletin No.TR-81

(] Amperite Regulators are designed
to keep the current in a circuit
avtomatically regulated at a defi-
nite value (for example, 0.5 amp).

® For currents of 60 ma. to 5 amps.
Operates on A.C., D.C., or Pulsating
Current.

’zpf.e/rl
014701
e Hermetically sealed, light, compact,

and most inexpensive.

Maximum Wattage Dissipation:
Tev2L—SW. T9—10W. T9 BULB

[z

ad
T 2
i 5
vay. | | 1
- | >
28 I ; 3 E VOLTAGE OF 4V ! WITH AMPERITE
g P | o X | saTTERY 6 CNARG[F' VOLTAGE VARIES
| C% VARIES APPROX.
| S
U
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1631 19

mperite Requlators are the simplest. most eHective
mel od for obtaining autematic regulation of current or
voltage. Hermetically sealed, they are not aftected by
changes in altitude, ambient temperdature (—S55° to

C). or humidity. Rugged; no moving parts;
changed as easily as a sadio tube.

Write for 4-page Technical Bulletin No. AB-51

MPERITE CO. Inc., 561 Broadway, New York 12, N. Y.

In Canada: Atlas Radio Corp., Lid., 560 King $1., W., Toronto 2B

For more information, circle No. 13 on Reader Service Card
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X-BAND HYBRID JUNCTION

A hybrid junction for the X-band,
operating from 8200 to 9700 mc., is be-
ing offered by The Gabriel Laboratories,
135 Cresent St., Needham Heights,

Mass. Top wall construction plus inte-
gral flanges makes this wave guide
component small, compact, and easy to
install. Input VSWR is less than 1.07,
isolation is in excess of 35 db, and the
coupling (power division) is 0.25 db.
High precision casting of beryllium
copper or aluminum to close tolerances
assures excellent electrical performance

and mechanical strength.
Cirele No. 74 on Reader Service Card

FUEL MEASUREMENT SYSTEM

By receiving and sorting signals from
two different tanks at the same tine,
the Minneapolis-Honeywell aircraft fuel

the

eliminates
need for a separate amplifier for every
two indicators. Because a single ampli-
fier power unit can serve several indi-

measurement system

cators, installation is simplified and
both cost and weight are reduced.

Announced by the Aeronautical Divi-

30 RADIO-ELECTRONIC ENGINEERING

sion of Minneapolis-Honeywell Regu-
lator Company, Minneapolis, Minn., the
new system is known as a “multiplex
fuel gage.” For a three-unit installa-
tion using a separate tank sensing el-
ement, power amplifier and cockpit
indicator, the power unit can be pro-
vided with either vacuum tubes or
transistors. A transistorized power unit
is shown in the photograph. Also avail-
able is a two-unit system in which the
transistorized power unit and cockpit

indicator are combined.
Circle No. 75 on Reader Service Card

LARGE SCREEN OSCILLOSCOPES

Large screen precision oscilloscopes
have been developed by Electromec, Inc.,
which provide more information in a

more readable form. Designed for data
plotting, production testing, waveform
analysis, education and display uses,

these units are available in 21”7 and
17” rectangular tubes.

Features include high resolution,
+ 1, linearity, stable d.c. amplifiers,

calibrated time base (from 10 ssec./in.
to 1 sec./in.), gain controls calibrated
in peak-to-peak volts/in. (10 mv. or
1 mv. peak-to-peak sensitivity), a low
rate of drift, and excellent long-term
stability. Performance is not affected
by line voltage changes from 105 to
125 volts.

Further information on these oscil-
loscopes may be secured from Electro-
mee, Ine., Oscilloscope Department, 3200
North San Fernando Blvd., Burbank,
Calif.

Cirele No. 76 on Reader Service Card

ELECTRONIC COUNTER

Ruggedized for military field use,
the EECO Model 111 electronic counter

will operate in ambient temperatures

from —20°F (—29°C) to 150°F
(65°C). The circuits, mechanical con-
struction, and components are de-

signed for utmost reliability. Frequen-
cy division is all-digital, utilizing 11
special plug-in decade scalers.

Model 111 will count up to 99,999 at
any rate up to 100,000 cps. The count-

"—p—:‘%
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ing interval is 1 second or 10 seconds,
with an adjustable display time. No fre-
quency adjustments are required be-
cause the counting interval is generated
by digital division from a crystal oscil-
lator, forestalling the possibility of mis-
counts.

Complete information is available
from R. B. Bonney, Chief Engineer,
Electronic Engineering Company of
California, 180 South Alvarado St.,
Los Angeles 57, Calif.

Circle No. 77 on Reader Service Card

BALANCED OUPLEXER

Broadband, high power operation
with exceptionally low insertion loss is
provided by the new Airtron balanced
duplexer in the 1.250 x .625 O.D. wave
guide size. It has the following char-
acteristics for modern broadband radar
applications: frequency range—8500 to
9600 me.; power capacity—250 kw.
(peak) ; high level VSWR—1.15 (trans-
mit) ; low level VSWR—1.20 (receive) ;
insertion loss—less than 0.6 db (func-
tion at TR tube).

The duplexer is composed of two Air-
tron precision-cast short-slot hybrids
coupled to a dual TR tube. Rectangular
r.f. and pressure gaskets are employed
to insure intimate metal-to-metal con-

tact between the TR tube and the hybrid
flanges, as well as to insure airtightness
under pressurized conditions. Additional
information is available without ob-
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ligation from Airtron, Ine., Dept. A,
1103 W. Elizabeth Ave., Linden, N. J.
Circle No. 78 on Reader Service Card

MICROSECOND MARKER GENERATOR

Now in production at Middle Atlantic
Development  Associates, Ine., Bing-
hamton, N. Y., is a eryvstal-controlled
microsecond marker generator which
provides an accurate standard for cal-
ibrating the sweep speed and sweep
linearity of oscilloscope time bases. It
is applicable wherever accurate time
nicasurement is required, as in ranging
instruments, ultrasonic delay lines, ete.,
and is especially useful in modernizing
older oscilloscopes.

In operation. pulses of one-third
microsecond width are emitted at time
intervals of 1 psec., accurate to one part

in ten thousand. Pulse amplitude is a
minimum of 10 volts peak-to-ground;
every tenth pulse is of double amplitude,
20 volts peak-to-ground minimum. All
pulses are available simultaneously in
a negative and in a positive sense.
Circle No. 79 on Reader Service Card

MICROWAVE ‘‘MEGA-NODES"

A new line of microwave random
noise sources has been announced by
Kay FEleetric Company, Pine Brook.
N. J. In addition to its microwave
MEGA-NODES which employ fluores-
cent tubes for radiating substantially
monochromatic light, this company now
offers MEGA-NODES utilizing gas
tubes which have approximately zero
temperature coefficient and are inde-
pendent of operating temperatures.
They are available in eight different
sizes covering frequency ranges from
1200 to 26,500 mec. Accuracy is *=0.25
db, and noise output 15.8 db.

Circle No. 80 on Reader Service Card

FREQUENCY METER

Frequencies from 2400 to 10,200 me.
can be measured to 0.29% accuracy with
the NARDA DModel 802 frequency
meter announced by Nassaw Research
& Development Associates, Inc., 66
Main St., Mineola, N. Y. A transmission

(Continued on page 34)
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Circle No. 14 on Reader Service Card

How Hammarlund Selves
Your Signaling Problems

‘ P AN ) G _..-~-'.'--I'.""°m°re
3 *Supervisory control

‘ > UPLEX SIGNALING UNIT

VERSATILITY

This small, compact unit—transmitter, frequency selective receiver and power
supply in a single package—is a vastly improved, new approach to remote signal-
ing and supervisory control system design. It may be used for remote on-off
switching, continuous supervisory indication of operating conditions, ringdown
signaling, dialing terminal equipment, automatic detection of system functional
failures, or for providing channels for transmitting and receiving telemetering
information.

FLEXIBILITY

| These Hammarlund Duplex Signaling Units have the flexibility required for effi-
cient system design. Up to 36 individual functions can be controlled over a
single circuit when they are installed in multiple. Transmitters and receivers
operate on the same or different frequencies between 2000 and 6475 cycles per
second. Center frequencies in the 2000 to 3500-cycle range are spaced at 100-
ﬁ':ycle intervals. And center frequencies in the 3625 to 6475-cycle range are
spaced at 150-cycle intervals,

RELIABILITY

Ruggedized, quality-recognized components throughout. A highly stable tone
generator, and an amplifier designed for bridging a 600-ohm circuit, assure
reliable operation over wire lines, telephone or power line carrier, and radio or
microwave communications circuits. It is designed to operate in the range of
—30° to }60° C. with excellent frequency stability, and under high humidity
and other adverse conditions. Harmonic distortion is negligible.

Ask For Bulletin M-12

W HAMMARLYND

RLUND MANUFACTURING €O., INC.
‘A60 WEST 34th ST. ¢+ NEW YORK 1}, N. Y.

HAMMA
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RICHARD H. BAKER, who has been carrying on independ-
ent research and acting as consultant on computing and
control system design and application for equipment man-
ufacturers and the Department of Defense, has now joined
the staff of Stanford Research Institute, Stanford, Calif.,
as a systems engineer. He will work in the recently expanded
electronic data processing unit—a section of SRI's division
of industrial economics research.

RALPH R. BATCHER, as technical consultant for the
Hudson Wire Company, Ossining, N. Y., will assist in the
development of new types of magnet wire and associated
products. Until recently chief engineer of the Radio-Elec-
tronies-Television Manufacturers Association, Mr, Batcher
has been associated with the radio industry for many years,
as well as with educational and publishing fields. He is the
author of several handbooks on electronic subjects.

THOMAS B. FRIEDMAN, television engineer and consult-
ant, has joined the Adler Conmmunications Laboratories of
New Rochelle, N. Y., where he will assist in the development
and application of satellite television stations and television
station systems. As chief television engineer with the Em-
pire Coil Company, Mr. Friedman was instrumental in the
planning and construction of WXEL in Cleveland, KPTV
in Portland, and KCTY in Kansas City.

DR. LESLIE G. PECK will be in charge of the Computing
Laboratory at Arthur D. Little, Inc., Cambridge. Mass.
Having a wide range of experience in the computing field,
Dr. Peck has taught mathematies at Johns Hopkins Univer-
sity. and was responsible for much of the success of the
computing program at Los Alamos Scientific Laboratory.
I'rior to joining ADL, he was a research associate at New
York University, site of the AEC computing facility.

DR. RAGNAR THORENSEN has been appointed director of
research for the MWagnavoxr Rescarch Laboratory, in lLos
Angeles, Calif., newly established by The Magnavox Coni-
pany for research and development on high-speed digital
computers, military control systems, and data processing
equipment. With the National Bureau of Standards, Dr.
Thorensen headed the computer section of the Institute for
Numerical Analysis where the SWAC was developed.

CHARLES M. YOUNG is the new manager of engineering
for the Industrial and Transmitting Tube Sub-Department
of the General Flectric Company, Schenectady, N. Y. Mr.
Young, who joined G-E in 1937, spent 13 years on the G-E
Aeronauties and Ordnance Systems Division engineering
staff. Ile has had wide experience in electronic application
engineering in this field, and holds five patents on automatic
flight control equipment.
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Subway Communications
(Continued from page 13)

in all four services, should be operable
on any of four frequencies. Before the
train starts on its runs, the frequency
selectors could be set for the appropri-
ate service.

Dispatcher-to-motorman communica-
tions which should not be heard by the
passengers and passenger information
announcement facilities could be inte-
grated into the same system. A tone-
gate squelch, for example, could be used
to differentiate between dispatcher-to-
train communications and public an-
nouncements. The tone might be used
to switch on automatically the battery
of loudspeakers inside and outside of
the car preceding train announcements.
Absence of the tone would permit opera-
tion of only the motorman’s loudspeaker.

Many combinations would be possible.
Special devices could be used to select
certain categories of trains, wayside
stations, ete. Since the communications
range inside of tunnels is limited even
at 460 mc., many functions could be
provided more readily than if the range
were several miles.

Conclusion:

Eight radio frequencies in the 450-
460 me. band have been allocated to the
urban transit radio services. The band
between 460 and 470 mec., allocated to
the Citizens Radio Services, might be
utilized. Whether the FCC would per-
mit use by a single rapid transit sys-
tem of four or all eight channels in the
450-460 mc. band assigned to the urban
transit services in any one metropolitan
area has not been determined. If the
system were operated underground, it
might be possible for a surface trans-
portation company to operate on the
same frequencies without mutual inter-
ference.

It is expected that u.h.f. radio com-
munications in underground railway
service will be tested in the near future.
There are many systems problems to
be solved but it appears that u.h.f. ra-
dio can be utilized to provide practical
means for communications inside of
subterranean tunnels.

The writer wishes to acknowledge the
assistance and cooperation of Clayton
R. Kielich of Rogue Railway Equip-
ment Divigion in arriving at some of
the conclusions stated here; and to ex-
press appreciation for the interest dis-
played by Henry K. Norton, president
of the Swusquehanra Railroad and a
member of the New York City Transit
Authority, William Reid, president of
the Hudson & Manhattan Railroad, and
John Swarner, electrical engineer of
the Pulbnan-Standard Car Manufactur-
ing Company. O
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“ELECTROACOUSTICS—The Analy-
sis of Transduction, and its Historical
Background” by Frederick V. Hunt,
Rumford Professor of Physics and Gor-
don McKay Professor of Applied Phys-
ies, Harvard University. Published by
Harvard University P’ress and Johw
Wiley & Sows, Inc., 440 Fourth Ave.,
New York 16, N. Y. 260 pages. $6.00.

One of the Harvard Monographs in
Applied Science, this book presents a
unified basis for the analysis of elee-
troacoustical transducers. A modified
formulation of the eleetromagnetic re-
lations. involving the use of a “space
operator,” allows all transducer types
to be represented by the same form of
cquivalent cireuit.

A long introduction is devoted to the
placement of electroacoustical transduc-
tion in its proper historical setting
relative to the allied arts and basic
sciences from which it derives. This is
followed by a description of the new
scheme for the analysis of both elee-
trostatic and electromagnetic systems
of electromechanical coupling in a
single homogencous frame of reference,
and sueccceding chapters contain ex-
amples of its application to three rep-
resentative transducer systems.

“TELEVISION ENGINEERING Princi-
ples and Practice—Volume 1" by S.
W. Amos., B.SC. (Hons.), A.M.ILE.E,,

and D. C. Birkinshaw. M.B.E., M.A
M.ILE.E.,, in collaboration with J. L.
Bliss. A.M.LLE.E. Published for “Wire-
less World” by [liffe & Sons Limited,
Dorset House. Stamford St., London
S.E.1, England. 302 pages. 30s.0d.
tpostage 8d.)

This is the first volume of a textbook
on television engineering written by
members of the Engineering Training
Department of the British Broadcasting
Corporation, primarily for the instruec-
tion of DDC’s own operating and main-
tenance staff. It is intended to provide a
comprehensive survey of modern tele-
vision prineiples and practice for both
transmitting and receiving.

In this volume, the video waveform
derived from synchronizing and picture
signals is discussed in detail; various
camera tubes and lenses are described;
and in the final chapters attention is
oiven to electron optics, involving a
study of electric and magnetic lenses.
Mathematical argument has been pre-
sented in several appendices for par-
ticular subjeets.
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MNEW UHF MEGACYCLE METER

With the Widest
Frequency Coverage
in a Single Band

FEATURES

® Excellent coupling sensitivity.

® Fixed coupling point.

® Small grid current variation
over band.

® Calibration point every 10 Mc.

® Uses split-stator tuning con-
denser with no sliding metal
contacts.

® Standard camero socket for
tripod fixtures.

® Octagonal cose for convenient
positioning.

® Useful in television transmit-
ting and receiving equipment.

MODEL 59 UHF

SPECIFICATIONS

FREQUENCY RANGE: 430-940 Mc¢ in a single band
FREQUENCY ACCURACY: = 2%, (Individually colibrated)
OUTPUT: CW or 120-cycle modulation
POWER SUPPLY: 117 volts, 60 cycles, 30 watls
DIMENSIONS: Oscillator Unit 4% x 212"

Power Unit 5% wide x 6'43'' high x 7%, deep

MobosaTory Stondards
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CORPORATION

BOONTOMN + NEW JERSEY
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ern Joint Computer Conference and
Exhibition, Bellevue-Stratiord Hotel
Philadelphia, Pa.
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nial Conference on High Frequency
Measurements, NBS, Washington, D.C
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General Meeting, Hotel Statler, New
York. N. Y
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R.F. Multiplexing with Cavity
Filters
Subway Commumccmons (Sands).
Transmission and Power Levels in
Multiplex Equipment (Fisher).
V.H.F. Comniunications Receiver
Design (Cardon Bensen & Richter) 14 De

COMPUTERS

12 Dec

Diode-Capacite: Memory for Com
puters (Holt) ... .. ... .......

Optical-Sensing Device for Com-
puters 5

INDUSTRIAL CONTROL

Electionmic Resistance-Sensitive
Relay (Barnhart)
High Temperature Strain Gages
(Kautman) ................
Protective Relaqu (Alchuk). .
Temperature-Compensated Stram
Gages {Kaufman) ...........
Time-Proportional Electronic Ther
mostat (Ransom) ...........
Transistor Control of Magnetic
Amplifiers (Pittman, Jr.).... Fe
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12 May
10 May
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Measurements (Dorman)
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Audio and RF Secondary Fre
quency Standard {(Moses) .
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Calibration of Accelerometers.

Color TV Instiumentation
(Buchsbaum)
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3, 1933, AND JULY 2, 1946 (TITLE 39, UNITED

STATES CODE. SECTION 233) SHOWING THE

OWNERSHIP, MANAGEMENT, AND CIRCULATION

OF Radio-Electronic Engineering. published monthly
at Chicago, Illinois. for October 1, 1954.

1. The names and addresses of the Publisher, edi-
tor, and business managers are: Publisher, Ziff-Davis
Publishing Company. 64 E. Lake St., Chicago 1, 1ll.;
Editor, Oliver Read., 366 Madison Ave., New York
17. New York: Managing Editor, Wm. A. Stocklin,
366 Madison Ave.. New York 17, New York; Business
manager. G. E. Carney, 366 Madison Ave.. New York
17. New York.

2. The owner is: Ziff-Davis Publishing Company,
64 E. Lake St., Chicago 1, Ill.; Zifi-Davis, Inc., 368
Madison Ave.. New York 17. New York. Estate of
William B. Ziff (Beneficial ownership in A, M. Ziff,
W. B. Ziff, Jr, S. Brady. P. R. Stafford, D. M.
Ziff, L. M. Ziff), 366 Madison Ave., New York 17,
New York., A. M. Ziff. 366 Madison Ave., New York
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3. The known bondholders, mort and other
security holders owning or holding 1 percent or more
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curities are: Modern Woodmen of America, Rock
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4. Paragraphs 2 and 3 include, in cases where the
stockholder or security holder appears upon the books
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Motorola

had it built-in a year ago

A growing number of automobile manufacturers are changing from 6 to 12 volt
electrical systems. Motorola 2-way radio now gives you built-in protection against
expensive obsolescence should any part of your fleet be affected by this trend.

WHAT IT IS — It’s truly universal 6/12V equip-
ment—2-way radio that can be interchanged in
mixed 6 and 12-volt fleets without modification of
power supplies, jumpers, plugs, connectors, cables
or switches. When re-installing in a 12-volt car, no
cable replacement is required. It is so foolproof
that you can safely make changeovers in the dark
without worry of burning out tubes or damaging
a power supply.

FEATURES —The all-vibrator power supply attains
over 70% power conversion efficiency with a result-
ant power drain reduction of up to 40% —for more
power per unit size per ampere drain than any
other sets on the market —all this, plus the superior
performance of Motorola's famous Sensicon with
guaranteed permanent selectivity and seven other
exclusive features.

\

ACCEPTANCE — Again anticipating the trends,
Motorola offers freedom from obsolescence, and
superior performance at lower cost. You can easily
see and hear the difference—greater signal
strength, more audio power, longer battery and
generator life, lower maintenance costs. You get
all this in Motorola’s truly universal 6/12-volt
mobile units—available in the following classes:

® 25-54 mc., 25-30 and 50-60 watts R.F. output
¢ 144-174 mc., 10 and 25 watts R.F. output
e 450-470 mc., 18-20 watt R.F. output

Here is a partial list of Motorola customers who
have 6/12 volt interchangeable mobile units—

Michigan State Police Community Public Service Co. Florida State Police
Ohio State Police County of Orange, Calif. lowa State Police
Boston Edison Co. El Paso National Gos Co. State of South Coroling

Motorola ¢-way Radio

R\ ervice_4

Motorola Communications & Electronics, Inc.
A SUBSIDIARY OF MOTOROLA, INC.
4501 W. Augusto, Chicago 51, 111. « Rogers Majestic Electronics, Ltd., Toronto, Canodo

For more information, cirele No. 28 on Reader Service Card
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