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tor Stock Hermetically Sealed Components

MINIATURE AUDIO UNITS...RCOF CASE

MIL Pri. Imp. Sec. Imp. DC in Response Max, level List

Application Type Ohms Ohms Pri., MA == 2db. (Cyc.) dbm Price

Mike, pickup, line to grid TF1A10YY 50,200 CT, 500 CT* 50,000 0 50-10,000 4 5 $16.50
Mike to grid TF1A11YY 82 135,000 50 250-8,000 +-21 16.00
Single plate to single grid TF1A15YY 15,000 60,000 0 50-10,000 + 6 13.50

Singlle pl‘ate to single grid, TF1A15YY 15,000 60,000 4 200-10,000 +14 13.50
0C in Pri.

Single plate to P.P. grids TF1A15YY 15,000 95,000 CT 0 50-10,000 + 5 15.50

Single pllate to P.P. grids, TF1A15YY 15,000 95,000 split 4 200-10,000 +11 16.00
0C in Pri.

Single or P.P. plates to line TF1A13YY 20,000 CT 150/600
Mixing and matching TF1A16YY 150/600 600 CT
82/41:1 input to grid TF1A10YY 150/600 1 meg.
lol:dl single plate to singie TF1A15YY 10,000 1 meg.
gr

RCOF CASE
tength .................1 25/64
...61/64

200-10,000 +21 16.50

50-10,000 + 8 15.50
200-3,000 (4db.) +10 16.50
200-3,000 (4db.) +10 15.00

Mounting ...
Screws ...
Cutout .................
Unit Weight

4
0
0
0

Reactor TF1A20YY 300 Henries-O0 DC, 50 Henries-3 Ma. DC, 6,000 Ohms. 12.00

COMPACT AUDIO UNITS...RC-50 CASE

MIL Pri. Imp. Sec. Imp. DC in Response Max. level  List
Application Type Ohms Ohms Pri., MA == 2db. (Cyc.) dbm Price

Single plate to 2 grids, can TF1A15YY 15,000 split 80,000 split 0 30-20,000 +12  $20.00

also be used for P.P. plates

Single plate to P.P. grids, TF1A15YY 15,000 80,000 split 8 100-20,000 +23 23.00

OC in Pri.

Single plate to multiple line TF1A13YY 15,000 50/200, 8 50-20,000 +23 21.00
125/500**

P.P. plates to multiple line TF1A13YY 30,000 split 50/200, 8  30-20,000 +19 20.00
125/500** BAL.

Reactor TF1A20YY 450 Hys.-0 DC, 250 Hys.-5 Ma. DC, 6000 ohms ... 15.00

65 Hys.-10 Ma. DC, 1500 ohms.

RC-50 CASE
Length ..
Width ...

Mounting ..

Screws ..

Cutout .........11/2Dia.
Unit Weight .. w8 02,

SUBMINIATURE AUDIO UNITS...SM CASE

MIL Pri. Imp. Sec. Imp. DC in Response Max. level  List
Application Type Ohms Ohms Pri., MA =+ 2db. (Cyc.) dbm Price

input to grid TF1A10YY 50*** 62,500 0 150-10,000 +13  $13.00
Single plate to single grid, TF1A15YY 10,000 90,000 0 300-10,000 +13 13.00
3:1

Single plate to line TF1A13YY 10,000**** 200 3 300-10,000 +13 13.00

Single plate to low TF1A13YY 30,000 50 1 300-10,000 +15 13.00
impedance

Single plate to low TF1A13YY 100,000 60 .5 300-10,000 + 6 13.00
impedance

Reactor TF1A20YY 100 Henries-O DC, 50 Henries-1 Ma. DC, 4,400 ohms. 11.00

Unit Weight .................B oz.

The impedonce rotings ofe
listed in standord monner.
Obviously, o tronsformer with

* 200 ohm termination can be used for 150 ohms or 250 chms, 500 ohm termination can be used for 600 ochms
** 200 ohm termination can be used for 150 ohms or 250 ohms, 125/500 ohm termination can be used for 150/600 ohms.

a 15,000 ochm primary imped- ***can be used with higher source impedances, with corresponding reduction in frequency range. With 200 ohm source,
once can operote from o tube secondary impedance becomes 250,000 ohms ... Joaded response is —4 db. at 300 cycles.

representing o source imped- ****can be used for 500 ohm load ... 25,000 chm primary impedance ... 1.5 Ma. DC.

ance of 7700 ohms, etc. In

addition, transformers can be

used for opplications differ-

ing considerobly from those

shown, keeping in mind thot

impedance ratio Is « 5
Lower source impedance will
improve response and level
ratings . . . higher source im-
pedonce will reduce frequency
range and level roting.

150 VARICK STREET NEW YORK 13, N. Y,

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: ‘ARLAB''
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_What /\ fo SEE af the

Firm Booth
Ace Engincering & Machine Co., Inc.
Philadelphia 40, Pa. 3-204 & 205

ACE cell type shielded enclosure and aux-
iliaries.

Aerovox Corporation

New Bedford, Mass.
Booth 1-602 & 604

Ceramin  Capacitors,  wire
wound resistors choke coils
trimmers.

Aircraft-Marine Products,
Inc.
Harrisburg, Pa.
Booth 4-502

PLUGS
OILFILLED AND PLASTIC

Insulated capacitors. AN Standard and Mul.
tiple circuit comnectors. Rivet or Stud and
wire end terminals,

Engineering
Show "

Firm

Choppers, vibrators, power supplies.

Booth
Airpax Products Co., Baltimore 20, Md. 4-212

Airtron, Inec.
Linden, N.].
Booth 3-102

Flexible waveguides, rigid wave-
guides, duplexers, tapered flex-
ible waveguides, waveguide
bends, crystal mixers, direc-
tional couplers, waveguide
switches.

Alden Produects Co.
Brockton 64, Mass.
Booth 2-143

Alden will show how leaders in the fields of
Computers, Business Equipment and Elec-
tronic Controls have designed for 30 second
servicing, maintenance and operation by un.
skilled personnel tbrough use of Alden Basic
Components. including Terminal Card Mount
ing System, Basic Chassis, Plug-in Packages,
Sensing and Indicating devices. Pre-wired
Connectors and Unit Cables.

Aircraft Transformer Corp.
Long Branch, N.J.

Booth 4-213

Transformers for electronic application in
military and high quality commercial equip-
ment. Featuring new and revolutionary coat-
ings for high and low temperature environ-
ments. Transformers for missiles, radar, su-
personics, ¢ ications, test equip t
computers, etc.

Air-Marine Motors, Inc.
Seaford, L.I., N.Y.
Booth 4-315
Sub.fractional hp electric motors, fans and

hlowers for operation on 60, 400 cps and
variable frequencies.

Alden Electr. &
Impulse Recording
Equipment Co.
Westboro, Mass.
Booth 2-144

Recorders.

Alfax Paper & Engineering Co., Westboro,

Mass. 2-145

Electrosensitive recording papers.
All:gheny Ludlum Steel Corp., Pittsbu

rgh
22, Pa 1-406& & 408

Magnctfc Materials.

Atlled Control Co.,, Inc., New York 21,
.Y 2-209

Electrical Relays and Electrical coils.

Alpha Metals, Inc.,, Jersey City, N.J. 3-512

Non-ferrous, excluding copper, and pow-
dered metals. Solder: acid core, fluxes,
plain, pre-forms, rosin core.

Alpha Wire Corp.,, New York 13, N.Y. 4-604

Electronic Wire and Cable, Government
Specification and commercial types for
Rado—Sound—Aircraft—Radar—Television.

at Grand Central Palace,
New York

405 Radio Electronic Exhibits

Firm Booth
Altec Lansing Corp.,, New York 13, N.Y. 3-317

Exhibit a comp.ete line of speech input
equipment for radio and TV, featuring our
newly designed 23B Control Console for
small stations and 250A Control Console
for large stations, along with Plug-1n Pre.
Amplifiers. Line Amplifiers. Monitor Am.
lifiers and Power Supplies for special
abrication. New High Fidelity speakers
having a guaranteed response from 30 to
22,000 cycles as well as the new *20-20
Plus” line of Peerless transformers will
also be featured.

American Electric Motors, Inc.,, Los An-
geles 22, Calif.

A complete display of Miniaturized Motor-
driven Fans and Blowers, and variable
Frequency Drive Motors utilizing a mini-
mum of eighty different laminations to
ive maxmum ratings in the smallest
rame size. Also samples of high fre.
quency ground Power Su‘pplies of the non.
slip ring, maintenance-free inductor de-

sign are displayed.

HUSTMB

®

Custom Made
Technical Ceramics
Engineers in attendance to advise
on special electronic applications.
AMERICAN LAVA CORPORATION
Chottonoogo 5, Tennessee
BRANCHES IN PRINCIPAL CITIES

American Phenolic Corp.
Chicago 50, Il

Booths 1-101 & 102

Amphenol is presenting a 40 page manual of
“0K Methods** for assembly of all types of
connectors to all types of cable and wire.

‘aMPHENOL

T TR OTESOSOSSOOPIFIIINIIY

American Radio Hardware Co., Inc.,
Mount Vernon, i 4
Radio Hardware parts.

701

American Television &
Radio Co.

St. Paul 1, Minn,
Booth 2-304

ATR Vibrators, ATR DC-AC
Inverters, ATR Vibrator Power
Supplies, ATR Rectifier Power

Supplies.

(Continued on page 124)
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How Hammarlund Solves
Your Signaling Problems

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-
cycle 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,

Write for detailed information

MW NAMMARLYND

HAMMARLUND MANUFACTURING CO., INC.

460 WESY 34th ST. * NEW YORK 1, N. Y.

Visit our booth 4-214 at the I.R.E. Show

|

PROCEEDINGS OF THE 1.R.E.

Meetings
with Exhibits

MARCH 23-26 1953

March 23, 24, 25 & 26, 1953
Radio Engineering Show Grand
Central Palace, New York City
Exhibits Manager: Wm. C. Copp, 303
W. 42nd St., New York 36, N.Y.
A
April 11, 1953
NEREM—New England Radio
Engineering Meeting, University
of Connecticut, Storres, Conn.
Exhibits: H. W, Sundius, The South-
ern New England Tel. Co., 227
Church St., New Haven, Conn,

April 18, 1953
Spring Technical Conference of
the Cincinnati Section, Cincin-
nati, Ohio
Exhibits: R, H, Lehman, The Baldwin
Co.. 1801 Gilbert Ave., Cincinnati
2, Ohio
A
May 11, 12 & 13, 1953
National Conference on Airborne
Electronics Hotel Biltmore. Day-
ton. Ohio.
Exhibits: Paul Clark, 120 West Sec-
ond St., Dayton 2, Ohio.
A
August 19, 20, 21, 1953
1953 Western Electronics Show
and Convention, Civic Auditori-
um, San Francisco, Calif.
Exhibits: Heckert Parker, 1355 Mar-
ket St., San Francisco 3, Calif.

A

September 21-25, 1953
Eighth National Instrument Con-
ference and Exhibit. Hotel Sher-
man, Chicago, Ill.
Exhibits: Richard Rimbach, 921
Ridge Ave., Pittsburgh 12, Pa.

A

September 28, 29 & 30, 1953
National Electronic Conference
Hotel Sherman, Chicago.
Exhibits: Orville Thompson, c/o De-
Forrest's Training Inc., 2735 N.
Ashland Ave., Chicago 14, Il

March, 1952




THE MOST EFFECTIVE CAPACITORS

FOR R-F NOISE SUPPRESSION...

...are the

NEW
SPRAGUE

THRU-PASS
 CAPACITORS

INSERTION LOSS IN DB

HRU-PASS CAPACITORS are a new Sprague
development for use in radio interference reduc-
tion in communication and radar equipment.

e Thru-Pass Capacitors not only reduce to a negli-
gible value the effect of external connection inductance
to a capacitor but they also have a minimum length of
internal path for radio interference currents. Their per-
formance is closer to that of a theoretically ideal capacitor
than that of any other paper capacitor!

e Electrically, Thru-Pass Capacitors are three-termi-
nal feed-thru devices which are connected in a circuit
in a manner similar to a low pass filter; the tab or lead
terminals are connected in series with the circuit being
filtered while the case is grounded.

e The threaded-neck mounting on Type 102P and
103P Subminiature Thru-Pass Capacitors is designed
to give a firm metallic contact with the mounting sur-
face over a closed path encircling the feed-thru conduc-
tor and to eliminate unwanted contact resistance so
that the theoretical effectiveness of these new units is
realized in practice. The milled flats on the threads
help ensure vibration-proof mounting since the capac-
itors cannot rotate if mounted in a flaced opening
instead of the usual circular hole.

e Type 102P and 103P Capacitors are all hermeti-
cally encased. Glass-to-metal solder-seal terminals are

2 3 456718910 20
FREQUENCY IN MCS

Typical Insertion Loss Curves

30 40 60 80Y00 - 200 400 600 1000

employed in order to assure positive protection against
severe atmospheric conditions.

e Both types are impregnated with Vitamin Q,
Sprague’s exclusive inert synthetic impregnant, in or-
der to provide maximum insulation resistance and
minimum capacitance change with temperature. Type
102P units are processed for —55°C to +85°C opera-
tion while Type 103P units have their top operating
temperature extended to +125°C.

e Engineering Bulletin 215 gives full details and
standard ratings. Write on your business letterhead
for your copy to Sprague Electric Co.,235 Marshall St,,
North Adams, Massachusetts.

TYPES 102P AND 103P 5 AMPERE THRU-PASS CAPACITORS
SHOWING CHOICE OF LEAD OR TAB TERMINALS

WORLD'S LARGEST CAPACITOR MANUFACTURER

EXPORT DIVISION: CABLE SPREXDIV, NORTH ADAMS, MASS.

“THRU-PASS" AND VITAMIN Q" ARE SPRAGUE TRADEMARKS.

SEE US AT THE L.R.E. SHOW—BOOTHS 1-410 & 1-412

PROCEEDINGS OF THE LR.E. Mareh, 1953

3a



To kecp voices traveling strongly through telephone cables, vou have
to keep watcer out. This calls for speed in locating and repairing cable
shcath Icaks—a hard job where cable networks fork and branch to
scrve cvery ncighborhood and strect.

At Bcll Telephone Laboratorics, a team of mechanical and
clectrical enginecrs devised a way to fill a complex cable system with
dry air under continuous pressure. Pressure readings at sclected
points dctect cracks or holes, however small. Repairman can reach
the spot before service is impaired.

It’s another example of how Bell Laboratories works out ways to
kecp your telephone service reliable—and to keep down the cost to vou.

Air compressor and tank are at right. Long cyl-
inders on rack dry air before it enters cables.

He's checking the air pressure in a branch cable, one ot
scores serving a town. The readings along the cable are
plotted as a graph to find low-pressure points which indi-
cate a break in the protecting sheath.

Master meters keep watch over the various cable
networks which feave a telephone office in all
directions to serve a community. Air enters the
system at 7 pounds pressure, but may drop to 2
pounds in outermost sections—still enough to
keep dampness out.

PROCEEDINGS OF TIE I.RE

BELL TELEPHONE LABORATORIES

Improving telephone service for Americo provides coreers for creotive men in mechonicol engineering

March, 1953
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Nickel-free Ferroxcube 3 and 3C cores are
the modern, superior ferrites now perform-
ing with outstanding success in television
and military electronics. Both materials
have higher permeabilities than the nickel-
zinc ferrites that are sometimes supplied
for these applications.

Forthe higher-temperature applications,
Ferroxcube 3C cores are recommended.
Where maximum initial permeability is the
prime requirement, Ferroxcube 3 is gener-
ally indicated.

In any case, you can specify either of
these excellent manganese-zinc ferrites

APPLICATIONS

FERROXCUBE ... T0n8L tn fomnites /

made to meet your specified schedules.

For higher-frequency applications,
where minimum eddy-current losses are
more important than maximum permea-
bility, the Ferroxcube 4 series of nickel-
zinc ferrites are recommended. Their uses
include I-F Transformers, R-F Tuning Coils,
Antenna Cores, etc.

The broad experience of Ferroxcube
Corporation Engineers — an accumulated
knowledge of manufacture and applica-
tion over a 16-year period — is the “refer-
ence library” which is available to assist
you. Write for technical data applicable to

with full assurance that deliveries will be your design problems. = * * *

FERROXCUBE

T HE MODTERN CORE MATERIAL

FERROXCUBE CORPORATION OF AMERICA

* A Joint Affiliate of Sprague Electric Co. and Philips Industries, Managed by Sprague
SAUGERTIES, NEW YORK

ROCEEDINGS OF THE I RE March, 1943 a.



MOOEL A} HELIPOTS

The AJ is a high perform-
ance 10-turn helicat po-
tentiometer of minlature
size (34" dia.) and light
weight (1 oz.). Available
with bushing mount (AJ)
or servo mount (AJS), both
with sleeve bearings.
Servo mount also available
with precision ball bear-
ings (AJSP).
10-turns . . . Power rat-
Ing 2 watts...Coil
length 18°...Linearity
tolerance #0.5% (Std.)
ng torque 0.75
.Wet. oz ...

MOOEL T HELIPOTS

A single-turn, continuous-
rotation servo-mounting
unit of minimum weight
(0.56 oz.) requiring very
small cubic space and op-
erating with negligible
torque. Shaft rotates on
precision ball bearings —
unit built throughout to
highest possible precision.

1-turn . . . Power rating
12 watt . . . Coil length 2"
...Linearity tolerance
#+0.5% (Std.). . . Starting
torque .015 in. oz, (Run-
ning torque is negligible)
... Wgt. 0.5 oz.*
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TABLE OF STOCK VALUES

Total
Catalog Resistance
No. (Ohms)

100-A)Z 100
500-A)Z 500
1,000-A)2 1,000
5,000-A)2 5,000
10,000-A1Z 10,000
20,000-A)Z 20,000
30,000-A12 30,000
50,000-A)Z 50,000

Wire

Turns
3,000
2,500
3,400
4,250
4,000
5,350
5,450
6,550

Temperature
Coefficient

.00071
.00002
.00002
.00013
.00013
.00013
.00002
.00002

40000
0003
0780 DIA
g
008
750 0iA 1P

TABLE OF STOCK VALUES

Total
Resistance
(Ohms)

1,000-72 1,000
2,000-1Z 2,000
5,000-12 5,000
10,000-12 10,000
20,000-12 20,000
25,000-12 25,000
30,000-T2 30,000
50,000-1Z 50,000
100,000-12 100,000

Catalog
No.

Wwire

Turns
705
750
800
1,650
1,500
1,500
1,400
1,400
1,500

Temperature
Coetficient

various
various
various
varlous
.00002
.00002
.00002
.00002
.00002

MOOEL A HELIPOTS
The most widely adapt-

able of all muititurn Heli-
pots. A 10-turn unit of
convenient, compact size
offering resolution accu-
racies 12 to 14 times that
of conventional single-
turn units of same diam-
eter. 10-turn range permits
direct decimal readings.
10-turns . . . Power rat-
ing 5 watts . Coil
length 46.5” ... Linearity
tolerances: +0.5% (Std.

MOOEL B HELIPOTS

A large diameter (3-5/16"")
15-turn Helipot with 139"
slide wire length provid-
ing the highest resolution
(.01% to .003%) and ad-
justment accuracy avail-
able today in a standard
mass-production unit. Rug-
ged, dependable, low in
cost.

15-turns . . . Power rat.
ing 10 watts . . . Coil
length 139", .. Linearity
tolerance +0.5% {Std.).*

MOOEL C HELIPOTS

Identical in general de-
sign to Model A except has
only 3 helical turns of re-
sistance winding and pro-
proportionately shorter
length. Ideal for high-ac-
curacy applications with
restricted behind-panel

. . . Power rat-
ing 3 watts . . . Coil length
131%". . . Linearity toler-
ance +0.5% (Std.) ...
Behind-Panel Length
1-9/64”.°

TABLE OF STOCK VALUES

Total

Catalog Resistance
No. (0hms)
25-A2 25
50-AZ 50
100-AZ 100
200-AZ 200
500-AZ 500
1,000-AZ 1,000
2,000-AZ 2,000
5,000-AZ 5,000
10,000-AZ 10,000
20,000-AZ 20,000
30,000-AZ 30,000
50,000-AZ 50,000
100,000-AZ 100,000
200,000-AZ 200,000
300,000-AZ 300,000

Wire
Turns

3,000
3,200
3,800
4,750
4,000
5,000
6,500
7,200
9,000
10,000
11,500
12,500
15,000
15,500
16,000

Temperature
Coefficient

.00071
00071
.00071
.00071
.00002
.00002
.00002
.00013
.00013
.00013
.00013
.00013
.00013
.00013
00013

TABLE OF STOCK VALUES

Total
Catalog Resistance
No. (Ohms)

1,000-8Z 1,000
5,000-82 5,000
10,000-8Z 10,000
25,000-8Z 25,000
50,000-BZ 50,000
100,000-B2 100,000

wire

Turns
10,900
19,600
17,700
21,800
25,400
34,100

Temperature
Coefficient

.00002
.00002
.00013
.00013
.00013
.00013

Please n6te that 1000 volts is highest that may be
applied across coil regardless of resistance value.

TABLE OF STOCK VALUES

Total
Resistance
(Ohms)
10-CZ 10
50-CZ 50
100-CZ 100
500-CZ 500
1,000-CZ 1,000
5,000-CZ 5,000
10,000-CZ 10,000
20,000-CZ 20,000
30,000-C2 30,000
50,000-CZ 50,000

Catalog
No.

wire
Turns
1,000
1,390
1,100
1,850
1,360
2,500
3,100
3,900
4,400
4,250

Temperature
Coefficient
.00071
.00071
.00002
.00002
.00013
.00013
.00013
.00013
.00013
.00013




el

MODEL J HELIPOTS

First production potenti-
ometer equipped with bati-
bearing shaft supports as
standard and 3-way servo-
type mounting. Ganged as-
semblies can be independ-
ently phased after instal-
lation without external
clamps or brackets.
1-turn . . . Power rating
...Coil length
.. 360° Cont. Mech.
Rotation . . . Linearity tol-
erance +0.5% . . . Starting
torque 1.0 + .25 oz. in.*

MODEL F HELIPOTS

A 3" dia. single-turn high-
precision potentiometer
with continuous mechani-
cal rotation and minimum
dead spot between electri-
cal ends. Versatile in ap-
plication. 1deal where con-

TABLE OF STOCK VALUES

Total
Resistance Wwire Temperature
(0hms) Turns Coefficient
100-12 100 630 00002
1,000-)2 1,000 875 .00017
5,000-J2 5,000 1,300 .00017
10,000-J2 10,000 1,475 .00017
20,000-J2 20,000 1,900 .00017
30,000-)2 30,000 1,975 00017
50,000-)2 50,000 2,260 .00002

Catalog
No.

Please note that 400 volts is highest that may be applied
across coil regardless of resistance value.

TABLE OF STOCK VALUES

Total
Resistance Wire Temperature
(Ohms) Turns Coefficient

100-FZ 100 800 .00002
500-F2 500 1,300 .00002
1,000-FZ 1,000 1,200 .00013

Catalog
No.

MODEL G HELIPOTS

A small, extra rugged
single-turn pot developed

initially for aircraft servo Total )
f Catalog Resistance Wire Temperatur

mechanisms. Its compact
size, high accuracy, fong No. (Ohms) Turns Coefficient
life make it ideal for many 10-62 10 300 00071
instrumentation and servo- 100-G2 100 400 .00002
mechanism applications. 500-62 500 500 00013

1-turn . _ . Power rating 1,000-62 1,000 650 00013
2 watts...Coil length 5,000-62 5,000 750 .00013
314™. .. 360° Cont. Mech. 10,000-62 10,000 950 .00013
Rotatiol .Linearity tol- 20,000-62 20,000 1,200 .00013
erance +0.5% (Std.).
wgt. 2 0z2....0ia. 1-
5/16".*

TABLE OF STOCK VALUES

NOT caR
but QUickly

RIEP IN STOCK
available on ordey

MODELS 2y
rg:givz’a':gzysy g;e:i';z, t;w’:vx'n; ll'l:ga'rs
ssé%so-as ' Same genery; dim:r?:
mo ?'htgg:, bal!-b'eaer’i(:;p'sha"
St precisign nosf

MODELS p
. ! and g
H;;igpeotg,wteh'" (3-5/16"")fl:v’;3:sran
windings i1 e)lgtremely Iong resistanc:

h
tions coupleg Wi!hef:log:s;sj' le resoly.

5,000-F2 5,000

2,000 .00013

:1 advantage

nearity tof-

tinuous rotation simplifies § 10,000-F2 10,000
circuitry. 20,000-F2 20,000

1-turn . . . Power rating § 50,000-F2 50,000
5 watts ... Coil length §100,000-FZ 100,000
914" .. Linearity toler-
ance +0.5%.°

MODEL RA Precision DUODIALS

A beautiful, precision-bullt, multi-turn dial of com-
pact dimensions (1-13/16” dia.) for all types of
quality multi-turn installations. Features unique
“‘jump'* mechanism that keeps secondary dial sta-
tionary until primary dial has completed a full turn
—then sccondary dial “‘jumps’ to new position. A
vibration-proof lock holds dial settings whenever
desired.

Black nylon knobs, satin aluminum dials, quality
““feel'* and appearance throughout. Available in
10-turn design for use with 3 and 10-turn Helipots
and in RA) version for use with small A) Helipots.

Write for full details.

Please note that 400 volts is highest that may be
applied across coil regardless of resistance value.

2,500 00013
2,700 .00013
4,000 00013
5,000 100002

MODEL W DUODIALS

A large diameter (4342”) multi-turn dial ideal for
primary control applications. The inner dial shows
the exact position of the slider on any multi-turn
Helipot while the outer dial shows the particular
turn on which the slider is moving. Thus with
10-turn units, readings can be made directly in
decimal equivalents of total resistance winding.

Since primary dial is direct-connected to shaft,
backlash is eliminated.

Available in 10:1, 15:1, 25:1, and 40:1 Ratios for
use with various Helipot models as well as with
other multi-turn equipment.

write for full details.
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LABORATORY HELIPOT—MODEL T-10A

This unit combines in a handsome walnut case a
10-turn Helipot, an ‘‘RA'" Duodial, and three-way
binding posts for quickly setting up and changing
experimental or temporary circuits. Ideal for labora-
tory and iInstruction purposes . . .is far more com-
pact, simpler and S times faster to set than
decade boxes.

Power rating 5 watts. .. Linearity 0.1% ...
Standard Resistance Ranges 100 ...500...1,000
... 5,000 ...10,000...20,000...50,000...100,000
ohms in stock. Other ranges on order.

write for full details.
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e _." - };g:_& W In all our experience, no resistor has

, T —_..i been so extensively tested—and so

.- > ; unanimously approved—as IRC’s new Type

BOC Boron-Carbon !3-watt PRECISTOR.

4 y N Of the 3,000,000 already manufactured,

\ < ( O N more than 100,000 were given the most
N . . .

: \ stringent tests-in-production,
x ot . \ including critical temperature cycling and
' 500-hour load-life tests. Result: —
. Type BOC conforms to all requirements

of MIL-R-10509A! Also, customers have
o conducted their own laboratory and
i y field tests—and they express their =
approval of Type BOC in letters
O like those shown here. :
A% = In the case of IRC’s new JAN Type v
- . Precision Wire Wounds and Advanced Type
— -, BT Resistors, too, rigid quality control
K $ [ f ot and continued testing have won
/r [ +f industry-wide approval. Most stable
7 - and reliable of all precision wire wounds,
/ | Type WW’s far surpass JAN-R-93 -
o | Characteristic B Specifications.

,;' f 0 / “’;.,/ And Type BT’s continue to meet

. e and beat JAN-R-11 Specifications.




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

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

You'll see even newer resistor
developments at IRC's Booth

'— T — 1
9, Chge | Ressstance Chge
Ist  2nd  31d  4ih  Resist  Tofal from Last at End ot 1
Onginal Cycle Cyc!e Cy(le Cycle atEnd 9% Temp Cycle] His Load only
Resist % % ol 100 Chge o Endot @
Chge Chge Cnge Chge his load 100 ms load no cyching
_I 100,010 + 04 ¢ 04 ¢ 05 ¢ 05 100.050 4 04 —OI lOO 040 - 02
2] 100000 +03 ¢ 04 + 03 ¢ 05 100.060 ¢+ 06 4 0| IQO@_Q
»}_100000 § 0l 402 : 02 & 05 100.000 o t 05 | 100.050 (l?_
41100000 ¢+ 02 O 002_6702@@_ [} —02 100040 — 01 |
51100010 + 03 404 4 04 ¢ 05100000 0 —05 [100.030 — 03 |
6 1100000 0_ + 03 ¢ 04 4 04 100.100 0 . 06 | _99 980» 0|
7 1100000 4 04 ¢ 05 04 v 08 100,07 070 0+ 07 4 03 *LO0.00_O‘ 4
| 8 1100000 ¢ 03 ¢ 05 .LOS + 05 100 050 + 05 0 [100000 1]
9 1100000 + 04 + 03 ¢ 05 ¢ 04 100 OIO_ + 0 - _ﬁ 100 050 0
| 10 | 100 000 + 02 b 02 4 02 4 03 100010 4 01 03 100000 0O
| 1) 100000 O ¢ 0l ¢ 01 403100000 ¢ 03

Type 80C Boron-Carbon ¥ -IW(m Resistor
Surpasses Signal Corps Speuﬁtauon MIL-R-10509A

APPROXIMATE TEMPERATURE COEFFICIEW
Meosured At 0°C. 1o 100°C
Y2 Wolt Boron-Corbon Resistor Type BO(

Note Coeflcionts Of Boron-Carbon Are Negatse
Coeflicrents Of Wirg Ars Postve

150f—— -+t ‘W" Type J Nickal Chrome[— ‘H’W‘r
{ 1 IBEELN 1 T8t T 1ifi

Temperarure Coeffimnt  Parts Per Miuon

Resistivity Nnckel Chrom.L

50 [ ‘.:":‘ vore | pe E (H | |
B R e 2 vt e S 411 e B A
10 107 1000 10,000 . 100 000 ' 600,000

Ohm,

The vitimate in stable, reliable non-wire-wound resistors,
Type BOC's are especially designed for military electronic
equipment—radar, gunnery control, communications, tele-
metering, computing and service instruments. Greatly im-
proved temperature coefficients of resistance permit their
use in place of costlier wire wound precisions in many
critical applications. Lower capacitive and inductive re-
actance suit them to circuits where wire-wound stability is
needed. Smail size makes them ideal in limited space.
Tolerance: —1%, 2% and 5%, Resistance Yaluves:—10
ohms to Y2 megohm. Send for full technical data in Catalog
Bulletin B-6.

Type BT Advonced Fixed Composition Resistors Meet
and Beot JAN-R-U1 Specifications
Type BTS Meets and Beats Rigid G Characteristic

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

1-110 during the 1953 IRE show.

S m———

Mail Coupon Today for Full Details of These IRC Resistors

INTERNATIONAL RESISTANCE COMPANY
405 N. Broad St., Philadelphia 8, Pa.

Please send me full date on the following checked itemg: =

| Type BOC Boron-Carbon PRECISTORS
] Type WW Precision Wire Wound Resistors
{7 Type BT Advanced Fixed Composition Resistors
[0 Nome ond Address of Neorest IRC Distributor

NAME
TITLE - — - .
COMPANY _— .

ADDRESS
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A TRUE cathode-ray voltmeter

AT THE PUSH OF A LUTTON...

Once you zero-set a new Du Mont Type 304-A it is SPECIFICATIONS:

Tight-tolerance, flat-face Type 5ADP- Cathode-ray Tube

almost automatic to measure potentials of the waveforms
Vertical oand horizontal amplifiers flat to d.c., 10% down at

on the screen of the cathode-ray tube. And you’ll be =y
surprised to find out how much more you know about your Direct voltage measurement — Range, 0.1 to 1000 volts full
circuit; how much easier circuit development scale, read directly from oscillograph scale; 5%
and production testing become when amplitude calibration OTEFEl) amaiesy

o . . ® High sensitivity — At full gain, 0.025 volts/inch
is in front of you every time you examine a waveform. ® Undistorted vertical and horizontal deflection more than
The new Du Mont Type 304-A will make your job 4 inches
0 Al tly simolif ts that § | ® Expansion equivalent of 20 inches vertically and 30 inches
easier, will greatly simplify measurements that formerly horizontally with full positioning
were difficult or inconvenient to make. The T)pe 304-A @ Driven and recurrent sweeps with sync limiting — Range, 2 to
is not just another oscillograph; it is a true cathode-ray 30,000 cps; provision for extra-low frequency sweeps by
. g 5 a externally connected capacitor; maximum writing rate,
voltmeter, made possible by a precision calibrator and the tight- 1 inch/psec
tolerance, flat-face Type SADP- Cathode-ray Tube. @ llluminated, numbered scale and suitable filter provided;
Only through the combined facilities, unique in the industry, scale illumination variable from zero to more than adequate
f the Du M Cathod Tub dl Divisi for viewing and photography
ol the Du Mont Cathode-ray lube and Instrument Divisions ® Improved stability of vertical amplifier
could the Type 304-A Cathode-ray Oscillograph have evolved. PrICE oovoiieeeccussnaeceessesenssssssesassnnssss s ssnens $333.00

nu MUNI INSTRUMENT DIVISION, ALLEN B. DU MONT LABORATORIES, INC., 1500 MAIN AVE., CLIFTON, N. ).

10a PROCEEDINGS OF TIIE I.R.E Varch
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Roller-Smith

| olier=Smit
Ruqqedized Instvuments
Shock-Proof + Vibration-Proof ¢ Weather-Proof

Roller-Smith announces production of hermetically sealed
Yy Ruggedized 22" and 3'%" instruments conforming to MIL-M-10304.

In addition to Ruggedized instruments, a complete line of
hermetically sealed and unsealed types in conformance with Gov-
ernment specifications are available.

ROLLER-SMITH CORPORATION

BETHLEHEM, PENNSYLVANIA

SEE US AT THE I.R.E. SHOW BOOTH 4-521

PROCEEDINGS OF TIIE I.RE March, 1953



What to see at the

for something really new, see these...

¢ high-speed magnetic tape handler

¢ high-speed “teledeltos” digital recorder

e plug-in decades. shift registers, frequency dividers

¢ four all-new frequency-time counters

¢ multiple sequence pre-determined counters

¢ photo-electric detectors

e high resolution 8-mc chronograph

let's talk about your application!

Let Potter experts analyze and simplify
your work in any phase of counting,
timing, frequency measurement, data
handling or control. In a very few min-
utes of your time, we can show you how
a standard, low-cost, time-saving Potter
Instrument can be applied in your work
program. Why not consult us?

Write for our catalog covering operating
principles and typical applications.
There is a Potter Instrument ideally
suited to your needs. ADDRESS DEPT. 3.E

POTTER INSTRUMENT COMPANY, INC.

Radio Engineering Show
(Continued from page 14)

Amperex Eleetronic Corp.
l Hicksville, L.I., N.Y.
Booths 1-310 & 312
Electronic Tubes. Transmitting,
special purpose rectifier, electro-
medical, U.H.F, Hydrogen thy-
ratrons, magnetrons, geiger-
mueller, power & industrial.

Ampex Electric Corp.
Redwood City, Calif.

Booths 4-105 & 407

Magoetic tape recorders for labora-
tory and industrial instrumentation
wses. Featured will be the Ampex
Model 306 which records independ-
ently of tape imperfections and re-
cords low frequency data, including
direct measurements.

Firm Booth
Amplifier Corp. of America, New York 13.

N.Y. 3-31¢
Miniature and sub.miniature tape re:
corders; dictation tape recorders; standard
AC operated high fidelity tape recorders;
audio amplifiers; regulated power supplies:
clectronic test equipment.,

Andrew Corporation, Chicago
2-120

Coneentiating on new  fields in 1953, An-
drew Corporation will feature UHF coaxial
line and waveguilde samples and fittings at
its IRE display.

For the communications  induatry, the

| cmphasis will he on the ype 225, 150-470

MC. Samples and illustrative material on
the complete, new \wlrew line—the type 225,
| the High Gain, the Corner Reflector and the
| Yagi—will be on display.

Anton Electronice Labs., Inc.

Brooklyn 37, N.Y.
Booth 1-108

The tugged Anton corona discharge voltage
regniator tubes—fixed and variable, The new
AN/PDR.32 high intensity radiological moni.
toring  inmrument.  Stuinless steel  halogen
quenched  geiger  counter tubes, Instrumen-
tation in the elecironic ficld such as a liquid
Jevel gange and the new electronie “*Meter.
guard”” utilized with galvanometers, microamn.
meters, milliameters and millivoltmeters.

Applied Science Corp. of
Princeton
Princeton, New Jersey
Booth 4-806

Radio Telemetering-—data handling systems
high spced sampling switcheu—research and
development  services—product engineering
and prototype production. Working displays
of unusual uses of sampling switches and
Radio Telemetering aithorne and ground sta-
tion equipment, Inquiries coneerning  spes
vialized development, cngincering and pro-
duction will be carefully considered.

Visit all four

115 CUTTER MILL ROAD GREAT NECK, NEW YORK

floors!

12a

(Continued on page 19A4)
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SOLENOID CONTACTORS

Meeting or Exceeding MIL-R-6106 —AN—JAN—

by e

and Proposed MIL-R Tests!

Resonance tests meet MIL, AN
and JAN requirements for all
aircraft! Contactor is completely
assembled, wired and tested be-
fore insertion into the housing,
insuring a properly assembled,
adjusted, inspected and tested
unit prior to hermetic sealing.
Units are constructed to operate
in ambient temperature up to
120° C,, and to withstand up to
50 G shock.

Contactors are wired from the top for accessibility dur-
ing installation and wiring. Terminal panels are of poly-
ester fibre glass molded instlation to provide maximum
physical strength plus high insulation and arc resistance.
INTERCHANGEABILITY permits replacement of 10
and 25 ampere (power or time delay) contactors with
50 ampere Guardian Sealed Contactors. The 100-200-
250 ampere units are interchangeable with AN 3370
and AN 3380 contactors both mounting wise and di-
mension wise. New Contactor Bulletin tells more ad-

~ GUARDIAN

1628-C W. WALNUT STREET

(200 Amperes)

CONTROLS...

Retrrys

FOR EVERY MILITARY PURPOSE

Myriad Guardian develop-
ments for the military include
a complete line of ground or
air-borne steppers—solenoids—
multi-contact switches and re-
lays for communications (Se-
ries 595 D.C. Relay shown),
bombing, firing, radar, control
sticks, control wheels, retrac-
tors, landing lights, guided
missiles, rockets and other ap-
plications to government speci-
fications.

GUARDIAN

HERMETIC SEALING

Guardian hermetically seals a
vast variety of relays to meet
the most exacting military and
industrial applications. If your
application calls for expert
hermetic sealing, we invite you
to consult Guardian.

JJELECTRIC

CHICAGO 12, ILLINOIS

A COMPLETE RIXKE OF RELAYS SERVING AMERICAN INDUSTRY

Muarch, 1953

A.N. Approved
Hermetic Seal

13a
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Here’s how to
get exactly the coils you need

You can get C.T.C. slug tuned coils,
single layer or pie type windings to
your exact specifications — military
or personal — with expert workman-
ship and correct in every detail as to
materials and methods.

C.T.C. coil forms are made of qual-
ity paper base phenolic or grade L-5
silicone impregnated ceramic. Mount-
ing bushings are cadmium plated
brass; ring type terminals are silver
plated brass protected by water dip
lacquer. Terminal retaining collars of
silicone fibreglas which permit 2 to 4
terminals, are available on forms des-
ignated Type C above. Wound units

COIL FORM SPECIFICATIONS

Maunting

Stud Mounte.
Coil Thread Form 0. A.
Form Material Size  0.D. Height
LST L-5 Ceramic 8-32 %" 194"
LS6 L-5 Ceramic 10-32 %" 245"
LS5 L-5 Ceramic Y-28 %" Y
LS8  L-5 Ceramic %-28 " Yp”
LS7  L-5 Ceramic %-28 7 11"
LSM  Paper Phenolic  8-32 " 4"
LS3  Paper Phenolic  '%-28 %" 1%’
LS4 Paper Phenolic __‘/4-28 " 2"

NOTE: Types LS5, L56, LS7, LS8 have slug locking spring.
Type LST, available with slug tocking spring as type LSTL.
Type LS54 has fixed lugs — all athers have adjustable ring
terminals.

14A

can be coated with resin varnish, wax
or lacquer. All units are furnished with
slugs and mounting hardware.

A table of frequencies and perme-
abilities relating to the slugs used in
the coils shown above is contained in
C.T.C. catalog 400. Send for your
copy, and ask for prices and specifica-
tions on the coils you need. Be sure to
send complete specifications for spe-
cially wound coils.

All C.T.C. materials, methods and
processes meet applicable government
specifications. Cambridge Thermionic
Corporation, 456 Concord Avenue,
Cambridge 38, Mass. West coast man-
ufacturers contact E. V. Roberts,
5068 West Washington Blvd,,
Los Angeles, and 988 Market Street,
San Francisco, California.

CAMBRIDGE THERMIONIC
CORPORATION

custom or standard . . . the guaranteed components

See us at Booth 2-218, IRE Show

PROCEEDINGS OF THE I.R.E.
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CERAMIC COIL FORM KIT. Helps you
spark ideas in designing electronic
equipment or developing prototypes
and pilot models. Contains 3 each of
the following 5 C.T.C. ceramic coil form
types: LST, LS5, LS6, LS7, LS8. Color-
coded chart simplifies slug-identification

and gives approximate frequency
ranges and specifications. Fibreglas
collars and metallic rings are furnished
with kit for all ceramic coil forms except

LS8 which is furnished
?

only with clip terminals.

Varch, 1953



ONLY THE LFE 401

Offers all these

Important Features

HIGH SENSITIVITY AND WIDE FREQUENCY
RESPONSE OF Y-AXIS AMPLIFIER

The vertical amplifier of the 401 has been
designed to provide uniform response and

high sensitivity from D-C. The
accompanying amplifier response
curve shows the output down 3 db.
at 10 Mc. and 12 db. at 20 Mc. Align-
ment of the amplifier is for best
transient response, resulting in no
overshoot for pulses of short dura-
tion and fast rise time. Coupled with
this wide band characteristic is a
high deflection sensitivity of 15
Mv./cm. peak to peak at both D-C
and A-C.

37.5 Mv., 0.2 u sec width, 1. sec sweep full scole

75 Mv., 0.2.4es8c width, L sec sweep full scale

TRIGGER GENERATOR with variable repetition rate
from 500 to 5000 cps.

POSITIVE & NEGATIVE UNDELAYED TRIGGERS and a
POSITIVE DELAYED TRIGGER are externally available.

OSCILLOSCOPE

LINEARITY OF VERTICAL

DEFLECTION The vertical amplifier
provides up to 2.5 inches positive or
negative uni-polar deflection without
serious compression; at 3 inches, the
compression is approximately 15%.
The accompanying photographs il-
lustrate transient response and line-
arity of deflection.

SWEEP DELAY The accurately
calibrated delay of the 401 provides
means for measuring pulse widths,
time intervals between pulses, accu-
rately calibrating sweeps and other
useful applications wherein accurate
time measurements are required.

The absolute value of delay is accu-
rate to within 1% of the full scale
calibration.The incremental accuracy
is good to within 0.1%, of full scale
calibration.

[ d *

Additional Features:
An INPUT TERMINATION SWITCH for terminat-
ing transmission lines at the oscilloscope.

A FOLDING STAND for convenient viewing.

FUNCTIONALLY COLORED KNOBS for easier
location of controls.

_i 1_: 1 ET-I ||1 = i
2 18 + MOOEL 401 OSCILLOSCOPE T
- | _lJ FREQUENCY RESPONSE OF Y-AXIS AMPLIFIER o o
Rl T TTTTT |
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SPECIFICATIONS

Y- Axis

Deflaction Sens.—15 Mv./cm,
peak-to-peak.

Frequency Response —DC to 10 Mc

Signal Delay —0.25.<¢ sec

Input line terminations — 52, 72 or
93 ohms, or no termination

Input Imp.—Direct—1 megohm,
0 uuf

Probe —10 megohms,

10 «uf

X-Axis

Sweep Range—0.01 sec/cm to 0.1

e sec/cm

Delay Sweep Range —5-5000 « sec

in three adjustable ranges.

Triggers — Internal or External,
+ and —, trigger generator,
or 60 cycles, undelayed or
delayed triggersmay be used.

Built-in trigger generator with repe-
tition rate from 500-5000 cps.

Generol

Low Copacity probe

Functionally colored control knobs
Folding stand for better viewing
Adjustoble scale lighting
Focilities for mounting cameras
Price: $895.00

Designed and built for electronic engineers, the 401,
with its high gain and wide band characteristics, and
its versatility, satisfies the ever-increasing require-
ments of the rapidly growing electronics industry for
the ideal medium priced oscilloscope.

Write for Complete Information

LABORA'I‘ORY for ELECTRONICS, INC.

75 PITTS STREET o

BOSTON 14,

MASS.

PRECISION ELECTRONIC EQUIPMENT o OSCILLOSCOPES ¢ MAGNETOMETERS o COMPUTERS « MICROWAVE OSCILLATORS ¢ MERCURY OELAY LINES

PROCEEDINGS OF THE L.R.E.
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METALLIZED CERAMICS?

/" WHY THAT'S 4
! STEWARD SPECIALTY!

P.S. I can probably
also be of considerable
service to you on your
ceramic problems —
with precision pro-
duced “Lavite” Ceram-
ics ("Lavite” Steatites,
“Lavite’” Ferrites and
“Lavite” Titanates).

v

764

-

Please don’t ask me where the many metallized
“Lavite” Ceramic parts we have produced are
used, because I just don’t know — but I will
be happy to solve any metallizing problem
you may have. Perhaps you can profit from
metallized ceramics in lower production costs
because of less soldering and handling—maybe
it is a more solid job you are seeking — and
again you may wish to eliminate awkward and
costly assembly soldering. Whichever it be —
please feel free to send me the specifications on
your job and I guarantee a cost and time saving
solution. I would like to say “send for descrip-
tive literature” but frankly I wouldn’t know
what to put into such literature — so, again
I suggest you send me details of your require-
ments,

D. M. STEWARD MANUFACTURING CO.
3605 Jerome Ave. Chattanooga, Tenn.
Sales Offices in Principal Cities

PROCEEDINGS OF THE I.RE.

Industrial Engineering
Notes

(Continued from page 74A)

Association of America, which asked the
FCC to allocate a 420-mc band to theatre
television, has filed a statement with the
Commission outlining where this alloca-
tion might be made. At the time of the
hearing, FCC had asked for such a state-
ment. “In order to give notice of these
proposals to all interested persons,” the
Commission has released proposals from
the statement of the theatre interests.
The first proposal, in summary form, is
as follows: (a) Allocate the frequencies
from 5,925 to 6,285 mc for the use of
theatre television. (b) Provide a reasonable
transition period within which the present
occupants of 5,925 to 6,285 mc can move
to frequencies between 6,285 and 6,425 mc.
(c) Consideration be given to the possi-
bility of using the frequencies between
3,500 to 3,700 mc for the purpose of com-

‘mon carrier fixed operations. (d) Examina-

tion be made as to whether the land
mobile services in 6,425 to 6,575 mc can be
used for theatre television mobile pick-up.
Proposal number 2 would classify theatre
television as an industrial radio service on
a frequency sharing basis and expand the
6,575 to 6,875-mc band downward to
include 6,425 to 6,575 mc for theatre
television requirements. If theatre tele-
vision must share frequencies below 7,125
mc with other services on a nonpriority
basis, it will be necessary to use frequen-
cies above 10,700 mc, in larger centers of
population, If frequencies are allocated for
theatre television in bands above 10,700
mc, they should begin at 10,700 mc and
progress upward from that point. We have
not planned to make further or different
allocation proposal. . . . The FCC adopted
a Notice .of Proposed Rule Making which
would amend the auxiliary TV broadcast
rules (Part 4) to accommodate the needs
for TV pickup, studio-transmitter link and
intercity relay stations in the UHF band,
through reapportionment of channels for
these auxiliary services, and to make other
changes not covered in the present rules.
... The Commission has postponed fur-
ther the hearing on the allocations of fre-
quencies for theatre television from Janu-
ary 12, 1953 to January 26, due to the
anticipated shortage of hotel facilities in
Washington during the inaugural period.
...KDUB-TV, Lubbock, Tex.,, which
was granted an STA in October, 1952,
started commercial operation on Novem-
ber 6, 1952, as the fourth new station to
get on the air....At Austin, Tex.,
KTBC-TV, on channel 7, received an
STA for interim operation with 2 kw
visual and 1 kw aural output power for
November 15, 1952. . . . Hawaiian Broad-
casting System Ltd., permittee of KGMB-
TV, Honolulu, was authorized and started
commercial operation on channel 9 with
output power of 500 w visual and 250 w
aural, December 1, 1952.

TV STATION GRANTS

As of the end of November, 1952, The
Federal Communications Commission had

(Continued on page 79A)

January, 1953
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a direct reading naise saurce permits
measurements af naise factars up ta 20 db
far r-f amplifiers and receivers aperating
in the range fram 10 ta 1000 mc/s. A TT-1
caaxial diade with a naminal input impe-
dance af 50 ahms is vsed. VSWR s
appraximately 1.25, haused in handsame

steel cabinet.

/ WRITE TODAY TR LEM
FOR YOUR COPY TREiiiha &
OF THE NEW %
PRD CATALOG —
NO OBLIGATION

LOOK FOR US AT THE LR.E. SHOW
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When you test-

- VHF-UHF-

lipment is the
cover
0

n the

mant
attainab,

in quality, @
well attested by
throughout the world
on the application of sta
equipment to your problems?
our skilled staff of engineers tod
without obligation.

THE NEW EXPANDED PRD LINE OF
RF "TEST EQUIPMENT INCLUDES —
equency Measuring Devices, Signal
Sources and Receivers, Attenuators and
rminations, Transmission Line Compon-
s, Impedance Measurement and Trans-
mation Units, Bolometers, Detection and
er Measurement Equipment, -

o

(J
RESEARCH
VELOPMENT COMPANY:Inc

55 JOHNSON STREET, BROOKLYN 1, NEW YORK

WESTERN SALES OFFICE: 741, N. SEWARD ST.
HOLLYWOOD 38, CALIFORNIA

BOOTHS #2-513, 514—SECOND FLOOR




TO BACKTRACK SHELL TO GUN
and destroy same

Visit
Our Booth

#2-315 p

I.R.E. SHOW 2 L8
March 23-26 7
N.Y.C. 7/

Can projectiles be “seen” approaching and their flight back-
tracked to locate the mortar or gun that fires them? This

problem was simply reconciled with special computing
equipment designed to be built right into the gun. The engi-
ncering of such a computer, the handling of such ballistic
data, all falls into the pattern of previous Ford achievements.

You can see why a job with Ford Instrument Company
offers a challenge to young engineers. If you qualify,
there may be a spot for you in automatic control
development at Ford. Write for illustrated brochure. ) {

16A

/

RBacktrack
their shells

This is typical of the problems that Ford has solved since
1915. For from the vast engineering and production facilities
of the Ford Instrument Company, come the mechanical,
hydraulic electro-mechanical, magnetic and electronic instru-
ments that bring us our “tomorrow” today. Control problems
of both Industry and the Military are Ford specialties.

FORD INSTRUMENT GOMPANY

DIVISION OF THE SPERRY CORPORATION
31-10 Thomson Avenue, Long Island City 1, N. Y.

PROCEEDINGS OF THE I.RE. March, 1953
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GUARANTEES

MiL-1-6181

y

co

LOTKHEEO F-94

CONFORMANCE TO RADIO INTERFERENCE SPECIFICATION

.15 TO 1000 MEGACYCLES) .
— T 9

- / Y

/- “ WOEING B-47

P FILTRON'S Engineering division, with its completely equipped screen
room facilities, is always available to measure and recommend RF
Interference Filters for your equipment, to meet and exceed the Radio

ATTENUATION IN DECIBELS

g

w
o
T T Y 2 23 T L T T l w - T
L. ... ATTENUATION CHARACTERISTICS _ .| S w0 ATTENUATION CHARACTERISTICS _
4 FILTRON TYPE 971 | = FILTRON TYPE 970
J LN IR [ R | 70 L b s hdidib 4444
30 [’ | MEASURED IN A 50 SYSTEM | | | z ~ i it
IR0 L L B el AR
- ] 11 —
AETRENN {1 SRy, Y‘Ll 1 J S S0 4— 14 KC T0 150 MC besd -y T
il RER i i1 < 40| MEASURED IN A 500 svsnu} Rl 4
| FREQUENCY IN MEGACYCLES | |7 z . T rn:ou:ncv INmMEGACYCLES ||| | ||
+ + 1 - + ]
aas s s 10 50 100 400 < 014 020 050 .1 s 1 s 10 S0 100 150

.

P T

FlLTER FA 371
1.5 AMP, 130V AC, 400 Cv.

Sue VY"1 x|
37 ™

Interference requirements of MIL-1-6181.

FILTRON'S production facilities are suppying more RF Interference
Filters for use in military electronic equipment than ever before, to
meet the nation’s requirements.

FILTRON...the LEADER IN RF INTERFERENCE FILTERS...

Wide band Multi-section Units
RF Filters ‘Custom Designed”
‘to meet YOUR requirements

has pioneered:

Sub-miniature Fifters
High-temperature Filters
E!F Filters fo withstand Shock and Vibration

FILTER FA 970
155 MA, 130V AC-DC, 50-1000 CY.
Size: 1%"” x 1%4” x 1%e”

s 4B A BR £ AXNE B

An inquiry on your Compony letterhaod will receive prompt oftention

THE FH.TRON COMPANY INC.
MMAMIIEALC,TIIDEDS OFE DE INTERFERENCE FILTERS

FLUSHING, LONG ISLAND, NEW YORK

- }
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PRECISION
60-CYCLE

POWER
SUPPLY

Accurate 60-cycle fre-

quency stabilization with

up to 70 watts power out-

put is furnished by the

Ampex 375. To provide
frequencies other than 60

cycles, the powep amplifier

section may be indepen-

dently driven by an external

signal generator instead of by

the built-in tuning fork oscil-
lator.

The 375 was originally design-

ed to provide the precise 60-
cycle power required by Ampex
tape recorders. Hence it is ideally
suited to any application where
constant speed of electric motors
is a prime requisite. Typical of
these are precision electric motor
drives for turntables, stroboscopic
timing devices, time bases, time-
keeping, high-speed cameras, chrono-
graphs, astronomical units,
geophysical units and

viscometers.

Write Dept. G today for further information

AMPEX ELECTRIC CORPORATION
934 CHARTER STREET « REDWOOD CITY, CALIF.

PROCEEDINGS OF TIHE LRE.
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What to see at the Radio Engineering Show
(Continued from page 12A4)

=

Arco EKlectronics, Inc.

New York 13, N.Y.
Booth +-308

Representing Electro-Motive
Mfg. Co. ElMenco Capacitors.

433015 wee

The Arnold Engineering
Company
Subsidiary of Allegheny Ludlum
Steel Corporation
Booth 1-406

Mauin Offices and Plant:
Marengo, 1L
District Offices:
Enpire State Building
New Lork City
3450 Wilshire Blhvd.
Los Angeles, California

Arnold Engineering Co., Marengo, 111.
1-406 & 408

Alnico Permanent Magnets (cast and sin.
tered); Tape Wound Cores of High Perme-
ability Alloys Including Silectron, Delta-
max, Permalloy, and Supermalloy; C Cores

of Silectron; Powdered Molybdenum Perm
alloy Cores; V'ibralloy; Permendur; Preci

sion Rolled Material)s down to 1/10 Mil
(0.0001").

TR

conrananes

255 Grant Avenue
East Newark, N.J.
Booth 4-707

Metalite metallized paper capacitor  Blue
Point molded plastic tubular capacitors, Dry
electrolvtic  capacitors, subiminiature paper
capacitators for 125°C operation; and stand-
ard and miniaturized RF Interference »sup-
pression hbvers for cvery radio, television
and electronic use.

s

Atomic Instrument Co.,, Cambridge 39,

Mass. -109 & 110
Power Supplies, Geophysical Apparatus.
Medical quuiprncnt. Audio Frequency.
Test Equipment. Nuclear.
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e DC VOLTS « DC
e AC VOLTS « AC
e STANDARD CELL

1,000 volts
instrument i

SOUTHWESTERN INDUSTRIAL
ELECTRONICS COMPANY




Soldering Operatione indl
Facy ac AT |

KESTER SOLDERFORMS

A First step in resistance soldering of
this high-precision oscillator coil
consisted of soldering screws and stud to (
can cover. Used Kester ‘“Solderform’’

NO
S o

20

Disc and Rings composed of
5% Silver —95% Lead Alloy.
Melting Point 680°F.

B Three glass terminals were soldered to )

cover with Kester ’Solderform”’

Rings comprised of 63% Tin—37% Lead

Alloy. Melting Point 361°F.

c Final operation, hermetically
sealing cover on can,
used Kester “’Solderform” Ring
28.5% Bismuth —28.5% Tin
—43% Lead Alloy.
Softening Point 250°F.

MAKES MANY TOUGH JOBS SIMPLE

Tough jobs like this one can be made easy by
Kester-engineered "Solderforms.”” Progressively
lower melting temperacures at the various points
of solder contact were mandatory, so as not to
loosen each previous solder bond. And, typical
of all Kester "Solderform” applications, the com-
plecely assembled coil successfully met all exact-
ing tests, including 45 lbs. air pressure under
alternace hot and cold water immersions.

IF YOU MAKE Capacitors, Resistors, Switches, Transformers, Speaker Assemblies,
Relays, Meters, Gauges, Fire Control Parts, Fuses, Badges & Emblems, Movements & Controls
+..and many others. ., you should INVESTIGATE KESTER "SOLDERFORMS"

WRITE TODAY for free samples and literature

KESTER

SOLDER COMPANY

©

O
NS

4219 Wrightwood Avenve, Chicago 39, Illinois

KEY TO LOWERED PRODUCTION TIME

You'll find that Kester “Solderforms” are che def-
inite answer to many severe production opera-
tions involving solder.., speeding up production
and lowering waste and rejects. Besides a wide
variety of shapes and precise job-engineered com-
position, Kester “Solderforms” come to you
dimensionally stable; every single Kester “"Solder-
form™ is guaranteed to be delivered in its exact
pre-formed shape, ready for immediate use.

Newark 5, New Jersey; Brantford, Canada

PROCEEDINGS OF THE I.R.E.

See
“Solderforms”
In Action
Booth 2411
LR.E. Show

March. 1953
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St.,, New York, N. Y. — Sole Agent for Jobbers
. and Distributors in U. S. and Canada.
MOLDED MICA MICA TRIMMER

>

L
/ Capacitors shown 21,
times actval size

CM-15 El Menco Capacitors range from 2 to 420
mmf. at 500 vDCw . . . measure only 9/32"” x 15"
x 3/16” . .. but they’re

PRETESTED at 1000V!

WRITE FOR FREE SAMPLES AND ALL fixed mica EI Menco Capacitors are factory-tested at double
CATALOG ON YOUR FIRM’S their working voltage. So, you can be sure they'll stand up. They
LETTERHEAD also meet all significant JAN-C-81 specifications. This means that

you can specify them with confidence for all military or civilian
electronic applications.

Our Type CM-15 silvered mica capacitors reach 525 mmf. at 300
vDCw. Our other types — silvered and regular — provide capaci-
ties up to 10,000 mmf. Want samples for testing? The Electro
Motive Mamufacturing Co., Inc., Willimantic, Conn.

Jobbers and distributors are requested to write for
information to Arco Electronics, Inc.,, 103 Lafayette

CAPACITORS

Foreign and Electronic Manufacturers Get Information Direct from our Export Dept. at Willimantic, Conn.
THE ELECTRO MOTIVE MFG. CO., INC. WILLIMANTIC, CONNECTICUT

PROCEEDINGS QF THE |.R.E. Muarch, 1953 21a
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"a series of three

EIMAC KLYSTRONS
for all UHF-TV!

|
1

g
s,
LA
.

U H F television is now practical, dependable
and economical through the development of &
the Eimac type 3K20,000L five kilowatt kly-
strons. It takes only three of these high-power
klystrons to span the entire UHF-TV spectrum
(470-890 mc). Through the size, only 45 pounds
each, and versatility of the type 3K20,000L
klystrons, problems of manufacture, supply, and
equipment design are minimized. Rated at a
collector dissipation of 20 kw., these pace-
setters in UHF-TV have a power gain of 20 db.,
and a peak sync output of five to six kilowatts
in broad-band TV operation when driven by
an Eimac 4X150G. Constructed to give
long, efficient life, the 3K20,000L kly-
strons contain exclusive Eimac features

of external tuning and ceramic cavities.

3K20,000LA—Channels 14 thrv 32
3K20,000LF—Channels 33 thru 55 1
3K20,000LK—Channels 56 thru 83 '

Visit the Eimac display in Booth 1-519
at the | R.E. show.

The Five Kilowatt Klystrons are
another Eimac contribution to
electronic progress

H, INC.



AL The Show, see-

i rlUDSON

-for a quick
solution to all
closure problems!

é STANDARD

AND

SPECIAL °

%

: G{I@@S@N Standard

Cases and Covers

Visit Booth 3-208 L.R.E. Electronics Show! See the standard cases
and covers that solve special closure requirements, economically.
Hudson stocks hundreds of types, sizes, shapes with dozens of
optional features available, Precision drawn and thoroughly inspected
to simplify the work of engineers, designers and purchasing officials.
Ask for a copy of the Hudson Engineers Catalog File. 212
It’s yours without obligation!

T F HUDSON TOOL and
DIE COMPANY-*Inc.

118-122 SO. FOURTEENTH STREET, NEWARK 7, N.J.

PRECISION DRAWN CASES AND COVERS AND QUALITY METAL STAMPINGS FOR THE ELECTRONIC, NUCLEONIC AND ELECTRICAL INDUSTRIES

PROCEEDINGS OF THE I.R.E. March, 1953 238



keeping communications ON THE BEAM

PRODUCTS

JK STABILIZED H-17 CRYSTAL

CRYSTALS FOR THE CRITICAL

The JK H-17 Crystal meets rigid airline re-
quirements for compactness, light weight,
rugged dependability. A Military type. it is
hermetically sealed—dust and moisture proof
— plated, quartz plate is shock mounted. One
of many JK Crystals made 1o serve every need.

% Lo, gmmmiom /00%,

“Pea soup™ over the field . . . and still the giants of

air travel come in "on the beam'. When visibility is
poor, commercial pilots must rely on radio-radar
equipment to bring their ship in safely. JK Crystals
play an important role in this every day drama of
keeping alrlines communications '‘on the beam” in

the air and on the ground.

THE JAMES KNIGHTS COMPANY

SANDWICH ILLINOIS

PROCEEDINGS OF TIHFE I.R.} Varch, 1953
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The Models 400-A,

420-A, and 430-A

are compact RC Os-

cillators with out-

Models 400-A, 420-A, 430-A standing perform-

12° wide, 7° high ance, moderately

priced. The Models 400-A and 420-A provide
both sine and square wave output.

modera

tely priced

* Oscillators — .009 cps to 520 ke

KRUHN H“I[ is Setting the Pace for

Low Frequency Electronic Instrumentation
QUALITY INSTRUMENTS . PROVEN PERFORMANCE

Models 410-A, 400-C, 420-C
19° wide, 834" high

The Models 410-A,
400-C, and 420-C
are designed with
sturdy steel cabinets
for rack panel
mounting. These

units feature sine and square wave output.
The Model 400-C provides either balanced

or single ended output.

*

Filters

T
I iod_el_l Fea B [2 oo lcng._ ‘_BI:W I VQM- :18_"_”?"""”»_ Mu:
Sine and Square Wave [ |
400-A True RC Oscillator 009 cps to 1.1 ke 1% 25 mw/10 v| 45 wats | $350.00
Compact Design L =i | |
Sine and Square Wave ‘
410-A AmLpIilutli)e +.95 db .02 cps 10 20 ke 1/4% 10 mw/Sv | 150 watts | $950.00
ow Distartion | 7
o tewDwemee 4 L 1
Sine and Square Wave
420-A | Audio and Sub.Audio .35 cps to 52 ke 1% 25 mw/10v | 45 wans | $290.00
Compact Design |
I - ], —— ]
T’ Wide Range
430-A Campact Design S cps to 520 ke 1% SOmw/10v| 45 wotis | $145.00
| Oumandmg Value il l
Sine and Square Wave |
400.C Rock Panet 009 cps to 1.1 ke 1% 100 mw/10v| 65 watts | $375.00
1 Balanced OQutput | l
T T
Sine and Square Wave | l {
420.C Rack Panel .35 cps to S2 ke 1% 100 mw/10 v| 65 watts | $325.00
Auvdia and Sub-Audio l | [
g et — 1 T
Push-Button Controlled | | |
440-A Excellem Resetability .01 cps to 100 ke 1/10% 100 mw/10 v | 120 watts | $450.00
l Low D-slomon l |

Models 310-A and 360-A
127 wide, 7" high

The Models 350-A and
360-A are variable re-
jection filters which
provide either a rejec-
tion band in which the
gain falls al a rate of
24 db/octave or a
sharp single frequency
null. Both high and low
frequencies are inde-
pendently adjustable.

The Models 310-A
and 330-A are vari-
able band-pass fil-
ters with unity pass
band gain and 24
db/octave outside
the pass band. Both
high and low cut-off
frequencies are in-
dependently adjust-
able over the entire
frequency range.

Models 330-A and 350-A
18° wide, 10” high

T
Model I e | Fea ] Frequency Range Hyowd CM"“Z:M Price
Vonoble Band Width
310-A | Band-Pass | Zero db Insertion Lass 20 cps to 200 ke 3av 40 wotts | $275.00
| 24 db/octave Slope + |
T Low Internal Noise |
Band-Pass Zeradb Insertian Lass | .02 cps 1o 2 ke 0.1 av 50 watts | $450.00
| 24 db/octave Slope
330.A = ———
t Audioand Sub-AudioRange
Bond~Poss| 24 db, octave Slape | 0.2 cps 10 20 ke 0.1 mv S0 wans = $450.00
Vanable Band Width | ! A
Prapornanal-Plus-Denvahve [
340-A Servo | Progorna:B:I Plusrlr;tegral .01 cps 1o 100 cps \ 10 mv 40 wotts | $350.00
ervo- esngn ilter
R S 4 — | e —
Low Internal Noise -f
350.-A | Rejection Rejectian Band or Null 02 cpsto 2 ke 0.1 av 50 watts | $450.00
24 db/octave Slope |
Variable Rejection Band 1 !
360-A | Rejection ariable 20 ¢cps to 200 ke | S mv 40 watts | $275.00
| 94 db/octave Slope | | |

ABOUT

THESE

INSTRUMENTS

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

WRITE FOR A FREE DESCRIPTIVE CATALOG

All instruments are fully guaranteed for one yvear

against defective materials and workmanship,

Prices Net F.O.B. Cambridge

(@) ROHNHITE

PROCEEDINGS OF

THE |.R.E.

March. 1953

580
CAMBRIDGE

39, MASS.,

INSTRUMENT COMPANY
MASSACHUSETTS

AVENUE
U.S.A,

254



ELECTRONIC TEST

a

-hp- 612A — VERSATILE, DIRECT READING.
FOR UHF-TV, OTHER WORK 450 TO 1,200 mc

This master oscillator-power amplifier generator is especially de-
signed for UHF-TV measurements including receiver and amplifier
gain, selectivity. sensitivity and image rejection. It is also a con-
venient, direct-reading laboratory power source for driving bridges,
slotted lines, antennas and filter networks. Both frequency and
output are directly set on large, precisely calibrated dials. No charts
or interpolation are required.

Model 612A has a maximum output of 0.5 volts into 50 ohms
over its entire frequency range. The instrument also has low in-
cidental fm and broad band modulation up to 5 mc. It may be
modulated internally or externally, amplitude modulated, or pulse
modulated (good rf pulses 0.2 ysec or longer). Pulse modulation
may be applied to the amplifier; or direct to the oscillator when
high on-off signal ratios are required.

BRIEF SPECIFICATIONS 10 TO 500 mc 800 TO 2,'00 mc¢

Frequency Range: 450 to 1,200 mc, 1 bond.

Accuracy: Calibration 4=1%. Resettability bet-
ter than 5 mc at high frequencies.
Output: 0.1 uv to 0.5 v continuously variable.
Calibrated in volts and dbm. Impedonce 50 ohms.
Max. VSWR 1.2, Accuracy =1 db entire range.
Madulatian: Amplitude: From 0 to 90% indi-
cated by panel meter.
Envelope Distortion: 2% at 30% modulation.

Internal: Fixed modulation frequencies, 400
and 1,000 cps.

External: Any frequency 20 cps to 5 mc.
Pulse Requirements, External Modulation :

Pulse to Amplifier: Good pulse shape at 0.2
usec length.

Pulse to Oscillator: 1.0 usec minimum,
Size: Cabinet 12" x 14" x 18" deep.
Price: $1,200.00

-hp- 608A VHF Signal Generator provides
outputranging from 0.1 uv to 1.0vinto 50
ohms. Accuracy is 1 db. Direct reading
frequency and output calibration; no charts
or interpolation required. Pulsed, cw or
amplitude modulated output (50 cps to 1

mc). Resettability better than 1 mc. Has
master oscillacor-power amplificr for widest
modulation capabilities. Constant internal
impedance. Maximum VSWR 1.2.$850.00

-hp- 614A UHF Signal Generator provides
output ranging from 0.1 uv t0 0.223 v
(1 mw) into 50 ohms. Accuracy =1 db. Has
single dial, direct reading frequency and
output, no charts or interpolation. Offers
cw, fm or pulsed output. Widely variable
pulsing,synchronizing, delay and trigger-
inf!; feacures. Extremecly fast rise/decay time
of 0.1 usec. Constant internal impedance.
Maximum VSWR 1.6. $1,950.00

HEWLETT-PACKARD

20\

See us at the Radio Engineering Show




R, BRIEF SPECIFICATIONS
Frequency Range: 3,800 to 7,600 mc. | band.
Calibration: Direct. Accuracy better than 1%.
Stability: Frequency: less than 0.006% per °C

. change.

Line Variation: 2= 10 v cauvses less than 0.01%

- frequency change.

Ovutput: | mw 0.223 v to 0.1 uv into 52 ohms.
(0 to =127 dbm).

v Modulatian: Internal or external pulse, fm, or
internal square wave.

External Sync: (1) Sine wave 40 to 4,000 cps,
510 50 v rms.
(2) Pulse signals 40 10 4,000 pps, 5 to 50 v (pos.

and neg.). Pulse width 0.5 to 5 usec. Rise time
0.1 to 1.0 usec.

» Size: Cabinet 16%" x 13%" x 16" deep.
Price: $2,250.00

Dato subject to change without notice. Prices f.0.b. foctory.

@

INSTRUMENTS

SIGNAL
-~ GENERATORS

-hp- 6188 — VARIED PULSING CAPABILITIES,
DIRECT READING. RANGE 3,800 TO 7,600 mc

Model 618B offers faster, more accurate measurement of component
performance in radar, radio relay and TV carrier systems and similar
field and laboratory applications. Frequency is generated in a reflex
klystron oscillator; accuracy and stability are high throughout the
instrument’s wide frequency range. Frequency and voltage are directly
set and read. Dial tuning is tracked automatically, and no voltage
adjustment is required during operation.

Extremely wide pulsing capabilities have been built into -bp- 618B.
The instrument may be internally or externally pulse modulated, in-
ternally square wave modulated and frequency modulated. The repeti-
tion rate is continuously variable between 40 and 4,000 pps. Pulse
width is variable 0.5 to 10 usec. Sync-out signals are simultaneous
with the rf pulse or in advance by any time-span from 3 to 300 psec.
The instrument also may be synchronized with an external sine wave,
or with positive or negative pulse signals.

1,800 TO 4,000 mc

-hp- 616A UHF Signal Generator offcrs the
same simple operation, wide pulsing capa-
bilities, high stability and accuracy as -hp-
618B. but is designed for UHF frequencics.
Output ranges from 0.1 uv t0 0.223 v (1
mw) into a 50-ohm load. Accuracy is =1
db. Output may be cw, fm or pulsed. Mod-
ulation and synchronizing featuresare sim-
ilar with -hp- 618B. Oscillator section is a
reflex klystron. Frequency changes are auto-
matically tracked and no voltage adjustment
is nceded during operation. Frequency and
output are directly set and read on large,
carefully calibrated dials. No charts or inter-
polation are necded. $1.950.00

For complete details, see your -hp- field representutive oy write direct

HEWLETT-PACKARD COMPANY
25240 PAGE MILL ROAD e PALO ALTO, CALIFORNIA, U.S.A.
Export: FRAZAR & HANSEN, LTD,, San Francisco « Los Angeles « New York

INSTRUMENTS

Booth 1-509, 1-511 March 23-26, Grand Central Palace, New York 27\




now. e !
available

in such
varieties of types,
sizes, and electrical
characteristics that
you can design
your next circuit
around these units
with ease. Our
development
laboratory is
available to
design and
produce
units for
specialized
application.

Voltoges: Up to 65 KV

Currents:
Up to 400 AMP

SEE US AT THE MARCH 1. R. E. ELECTRONICS SHOW, BOOTH 4-211

JENNINGS RADIO MANUFACTURING CO. - 970 McLAUGHLIN AVE. |§
P.0.B0X 1278 - SAN JOSE 8, CALIFORNIA

A FROCEEDINGS OF THE IR E
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Texas Instruments’

POINT CONTACT

TRINSISTORS

now available!

- .

TEXAS INSTRUMENTS makes available to indus-
try Type 100 and 101 point contact transis-
tors. Type 100 is designed for use in switch-
ing circuits. Type 101 is a high-efficiency,
low-drain transistor for low frequency
(below 1 mc) application. It is designed

TYPICAL COLLECTOR CHARACTERISTICS

to operate at low voltage and power TYPE 101

levels with a good, large signal per-

formance. Both have the usual

|
high temperature limitations of 2' 20 I /
germanium semi-conductor §“ I 5/
devices. Uniform character- g .:1 .:/ d'/
istics are assured. Write for - L / :.7 i
bulletin with complete g s #
senn Al I 4 4
information. I 17 y BV
> “:-_s?/’
— —-:4 ]
2 4 é 10 12 14 16
* COLLECTOR CURRENT - MILLIAMPERES
ACTUAL SIZE ! % Point contact transistors
: Type 100 and 101 ready for
- immediate delivery. % Junc-
S tion transistors will be avail-
> able in developmental quan-

tities in May. % Be sure to
watch for announcement

e concerning new semi-con-
- e .
s ductors later this year.

TEXAS INSTRUMEN'T'S

6000 LEMMON AVENUE INCORPORATED DALLAS 9, TEXAS

PROCEEDINGS OF THE ILR.E. March, 1957 2



Miniaturize your product
with Tantalytic capacitors

On low-voltage d-c applications, where your equipment
miniaturization calls for both small size and superior
performance, General Electric Tantalytic capacitors
offer a host of advantages. These foil-type, tantalum-
electrode, electrolytic capacitors have greater capaci-
tance per unit volume and far longer shelf life than
aluminum-electrolytic types. Long operating life, too, is
provided by their inherently inert characteristics, and
the use of non-corrosive, chemically neutral electrolyte.
And leakage current is low less than 10 microamps per
microfarad.

Built to withstand severe shock, these lightweight
units operate over a wide temperature range (—55C to
485 C and higher). Hermetic sealing protects them
against leakage and contamination. Available in polar
and non-polar construction, in ratings from 175 muf at
5 volts d-c to 12 muf at 150 volts d-c. For complete
description of the line, plus application information,
check Bulletins GEC-808 and GER-451 in the coupon

on the next page.
*Tradr-mark of General Blucteic Company.

Now—greater flexibility
in voltage stabilizers

Fluctuating voltage is serious on sensitive electronic
equipment designed for best performance at a speci-
fied voltage. Now, to help you get rid of voltage ups
and downs, G.E. offers a new 15- to 5000-va line of
automatic voltage stabilizers that gives you greater
design flexibility at no increase in price, plus weight
reduction in larger sizes. New output ratings of
1000, 2000, 3000, and 5000 volt-amperes—with 115
and 230 volts on both input and output—permit
operation in any combination of these input and
output voltages.

Fluctuations between 95 and 130 volts, or 190 and
260 volts, are corrected to a stable 115 or 230 volts
within =1 percent -and in less than two cycles.
Single-core construction permits input circuit to be
completely isolated from output circuit. Installation
is easy: connect one set of terminals for supply and
another set for the load. With no moving parts, main-
tenance is virtually eliminated. See Bulletin GEA-
5754 for complete description.

GENERAL &3 ELECTRIC

30a
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Increased use of delay line in special circuits for elec-
tronic equipment now enables General Electric to mass-
produce it, at savings to you of up to 35 percent.
Originally developed to provide delay with minimum
distortion in radar equipment, G-E delay line now has
many commercial uses such as color television and

electronic calculators.

Bulk line is available in lengths of 100 feet or less to
be cut as desired. Time delay is approximately 15
microsecond per foot for 1100-ohm line, !4 micro-
second per foot for 400-ohm line. Line is light in weight,
14-inch in diameter, and easily bent into a 4-inch-
diameter coil. Operates between —50 C and 100 C:

Bulletin GEC-459.

Size 00 relays cut inventories

Many of your control-circuit needs can
be met with compact G-E size 00 con-
tactors and relays—available in any
combination of normally open and nor-
mally closed contacts from 2 to 8 poles.
Since contact tips are easily changed
from NO to NC without extra parts,
your “‘specials” inventory is cut. Easily
accessible terminals take up to 3 wires,
speed connections. For complete details,
see your General Electric apparatus
sales representative.

Reliable d-¢ to a-¢ amplification

Designed mainly for 400-cycle excita-
tion, the General Electric second-har-
monic converter is a magnetic-amplifier
type unit that converts low-level d-c
error signals (such as thermocouple
output) to 800-cycle a-c output. Static
operation and hermetic sealing make it
reliable under extreme conditions of
acceleration, temperature, and pressure
—important in aircraft applications.
Length is 3% in., tube diameter 114 in.,
weight, 0.2 1b. See Bulletin GEC-832.

Components Froctional-hp motors
Rectifiers
Meters, Instruments Timers

Dynomotors Indicating lights
Capacitors Control switches
Tronsformers Generators
Pulse-forming networks Selsyns

Delay lines Reloys

Reactors Amplidynes
Thyrite* Amplistots
Motor-generotor sets Terminol boords
Inductrols Push buttons
Resistors Photovoltoic cells

Voltage stobilizers Glass bushings
®Reg. Trode-mork of Generol Electric Co.

EQUIPMENT FOR
ELECTRONICS MANUFACTURERS

Resistance-welding

|
|
|
|
i
|
|
|
Soldering irons I
|
|
|
|
|
]

for reference only

Development
and Production
Equipment

control

Current-limited high-

potential tester Name
Insvlotion testers
Vocuum-tube voltmeter Company__
Photoelectric recorders
Demagnetizers Ci'y
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General Electric Campany, Section B 667-24
Schenectody 5, New York
Please send me the following bulletins:

for immediate project

\
X
[0 GEA-5729 Sealed Relays

O GEA-5754 Voltage Stabilizers
[0 GEC-459 Delay Line

O GEC-808 & GER-451 Tantalytic Capacitors
[0 GEC-832 2nd-Harmonic Converter

TIMELY HIGHLIGHTS
ON G-E COMPONENTS

Now—sealed-relayline expanded

G-E hermetically sealed relays for 28-
volt circuits are now available in these
forms: DPDT, 3PDT, 4PDT, 6PNO—
with coil ratings up to 10,000 ohms.
Certain other configurations available
on request. All have extra-high tip pres-
sures, yet don’t exceed Air Force-Navy
size and weight specs. They withstand
all outside atmospheric conditions, 50g
operational shocks, and instantaneous
voltage surges up to 1500 volts. Bulletin
GEA-5729.
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What to see at the Radio Engineering Show
(Continued from page 194)

Firm Booth 0 Bart Laboratories Co., Inc.
Audio Devices, Inc,, New York 22, N.Y. = . N i
P o™ “rheatre 05 | - Ballatine Laboratories, Inc. - Belleville 9, N.J.
Audiodiscs, Audiotape, Audiofilm, Audio- H
points. Boonton, N.J.
Audiocom, Inc. Great Barrington, Mass. 3-310 3'525
Books, Magazines, hi-fi installization. 1-112
Alﬁ:mutlc Electric Sales Corp., Chicago 7, El f d d
. 2-203 siti i ectro-torme: roducts.
D G s h oo Sensitive Electrgmc Voltmeters, ctro-1o products
switches, open and hermetically sealed, Decade Ampllﬁers, Vollage
aircraft and AN types as well as regular. Multipli . e Sh R
Design emphasis” on ruggedness, reli- ultiphers, Precision Shunt Re-
:b;lulltly'li::‘ayf ;‘:sehar:gr:d?:sbl‘chvtcyl: l!‘\el;g sistors, etc. Be;n\x. Instruments Corp., New York 1.2 o
. e * NLY, e
:r;d oth:l;“:lhlcd "f:‘b:] c . Cossor Instruments, Oscillographs, etc.,
. ) i gl i q
(‘.-.rl’i'f. eeive O MO x 819 Barker & Williamson, Inc., Upper Darby, ,‘Q’JE?O ;‘-’lﬂmﬁi‘i’ lcﬁhog‘: "l'{‘?yFimizF“}\ﬂ:;iy
Kum-Kleen pressure-sensitive labels—with Pa. 2-123 Products, Acoustical Hi Fidelit 4 Audig
stress being directed to their specific ap- Coits, Capacitors, Components and Test Products, Best Vacuo-Junctions. y
plication in the radio aund electronic fields. Equipment.
Also, we will demonstrate our newest
clectric and manual label dispensers. . . e
Avion Ingtrument Corp., Paramus, N.J. 3-408 The B C Bendix Aviation Corp.
Magnetic Recording—for analog and digi- rporation 1 1 1
tal n!‘v&licati?\ué—rclcording t(I) 2 mc.al)’r\cc;l\- e Barry 02[) at Bendix Radio Div.
sion cps voltage regulator—1 v
t().(lllzo rcgulatli(nnl. Suhminiaturcfplug-‘i’n Watertown 7 ? Mass. Towson, Md.
amplifiers—shock demonstration of 8-tube
potted unit. Multron—Unique thermal 2_312 & 313 1-413, 415, 417 & 419
analog multiplier. Frequency converter— .
()utpluz_adjn:_gable 38? to 420 cps lAiC'PGwd Vib Aircraft and airport equipment, mo-
regulation. First in low-price field. Preci- i 1 i ] SIS :
regy B tiomaters v oh toterance. Chop- Shock Mounts and Vibration bile equipment, point-to-point equip-
per—Non-mechanical, ‘expected life 10,000 Isolators. ment, antennas, receivers, transmit-
H(:iurs. 0 to 10,000 cps AC High Tuput Im- ters, wave guides and accessories.
negance.
(Continued on page 64A4)
Scintilla Magneto Div.
. Bendix Aviation Corp.
-F AT .
i Sidney, N.Y.
E§ 2 - 1-413, 415, 417 & 419
— ORne!
£ | Fixed capacitors, connectors, ig-
>l y » 18
o Fg =t nition analysis.
> |
I.R.E. RADIO ENGINEERING SHOW
0
° " AT
Sy Bendix Aviation Corp.
Red Bank Div.
EXHIBITION FLOOR PLAN ton HER LTS LD
. Eatontown, N.J.
=N
: 1-413, 415, 417 & 419
| roury Vibrators, dynamotors, inverters, mo-
‘—s tor generators, motors, power sup-
el @ plies, Cold cathode types, counter
R GRAND CENTRAL PALACE, NEW YORK,NY.|[! ron | tubes, klystrons, thyratrons, voltage
H I U 1 regulators.
i " {[ll WL It
3
Eclipse-Pioneer Division
. Bendix Aviation Corp.
Teterboro, N.J.
1-413, 415, 417 & 419
- Synchros, servo motors and systems,

power supplies, vacuum tubes, re-
ceiving, vacuum tubes, rectifiers and
special purpose, vacuum tubes, trans-
mitting, voltage regulators, klystrons.

w3
|

¥

E‘ 1 | :
g el we [ em Berkeley Scientific
- ") S N
\ fwil a Div. of Beckman
] '5': Instruments, Inc.
! 1 Richmond, Calif.
e il oa 4-302 & 304
High-speed Electronic Counters for Nuclear
_____________ - NOATH COURYT and Industrial application; Time Inte val
10 rm | rm ) q B e Lt e r ey MetelE: EPUTUMeIen:hDih;ecl{reading Deci-
—- —_ - —n. 1 | mal Counting Units wit aximum counting
e "H"WM lm ‘_ml‘ e i rate of 1,000,000 cps; and introducing the
. prastea i“""'—: i | first 42 megacycle Direct Reading Frequency
— Meter.

SECOND FLOOR comaron et
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Input stages of the ‘) The amplifier ~ 6

The power supply is

completely shielded to
@ Pprevent hum radiation
in adjacent equipment.

amplifier are shock is completely
® mounted to reduce a e shielded to prevent .

microphonics. hum pick-up.

The New Daven Electronic Voltmeter, Type 170-A

is a superior, portable instrument, ideal for general laboratory
and production use. It is built with typical Daven precision to
measure accurately A.C. sinusoidal voltages over a frequency
range from 10 to 250,000 cycles and a voltage range from .001
to 100 volts.

@ Large, easy-to-read, illuminated, meter scale on which all
readings may be made.

MEN co. ® Accuracy + 2% over entire frequency range.
A @ Output jack and separate volume control for using Voltmeter
1"“" A NUE as wide-range, high-gain amplifier.

95 CEN e JERSEY @ Construction permits readings independent of normal power
NEWAR line variations.
@ Meter scale has both voltage and decibel ranges.

W for completely

detailed
catalog data.

Ji

Visit Us ii.."ﬁ".L"""-',’J’LJ % LIMITED NUMBER AVAILABLE FROM STOCK.



In Practice Through Development and Service %

“OK Methods” is an instruction and service manual for

the wiring and assembly of AMPHENOL electrical connectors

and components. It represents a composite of better methods
used in many aviation, radio and electronic plants, tested by
AMPHENOL engineers and verified in AMPHENOL'S own cable
assembly division. “OK Methods” recommended procedures
conform to Government specifications wherever such regula-

tions apply.

The manual is divided into three general sections: Wiring
“AN” and Special Electrical Connectors; General Tech-
niques with alternate methods suggested where facilities
and quantity production influence the method to be
used; Assembly Procedures for RF Connectors.

The performance of any electrical system—regardless
of the highest quality of the components—is dependent
upon the quality of workmanship going into each indi-
vidual assembly. Today, workmanship in wiring and pre-
paring assemblies carries the responsibility of backing up
America’s quality production lines. It is to this urgency

of good workmanship that “OK Methods” is dedicated.

coupon
If you are not attending the
IRE Convention, mail this coupon

for your copy of “OK Methods”.

Assembly Methods Proved ORE

By

AMERICAN PHENOLIC CORPORATION
1830 South 54th Avenue ¢ Chicago 50, Illinois

Send me my copy of AMPHENOL “OK Methods'’.
NAME
COMPANY POSITION

ADDRESS__

- - e~ ~e v
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OVER 10,000 BRADLEYUNITS

in this Electronic Calculating Punch

ALLEN-

Sold exclusively to manufacturers

36a

The IBM Electronic Calculating Punch, shown
above, will punch 6,000 cards per hour, perform-
ing up to 40 operating steps for each card.

The master key is the IBM Electronic Tube As-
sembly which comprises an electron tube and
several resistors and capacitors. There are more
than 1,200 of these pluggable units in each
punch. With 8 or 9 Bradleyunits per assembly
there are over 10,000 Bradleyunits per punch.

Bradleyunits are ideal resistors for such critical

service, because they are rated at 70C . . . not
40C . .. which assures stability and permanence.

Made in all R.T.M.A. valves, Bradleyunits are
available from 10 ohms to 22 megohms in %2 and
2 watt sizes, and from 2.7 ohms to 22 megohms
in the one-watt size. They need no wax impregna-
tion to pass salt water immersion tests.

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

&
“ B
&
Qua

RESIST: )OR

7 ~.

“&DLEY

PA 1 ‘I'ORS

v of radio and electronic equipment

Allen-Bradley Fixed Resistors
are rated at 70C
for high safety factor

Above is shown the internal con-
struction of the V%, 1, and 2 watt
Bradleyunits, all encased in hard
plastic shells. Both leads are differ-
entially tempered to prevent sharp
bends near the resistor body.

OCEEDEN OF THE LR Viaret
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“camera work on
the Waring Show is
.« . art photography”

A" JOHN CROSBY

e By JOHN CROSBY

Music and Pictures
with conslder:.br\‘: camers sWoope
te\evtionm:m:adm'
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iter all, is no’

;t,——Or shouldn’t
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the Waring 5h°‘-". e dif-

b pictu'-:es——-pl
¥l parmonizing
pure. television:

Columnist John Crosby, discussing not electronics
but end results on the screen, calls the Waring show
on CBS Television “pure television.” Such results
come from three things: Waring imagination, CBS'
Television techniques, and GPL camera chains,

““The pictures move . . . are o combination of
light and shadow, of form and substance that
catch and hold the eye.”

A GPL extra in engineering accounts for much of
this. Camera and operator may be moving on a
boom in a 3-dimensional pattern. Yet the operator
has only to concentrate on aim, while the director
at the Camera Control Unit adjusts the iris for
light and shadow.

"“The cameras seem to roam ot will on thot
show with a fluidity and grace almost never
found in the movies,"”

That fluidity is engineered into GPL cameras. Dual
focus knobs, push-button lens change with auto-

o |

NEW STATION OPERATORS:
Without obligation, GPL en-

General Precision Laboratory

matic focus adjustment, precision pan and tile
motions — all these enable camera men and direc-
tors to capture the full scope of a show. Fantasy
or stark realism, sports in sunlight or drama in

stage shadows . . . GPL cameras put top quality
pictures into the line.

Whatever your type of operation, whether you
need one chain or six, investigate these cameras
designed for nodern television. Rugged but light-
weight, they are easi'y interchangeable between
studio and field. Circuit design guarantees con-
sistent high quality.

Station owners like their economy; camera crews
like their velvet smoothness and operating ease;
maintenance men like their long service life.

For full detoils, write, wire or phone

gineers will be glad to study
your entire studio needs for
cameras, projectors, film
chains and video recorders.

I NCORPORATETD

PLEASANTVILLE NEW YORK
Cable address: Prelab

Export Department:
13 East 40th St., New York City
Cable address: Arlab

TV Camera Chains TV Film Chains * TV Field and Studio Equipment « Theatre TV Equipment

PROCEEDINGS OF THE LR.E. March, 1953 372



Wl CONNECTORS

by KKINGS
n
e

UG-571 /U C Series Connectors are a greatly im-
proved mechanical and electrical type
of co-axial connector. They are con-
stant impedance and are designed
for use with 50 ohm, middle size RF

cables.
The C Series like every co-axial con-
; nector made by Kings is the result of

000 00000000000 00 000

UG-643/U

[ ]
[ ]
[ ]
L]
L
L]
[ ]
[
L]
L]
[ ]
L]
L
L]
L
[ ]
L
L

® 00 00 00000 000000000000 00

constant research and development.
Engineering ingenvity and precision
manufacture have put “Connectors by
Kings” in the front-line of communica-

UG-564 /U tions equipment for industry and the
armed services.

UG-573/U

® 00000000 06000090 000

® 0 0000 00000 6000 00000090000

If you have a connector problem con-
sult Kings. You'll be glad you called
on Kings first.

G(l NGS f/le,c(/u»uoj CO. INC.

40 MARBLEDALE ROAD, TUCKAHOE, N. V.

® 00 06000000000 0 00!

UG-567/U

See Us at Booth No. 2-204, I.R.E. Show, Grand Central Palace, March 23-26




IN MILLIONS OF

PRODUCTS . . . EVERY DAY!

Laf
ittt ®

T |

@ \

COME TO RHODE ISLAND FOR YOUR -
INSULATED WIRE REQUIREMENTS. b |

QUALITY: Rhode Island Insulated Wire is proven - pe
best every day in millions of products for Y \

factory, field and home.

PERSONALIZED SERVICE: Rhode Island maintains
branch offices with factory trained personnel

in every section of the country,

RESEARCH: Complete research facilities at your X “

disposal for the development of specialized wires.
Write today for illustrated catalog.

We’'ll see you at the L.R.E. Show. Booth 4-703.
Btp R lfore
RHODE ISLAND INSULATED WIRE CO. INC.

50 Burnham Avenue, Cranston, Rhode Island
National Sales Offices: 624 South Michigan Avenue, Chicago, lllinois « HArrison 7-6050

PROCEEDINGS OF THE LR.E. March, 1953 394



A0 MED 400WVDC

Astron METALITE* metallized
paper capacitors help you solve
the problems of size and weight
—with no sacrifice of performance.
The ingenious use of metallized
sections makes them the world’s
smallest paper capacitors, and
accounts for their extremely light
weight and their unique self-
healing properties. Available from
stock in a wide range of stand-
ard ratings and case styles, they
are ideal for commercial and
military applications alike, con-

*Trode Mork

METALITE* CAPACITORS

CUT YOUR CAPACITOR PROBLEMS
DOWN TO SIZE

forming to strictest government
specifications. Special sizes can
be supplied upon request or to
specification.

Many of the new techniques
Astron has developed for the sub-
miniaturization of metallized
paper capacitors and filters can
be utilized to reduce the size and
weight of its extensive line of
standard type capacitors and
filters. For complete information
on Astron capacitors and filters,
write for Catalog AC-3.

Visit Astron ot the IRE Show, Booth 4-707, Grand Central Palace

S (1]
o reRaToN

Astron monufactures o complete line of dry electrolytic capacitors,
metollized poper capacitors, plastic molded capacitors, subminiature
poper capacitors and standard and subminiature RF interference
filters for every radio, television and electronic use.

304 PROCEEDINGS OF TIHE I.R.E.

255 Grant Avenve, E. Newark, N. J.

Export Division: Rocke internationol Corp., 13 E. 40th St., N.Y.C.
In Conoda: Chorles W. Pointon, 1926 Gerrord St. Eost, Toronto.
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Type 260-A Freq. 50KC o 50 MC

18 years of improvements are
combined in this NEW Q Meter

NEW FEATURES

Lo Q Scale permits Q readings down to a value of
10.

A Q Scale reads the difference in Q of two circuits
or components up to a value of 125,

Thermocouple for indicating current inserted into
measuring circuit redesigned for high burnout
point well above operating current.

Oseillator maximum output level adjusted to
minimize possibility of thermocouple failure.

Voltage inscrtion resistor decreased to 0.02 ohms
to minimize effect on measuring cireuit. New type
low reactance metalized coaxial resistor used.

All indications on large meters with parallax cor-
rection and accuracy of =19 full seale.

Range switch controls mask and arrow which in-
dicate correct scale on frequeney dial.

Oscillator rigidly supported by casting which sup-
ports turret ball bearings and ecireuit using long
life subminiature triode.

Visit our booths #2-521 and #2-522 at the I.R.E. Show

BOONTO ADIO
- BOONTON - N-J: USA: W(

424

The Q Meter Type 260-A replaces our Type 160-A, one of
Boonton Radio’s Q Meters which has been standard equip-
ment in laboratories and on production lines for eighteen
years. Many improvements have been made during this time,
but several of our ideas for a better instrument were too ex-
tensive to put into a model already in production. These
ideas were carefully tested for use in a new maodel. The Q
Meter Type 260-A includes all past improvements and the
extensive changes that we have accumulated.

SPECIFICATIONS:
FREQUENCY COVERAGE: 50 KC to 50 MC Continvously variable in eight ranges.
FREQUENCY ACCURACY: Approximately =1%.
RANGE OF Q MEASUREMENTS: 10 to 625.
RANGE OF DIFFERENCE Q MEASUREMENTS: O to 125.
INTERNAL RESONATING CAPACITANCE RANGE:
Main Tuning Dial: 30 to 450 mmf (direct reoding) calibrated in 1.0 mmf
incraments from 30 to 100 mmf: 5.0 mm¢f increments from 100 to 450 mmf.
Vernier: —3.0 to +3.0 mm# (direct reading) colibrated in 0.1 mmf increments.
ACCURACY OF RESONATING CAPACITOR:
Main Tuning Diol: Approximately 1% or 1.0 mm¢f, whichever is the greoter.
Vernier: 0.1 mmf.
POWER SUPPLY: 90-130 volts—60 c¢ps (internolly regulated).
POWER CONSUMPTION: 65 Watts.
Model available for other Power Supply voltages and freq
Type 103-A Accessory Inductors Available for entire frequency range.
PRICE: $725.00 F. O. B. FACTORY

PROCEEDINGS OF THE I.R.E.
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AMERICA’S QUALITY LINE

IF IT'S NEW...IF IT'S NEWS...IT'S FROM i ///

IF IT'S NEW

IF IT'S NEW...IF IT'S NEWS...IT'S FROM

VISIT OUR EXHIBIT

BOOTH 4-313 fl[@
1. R. E. SHOW L CORPORATION
RADIO °* TELEVISION °* ELECTRONIC COMPONENTS
GRAND CENTRAL PALACE

New York City 190 W. GLENWOOD AVE., PHILA. 40, PA.

March 23, 24, 25, 26,1953
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N\
SILECTRON C CORES...BIG or LITTLE
...anyquantzty and any size

For users operating on government schedules, Arnold is now produc-
ing C-Cores wound from 1, 15, 1, 2, 4 and 12-mil Silectron strip.
The ultra-thin oriented silicon steel strip is rolled to exacting toler-
ances in our own plant on precision cold-reducing equipment of the
most modern type. Winding of cores, processing of butt joints, etc.
are carefully controlled, assuring the lowest possible core losses, and
freedom from short-circuiting of the laminations.

We can offer prompt delivery in production quantities—and size is
no object, from a fraction of an ounce to C-Cores of 200 pounds or more.
Rigid standard tests—and special electrical tests where required—give
you assurance of the highest quality in all gauges. ® Your inquiries
are invited.

THE ARNOLD ENGINEERING COMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
ML General Office & Plant: Marengo, lllinois ,
DISTRICT SALES OFFICES 1

2 ew York: Empire State Bldg  Los Angeles: 3450 Wilshire Blvd.

wap 4363 A T LB s -~ — = - e i -

+Ha PROCEEDINGS OF TIHE I.R.E. March, 1953

-



RIRCRAFT TRANSFORMER CORPORATION s

See our exhibit at Booth 4-213 (Fourth Floor), IRE Radio Engineering Show,
Grand Central Palace, New York, March 23-26

Aircraft Transformer Corporation, Long Branch, N. J. « Long Branch 6-6250 + Manufacturers of Inductive Equipment

Pulse Transformers - Saturable Core Reactors - Metal Encased Transformers - Form Flex « Oil Filled Form Flex - Wound Cores « Relays
Epoxy Cast Transformers « High Temperature Transformers « Resonant Charging Chokes
e L e — S e———————ae_ w1
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+TYPE ML 1A—RancE: T

2.0—-15.0 mc

Supplied per Mil type
CR-1A whenspecified.

*TYPE ML-4 —RANGE:

1.0—-10.0 me
Supplied per Mil type

CR-5; CR-6; CR-8; °

CR-10 when specified.

*TYPE ML-6— RANGE:

1.4—-75.0 mc
Supplied per Mil type
CR-18; CR-19; CR-22;
CR-27; CR-28; CR-32;
CR-33; CR-35; CR-36
when specified,

That Kind of testing is
just one of the reasons why _

== ';x'»'.‘.f
- e | LLLLE

Yes, we get tough with our Midland crystals. You
expect best performance, and we make sure you get it
when you use Midland crystals for all your frequency
control needs. The final test pictured above is just
one of many quality checks we make at every step
of Midland processing.

Midland Quality Control starts with the raw quartz.
Using optical viewing equipment of high accuracy, we
select only the ‘‘cream of the crystal crop.’”’ Then, as
the crystal proceeds through the various steps of cut-
ting, slicing, lapping, etching, plating, and sealing,
it is checked repeatedly to turn up any defect that
might develop.

Stability, accuracy, high output, long life—name any-
thing about a crystal that makes it a better performer
for you, and we guarantee you’ll get it in fullest
measure with Midland.

WHATEVER YOUR CRYSTAL NEED —
CONVENTIONAL OR SPECIALIZED...

When It Has To Be EXACTLY RIGHT...Contact

oltanel
MANUFACTURING CO., INC.
3155 Fiberglas Road e Kansas City, Kansas

lcltang CRYSTALS

DO A BETTER JOB FOR YOU

g

See Us at the Radio Engineering Show, Booth 4-613, Components Ave.
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this is your “trademark”

this is your product

but

1

V4
-

% customers see the outside of your product a lot
more than they see its inner mechanisms. Does it have

~

——

i e 4

PROCEEDINGS OF TIIE I.R.E.
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the appearance of a precision instrument? Does it look
the part?

In other words, do you get the same perfection in
your cabinets that your engineers build inside?
Smooth flawless welded seams? Perfectly fitted doors
and panels...exactly the finish you specify...and, above
all, absolute uniformity between all cabinets?

Karp customers do—and they know that this pains-
taking sheet metal fabrication doesn’t mean high prices.

They know that our vast assortment of available dies

-

P AL .

: ENGINEERING # TOOLING #PRODUCTION # FINISHING =
Visit us of Booth 510-512 (First Floor)

RADIO ENGINEER'S SHOW

March, 1953

Above: Perkin-Elmer infrared spectrometer
—in its Karp-built cabinet, below.

eliminates the need for much costly tooling. They know
that our plant—the length of three city blocks—with
its modern facilities. offers custom production at prices
that are surprisingly low.

You'll find, as others have, that we can produce to
exacting tolerances precisely the type of cabinet you
require.

In large quantity or small. Steel or aluminum. Any
type of welding. Painstaking hand finishing. Prompt
shipment.

Visit our plant and see these things for yourself if
you wish. We welcome your visit. Write for our bulletin.

KARP METAL PRODUCTS CO., INC.
215 63rd ST., BROOKLYN 20, N. Y.

MOST COMPLETE FACILITIES FOR LARGE AND SMALL RUNS OF
ENGINEERED SHEET METAL FABRICATION

KARP

47
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SMALL TOROIDAL COILS
AT HIGH SPEEDS

WITH MINIMUM WIRE BREAKAGE

9/16” O.D. x 3/8” L.D.
Wire—44 AWG

1/2 Inch

N -

1-1/8” O.D. x 3/4” 1.D.
Wire—44 AWG
Winding Speed 800 rpm

The MICAFIL Model RW-0 Toroidal Coil

Winder automatically winds toroidal coils
continuously around 360° and sector coils
from 30° to 270°. To produce smooth, even
layers of wire, the winder is adjusted easily
to wind any wire size between 26 and 44
AWG and to obtain the proper pitch. Wind-
ing direction can be changed and feeds can
be adjusted while machine is in operation.

Coil Sizes
Minimum finishedID. . .. ... .. LY/%44
Maximum finished O.D. .. ..... 27
Minimum finishedO.D. .... ... 1"
WireSizes . . « ¢« v« ¢ v o 26 to 44 AWG

Winding Speed—
according to wire size. .

Shuttle Capacity—
according to wiresize . . . 60 to 800 feet

MICAFIL Toroidal Coil Winders are made
in three larger sizes for winding coils up to
8” O.D. and with 10 AWG Wire.

COSA

up to 1000 rpm

CORPORATIO

405 Lexington Ave., New York 17

1-1/8” O.D. x 3/4” 1.D.
Wire—38 AWG
] Winding Speed —1000 rpm |

0.D. 1-5/8” x 7/8" LD.
Wire—38 AWG
Winding Speed —1000 rpm

>

7
”

SPIRALING DEVICE — Device winds spirals for shuttle
loads—in advance . . . Newly developed to permit con-
tinuous operation of Coil Winder ... Winds to pre-
determined lengths.

SHUTTLES — Made in four different ring diameters to
accommodate range of spiraled wire sizes ... Larger
wire capacities ... More than one coil can be wound with
single loading ... Changed within 30 seconds. .. Loaded
in less than a minute.

ACCURATE TURNS COUNTER —Preset for required num-
ber of turns . .. Automatically stops winder when turn
count is reached.

WHILE IN NEW YORK

See this RW-O and other Micafil Coil Winders.
COSA is in the CHRYSLER BLDG.—4 blocks from
the IRE SHOW. Telephone: ORegon 9-3560.

IN DETROIT AREA contact DETROIT-COSA CORPORATION, 16923 James Couzens Highway, Detroit 35, Mich,

IN CANADA

contact COSA CORPORATION

4R

OF CANADA LTD., 40 Front Street West, Toronto 1, Canada

PROCEEDINGS OF THE I.RE Varch, 1952
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ON EXHIBIT, BOOTH 4-814

|.R.E. SHOW

GRAND CENTRAL PALACE
NEW YORK CITY, MARCH 23-26

HUGHES

GERMANIUM DIODES |

MOISTURE-PROOF
Each hermetically sealed
HucGHEs DiopE is humidity
cycled in saturated water vapor
from +90°C. to —78°C., and
then oscilloscope-tested for
humidity penetration.

DEPENDABLE
Each HuGHEs DI10DE is sub-
jected to JAN shock tests and
then inspected under vibration
for the familiar electrical in-
stabilities—hysteresis, drift, and
flutter. Each diode is aged and
then reinspected for stability
of electrical characteristics.

4

Address inquiries to:

Maren, 1953
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THERMALLY STABLE
The HuGHES DioDE is designed
to reduce differential expan-
sion which would cause insta-
bility of electrical character-
istics with uctuations in tem-
perature. . ach diode is tem-
perature cy led and then tested
to assure :hat the operating
temperature range is limited
only by inherent character-
istics of germanium itself.

SUBMINIATURIZED
The HUuGHES DIoDE is designed
for maximum space economy.

‘\\M“,“. { ’///' /
|l\\n{(/ﬂf"(b

X

HueAEs GERMANIUM DIioDES were
developed and produced to meet exacting
requirements in airborne electronic equipment
for navigation, fire control, and guided missiles.
In addition to the advantages of germanium
diodes over vacuum tubes, HUGHES GERMANIUM
D10DES exhibit these outstanding characteristics:

Wi
‘////////W//ﬂ/// /
s“/‘«,//’/,///////, )

W) i

/
{l/

hermetically
sealed

m

glass

Jfor

electrical
stability

M

ELECTRICAL SPECIFICATIONS AT 25° C.

Minimum
Peak Forward Maximum

RTMA Inverse Current Back Current

Type  Voltage® at+1volt—ma. ma. (volts)
INS5B | 190 5.0 0.5 (~150)
1N70A 130 3.0 0.025 (~10 ); 0.3 (—50)
IN67A 100 4.0 0.005 (=5 ); 0.05 (—50)
1INB1A 50 3.0 0.0t (-10)
1N89 100 3.5 0.008 (—~6 ); 0.1 (—50)
1N68A 130 3.0 0.625 (—100)
1N69A 75 5.0 0.05 (~10 ); 0.85 (—50)
1N90 60 3.0 0.8 (-50)

*NOTE: it has been found that Hughes Diodes will support
80% of this inverse voltage applied continuously at 25° C.

Because of expanded production capacity, HuGHES
DI0DES are now available for commercial sale.
Moderate quantities can be delivered from stock.
HuGHESs DI0DES are classified in accordance with
RTMA specifications, and also are supplied to
special customer specifications, including high
temperature electrical requirements.

SEMICONDUCTOR
DEPARTMENT

HUGHES

Asircraft Company, Culver City, California
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Battery of vulcanizing

presses '‘bake’” Rubatex to

\ an optimum cure for

) 8 product protection.
N

Closed cells are responsible for the
structural strength and superior
physical properties of Rubatex—not
possessed by ordinary sponge rubber with
open coarse cells which are wide open
to oxygen and moisture.

Millions of nitrogen-filled cells, permanently sealed with
tough live rubber, are “baked” in RUBATEX to give it
superior air-tight, water-tight, and dust-tight qualities — mak-
ing RUBATEX an excellent seal against these elements that
continually plague industrial equipment.

A battery of vulcanizing presses, under carefully controlled
conditions, “bake”’ RUBATEX to an optimum cure —"'setting"’
it in its expanded and unique structural form. This final
curing process, preceded by careful blending of specially
developed compounding agents and calendering for uniform
thickness — assure the best physical properties in RUBATEX
to protect and extend the life of your product. In addition,
RUBATEX is light in weight, soft, pliable, and easy to work
with . . . adheres well to surfaces to which it is applied .
does not score or craze plastics.

For maximum protection of your product — check the
superior advantages of RUBATEX first!

Send us details of vour proposed applications and let us send you samples and recommendations.
Write Dept 1RE-3, Great American Industries, Inc., Rubatex Division, Bedford, Virginia,

FOR AIR THAT PROTECTS —USE RUBATEX

30a

RUBATEX AT WORK...

AUTOMOTIVE & AIRCRAFT

Arm rests

Battery supports
Lamp gaskets
Heater core gaskets
Cowl gaskets
Window gaskets
Fuel cell cushions
Floor mats
Anti-squeak pads

CONSTRUCTION
e Expansion joint seals
e Weather stripping

INDUSTRIAL
e Instrument gaskets
e Fatigue mats

e Low temperature
insulation

Dust-proof seals
Moisture-proof seals
Gasketing
Vibration isolation
Shock absorption

PROCEEDINGS OF THE [.R,E,

PACKAGING — Packing
cushion for fragile goods
and delicate scientific

instruments.

REFRIGERATION — Gasket-
ing for refrigerator and
cold storage room doors.

SPORTING GOODS — *“Air
cushioning’ padding for
athletic equipment and
apparel.

CONSUMER & HOUSEHOLD
PRODUCTS
e Shoe innersoles
e Hearing aid
“cushioning”

o Appliance gaskets

o Bath and kitchen mats

March, 1953



The Cleveiand Container Company

originates and is now producing for
the electronic and electrical industries . .

A few of many
ADVANTAGES:

TORKRITE'S re-cycling ability is unmatched.
After a maximum diameter core has been
re-cycled in a given form a reasonable num-

ber of times, a minimum diameter core can

1

be inserted and measured at 1” oz. approx.

TORKRITE has no hole nor perforations
through the tube wall. This eliminates pos-

sibility of cement leakage locking the cores.

TORKRITE allows use of lower torque as it
is completely independent of stripping pres-

sure.

With TORKRITE torque does not increase
after winding, as the heavier wall will not

tend to collapse and bind the core.

Available in lengths 34" to 313" to fit a
1/4-28 core.

* * *
See our Exhibit #2-309 at the

Radio Engineering Show in New
York City, March 23-26.

*

PROCEEDINGS OF THE LR.E.
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Torkrite Tubing in foreground,
enlarged to show detail.

TORKRITE

CLEVELITE* EE INTERNALLY THREADED AND EMBOSSED TUBING.

TORQUE AND STRIPPING PROBLEMS ARE NOW ELIMINATED!

Electronic engineers find that TCRKRITE, this newly designed and con-
structed Coil Form, has definite advantages over all other types requiring
the use of threaded cores.

TORKRITE is one of the many items of CLEVELITE . ..
tubing for coil forms, collars, bushings, spacers, tubes and other items.

a complete line of

CLEVELITE has long been giving continuous satisfaction because of its
dependable performance, uniformity and close tolerances.

Consult our Research and Engineering Laboratory. It is at your service.

WHY PAY MORE? FOR THE BEST . . . CALL CLEVELAND!

* Reg. U. S. Pat. Off.

% CLEVELAND CONTAINERZ

6201 BARBERTON AVE. CLEVELAND 2, OHIO

PLANTS AND SALES OFFICES ot Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jomesburg, N. J.
ABRASIVE DIVISION ot Cleveland, Ohio
CANADIAN PLANT: The Clevelond Container, Canada, Ltd , Prescott, Ontario

REPRESENTATIVES

NEW YORK AREA R.T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, N.J.
NEW ENGLAND  R. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. |-
CHICAGO AREA PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE, CHICAGO

51a
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Yow can count ou

TERMINAL

fo» NATIONALLY KNOWN BRANDS

NEW YORK'S LEADING
RADIO
SUPPLY HOUSE

FOR

TUBES

for Industry, TV, Receiving
ond Transmitting

AUDIO EQUIPMENT
TEST EQUIPMENT

COMMUNICATIONS
EQUIPMENT

TELEVISION
COMPONENTS

CONDENSERS
RESISTORS
TRANSFORMERS

RADIATION PARTS
& INSTRUMENTS

TOOLS e BOOKS
ACCESSORIES

In fact, just Everything in
Electronic Ports & Equipment

T erminal Radio Corp

Distributors of Radio and Electronic Equipment

85 CORTLANDT ST., NEW YORK 7, N.Y.
phone: WOrth 4-3311
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Make your UHF circuits
as simple as VHF designs...

Use these two New Sylvania Tubes in tuners and converters

fif i i )

Equipment Manufacturers! Simplify design of combination
VHF-UHF tuners, UHF converters for TV! Two new
Sylvania-developed tubes permit adaptation of conventional
amplifier-mixer-local oscillator circuit to the new frequency
bands—completely eliminate complicated switching arrange-
ments or stage duplication. Leading Tuner Manufacturers
have adopted these types for current tuner production.

@® Short Bulb T-5 7-pin miniature construction

® Requires no special socketry

® Designed for use at frequencies up to 1000 me

® Double plate and grid leads

@ Uniformity at high frequency means lower cost and

better availability

THE SYLVANIA 674 is designed for use as a local oscillator
at frequencies up to 1000 mec. Used as the companion tube
to the 6AN4, it makes possible the design of extremely sim-
ple combination tuners and UHF converters.

THE SYLVANIA 6AN4 can be used both as an rf amplifier and
as a mixer. Its performance in the VHF band is equal to or
better than previously existing types of tubes, and in UHF
tuners it gives comparable performance to VHF tuners.

The 6AN4 is designed for both high g,, and high mu.
Under representative operating conditions as a Class A
amplifier, the transconductance is 10,000 micromhos and
the amplification factor is 70.

When used as a mixer, the 6AN4 offers the advantages
of a conversion gain and of relatively low oscillator drive
requirements.

Complete technical information on operating character-
istics, including performance curves, is included in the man-
ual, “Sylvania’s UHF Story.” A copy is yours for the asking.
Write to: Sylvania Electric Products Inc., Dept. 3R-4503,
1740 Broadway, New York 19, N. Y

SYIVANIA

VHF UHF VHF  UHF
AMP. MIXER
6AN4 6AN4

VHF  UHF
L O
6T4

L

Representative block diagram of combination VHF-UHF
tuner using the new Sylvania 6AN4 as rf amplifier and
mixer, and the 6T4 as local oscillator.

COMPARATIVE PERFORMANCE OF THE 6AN4 AT VHF AND UHF

CONDITIONS VOLTAGE GAIN | NOISE FIGURE
Single tube in
Chonnel 13 booster 5 9.2 db
T vob d VHF
wo tubes in coscode
0 Chonnel 13 boostec n 8db

Single tube in open holf-wove

tuned omplifier ot 450 mec. ]2 db ]3 db
Single tube in open holf.wove IHE
10db 15db

tuned omplifier ot 900 me.

“I'T T T T 6AN4
g T — t
g} £,-+150 ;ons - | 0¥
515 g .280 OHMS 05

k

g_ 1 o"\f/ B S i
z I qo“ vswR | L o
< o
310 ‘ﬂy 208
6 (,oz (Z)
z I3
£0.5 v 1 o.z.
z
5
v}

1) 0.5 10 15 2.0 2.5 30

OSCILLATOR INJECTION VOLTAGE

Curve shows representative relationships between con-
version gain and input VSWR of the 6AN4 when used in
mixer service, plotted against oscillator injection voltage.

RADID TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT LAMPS, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS

PROCEENINGS OF TIHFE I.R.E. March, 1953 $3u



“Designed for Application”

Delay Lines and Networks

The James Millen Mf{g. Co., Inc. has been
producing continuous delay lines and lump
constant delay networks since the origination
of the demand for these components in pulse
formation and other circuits requiring time
delay. The most modern of these is the distrib-
uted constant delay line designed to comply
with the most stringent electrical and mechani-
cal requirements for military, commercial and
laboratory equipment.

JAMES MILLEN

MAIN OFFICE

MALDEN, MASSACHUSETTS, U.S. A.

Millen distributed constant line is available as
bulk line for laboratory use and in either flexible
or metallic hermetically sealed units adjusted
to exact time delay for use in production
equipment. Lump constant delay networks may
be preferred for some specialized applications
and can be furnished in open or hermetically
sealed construction. The above illustrates sev-
eral typical lines of both types. Our engineers
are available to assist yon in your delay line
problems.

MFG. CO., INC.

AND FACTORY

54A
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SAFE AGAINST HIGH HUMIDITY IN TROPICAL CLIMATES!

RESISTS

...IT’S THE

2y
1
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\\% You're safe when you “batten down
& X = the hatches” against high humidity
iS22 with Sprague Blue Jackets! They're
rugged vitreous enamel power re-
sistors that can take abuse . . . that eliminate
electrolysis failure in the most humid atmos-
pheres . .. that deliver top wattage ratings in
every size . . . that assure unmatched stability
and resistance to thermal shock. Yes, the Blue
Jacket is outstanding even among the many

noteworthy Sprague developments in the
resistorart. * % x & x Kk %

9
WIRE-WOUND

RESISTOR

Blue Jacket resistors are made in types to
meet the tough performance requirements of
Military Specification JAN-R-26A, Character-
istic “G". See Engineering Bulletin 110 for
complete details. Blue Jackets are also avail-
able in commercial styles that excel in the
most severe industrial electronic service. En-
gineering Bulletin 111 describes these supe-
rior units—that cost no more than ordinary
resistors! Send for your copies to:
SPRAGUE ELECTRIC COMPANY
235 Marshall Street, North Adams, Mass.

YOU’'LL RECOGNIZE THESE SUPERIOR RESISTORS BY
THEIR BRIGHT BLUE VITREOUS ENAMEL JACKETS

PIONEERS IN ELECTRIC AND ELECTRONIC DEVELOPMENT

See Us at Booth 1-410, 1-412 IRE Show, March 23-26
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A. OPEN
POSITION

Three section slide, progressive
action type. Locks in extended
posifian only, Tripping mecha-
nism controls unlocking. Load
capacity: Up to 200 1bs.

Cat. No. 375

Three section slide, progressive
aoction type. Load Copacity: Up
to 50 lbs. per pair.

Cat. No. 350

Three section slide, progressive
oction type. Locks in open and
closed positions. Provided with
quadront to allow for tilting to
90 degrees. Load Copacity: Up
to 200 Ibs.

Cat. No. 364

Three section slide, progressive
action type. Locks in open po-
sition. Slide includes mechanism
for unlocking from the ovtside
of chassis and for tilting to 90
degrees. Lood Capacity; up to
100 1bs. per pr.

Cotl. No. 392

Three section slide, progressive
action type. Locks in extended
position only. Thumb release can-
trals unlocking. Lood Copacity:
Up fo 200 fbs. moximum,

Cat. No. 3N

564

]
- q
n
A. Featuring Smaoth cantinuaus oction.
Closely fitted slide ports assure mini-
mym of ploy. Lacking device holds

slide when fully extended, permit-
ting easy occess fo oll parts.

B. SERVICING
POSITION

8. Quadrant for pivat suppart and tilt.
ing pravision fs equipped with simple
tripplng mechanism for servicing.
Lever operated, it releases chassis
and allows maovament to open and
clased positlons,

e

-

Y
lllthoﬁon shows an Automotic Transmission Measuring Set
as developed by Bell Telephone Lobarataries at Murray Hill,
New Jersey.

The receiving amplifier, modulator, ampiifier modulator ond

recarder ponels are suspended an baoll-bearing drawer slides

and are plvaled to permit the chossis ta be inverted for
-Eorvi:ina. The arrangement is such thot ail these panels con
vy

e kept in aperation while so inverted.
e 1

The present preparedness program requires that manu-
facturers be absolutely certain of the precision and
dependability of all component parts, Over 50 years
of dependability lie behind Grant Pulley & Hardware
Co. Our extensive engineering and research department
is constantly planning new and improved sliding de-
vices. This department is available for consultation on
individual specifications, and also provides engineering
liaison from inception to conclusion of production.
> Chassis, Consoles, Racks, any device where access to
. parts or motion of equipment is desired should be
equipped with Grant Slides. Wherever the installation,
laboratory, tank, bomber, ship, mobile or stationary
unit . . . you save time and manpower when you use
Grant Sliding Devices.

Grant Slides are adaptable for many military uses, and
Grant customers with Government contracts can rely

upon the dependability of Grant cooperation and
delivery,

See Us ot Booth 4-306, |.R.E. Show,
Grond Centrol Poloce, Morch 23-26

I 'y — '
FOR FURTHER INFORMATION JVRM-'
ELECTRONIC ENGINEERING DIVISION

GRANT PULLEY & HARDWARE (0.

31-87 WHITESTONE PARKWAY, FLUSHING, N.Y. L4 FLUSHING-9-1900
Tte goremost name cn Stiding Deucices

PROCEEDINGS OF THE I.RE.
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cas-rreon [RANSISTORS

CBS-HYTRON

PT-2A

Moisture-resistant
Plug-in or solder-in

Sturdy triangular basing

ACTUAL SIZE Polarized base connections

Auto-electronically formed
Thoroughly stabilized

Operate up to 55° C
CBS-HYTRON

PT-2S

AND YOU CAN BUY THEM NOW!

Already a major producer of germanium diodes. CBS-Hytron
now offers vou prompt deliverv of transistors: Point-contact
CBS-liytron PT-2A (for amplifying) and PT-2S (for switching).
Both have stable characteristics and are guaranteed moisture-
resistant. Note flexible leads welded to base pins. You may solder
flexible leads into circuit. Or snip them to use stiff base pins in
CBS-Hytron type T-2 socket.

Triangular arrangement of base pins is stronger . . . avoids bent
pins. Easy-to-remember basing layout simulates basing symbol
(sce diagram). Polarization makes socket connections foolproof.
You are assured of uniformly optimum characteristics by elec-
tronic control of pulse forming. Thorough aging achieves maxi-
mum stability. You may operate these transistors up to 55°C.
And you can order both CBS-Hytron PT-2A and PT-2S for
immediate delivery.

WRITE FOR DATA. Complete free data on CBS-Iiytron
PT-2A and PT-2S. .. and the T-2 socket . . . are yours for
the asking.

GERMANIUM
CRYSTAL IMPREGNATED

RUGGED CASE

WELDED
CONNECTIONS

TINNED
COPPER-CLAD
STEEL LEAD WIRES
(015 DIAM.)

NICKEL
SILVER PINS (3)

MECHANICAL FEATURES

1. Single-ended construction gives maximum mechanical stability.

2. Rugged triangular basing design resists shock and vibration.

3. Dual-purpose connections permit use of flexible leads or stiff plug-in base pins.

4. Direct soldering of germanium wafer to base support guorantees positive contact,
avoids flaking.

5. Glass-filled plastic cose ond high-temperoture impregnating wax assure moisture-
resistant, trouble-free operation.

BASING AND SOCKET
EMITTER  COLLECTOR

MEASURING CIRCUIT FOR
CBS-HYTRON PT-2S
Te»

~
(2
EMITTER  COLLECTOR

BAsE ) 1 »
BASE !
Transistor  Basing Diagram CBS-Hytron
Symbol (bottom view) T-2 socket

Note similarity of pin layout to that of tran-

b3 ~
sistor symbol. CBS-lytron type T-2 tran- §2000
sistor socket features groove to guide pins Ppeo- |
into socket. Also anti-burn-out design to in- 0V

sure that base connection of transistor will
always be made first.

[ - C%Nsssg;l; CN( 12:'[63‘“\:; Y ] i EMITTER CHARACTERISTICS ]
% S | 5 e s e
5 3O MA worst CBS-HYTRON PT-25

—= M . TYPICAL COLLECTOR o ‘ 2 3

7 CHARACTERISTICS
| 20MB > CBS-HYTRON PT-2A

-

L iowe
//_"
/” L

J 20 -2> -30 -3 -4 « -4 Ly’
COLLECTOR VOLTAGE. Ve (VOLTS:! 4 LV tvouTs)

MANUFACTURERS OF RECEIVING TUBES SINCE 1921
HYTRON RADIO AND ELECTRONICS €O.

A Division of Columbia Broadcasting System, Inc.
Moin Office: Donvers, Mossochusetts

RECEIVING ... TRANSMITTING ...SPECIAL-PURPOSE AND TV PICTURE TUBES « GERMANIUM DIODES AND TRANSISTORS
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PULSESCOPE

The Oscilloscope that portrays the Pulse by

mos

lasic, xampo of Pcisin, Enginering .

Investigations of complex waves take great strides forward when either a Waterman SAR or LAB PULSESCOPE is employed.
Their compactness, portability and precision have established a new high in pulse measurement instruments for all electronic
work. Each PULSESCOPE has internally generated markers which are synchronized with the sweep with the basic difference that
the sweep in the LAB PULSESCOPE initiates the markers while in the SAR PULSESCOPE it is the crystal controlled markers which
initiate the sweep. Power supply requirements of 50 to 1000 c.p.s. at 115 Volts permits operation almost anywhere.

The SAR PULSESCOPE, model S-4-A, is characterized by
a pulse rise time of 0.035 microseconds thru a video amplifier
with a sensitivity of 0.5 Volts p to p/inch. A vertical delay
of 0.55 microseconds is optional. A and S sweeps covering
a continuous range from 1.2 to 12,000 microseconds are
augmented by R sweeps, which in turn are variable from
2.4 to 24 microseconds. A directly calibrated dial permits
R sweep delay readings from 3 to 10,000 microseconds.

The LAB PULSESCOPE, model S-5-A, has equivalent rise
time of 0.035 microseconds, a fixed 0.55 microseconds vertical
delay and 0.1 Volts p to p/inch sensitivity, so arranged as
to assure portrayal of leading edges on displayed signals.
A precision calibrated voltage is provided as well as an
optional sweep expansion of 10 to 1. A built-in trigger
generator voltage is available for synchronizing any asso-
ciated test equipment.

WATERMAN RAYONIC, CATHODE RAY TUBE DEVELOPMENTS ~

Since the introduction of the Waterman RAYONIC 3MP1 for miniaturized oscilloscopes,
scientists in our laboratories have diligently searched for more perfect answers to present day
cathode ray tube problems. Such research led to the introduction of the revolutionary new
3SP and 3XP type cathode ray tubes. These tubes were designed with multi-trace oscilloscopy
in mind. Every avenue of practical design was explored to produce tubes with bright, sharp
traces and high deflection sensitivity at medium anode potentials.

DEFLECTION
TUSE __PHYSICAL DATA  TYPICAL VOLTAGES FACTOR V/IN. MAX. VOLTS
Face _Length Bose | Anode #3|Anode #2 | Anode # 1 Grid # 1 Dl1to D2 |D3to D4 [Anode #3 |Anode #2
Medivm 3000 1500 |300to 515 | —22.5t0 —67.5 (12710173 | 9410 128
e 3inch 10 inches Diheptal 4000 2000
Round 12 Pin 4000 2000 |4001t0 690| —30t0—90 (170 to 230 (125 to 170
Small 1000 [200to 350| Oto —68 140 to 190 (130 to 180
me 3 inch 8 inches Dvodecal 1 2500
Round 12 Pin 2000 (40010700 | Oto —126 |280 to 380 [260 to 360
Small 1000 16510310 | —28.510 —67.5| 731099 | 52t0 70
3ase 1%x3 | 9.12 inches | Dvodecal 2750
inches 12 Pin 2000 (33010 620 | —581to —135 146 to 198 (104 to 140
, .
3axp i'"’:‘.:‘:" GO s 1) BoGEY 2000 (400 to 690 | —22.5 10 —67.5 | 6810 92 | 25 10 35 2750

Visit Our Booth 1-414, IRE SHOW, MARCH 23rd to 26th




The Pocket Oscilloscope by

. s

The HIGH, WIDE and TWIN POCKETSCOPES have
become the *‘triple threat” of the oscilloscope industry.
Their small size, light weight and incredible performance,
has skyrocketed this team of truly portable instruments
into unparalleled prominence. Each oscilloscope features DC
coupled amplifiers in both its vertical and horizontal chan-
nels. The HIGH GAIN, S-14-A POCKETSCOPE, has a
vertical sensitivity of 10 millivolts rms/inch, and a frequency
response within —2 db from DC to 200 KC, while the WIDE
BAND S-14-B POCKETSCOPE is characterized by fre-
quency response within —2 db from DC to 700 KC and a
sensitivity of 50 millivolts rms/inch.

The INDUSTRIAL POCKETSCOPE, POCKETSCOPE
model S-11-A, has become America’s =
most popular DC coupled oscilloscope
because of its small size, light weight,
and unique flexibility. This compact
instrument has identical vertical and
horizontal amplifiers which permit the
observation of low frequency repetitive
phenomena, while simultaneously elimi-
nating undesirable trace bounce. Each
amplifier sensitivity is 0.1 Volt rms/inch.
The frequency responses are likewise
identical, within =2 db from DC to
200 KC.

Discover for yourself the amazing utility
of this tiny work-horse of industrial
electronics.

S-1-A

Write for your
complimentary subscription of
“POCKETSCOOP"

POCKETSCOP

E e

o (] T 1 e N

®
™

™

The TWIN POCKETSCOPE is essentially two HIGH
GAIN POCKETSCOPES with individual cathode ray tubes,
amplifiers, controls, but a common sweep generator. All
these are endowed with many identical characteristics. Their
sweep generators can be operated as triggered or repetitive
over a frequency range from 0.5 cycles to 50 KC, with
synchronization polarity optional. Return traces are blanked
and provisions are made for modulating the intensity in
each cathode ray tube.

Laboratory quality has not been sacrificed in order to
accomplish portability and ruggedness. Investigate the many
advantages of Waterman POCKETSCOPES.

RAKSCOPE,

The $-12-B RAKSCOPE is a rack
mounted, JANized version of the famous
WatermanS-11-A POCKETSCOPE, with
the addition of a triggered sweep and a
special calibrating circuit for rapid
frequency comparisons. The entire
oscilloscope is built to occupy but seven
inches when mounted in a standard
relay rack.

Because provisions are made for apply-
ing input signals from the rear, as well
as the front, the S-12-B is the ideal
combination, systems monitor and
trouble-shooting oscilloscope. Investi-
gate the multiple applications of this
instrument as an integral part of your
own rack mounted apparatus.

PHILADELPHIA 25, PENNA,, U.S. A.

CABLE ADDRESS, POKETSCOPE, PHILA.

Manufacturers of POCKETSCOPES® - RAKSCOPES® - PULSESCOPES® and RAYONIC TUBES®




B OGART

MANUFACTURING CORPORATION

Producers of Microwave Equipment Since 1942

TRAIN ROTATING JOINT

The iliustrated S-Band Rotary Joint is a waveguide to coaxial to
i waveguide structure employing doorknob transitions.
The use of choke terminations for the inner conductor of the coaxial section,

as well as doorknob transitions, ensures satisfactory operation at

high powers without breakdown. This joint is characterized

! by a low VSWR (less than 1.04 over a 2% bandwidth) and freedom from
QQ resonances throughout its rotation of 360°. Similar rotary
{ ¥ joints for elevation and cross-level purposes are

available in various sizes of waveguide,

Inquiries are cordially invited
write to DEPT. R1

(BB AV e manufacturing corporation

315 SIEGEL STREET BROOKLYN 6, NEW YORK

-

SERVING THE ELECTRONIC INDUSTRY DESIGN o DEVELOPMENT e PRODUCTION
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ABSOLUTE MAXIMUM RATINGS * 1-55:5 * RESISTIVE LOAD

DIFFUSED JUNCTION RECTIFIER UHA?T AATAY 4JA2h4
PEAK INYERSE YOLTAGE®
{volts)
PEAK FORWARD CURRENT
—L

0.C. OUTPUT CURRENT® (Mo}

D.C. SURGE CURRENT (amps)

" FULL LOAD YOLTAGE OROP
Ll L —
FORWARD RESISTANCE AT
FULL LOAQ (ohms)
(ONTINUOUS REVERSE
WORKING YOLTAGE {volts 0.C)

FREQUENCY OF OPERATION (ke

STORAGE TEMPERATURE (*¢)

‘iypizol obsolute moximum ratings. For other combinations
refer to Fig. 1

NEWS FROM OUR ADVANCED
DEVELOPMENT LABORATORIES

Developmental germanium
rectifiers for the KW range
have been made so efficient
that the copper lead connec-
tions must be larger in cross
sectional area than the diffused
junction itself.

7777 ‘v“\*
,-,"7 |m7 1) ‘"t‘.‘_
"2y YEARS OF ELECTRICAL

AAA_;A PROGRESS ‘L“"
AA ‘L"’
2V

GENERAL 3 ELECTRIC |
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DIFFUSED JUNCTION

1953

T

GERMANIUM RECTIFIERS

HERMETICALLY SEALED against deteriorating elements. Glass-to-metal
seals throughout.

MINIATURE SIZE to facilitate use in all electronic equipments, yet
heat losses are dissipated efficiently.

REDESIGNED to meet all military humidity tests and shock and vi-
bration requirements.

HIGH OUTPUT VOLTAGE and improved back current characteristics.

DYNAMK YOLTAGE - CURRENT

— CNARACTERISTICS
DIFFUSED JUNCTION SERMANIYM
RECTIREES, TYPES JAIA - JA2A

reme: ss'c
FREQ: 60 CPS

T ABSOLUTE maziMum RATINGS |

DIFFUSED JUNCTION

GERMANIUM RECTIFIERS

TYPES JAIA - JA2A
RESISTIVE LOAD

TEMR $5% - FREQ.60 CPS

;.J'w

T

Send for complete G-E Diffused |
Junction Rectifier Information:
General Electric Company, Sec-
tion 5233 Electronics Park,

Syracuse, New York.

I Prag cvansur

FORWARD CURRENT ——
AviR4aor M. 4 0. C. -
NOTE: THE ABOVE RECTIFIERS MaYy BE OPERATED AT ANY
PLAK INVERSE VOLTAGE = PEAK CUREENT POINT LOCATED .
BELEW THE CNARACTERISTIC OF TNE PARTICULAR MODEL.

61a



LITTON INDUSTRIES NEWS

ANOTHER ADDITION TO LITTON PLANT TO HELP
MEET YOUR TUBE DEVELOPMENT AND PRODUCTION NEEDS

Litton is now building a new addition to its vacuum
tube plant at San Carlos, California. This expansion
will approximately double tube development and
manufacturing facilities and will allow expansion of
our affiliate, Litton Engineering Laboratories, which
has taken over the manufacture of glassworking
lathes and other machine products. Like the plant
completed last year, the new building has been de-
signed specifically for vacuum tube manufacture; it
has similar reinforced concrete block walls with
large glass-block panels for diffused daytime illumi-
nation.

Included is complete environmental control of
temperature, sound, light and air for optimum man-
ufacturing conditions.

Increasing demand for Litton products has brought
about this expansion, and we expect that the added
capacity will provide greater volume and service to
our friends in industry.

LITTON MAGNETRONS

Concurrent with plant ex-
pansion is a marked increase
in the variety of pulse and
CW magnetrons for radar,
beacon and countermeasure
equipment. It is quite pos-
sible that Litton Industries
now has in production or de-
velopment the specific tube
to meet your needs.

Application of Litton design
and processing criteria to all
our tube types permits man-
ufacture of tubes that re-
quire no aging racks in the
plant or in the field and have
long shelf life with snap-on
operation to full rated pow-
er output immediately after
completion of the cathode
warm-up period.

2674

‘ MEEEel. B INDUSTRIES

1025 BRITTAN AVENUE ¢ SAN CARLOS, CALIFORNIA » U.S. A.
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! SEE THE RESULT
OF TEN YEARS OF

Engineering Leadership

IN PRECISION

HERMETICALLY SEALED TERMINALS
On DZ@ID:E el o LT e

MULTIPLE HEADERS, OCTAL PLUG-INS, TERMINALS, COLOR
CODED TERMINALS, END SEALS — for every electronic and elec-

trical application.

s ¢
Cb‘v IMW! A warm welcome awaits you

at BOOTH 2-314, I.R.E. SHOW and SUITE 1010, ROGER SMITH
HOTEL (Just across from Grand Central Palace) BE SURE TO
VISIT BOTH E-1 HEADQUARTERS!

TEN YEARS of specialization in the

manufacture of hermetically sealed ter-

minals, including the solution of some of usual circuit requirements at a practical
the most difficult of terminal sealing pro cost. For full information on the complete
lems, is one part of the record E-I line ask for the E-I File Folder includ-
engineers. The other is the ing new Bulletin 960.

ECTRICAL INDUSTRIES

DIVISION OF AMPEREX ELECTRONIC CORP.
44 SUMMER AVENUE, NEWARK 4, NEW JERSEY

E-, « » » your Headquorters for Hermeticaolly-Sealed Multiple Headers,
Octal Plug-Ins, Terminals, Color Coded Terminals, End Seals, etc.
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What to see at the Radio Engineering Show
(Continued from page 32A)

Firm Booth
Berlant Associates, Los Angeles 16, Calif.
Theatre 3-304A
Magnetic Tape Recorders and Accessories
“Concertone.”
Beta Electric Corp.,, New York 29, N.\.
High voltage powe supplies.  kilovolt
meters, portable prajection oscilloscopes,
cleetronic micioammeters,
Bird Electronic Corp.,, Cleveland 14, Ohia. 2-410
Termaline coaxial line instruments *RR”
Wattmeters RF watimeters—coaxial
switches—RF tilters,
' o

2-138

Bliley Electric Company
Pd.
2-510

Fused Quartz Ultrasonic Delay
Lines. Quartz Crystal Units,
Crystal Ovens. Frequency Stand-
ards and Crystal Oscillators.

1I'I(‘

Boesch Mfg. Co., Inc

High Speed I.nml'\l Coil Winding ma

chines featuring many improvements pas

ncuhr]\ single and mulnph redetermin

ing electronic precision  counters  with

direct count reading and remarkable wind
| ing speed and acecleration controls. Sub

, Danbury, Coun

miniature Toroidal Coil Winding Machine.
Tape Winding Machine for Toroidal Coils
and Cores.

Bodnar Industries, Inc.

New Rochelle, N.Y.
1-708
Plastic  Lighting Plates  (MI11-P-7788) Trat

equipment. As approved by 1the National Ru-
reanr of Standards for checking lighting ratios,

famp  liighiness, Gloss ratio. contrast and
surfare ewdarnnee. Exhibit of selected light
ing tes. illominated . Aid in laveut, size
nomenclature and coust of pancls and dials

for the projeet engineer or buyer.

Bogart Mfg. Corp.,
Brooklyn 6, N.Y,

4-126

Microwave Transmission Com-
ponents and specialized elec-
ironic assemblies.

(Continued on page 124A4)
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| New G-E Subminiature Metal-clad Capacitors with
Permafil dielectric and silicone end seals provide excep-
tional ruggedness and service reliability.

YEARS OF ELECTRICAL
PROGRESS -

G.E. ANNOUNCES a new line of
subminiature metal-clad capacitors

with silicone end seals and a solid dielectric for

operation from —55 C to

This new line of General Electric subminiature metal-
clad capacitors offers the designer and user of electronic
equipment the utmost reliability under the severe oper-
ating conditions required of military equipment. G-E
metal-clad capacitors are rugged units that provide
the essential advantages of small size, no liquid leakage,
and high insulation resistance. They also will withstand
extreme temperature and humidity conditions.

While these capacitors have been designed for applica-
tion in the temperature range from —55 C to +125 C
without deraring, they can, with proper derating, be
operated up to 4150 C.

G-E subminiature metal-clad capacitors offer two im-
portant, exclusive features that insure outstanding per-
formance:

e Solid dielectric—G.E."’s Permafil--to provide ex-
cellent electrical characteristics and to eliminate
the possibility of leakage.

+125 C without derating

¢ Silicone end seal for high shock resistance
thermal and physical.

both

G-E subminiature metal-clad capacitors meet all require-
ments of JAN-C-25 and the proposed MIL-C-25. They
can be supplied in both tab and exposed foil designs
depending upon your application requirements.

Need Wax Replacement? If you are caught in the squeeze
because of the recent elimination of characteristic J (wax) from
the proposed MIL-C-25 specifications, you need not go to a larger
capacitor {or continue to use an unacceptable product). See back
page of this advertisement for information about a new line of
G-E liquid-filled metal-clad capacitors. They're as small as the
wax units, yet have superior life characteristics which moke them
a “natural” for military equipment.

GENERAL @B ELECTRIC

See next page for informative data on these new G-E capacitors



HERE'S WHY G-E SUBMINIATURE
CAPACITORS GIVE SUPERIOR PERFORMANCE

G-E subminiature metal-clad capacitors, designed
for operation at +125 C withour derating, provide
the highest degree of service reliability. The use of
Permafil (solid) dielectric and silicone end seals—
G-E exclusives—provide advantages of major im-
portance.

For more than two years, Permafil has proved its
reliability in G-E capacitors used in electronic
equipment such as aircraft engine control, airborne
radio and radar communication equipment, ground
radio communication equipment, ang in Thyratron
controls for B-36 and B-47 gun control. During this
period, there has been no reported service failure of
any G-E Permafil capacitor.

Since Permafil is a solid, it eliminates the possi-
bility of leakage. Permafil also gives G-E metal-

METAL-CLAD |

clad capacitors excellent electrical characteristics.
Capacitance varies only 1 percent over the temper-
ature range from 0 C to +125 C and only 7 percent
over the entire range from —55 C to +125 C.

Silicone end seals provide exceptional resistance
to both physical and thermal shocks. An added
advantage is the fact that this seal will meet the
moisture resistance tests of JAN-C-25 with d-c
potential applied.

Muf ratings of these new G-E metal-clad capacitors
range from .001 to 1.0 muf in voltage ratings of 100,
200, 400 and 600 volts d-c working. They can be
operated atfull voltage up to altitudes of 50,000 feet.
Case sizes range from .235 inches in diameter and
1+ inches in length to 1 inch diameter and 2%
inches length.

GENERAL 3 ELECTRIC



SMALL SIZE of new G-E subminiaturc metal-clad capacitors is graphically
shown here, The cut-away view at the far left, approximately 115 times
actual size, illustrates the construction features of this new linc.

1. Solder right up to the case with new 2. Withstands vibration and rough 3. Undamaged by dropping, the two
G-E silicone end seal  no need to waste  handling. This view shows a glass-  capacitors are shown here -~ note that
Ly inch of valuable space because of  bead-scaled capacitor and a silicone-  there are no cracks in the G-E silicone-
danger of cracking glass. scaled capacitor being dropped. scaled unit.

4. At +125 degrees cen- 5. At —55 degrees centigrade, thc 6. Capacitance vs. temperature is shown by this
tigrade, the capacitor con-  subminiature G-E meral-clad capacitor tvpical curve. G-E capacitors with Permatil die-
sistently maintains 100 per-  with Permafil diclectric shows less than  lectric have very little capacitance change through-
Cent capacitance. 7 percent loss in capacitance. out the entire range from —55C to +125 C.

‘E PERMAFIL DIELECTRIC

PERMAFIL

PERCENT CAPACITANCE

80
-55-40 -20 0O 20 40 60 80 100 125

TEMPERATURE IN DEGREES CENTIGRADE




New G-E Pyranal* Metal-cload Capacitar averages
209% smaller in size than a comparahle oil-filled unit.
It is as small as the subminiature wax unit, yet has
superior life characteristics.

ANNOUNCING also ... a new line of G-E
Pyranol liquid-filled metal-clad capacitors

subminiature in size—inexpensive—for operation to 485 C

This new line of G-E subminiature metal-clad capacitors
with Pyranol diclectric equals its 125 C Pcrmaﬁrcousin
for reliability and ruggedness. Itis designed for operation
from —55C to +85 Cwithour derating.

Pyranol, long noted for its high dielectric strength
and exceptional stability, has been used in G-E capaci-
tors for more than 20 vears with excellent success. Now
recently improved, Pyranol makes possible a small-size
capacitor with extremely good life characteristics.

This G-E metal-clad line also incorporates the silicone
end seal for maximum resistance to shocks —both
thermal and physical ~and thus permits soldering right
up to the bushing without danger of damaging che seal.

G-E Pyranol metal-clad capacitors can be supplied in
cither tab or exposed foil designs in ratings from .001 to
1.0 muf in voleages of 100, 200, 400, and 600 volts d-c
working.

Delivery of G-E Subminiature Capacitors. While many
sizes and voltage ratings of both the 125 C Permafil and
the 85 C Pyranol metal-clad capacitors are available for
immediate shipment, not all muf and voltage ratings are

in stock. However, the full line of cach type of G-E
metal-clad capacitor will be in “'stock shipment”
shortly. If your requirecments demand the highest per-
formance standards for subminiature capacitors, check
with your nearest G-E Apparatus Sales Office for exact
delivery information. Or write to Section 442-4, General
Electric Company, Schenectady 5, New York.

*Reg. trademark of General Electric Company
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Capacitance vs. Temperature is shown by this typical curve. G-E
Pyranol subminiature metal-clad capacitors have only a small
capacitance change through the entire range from — 55 C to 4-85 C.
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HERMETIC is now actively engaged in the develop-
ment of hermetic seals for both point contact and junction
transistors. These are being designed for plug applications,
feed-through connections, fuse-type mounts, etc. Typical of
other HERMETIC innovations, they will be noted for accuracy,
sub-sub-miniature designs and a variety of shapes and flanges
to fit every form of housing. In addition, it will be possible to
use these new hermetic seals for both single and double mount.

for information and assistance concerning your own
transistor problems. Please submit sketches indicating mounts,
limiting dimensions, number and size of contacts and any
other applicable specifications.

HERMETIC's 32-page catalog is also available with a wealth
of data on hermetic seals. Your copy is free!

33 South Sixth St., Newark 7, New Jersey

FIRST AND FOREMOST IN MINIATURIZATION
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9
A DUAL TR TUBE N

Each section of the BL27 is electrically similar to Type 1B63A. The
two sections have a common wave guide wall and a common gas fill.
Used with short-slot hybrids,* the BL27 provides a highly compact

duplexer of utmost simplicity, with excellent performance over the

band of 8500-9600. mc. with respect to both transmission and recep-

tion characteristics.

*Procecdings |.R.E. February, 1952, Poge 180

For additional information
write for Technical
Bulletin T-19.

-

IT'S Z?omac FOR GAS SWITCHING TUBES
TR, ATR, PRE-TR, HYDROGEN THYRATRONS
CRYSTALS AND MICROWAVE COMPONENTS

BOMAC LABORATORIES, INC. BevERLY, MASS.

VISIT
BOOTH
4-907
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ONLY THE LFE 401 OSCILLOSCOPE

Offers all these

Important Features

HIGH SENSITIVITY AND WIDE
FREQUENCY RESPONSE
OF Y-AXIS AMPLIFIER

The vertical amplifier of the 401 pro-
vides uniform frequency response
and high sensitivity from D-C.
Coupled with a sensitivity of 15
Mv./cm peak to peak at both D-C
and A-Cis a response characteristic
which is 3 db. down at 10 Mc. and
12 db. at 20 Mc. Alignment of the
amplifier is for best transient re-
sponse, resulting in no overshoot for
pulses of short duration and fast rise
time. An example of the wide band
response of the amplifier is shown
in the accompanying photographs.

75 Mv., 0.2.sec width, L sec sweep full scole

TRIGGER GENERATOR with variable repetition rate
from 500 to 5000 cps.

POSITIVE & NEGATIVE UNDELAYED TRIGGERS and a
POSITIVE DELAYED TRIGGER are externally available.

LINEARITY OF VERTICAL

DEFLECTION The vertical amplifier
provides up to 2.5 inches positive or
negative uni-polar deflection without
serious compression; at 3 inches, the
compression is approximately 15%.
The accompanying photographs il-
lustrate transient response and line-
arity of deflection.

SWEEP DELAY The accurately
calibrated delay of the 401 provides
means for measuring pulse widths,
time intervals between pulses, accu-
rately calibrating sweeps and other
useful applications wherein accurate
time measurements are required.

The absolute value of delay is accu-
rate to within 19, of the full scale
calibration.The incremental accuracy
is good to within 0.1¢, of full scale
calibration.

Additional Features:

An INPUT TERMINATION SWITCH for terminat-
ing transmission lines at the oscilloscope.

A FOLDING STAND for convenient viewing.

FUNCTIONALLY COLORED KNOBS for easier
location of controls.

SPECIFICATIONS

Y-Axis
Deflection Sens.—15 Mv./cm, p-p
Frequency Response —DC to 10 Mc
Transient Response — Rise Time
(109,-90%) 0.035 u sec
Signal Delay —=0.25 1 sec
Input line terminations — 52, 72 or
93 ohms, or no termination
Input Imp.— Direct — 1 megohm,
O unf
Probe —10 megohms,
10uuf

X-Axis

Sweep Range —0.01 sec/cm to 0.1
u sec/cm
Delay Sweep Range —5-5000 1 sec
in three adjustable ranges.
Triggers — Internal or External,
4 and —, trigger generator,
or 60 cycles, undelayed or
delayed triggersmay be used.
Built-in trigger generator with repe-
tition rate from 500-5000 cps.

General

Low Capacity probe
Functionally colored control knobs

Folding stand for better viewing

Adjustable scale lighting

Facilities for mounting cameras

PRICE: $895.00

Designed and built for electronic engineers, the 401,
with its high gain and wide band characteristics, and
its versatility, satisfies the ever-increasing require-
ments of the rapidly growing electronics industry for
the ideal medium priced oscilloscope.

Booth 4-105 New York IRE Show

LABORATORY for ELECTRONICS, INC.

75 PITTS STREEY o

BOSTON 14, MASS.

PRECISION ELECTRONIC EQUIPMENT ¢ OSCILLOSCOPES » MAGNETOMETERS  COMPUTERS o MICROWAVE OSCILLATORS ¢ MERCURY DELAY LINES

PROCEEDINGS OF THE I.RE.
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Why the Mallory UHF Tuner
Should be Part of Your New TV Plans .

The Mallory UHF Tuner can be the complete answer to your UHF tuning
problems . . . whether you build converters, all-channel receivers, or both.
It consists of three sections of variable inductance. It covers the range
between 470 and 890 megacyveles with approximately 2 mf of shunt capacity.
Selectivity is excellent over the entire band.

No matter how you decide to handle the problem of UHF reception, it will
pav you to investigate the various possibilities offered by the Mallory UIIF
T'uner. One of the following combinations is the answer to your requirements. ..

FOR CONVERTERS... FOR RECEIVERS...

UHIF Tuners, for use in combination with VHF
tuners, are available in 3 different designs . .. each
in 3 different stages of assembly: (1) To convert
UHF signals to 82 megacycles on channels 5 or 6.
(2) To convert UIIF signals to 130 megacycles.
(3) For operation into a 41 megacycle IF amplifier.

)
[}
|
| £ ~
| ® Mallory UHIF tuning element.
l © Mallory RF assemblies. This includes the tuner,
| oscillator, tube, crvstal and associated circuitry.
o Mz'lll(.)ry U ll.F Tuning element for manufacturers 1 ® Mallory RF assemblies with an IF amplifier
building their own converters. | operating at conversion frequency.
® Mallory UHF Converter chassis. .. ready to I
mount in your cabinet. |
r . . | Get in touch with us regarding the Mallory UHF
® Complete Mallory UHF Converter with your | Tuner. We will be glad to work with you... see
brand label. | how these various possibilities can be fitted into
your plans for UHF television. Write today.
Television Tuners, Special Switches, Controls and Resistors
a

P.R.MALLORY & CO.Inc. SERVING INDUSTRY WITH THESE PRODUCTS:
Electromechanical —Resistors * Switches ® Television Tuners * Vibrators
A L L o R Electrochemical—Capacitors « Rectifiers ®* Mercury Dry Batteries

Metallurgical—Contacts* Special Metals and Ceramics * Welding Materials

P. R. MALLORY & CO., INC., INDIANAPOLIS 6, INDIANA
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Centralab Model 2 EXPRESS keeps you
ahead on AM-FM-TV

Quick delivery plus these

features make the Model 2 Express

the control for you!->

® resistance range: 1, megohm ® bushing: 14" long from mount-
and 1 megohm + 30% ing surface. %” 32 NEF thd.

@ taper: Audio, Centralab C2 ® switch: Sinjibpnle. single

@ wattage rating: 15 watt throw, rated S amps at 125

® voltage rating: Tested to with- volts a.c. UNDERWRITERS
stand 1000 volts rms APPROVED.

® morkinF: Control stamped with @ how to order: Specify Centralab
Centratab part number, resist- Express radiohm, maximum re-
ance and taper ; shaft stamped sistance desired (either 15 or
with shaft number (Except t meg.) shaft length desired by
Number 1) number and/or Ficn,gth FMS.

Specify quantity.

You can always count on Centralab’s wide
variety of standard and custom controls to meet

g;y;‘;;/ne:’ggaf,';;gj,'g;",%;;;;{r;'h,; commercial and government requirements

basic switch ratings available 5, 8 and

1 amp, plus 8 switch combinations for
real flexibility in application and de-

f,i,%':; gal::ck 0. 42:85 in coupon for ENTRALAB'S newest — the Model 2 Express — is ideal for the manu-

facturer needing controls on c¢xtremely short notice. Unique time-saving
featurce simplifies shaft assembly requirements — control shaft fits all standard
RTMA split-knurled and certain spring-type push-in knobs.

Shafts and controls are carried in stock at our plant. When your order is
received, desired shafts are staked directly to controls. Control assembly
arrives in your plant in just a few days! To help you plan, Centralab will even
tell you approximate delivery time in bours, from the c&tc your order is received.

The new Express is available in two values: 14 megohm and 1 megohm,

E audio taper (C2) with SPST a-c line switch. These two values meet 75% of
Model 1 Radiohm miniature contrel, requitements for switch-type controls. Flat shafts are stocked separately in
rated 1/10 watt — plaio and switch 14 lengths ranging from 74" from mounting surface to 215" fms in incre-
TESH for henring. aide, oeher mimarare ments of 13", For complete details check No. 42-163 in coupon.

uses. New high-torque control now

availablch (s:t‘amisl\{ibl:‘ation to 3.0
ce-i o . 42-158.
ounce-inches. Sheck o A Division of Globe-Union Inc.
\ Milwaukee 1, Wis,
RS - 4
\ ®

In Canada, 635 Queen Street East, Toronto, Ontario

Other famous Centralab plain or
switch-type controls — standard
or custom designs — with plain
or dual concentric shafts are
shown at left. Ther meet today's
demand for smaller size, extra

uality. Check coupon for more
3ctails. Manufacturer’'s samples
on all controls on rctlucsl.

CENTRALAB Div. Globe-Union Inc.

920 Eost Keefe Avenue, Milwaukee 1, Wisconsin

[J No. 42-85; [0 42-158; 42-182; (7] 42-163. Please send the
bulletins I've checked. (] I'd also like a copy of Centralab's new
Catalog No. 28, listing more than 470 new items for the fast-chang-
ing electronic field.

MILITARY 77?‘5’%‘&%‘:’ ‘l“g ................. POSIION.......o.ooeviiene, -
Newly announced Compentrol combines types RV2A or 2B, | .
volume control and Printed Electroni variable resistors on your next Company . o
Circuit. Equalizes bass _and treble re military order —lthcrcspo con- P U .
sponse at low volume. Furnished in 14 tractual approval or waiver re. B
or 1 mcg—plain or switch types. Chelk quired. They meet JAN-R-94, City. Zone SALCuuneen s sseesssssrreseressen

No. 42-182 in coupon for more details. characteristic U requirements.

PROCEEDINGS OF THE I.R.E. March, 1953 69A



TYPE 1T
Output 20V - 200 ua
Specifications at 45° C

Max. Reverse Current. .. .6.0 xaat 26V

Rated Forward Current. .. ... .. 200 %a

Shunt Capacitanceat 200 KC. 0.000057 «f

Maximum Ratings

Peak Inverse Voltage......... 60 volts
Max. Average Rectified Current. . 200 ua
Peak Rectified Current......... 2.6 ma
Max. Surge Current (1 sec)..... 10 ma

Ambient Temp. Range. . —501t0 100° C
Max. RMS Applied Voltage. . . .26 volts

Max. RMS Input Current. ... .. 500 ua
Max. DC Output Voltage. ... .. 20 volts
Voltage Drop at Full Load. .. ... 1 volt
Reverse Current at 10 V RMS. . .0.6 «a
2 Frequency, Max. . ... ......... 200 K¢

Also available in 2-cell Diodes.

TYPE U SERIES ”

TYPE 1U1
Qutput 20V - 1.5 ma
Specifications at 45° C

TYPE T SERIES

Max. Reverse Current. . .. . 27 wa at 26V

Rated Forward Current. . ... ... 1.5 ma.

Shunt Capacitance at 100Kc. . 0.00014 »f \J
Maximum Ratings b U

Peak Inverse Voltage . 60 volts

Max. Average Rectified Current. .1.5 ma \J b

Peak Rectified Current......... 20 ma

Max. Surge Current (1 sec)..... 80 ma

Ambient Temp. Range. . —501t0 100° C

Max. RMS Applied Voltage. . . .26 volts L

Max. RMS lnput Current. . ... 3.75 ma

Max. DC Output Voltage. .. ... 20 volts

Voltage Drop at Full Load. . . . ... 1 volt u

Reverse Current at 10 V RMS. . .24 »a

Frequency, Max. ............. 100 K¢

Also available in 2, 3 and 4-cell Diodes. WRITE FOR BULLETIN SD-1

FMINTER NATIONA LR g"c TIFIER,

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

Chicogo Branch Office: 20S West Wacker Drive o Phone: Fronklin 2-3889
New York Branch Office: 12 West 32nd Street, N. Y.1 o Phone: Chickering 4-0017
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You'll Find the
Right Protection

i —

Every Time When
You Look to

A COMPLETE LINE FOR TELEVISION - RADIO - RADAR .
INSTRUMENTS - CONTROLS - AVIONICS

For almost foUr decades’ BUSS and A COMPLETE LINE OF FUSE cLIPS,
has specialized in the production of fuses that S LWL s
are unexcelled for dependahility and quality.

Today, this experience and forward-looking
BUSS research combine to give you the most @
complete line of fuses for modern needs.

Your added assurance of BUSS dependa-
bility is the rigid testing every fuse must under-
go. Sensitive clectronic testing devices check
BUSS fuses for proper construction, correct
calibration and accurate physical demensions.

Turn To BUSS Engineers With Your
Fuse Problems.

They will be glad to assist you in selecting
the fuse to do the job best...and if
possible a fuse that will be available from
local wholesaler’s stocks.

BUSSMANN Mfg. Co. (Division of McGraw Electric Co.)
University at Jefferson.  St. Louis 7, Mo.

Please send me bulletin SFB containing facts on
BUSS small dimension fuses and fuse holders,

Name _

If your protection problem is still in the
engineering state, tell us current, voltage, load
characteristics etc.

Title
Company

Address
BUSSMANN Mfg. CO.. Division McGraw Electric Company

University ac Jefferson, St. Louis 7, Missouri

City&Zone State IRE-353
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General Ceramics’

tiph Tequency

SOFT MAGNETIC

MARK

S,Zec/f?d( witt Conthidence Tor-
HIGH PERMEABILHY
LOW L0SS FACTOR
HIGH-EFFICIENCY _
—LIGHT WEIGHT

+1RADE

Ferramics offer many outstanding advantages. These widely
adopted magnetic core materials have reduced assembly
time by eliminating laminations in inductive components,
cut costs and reduced space requirements by replacing tubes
in digital computers, and revolutionized microwave trans-
mission design by use of gyrator effect. Ferramics have
improved designs in numerous other equipments, and have
resulted in the development of basically new techniques in
still others. Current research indicates still greater gains to
come. The complete story on Ferramics

is available without obligation. MiCcs

3 18 1412

— IF YOU NEED ENGI-
NEERING ASSISTANCE
ON SPECIFIC PROBLEMS

The General Ceramics tech-
nical staff will be happy to
consult with you. Just call or
write Sales Engineer, Ferra-
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oozl CERAMICS und smmrs CORP.
< : Perth Amboy £-5100 A~
ond PLANT:

GENERAL OFFICES KEASBEY, NEW JERSEY
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are Rated at 1000 Working Volts

Modern Engineering Requires This

“HEAVY DUTY” CERAMIC CAPACITOR

The heavier ceramic dielectric element made by an
entirely new process provides the necessary safety fac-
tor required for line to ground applications or any
application where a steady high voltage condition may
occur. Designed to withstand constant 1000 V.A.C.
service.

It is wise to specify RMC “HEAVY DUTY” by-pass
DISCAPS throughout the entire chassis because they
cost no more than ordinary lighter constructed units.

Specify them too, for your own peace of mind, with
the knowledge that they can “take it.” And if you want
proof — request samples.

i

A New Development from the
RMC Technical Ceramic Laboratories

\
. DISCAP o PV
CERAMIC y
CONDENSERS AN\L
e e \

— )

RADIO MATERIALS CORPORATION
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, IH.

_
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FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.
DISTRIBUTORS: Contact Jobber Sales Co.. 146 Broadway, Paterson 1, N. J.
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Frvidence of Excellence

. SHEET METAL
Mi :hfureP age FABRICATION

IlAlﬂHM

Miniature Power Resistors

WIRE WOUND—SILICONE
COATED RESISTORS

Comi)lete welded constructlon from ter-

minal to terminal. Temperature coeffi- -
cient 0.00002 deg. C. Ranges from 0.1

Ohm to 55,000 Ohms. dependmg on Type, i
Tolerance 0.05%, 0.1%, 0. 5 0, 0.5%. 1%,
3%, 5%.

RH TYPE

Available in 25. 50 and 250 watt sizes.
Silicone sealed in die-cast. black anodized
radiator finned housing for maximum
heat dissipation.

And what's more essential to quality in
your sheet metal fabrications than ex-
treme attention to detail? From your
drawings or instructions, to the com-

pleted part, nothing escapes our critical,

detail-inspection. It's extra time we

' RS TYPE willingly spend to assure you complete
Available in 2 watt, 5 watt. and 10 watt
sizes. Silicone sealed offering maximum Saﬁsfacﬁon, Sfop by Cll'ld see us at Ihe
resistance to abrasion, high thermal con-
ductivity and high di-electric strength. SEE us AT show. We'll have some interesting —
} 0
DEPOSITED CARBON RESISTORS ' | BOOTH 4-130

amples of our work to show you.

| IRE SHOW

Aluminum Spot Welding ® Heliarc Aluminum Welding

o REPRESENTATIVES *

Dalohm precision deposited carbon re- Frank W. Taylor Co. Paul R. Sturgeon
sistors offer the hestfln accuracy. stabil- P.O. Box 316, DeWitt, N.Y. 25 Huntington Ave., Boston 14
ity, dependable performance and econ-

R A Kenneth E. Hughes Co. Samuel K. Macdonald, Inc.
omy. Available in !z watt, I watt and 2 17 W, §0th St., New York 23 1531 Spruce St., Philadeiphia 2

watt sizes.
William E. McFadden

150 E. Broad St., Columbus I5, Ohio
MANUFACTURERS

Speciol Steel Equipment T H E
kot RIESTER & THESMACHER ‘
Sheet Metal COMPANY

Building Products
VENTILATION, 1526 W. 25TH ST, CHerrY 1:- 0154

AIR CONDITIONING CLEVELAND, OHIO

Carefully crafted in every respect, Dal-
ohm resistors are true power in miniature
—provide the answer to those spuce prob-
lems.

DALE PRODUCTS, we

PROCEEDINGS OF THE I.RE. March, 1953
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abore

PECA°’ Series
Photo~Electrie

Control

Factory-set to turn lights on at 35
f.c.; off at 58 f.c. as specified by
CAA. Low-loss circuit insulation,
High-wattage industrial type re-
sistors. Tube ratings well over oper-
ational requirements. Fail-Safe: if
ony parts fail in service, lights au-
tamatically turn on. Models for all
foad capocities.

COMPLETE KITS FOR
TOWER LIGHTING

Backed by years of leadership, H & P lighting equipment
is today the accepted standard throughount the world. Many
exclusive features assure easy installation, low maintenance

costs. . . dependable operation under all climatic conditions.

Everything Needed for any Tower, 150 to 900 feet!

H & P Complete Tower Lighting Kits include every item essential to
the completed installation — every bolt and fitting . . . H & P Complete
Lighting Kits, in today's critical market, will save you on purchasing,
erection, and completion time...The H & P 300 MM Code Beacon
(shown left) has 10 exclusive features, is CAA approved.

Single and double
Obstrmction Lights
below

Bases ruggedly canstructed of heavy
aluminum allay castings. Precision ma-
chining insures proper light center when
vsed with specified lamp. Prismatic
globes meet CAA light specifications.
Relamping accomplished without remov-
ing prismatic globes. Mounting base de-
signed for standard A-21 traffic signal
lamps.

above SF-30-E
Merecury Code
Flasher

Madels available for any loads.
Compact, spray-tight and drip-
proof cast aluminum housing mount-
able on vertical OR horizontal
member. Heavy-duty, self-starting,
constant-speed synchronous timing
motor is unaffected by extreme
temperature and voltage ambients.
Positive-acting ELECTRONIC fail-
safe circuit guards against failure

Lighting for Airports, Bridges, To
9 9 P » Sricges, Towers of ANY component.

Buildings and all obstructions
hazardous to air commerce.

Sold only through jobbers
and Tower Manufacturers.

Complete Kits for CAA specifications A-1 10 A-5 towers include
every item essential for complete tower lighting installation.

HUGHEY & PHILLIPS

TOWER LIGHTING DIVISION

60 East 42nd Street ® New York 17, N. Y.
Head Office ®

Send for FREE Catalog

Write on your
letterhead for
new, detailed
catalog. We will
also send you
the name of
your nearest H
& P distributor.

Encino, California
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4&‘0%% Machlett Contribution Toward Better,

More Reliable Tubes for Industrial Service

ML-6257 is the latest addition to Machlett’s
line of tubes specially designed and processed
for use in electronic heating equipment. It ful-
fills a long standing requirement for a long life
tube which can safely provide 3 ki of heater
output with reliability and economy.

ML-6257—with its companion tubes ML-6256
and ML-6258—makes available design and per-
formance characteristics which provide a higher
standard of value for all applications—including
AM, FM & TV broadcasting,.

ML-6257 is rated 5 kw plate dissipation with
cooling provided through an integral anode
water jacket. Type ML-6256 with the same rat-
ings uses the Machlett automatic seal water
jacket. Type ML-6258 designed for forced-air
cooling is rated at 3 kw plate dissipation.

Phone, wire or write for more information—
Machlett Field Engineers will be glad to assist
in any tube application problem.

RATINGS AND CHARACTERISTICS

Electrical Data—General

Filament voltage..........couveuevuenenne 12.6 Volts
Filament current.................. 27 Amps
Amplification Factor 21
Interelectrode Capacitances:
Grid-Plate 20 uuf
Grid-Filament ..........ccoveneneneeee. 22 uuf
Plate-Filament .........ccoceeeveunnene 0.7 uuf

Maximum Ratings—Class C Telegraphy
(Key down conditions per tube
without modulation)

D-C Plate Voltage ......cceevervenennnne 5500 Volts
D-C Grid Voltage ...cocoevvevrevencnene —1500 Volts

D-C Plate Current .......ccceveveeeenene 1.5 Amps
D-C Grid Current ........ccocueveueneene 22 Amp
Plate Input ....coeivnveviiinicciennenee 7kW
Plate Dissipation .......ccccecevereenee 5kW

Machlett Industrial and Broadcast Tubes will be exhibited

PROCEEDINGS OF THE IL.R.E.

at the 1953 L.R.E. Show, Booths 1-116 and 1-117

OVER 50 YEARS OF ELECTRON TUBE EXPERIENCE

MACHLETT LABORATORIES, INC., SPRINGDALE, CONNECTICUT
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Industrial Engineering
Notes!

BritisH RApio PArTs SHow

The tenth annual private exhibition of
British components, tubes, and test gear
for the radio, electronic, and telecommuni-
cations industries is scheduled to be held
in the Great Hall, Grosvenor House, Park
Lane, London, on April 14-16, 1953. Over
100 firms will participate in the exhibition
which is designed to acquaint manufac-
turers and engineers with the latest ad-
vances in the design and development of
British radio, electronic and telecom-
munications components, tubes, and test
instruments.

Aubpio FAIR AND EEXHIBITION SLATED

The Audio Fair in Chicago, Ill., will
be combined with the 1953 International
Sight and Sound Exposition to be held
at the Palmer House, September 1--3, 1953.

The combined International Sight and
Sound Exposition and Audio Fair, the
only public high-fidelity audio-video show
to be held in the midwest in 1953, is ex-
pected to attract more than 20,000 persons
during its three-day public and trade dis-
play of leading American and foreign
equipment.

SPRAGUE NAMED UNDER SECRETARY

R. C. Sprague, formerly chairman of
the board of directors and president of
RTMA and long a leader in the electronics
industry, has been chosen as Under Secre-
tary of the Air Force in the Eisenhower
Administration.

Mr. Sprague succeeds R. L. Gilpatric
and will serve under Secretary of the Air
Force, H. E. Talbott. Both appointments
were subject to Senate confirmation.

As Under Secretary of the Air Force,
Mr. Sprague is in a highly important posi-
tion in the Department of Defense and is
the outstanding authority on clectronics
production for the Armed Services among
the top civilian administrators of the De-
fense Department.

It is understood Mr. Sprague reor-
ganized the Sprague Electric Company, of
which he was founder and president, in
order to accept the governmental appoint-
ment, and he has resigned as an RTMA
director to free himself of all organized in-
dustry affiliations.

TECHNICAL AND RESEARCH NEwS

The Civil Acronautics Administration
has announced the release of a study on its
newest air navigation device—the Dis-
tance Measuring Equipment (DME). The
equipment works on principles somewhat
similar to radar, and some 400 DML
ground stations, called transponders, now
are being installed by the CAA along the
airways. The CAA study, called “DME at
Work” is available from the CAJ\, and
will be distributed to persons with a
direct interest in the operational and engi-
neering features of DME. The study de-

(Continued on page 78)

1 The data on which these NOTES are based were
selected by permission from Industry Reports, issues
of December 31, 1952, January 9, January 16, Janu-
ary 23, 1953, published by the Radio-Television

Manufacturers Association, whose co-operation is
gratefully acknowledged.
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BRUSH ELECTRONICS

RECORDS 6 VARIABLES AT ONCE
with Brush Oscillograph

HIS Electronic Analog Computer, developed and manufactured

by the Boeing Airplane Company, permits engineers to explore
problems in all their variations at one time. Hours of laborious
calculations are eliminated.

With the use of the Brush six-channel Oscillograph, results from as
many as six different computations are recorded simultaneously.
Plotting of results is not necessary, since the Brush Oscillograph pro-
vides permanent chart records —immediately! Boeing uses Brush Re-
corders extensively in their analog computer activities and indicates
that their experience with this equipment has been very satisfactory.

Investigate Brush Recording Analyzers for your studies . .. in the
laboratory, on the test floor, in the field. Expert technical assistance
from Brush representatives located throughout the U.S. In Canada:
A. C. Wickman, Limited, Toronto. For bulletin write Brush Elec-
tronics Company, Dept. F-3, 3405 Perkins Ave., Cleveland 14, Ohio.

Visit Brush Booth 1-810 at I.R.E. Show

ELECTRONIC INSTRUMENTS FOR INDUSTRY W\

Sformerly
M SENSS| T}, Brush Development Co.
[} h A
PIEZOELECTRIC MATERIALS o ACOUSTIC DEVICES M g ~wmm 7h¢ Jrust Devel ey
ULTRASONIC EQUIPMENT o TAPE RECORDERS [N __amm is an operating unit of
RECORDING Equipment |NSILIS Clevite Corporation
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(Continued from page 77A4)

scribes a series of flight tests and demon-
strations which show the advantages DME
offers to airline operators, military avia-
tion, executive pilots and others. ... In-
creased accuracy in an analogue computer
for the Laplacian equation has been pro-
duced by the National Bureau of Stand-
ards. The electrolytic tank used in most
analogue computers for the Laplacian
equation, has been replaced in the NBS
device by a fine network of resistors. Built
under the direction of L. Marton of the
NBS Electron Physics Laboratory, the
new resistance analogue computer is pat-
terned after a unit developed by G. Lieb-
man, but the accuracy of the device re-
portedly has been increased by improve-
ments and modifications of the original
design. Details on the resistance network
analogue computer appeared in the NBS
Technical News Bulletin for February,
1953. . . . An improved type of short-wave
antenna is described in a government re-
search report made available by the Office
of Technical Services, U. S. Department of
Commerce. The new type antenna con-
tains a coaxial cable in which the inside
central rod is made to extend beyond the
outside cylinder which forms an effective
“sleeve.” OTS says the antenna arrange-
ment is simple and rugged and is struc-
turally more desirable than the widely-
used, conventional dipole arrangement.
The report, PB 107274, “The Sleeve An-
tenna,” is available from the Library of
Congress on microfilm at $5.75 and
photostat, $18.75. Orders should be ad-
dressed to Library of Congress, Photo-
duplication Service, Publication Board
Project, Washington 25, D. C.... The
OTS also has released a research report on
ways to build electronic aircraft equip-
ment so as to eliminate operational dis-
turbances. The report is based on the find-
ings of an Air Force survey of sources of
interference and static and the techniques
for suppressing these disturbances. It is
designed as a guidebook, for both elec-
tronic equipment and aircraft builders.
Copies of the report, PB 111051, “Design
Techniques for Interference-Free Opera-
tion of Airborne Electronic Equipment,”
may be obtained in mimeograph for
$11.50. Orders should be addressed to the
Office of Technical Services, U. S. Depart-
ment of Commerce, Washington 25, D. C.

FCC AcrtiONs

The Federal Communications Com-
mission has finalized, with certain changes,
its proposed rule making of April 17, 1952,
with respect to Part 12, Rules Governing
the Amateur Radio Service, so as (1) to
provide for use of radiotelephone emissions
in the 72-7,300-kc segment of the 7-mc
amateur frequency band, (2) to enable
Novice Class amateur operators to use the
7,175~17,200-kc portion of the 7-mc amateur
bands, (3) to establish standards for
amateur radio teleprinter operation, (4) to
open up the nonradiotelephone segments
of the 3.5, 7, and 14-mc amateur bands to
F-1 (frequency-shift telegraphy) emission

(Continued on page 79A4)
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(Continued from page 784)

and (5) to clarify requirements for the
transmission of amateur call signs, includ-
ing teleprinter operation. The changes
were effective February 20, 1953. By
separate Report and Order, the Commis-
sion finalized its proposal of April 17,

1952, amending Part 12 to permit the |

General and Conditional Class of amateur
operators the use of the bands 3,800—4,000
kc and 14,200-14,300 kc for radiotelephone
emissions, effective February 18, 1953. . . .
The FCC has amended Sections 8.104 and
8.105 of its rules regarding certain fre-
quencies in the Maritime Mobile Service.
The amendments were effective February
16, 1953. The requirements of Section
8.104 concern the rapidity of changing
from one operating channel to another
during transmission or reception by ship
stations using telegraphy in the band
2,065 to 2,107 kc, and on specific fre-
quencies in the bands between 4,000 and
23,000 kc, authorized by international
agreement. In addition, the FCC amended
the section to indicate more precisely the
band of frequencies affected by the rule.

Copies of the amendments (Mimeograph |
No. 84766) may be obtained from the |

Office of Information, Federal Com-
munications Commission, Washington 25,
D. C. ... The eighteenth Annual Report
of the Federal Communications Commis-~
sion covering the fiscal year 1952, which
ended June 30, shows that the number of
radio authorizations issued passed the one
million mark for the first time during the
year. The Annual Report was submitted
to Congress by chairman P. A. Walker.
The FCC report pointed out that there
now are 45 times more nonbroadcast sta-
tions than there are broadcast stations. In
other words, more than 200,000 radio
authorizations are held by public agencies
and by private industry and individuals as
compared with less than 5,000 stations
engaged in program broadcasting. The
broadcast figure includes about 1,200
pickup and studio-transmitter links. The
nonbroadcast figures, on the other hand,
do not indicate the actual number of
transmitters involved, since a single au-
thorization—as in the case of a police or
fire department, railroad, taxicab com-
pany, etc.—can cover many portable or
mobile transmitters. Most of the non-
broadcast radio stations are grouped in the
Safety and Special Radio Services. Their
more than 212,000 authorizations repre-
sent the use of nearly 540,000 transmitters
and constitute the largest number of radio
stations licensed by the Commission. The
safety group, with nearly 80,000 authoriza-
tions, covers the use of nearly 190,000
transmitters in the following fields: Aero-
nautical (42,000 transmitters), Mlarine
(35,000), Police (81,000), Fire (11,000),
Forestry-Conservation (14,000), Highway
Maintenance (4,200), Special Emergency
(1,900), and State Guard (140). The in-
dustrial group, with nearly 14,000 au-
thorizations, covers the use of more than
90,000 transmitters by the Power (51,000),
(Continued on page 86A4)
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THE SIMPSON MODEL 260
VOLT-OHM-MILLIAMMETER

outsells all others combined

because. . .

A covers all ranges necessary for Radio and TV set testing

B includes the Simpson 50 Microampere Meter Movement
known the world over for its ruggedness

mno bulky harness wiring. thus eliminating all intercircuit
leakage at this high sensitivity

p molded recesses for resistors. batteries. etc.

easy battery replacement

all components —including case and panels — are specially SR
designed and completely tooled for maximum utility . . .

(1]

m

not merely assembled from stock parts

ranges 20,000 Ohms per Volt DC,
1,000 Obms per Volt AC
Volts, AC and DC: 2.5, 10, 50,
250, 1000, 5000
Output: 2.5, 10, 50, 250, 1000
Milliamperes, DC: 10, 100, 500
Microamperes, DC: 100
Amperes, DC: 10
Decibels (5 ranges):
— 1210455 DB
Obhms: 0-2000 (12 ohms
center), 0-200,000 (1200 ohms
center), 0-20 megohms
(120,000 ohms center)

SIMPSON ELECTRIC COMPANY
5200 W. Kinzie St., Chicago 44 Phone COlumbus 1-1221

anada' B i e n ¢ ondon. Or

prices

Model 260 $38.95;
WithRoll Top $46.90.
Complete with rest
leads and operator’s
manual. 25,000 volt
DC Probe for use with
Model 260, $9.95.

BURTON BROWNE ADVEPTISING



OHMITE
Hosas

WITH SPECIAL FEATURES ...

S

O

BUSHINGS FOR
SPECIAL PANEL
THICKNESS

Extra-long bushings
and shafts for mounting
on punels up to 2” thick.

360°
WINDING

Available with contin-
wous circular core and
endless winding.

SCREW DRIVER
SLOT SHAFT

Shaft ends slotted for
occasional adjustments
with a screw driver.

SEALED, ENCLOSED
CAGES

Compact, corrosion-
resistant metal cages,
sealed by a double seam.

SNAP-ACTION
OFF POSITION

Opens at high or low
resistance position.
Notchprovidesindexing.

TANDEM
ASSEMBLIES

Two or more rheo-
stats in tandem for si-
multaneous operation.

TOGGLE
SWITCH

Switch is operated with
a positive snap by move-
ment of the eontact arm.

¢ In addition to a complete line of standard rheostats, OHMITE
manufactures a wide variety of rheostats with special features. All have
the distinctive OHMITE design qualities: smoothly gliding metal-graphite

brush; all-ceramic construction; insulated shaft and mounting: N
windings permanently locked in place by vitreous enamel. '
Specify OHMITE for your special-feature rheostats,

and know you’ll get the best!

OHMITE MANUFACTURING COMPANY

4862 Flqurnoy Street, Chicago 44, lllinois )

LESS THAN STANDARD
ROTATION

Has winding space
and angle of rotation
less than standard.

Write on Company Letter-
head for Catalog and Engi-
neering Manual No. 40.

OHMITE ¥

W IN WIRE-WOUND RHEOSTATS AND RESISTORS
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PRELIMINARY ¥

Announcement

SANBORN *"150” SERIES
OSCILLOGRAPH
RECORDING SYSTEMS

(4-, 2-, and 1- channel)
7

E
ST VERSATIL
APH RECORDERS

THE MO

0OSCILLOGR

ON THE MARKET AC-DC PREAMPLIFIER

will produce 1 ecm deflection for o
1 mv AC signal, and 0 1 mm deflection
for o 1 mv DC signal. Also provides far
calibrated DC zero suppression (20X
fuil scale). Bolanced or single ended
inputs.

BAS|C
DRIVER AMPLIFIER
AND POWER SUPPLY

IN
EACH CHANNEL

When the new Sanborn “150” Series is seen for the first
time, all will agree that Sanborn engineers are really
outdoing themselves in their design for versatility. CARRIER PREAMPLIFIER

permits o choice of three interchange-
able oscillators— 400, 1000 and 2500
cycles. Each amplifier equipped with
calibrated zero suppression network
{20X full scale). Overall sensitivity
80 microvolts/cm deflection, ar 40
microinches/inch/¢m (one active arm;
gage factor of 2). With commercial
transducers, sensitivity usually sufficient
for 20X full scale with maximum load
on the transducer.

This increased versatility is being made possible by:
(1) the availability of a greater variety of newly designed ’/
interchangeable Sanborn amplitiers and preamplifierswhich
together encompass such a variety of uses that the record-
ing possibilities of Sanborn Systems will include almost
every phenomenon whose frequency spectrum covers the

range from 0 to 100 cycles per second, and
SERVO MONITOR PREAM-
PLIFIER —AC phose discriminating,
withoverall sensitivity of 10 mv/1 cm de-
flection. Provides DC outputs propors
tional to error signals from 60 to
10,000 cycles per second.

(2) by an original design idea which makes such inter-
changeability more practical. Built into each System will
be a separate DC driver amplitier and power supply for
each of the System’s channels, with provision for “plug in”
counection to the driver amplifier (as shown in the
diagram at night) of the wuser’s choice of a preamplifier
and control panel to complete the desired network for
each channel.

IN ADDITION, the “150” series will include these
Sanborn improvements:

YOUR /

CHOICE OF
INTERCHANGEABLE
PREAMPLIFIERS

LOG-AUDIO PREAMPLIFIER
provides a 50 db dynamic range wtih
resulting chart calibrated 1 db/mm.
(At moximum sensitivity, bottom of
chort equals 0.3 mv input, ond top of
chart 100 mv). 50 db (5 db steps) input
audio aftenvatar. Input provision for
either DC or oudio signals. Audia range
20 cps to 20 ke, DC input ronge from
0.6 to 200 volts.

® Greater convenience and more
area for immediate study of re-
corded events, and for notations
on record

Increased frequency response

DC CONVERTER (Chopper Amp.)
for low level DC recording such as
thermocouple output. Sensitivity 1 mv/

® Improvedregulated power supply

Individual stylus temperature con -

trol for ecach channel

Improved, single control, paper
speed selector. Nine speeds — .25
to 100 mm/sec

PROCEEDINGS OF THE I.R.E.

® Amplifier panels and Recorder

panel all in one vertical plane on
the 4-channel model. Complete
system takes less floor space.

cm deflection,

COUPLING PREAMPLIFIER
will take balanced or single ended in-
puts providing 50 mv/cm sensitivity.

First showing of the new
Sanborn “150" series will be at
BOOTH 2-116, I.R.E. Convention,

Grand Central Palace,
New York City, March 23-26.
Be sure to see it!

March, 1953

Sanborn Company

INDUSTRIAL DIVISION
Cambridge 39, Massachusetts

8la



T R U S c 0 N year ‘round reliability
for ‘round-the-clock programing
STE El TU w ER S When your towers are by Truscon, there’s

less chance of your log reading “off the air’’

(R during storm seasons. Truscon-designed
FOR AM e+ FM ™V and engineered radio towers stand strong
MICROWAVE

and tall under all kinds of weather con-
ditions—and in all kinds of topography.

Truscon builds ‘em for you tall or small
. . . guyed or self-supporting . . . for AM,
FM, TV, or Microwave transmission. Your
phone call or letter to any Truscon district
office—or to tower headquarters in Youngs-
town—will get your tower program going
as soon as defense requirements allow.

See Truscon’s exhibit of radio towers in Booth 2-322,
IRE Convention, March 23-26

m TRUSCON STEEL DIVISION

MALK OF MIRIT REPUBLIC STEEL CORPORATION
TRUSCON@ 1072 Albert Strest © Youngstown 1, Ohio

a name you can build on

el
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DEMCO collector rings and ring assemblies give you
these advantages . . .

ECONOMY . . . laminated construction provides contact
metal where required . . . base metal for strength.

HIGH FINISH . . . on contact surface for long wear and
noise-free operation.

PRECISION MADE . . . it is unnecessary to add further
machine operations.

COMPLETE . . . rotor or pancake type multi-ring and
ring-and-brush assemblies supplied.

PRECISION DRAWN . . . ID held as close as *=.001.
Solid coin silver, brass or aluminum Rev. MIL-T-85.

LAMINATED SILVER . .. on ID for
¢ Low attenuation
e Corrosion resistance

e Highest mirror finish

Laminated silver ID and OD for round tuned lines.

W ith nearly sixty years of experience in the production
of both laminated and solid precious metals, MAKE-
PEACE is today an accepted “headquarters” for the
many special precious metal products and assemblies

Your inquiries are cor- called for in the electronic field.

dially invited and will

receive our prompt and Our staff of thoroughly experienced design and pro-
interested attention. duction engineers and metallurgists . . . as well as our

research and testing laboratory . .. are all at your service.

' n!

D. E. MAKEPEACE COMPANY
‘ Laminated and Solid Precious Metals for Industrial Use * Fabricated
Parts and Assemblies « Bar Contact Material * Precious Metal Solders

MAIN OFFICE AND PLANT, ATTLEBORO, MASSACHUSETTS
NEW YORK OFFICE, 30 CHURCH STREET
CHICAGO OFFICE, 55 EAST WASHINGTON STREET

PROCEEDINGS OF THE I.R.E. March, 1953 83a



Everything you need to mount, house, fasten, connect,
monitor your equipment.

Ist

START WITH
ALDEN MINIATURE
TERMINALS
Here’s a beautiful
A new little Terminal
@ that really puts sol-
@ dering on a produc-
tion basis; taking a
minimum of space
and material. Ratchet holds leads firmly for solder-
ing, no wrap-around or pliering necessary. Unique
punch press configuration gives rapid heat transfer,
taking less time and solder. Designed for Govt.
Miniaturization contracts. Staked in Alden Pre-
punched Terminal Cards, allow patterns for any
circuit.

FOR YOUR SMALLER UNITS .

2 Take Pre-punched Terminal
n Mounting Card rcady-cut to size
you require. Stake in Alden Miniature
Terminals to mount your circuitry.

Prepunched Terminal
Mounting Cards come
in all sizes needed for
Packages: miniature
7-pin and 9-pin units,
or ll-pin and 20-pin
plug-in units. Card is
natural phenolic Vig”
thick prepunched on
4" centers with 101"
holes for taking the

3 d Attach Miniature Terminals,
r Alden  Card-mounting Tube
Sockets and Mounting Brackets, which
mount in the prepunched holes.

€

Alden Card - mounting
Tube Sockets for mini-
ature 7, miniature 9
and octal tubes, are
complete with studs
and eyelets for easy
mounting on Pre-

Mounting
Brackets stake
to the Pre-
| punched Card,
mount Card to
Package Base
and Lid,

Miniature Terminals.
Held

punched Cards.

for soldering

~ FOR YOUR
No pliers—No twisting X 2 nd
N ’
Wires—Buss bars easily accessible { Card in lengths up to 3%

FEL TRomPm
QWJ.P_Q_ Ratchet holds

leads firml
Both sides can be used s Sy

ready made Chassis sizes.

Snip off loops desired to by-pass.

O © O OO ©C

JUMPER
STRIP

Stake under Terminals for common circuits. Loops
match prepunched holes in Terminal Cards. Snip
off loops desired 10 by-pass.

TO OBTAIN COMPLETE

Tiny Sensing Elements specifically designed to spot
trouble instantly in any unit,

Here are tiny components to isolate trouble instantly by providing
visual tell-tales for ecach unit.

“PAN-i-LITE’” MIN. INDICATOR LIGHT

So compact you can use it in places never before possible.
Glows like a red-hot poker. Push-mounts in .348” drill hole.
Bulbs replace from front. Tiny spares are unbreakable, easily
kept available, taped in recess of equipment. Alden #86L,
ruby, sapphire, pearl, emerald.

MINIATURE TEST POINT JACK

Here are tiny insulated Test Point Jacks that make possible
checking critical plate or circuit voltages f[rom the front of your
equipment panel—without pulling out equipment or digging
into the chassis. Takes a minimum of space, has low capaci-
tance to ground, long life beryllium copper contacts. Available
in black, red, blue, green, tan and brown phenolic conforming
to MIL-P 14B- CGF; also nylon in black, red, orange, blue,
yellow, white, green. Alden #110BCS.

ALDEN ‘’FUSE-LITE”

Fuse Blows — Lite Glows.
Signals immediately blown fuse. Lite visible from any angle.
To replace fuse simply unscrew the 1-pc. Lite-lens unit. Mounts

easily by standard production techniques, in absolute minimum
of space. 110V Alden #440-4FH. 28V #440-6F}H.

Free Samples Sent Upon Request

Lay out circuitry with Pre-
punched Terminal Mounting

READY MADE to fit various

Organize circuitry in compact vertical
planes. Use both sides of Prepunched
Card to stake in Alden Miniature Ter-
minals to your circuitry layout. Vertical
position gives ready accessibility; there
is no ‘‘underneath’’ in Alden design.

3 d Attach Miniature Terminals,
r Card-mounting Tube Sockets
and Mounting Brackets, which

% fitany of the prepunched holes.

Alden Card-
mounting Tube
Sockets, ready-
made in variety
of sizes, com-
plete with studs
and eyelets for
easy mounting
on Prepunched

DETAILS

Get one point of check of all incoming and outgoing
leads thru ALDEN BACK CONNECTORS

462-1

462-2

SINGLE CHECK POINT

Here for the first time is a slide-in connector that brings all incoming and outgoing
leads to a central check point in orderly rows, every lead equally accessible and
color coded.

Color coding Generous
Avoid conventional . = a8 ¢ bell-mouthing
rats nest wiring @ o
-
R A\
A Accessible

uncongested

Floating
solder terminals

clip action

EASY INSERTION AND REMOVAL
Mating tolerances permit easy insertion
and removal without demanding crit-
ical alignment tolerances. Assure proper
contact, with salety shielding of dan-
gerous voltages. Leads can be attached
above, below or out of the back for
most direct and efficient interconnects,

efficient wiring
STRAIGHT-THROUGH CIRCUITRY
Wiring is kept in orderly planes, avoid-
ing rat’s nest of conventional back plate
wiring. Connections between Terminal
Mounting Cards are through Back Con-
nectors so that all circuitry is controlled
at this central point. Incompatible volt-
ages salely isolated and separated.

Ready-made Alden Back Connectors meet all conceivable needs, for
slide-in chassis replaceable in 30 seconds with spare.

VISIT OUR COMPLETE DISPLAY AT THE I.R.E. SHOW

LARGER UNITS .



All designed — all tooled — production immediately available
— no procurement problems. Apply ALDEN Standards wholly or in part.

ALDEN . ALDEN

s PLUG-IN PACKAGES PLUG-IN PACKAGES —
Using standard Alden Plug-in Pack- HOUSE PLUG-IN UNITS IN
4fh After mounting your circuits aging Components you can mount a ALDEN BASIC UNI-RACKS
on Terminal Cards. use Alden tremendous variety of circuits on
Y . .
Standard Plug-in Bases, Housings, chassis or in racks.
. . 5 O o o
t Bails for packaging. ‘Moo bl -5 . o o
Alden “20” Rack a fiow <4l - Py
Min. 7 & 9-pin Mounting Socket r t r °cee°p
BASES avail- with extended ears 4 . 17
able, also 11- that mount side by z
pin & 20-pin. side and in multiple
BAILS & rows on U-Cha:;:ls FOUR SIZES
HOUSINGS or that accommodate e s OF CHASSIS
LIDS t. tch. 50 Alden ‘20"’ ‘11 °a° TV
i Plug-in Units illus- 2.2 . |[s mounr
@ :;ud&in 10% x elel ¢ I '8 IN ANY
d 19" rack mounting o o . ° .
\/ ! | | panfl BEL - | comeiNATIiON
?0 = .o opf~? N ADEN
UNI-RACKS

4fh Fit Prepunched Cards

cuitry into Standard Alden Basic
Chassis Body.

See description STACKED

on opposite page.

Mounting all equipment in
Alden Uni-Racks provides a
uniform system easy to handle
and ship. Can be installed
and interconnected as fast as
unloaded.

-2

carrying completed cir-

ALDEN UNIT CABLE

interconnects between Uni«
racks or other major cir-
cuitry divisions. Quick,
sure, coded means of iso-
lating and restoring (with
spare) inter-division
circuits,

Prepunched to your specs.
y accessibility at sides,
front for completing wiring.

- ALDEN
BASIC CHASSIS

with spares provides 30-second servic-
ing for your unitized circuitry.

R
SERV-A-UNIT LOCK

pulls in or ejects chassis,

SEND FOR FREE "ALDEN HANDBOOK"”

Your design and production men have always wanted Your customers and sales force will welcome these
these advantages: advantages:
The big objection to electronic equipment—from the user’s point of view—is
1. Experimental circuitry can be set up with production components, cutting that if it goes out of order he fecls helpless. But you have a perfect answer when
down debugging time. your equipment is made to Alden Standards of Plug-in Unit Construction because
they assure DEPENDABLE OPERATION, as follows—
2. Allows technicians, rather than engineer, to debug, by taking out unit. 30-SECOND REPLACEMENT OF INOPERATIVE UNITS by plugging in avail-
able coded spares.
3. Given the circuitry, nothing further to design—make up from standard Alden TROUBLE INSTANTLY INDICATED AND LOCATED by monitoring elements
components. assigned to each functional unit.
" Aol . q TECHNICAL PERSONNEL NOT REQUIRED to maintain in operation, due to
4. Optimum circuit layout using standard terminal card. obvious color coding and fool-proof non-interchangeability of mating components.
5. Absolute minimum requirements of labor, materials, space. :TOOL.ESS MAII_\'TI}NANQE made possible by patented Alden fasteners and plug-
in locking and ejecting devices.
é. The various sub-assemblies can be built concurrently on separate assembly lines. AIRMAIL SERVICE—
Compact functional units practical to send airmail to factory for needed overhaul,
7. No tooling costs—no delays—no procurement headaches. UNI-RACK FIELD HANDLING UNIT—groups functional units into stacking
cabinets not exceeding one- or two-man handling capacity—go easily through
8. Fewer prints—smaller parts inventory. windows, doors.
CONNECT AS FAST AS UNLOADED, by coded non-interchangeable unit cables
9. Can subcontract assemblies, plugged in between Uni-racks.

SEND FOR FREE 226-PAGE. HANDBOOK

This 226-page Handbook describes fully the Alden System of Plug-in Unit Construction and the
hundreds of components ready-made and completely tooled to meet your every requirement.
It’s a gold-mine for those designing clectronic control equipment that is practical in manu-
facture; dependable in operation.

REQUEST YOUR COPY TODAY — SENT FREE!




Preferred

Value
40000 o Tolerance

Disk Size
56505, - 33,000
w1
D1-6 &~ 15000
15000

DI-5 & o
R
D3 -
DI-2 ¢——°_

' -

Capacmes of from .3 mmf.
ic dielectric materials
from 14 to 6000,
cRunmif i e fo

EUNCETION 4
EIFFED

OLEAN, N.Y.
WILKOR owision

CLEVELAND, OHIO

AEROVOX CORPORATION

NEW BEDFORD MASS.

Export: 41 E. 42nd St., New York 17, N. Y. @ Cable: AEROCAP, N. Y.
® In Canndo: AEROVOX CANADA LTD., Homilton, Ont. JOBBER ADDRESS: 740 Belleville Ave., New Bedford, Mass.
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Petroleum  (15,000), Forest Products
(5,200), Special Industrial (15,000), Low-
Power Industrial (2,300), Relay Press
(nearly 450), Motion Picture (nearly 200),
Agriculture (10) and Radiolocation (11)
Services. The land-transportation group,
with nearly 6,500 authorizations, covers
the use of nearly 145,000 transmitters in
the field of Railroad (9,000), Urban Transit
(1,700), Intercity Bus (400), Taxicab
(125,000), Highway Truck (3,200), Auto-
mobile Emergency (1,500), and Citizens
(3,000). The Amateur Radio Service, the
FCC noted, has more than 113,000 au-
thorizations covering about the same num-
ber of transmitters. The relatively new
Disaster Communications Service has 69
authorizations but more than 400 trans-
mitters. The close of the fiscal year saw
2,420 authorized commercial AM broad-
cast stations and 582 commercial FM
stations. Copies of the FCC Annual Report
may be obtained from the Superintendent
of Documents, U. S. Government Print-
ing Office, Washington 25, D. C., at 40
cents per copy.

RTMA ACTIVITIES

Calling on all television manufacturers
for co-operation, \W. R. G. Baker, director
of the RTMA engineering department, has
presented an RTMA plan for implementing
and accelerating the reduction of spurious-
oscillator radiation in TV transmission and
reception, at an all-industry engineering
conference in the Biltmore Hotel, New
York City. Dr. Baker appointed three
task committees from the RTMA en-
gineering department to carry out the
plan in co-operation with the Joint Tech-
nical Advisory Committee and the Insti-
tute of Radio Engineers. A task committec
on receivers, headed by J. A. Chittick,
of RCA Division of RCA, will have re-
sponsibility for developing technical data
on the limitation of oscillator radiation by
television receivers and a time-table for
carrying out the recommendations. A task
committee, headed by J. E. Keister, of
General Electric Company, will perform
the same functions in the transmitter field.
A third task committee, headed by D. G.
Fink, of the Philco Corporation, will co-
ordinate the work of the other two task
committees with JTAC, IRE, and the
Federal Communications Commission.
This task committee also will have re-
sponsibility for disseminating full informa-
tion on the developments to the industry.
President A. D. Plamondon, Jr., and gen-
eral counsel Glen McDaniel both stressed
the importance of prompt industry action
to reduce spurious-oscillator radiation and
urged complete co-operation of the indus-
try in making effective the plan proposed
by Dr. Baker. ... Two promotions and a
staff addition at RTMA headquarters have
been announced by executive vice presi-
dent J. D. Secrest. P. H. Cousins, who
has been information director of RTMA
for several years, has been appointed
special assistant to Mr. Secrest and staff

(Continued on page 87A4)
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(Continued from page 86A4)

assistant to the technical products divi-
sion. Tyler Nourse, who served as assistant
information director under Mr. Cousins,
has been promoted to the position of edi-
torial director in charge of RTMA pub-
lications. H. F. Hodge, Jr., of Silver
Spring, Md., formerly in government in-
formation service joined the RTMA head-
quarters staff on January 26, as an edi-
torial assistant to Mr. Nourse. The staff
reorganization was effected following the
resignation of R. M. Haarlander, who has
served as staff assistant to the technical
products division for the past five years.
Mr. Haarlander resigned to take a posi-
tion in private industry. .. .:ttorney
General J. P. McGranery on his last day
in office, January 19, announced that he
had revoked the grand jury authorization
for a sweeping investigation of the elec-
tronics industry. In January of last year
the Department of Justice authorized a
widespread probe of the industry, and
RTMA and 17 or more radio and televi-
sion set manufacturers were served sub-
poenas. “Most of the persons to whom
subpoenas were directed have complied
substantially with them,” Mr. McGranery
said. The Attorney General, in halting the
inquiry, indicated that the removal of
whatever restraints may exist in the in-
dustry should more properly be the subject
of civil litigation than of criminal prose-
cution.

MosiLizaTiON NEWS

The Federal Civil Defense Administra-
tion has announced that it is working with
government experts and the radio manu-
facturing industry to develop a small,
low-cost, mass-produced radio which will
receive civil defense and other emergency
information under air-raid alert or bomb-
ing attack if the regular power supply fails.
The proposed radio receiver may be in-
dependently powered by batteries, or it
may be a crystal set, FCDA said. While
the emergency set is being developed, the
public can rely for emergency information
in case of home power failure, on the 27.5
million auto radios and 10 million port-
able battery sets now in operation. The
agency is encouraging the development of
a small, inexpensive portable standard
“CD Alert” receiver capable of receiving
the CONELRAD programs on 640 or 1240
kc. The CONELRAD Plan (Plan for
CON trol of ELectro-magnetic RADiation)
permits AM broadcasting stations to re-
main on the air in civil defense emergen-
cies. . . . The radiation instrument indus-
try, virtually nonexistent in 1946, had an
annual business volume of approximately
$20 million and employed more than 2,400
persons in 1952, according to a survey
conducted by the U. S. Atomic Energy
Commission. Growth of the new industry
has paralleled development of the na-
tion’s atomic energy program since early
1947, when the AEC adopted a policy of
encouraging its operating contractors to
procure radiation instruments from com-

(Continued on page 984)
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Made under Wester: r e agreement, these deposited-
carbon resistors serve a real need in laboratory-grade instruments
and assemblies. For superlative stability under the most adverse
operating conditions, Carbofilm resistors are now available in
hermetically-sealed metal casings with glass-to-metal end seals.
Thoroughly protected — mechanically, electrically, climatically.
Guaranteed tolerance of plus/
minus 1%. Available in 14, 1 and
2 watt sizes. Just about everything
a precision resistor should be!

Also in the coated (special resin
film seal) type for accuracy,
stability, economy. Guaranteed
tolerance of plus/minus 1%.
Excellent characteristics. 14, 1 and
2 watt sizes.

Carbofilm resistors, in both hermetically-sealed and coated types, are
available in standard values as well as special values made to your
Tequirements. Literature on request. Let us quote on your precision
Tesistance needs.,

AEROVOX 0RPORATION

2882 Detroit Avenve, CLEVELAND, OHIO
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O Demney

{

TEST
WITH

. . . For Tenney Test Chambers are
precision-engineered for maximum efficiency
and can be designed to simulate the complete
range of temperature, atmospheric or pressure
conditions found anywhere on earth—or above

TENNEYZPHERE ALTITUDE CHAMBERS

Designed to withstand atmospheric pressure and to
simulate global conditions of pressures, tempera-
tures and humidities. Alcicudes from sea level to
approx. 80,000 ft. Temperature range from plus
200°F to minus 100°F. Also simulaces desired (20%
0 95%) relative humidity.

FOR ACCURACY

~ Menney

it to altitudes of 120,000 ft. plus! They attain
sub-zero temperatures quickly, maintain them
efficiently and provide full instrumentation for
accurate evaluation of complete test data.

TENNEY SERVO UNIT

Portable air conditioning unit which may easily be
attached to various types of laboratory enclosures
—impact machines; tension machines; torsion test-
ers; cold boxes and similar equipment. Through its
use, articles undergoing testing, aging or weathering
can be subjected to wide variations of humidity, heat
and cold. Photo shows scrvo attached to companion
chamber.

-

TENNEY TEMPERATURE
AND HUMIDITY CHAMBERS

These chambers provide positive control of wet- and
dry-bulb temperatures, humidity, and air circulation;
and are designed for research and production testing
of physical quality, fragility, tension, and all other
pertinent factors, at constant conditions or on
planned program cycles.

i

Model TR_Precision recorder controllers permit accurate
simulation and check of temperatures to + 200°F. Meets all
Mil and JAN specifications for low- and high-temperature
requirements by incorporation of temperatures down to

Model TH_specifically designed
for a temperature range of +35°F
to + 180°F, and a humidity range
of 20%-95%. Accurately simu-

—100°F. Humidities within 20%-95% range. Built in a

variety of standard sizes.

lates, controls, and checks all
above-freezing temperatures. Can
incorporate program control for

0

Los

GEORGE THORSON & CO.

88a

TENNEY SUB-ARCTIC INDUSTRIAL CABINETS

Designed for low-temperature testing of metals,
radios, instruments, plastics, liquids, chemicals and
pharmaceuticals. Temperature ranges of —40°F,
—60°F, —95°F and —150°F are standard for each size.

ENGINEERING, INCORPORATED
Chicago Representative:
SPARTAN ENGINEERING CO.
Engineers and Manufacturers
of Automatic Environmental Test Equipment

Angeles Representative:

meeting a2 wide variety of Mil
specifications if desired. Manufac-
tured in many standard sizes.

@ 8670

For further information on these and other Tenney
test equipment, write to Tenney Engineering, Inc.,
Dept. N, 26 Avenue B, Newark 5, New Jersey.
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MEGOHMMETER -

2y

A precision elec-
tronic megohmmeter
which for years has

given satisfactory

service in hundreds

® @ 100 MEG of laboratories and =
[ ] FApe——— N TLA . " ‘
(.u.....,..zi e on production lines. .
80 Ay —~ t\ o > f‘momm

N\ A g‘/‘ o : !

il
a | © MEGOHMMETER @ o
\ i (:\"! 0208
ZEROSS retto ‘n;.yu-n:o.u PRESS
entes ST

® EASY TO READ © RAPID & SAFE TO USE ® ACCURATE

Direct reading on Test voltage removed from Within 3% up to 100,000

a 4 scale. terminals and capacitive com- megohms, 5% from
ponents discharged to ground 100,000 to 2.000.000 A

in all positions of multiplier megohms. f

switch.

T | SPECIFICATIONS
Sealed Components Range: 1 megohm to 2,000.000 megohms in six overlapping ranges
to meet MIL-T-27 Specs selected by a multiplier switch.
Voltages on Unknown: The voltage applied to the unknown
terminals is 500 volts d-c and is independent (less than 1%)
of the value of the unknown.
Stability: Line voltage variations from 105-125 volts will cause
less than 2%, variation in the meter reading. 7
Power Supply: 105-125 volts A.C.
50-60 cycles 30 watts.
Dimensions: 912, x 10!, x 8 inches.
Net Weight: 18 pounds. -

Slug Tuned
Components

Protected against
overload.

Commercial Components

a

Sub-minioture
hermetically sealed
Toroidal Inductors

Freedseal Treatment Miniature Inductors Pulse Modulators
ANE-19 Specs
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ITS magnefic SYSTEM

Of the various elements that make up an electrical instrument, perhaps
the most important is its magnetic system. The strength, uniformity
and stability of the magnetic field determine the degree of accuracy
and reliability of the instrument. Here is how Marion design provides
a magnelic structure of greatl strength, uniformity and stability, and at
the same time keeps welght and cost at a minimum :

MAGNET

All Marion magnets are large, well-aged.,
precisely ground Alnico Il or Alnico V, care-
tully checked for magnetic uniformity and
maximum stable energy

MARION regulars’

In addition to being the largest producer of Rug-
gedized electrical indicating instruments, Marion
has served industry for many years with a line of
unsealed instruments for commercial applications.
These instruments (Marion ‘’Requlars’) have been
refined through the years and today serve the
“blue chips” of industry in the most critical opera-
tions,

POLE PIECES

All Marion instrumenis use sinterted and
annealed high-permeability, full soft-iron

pole pieces, of the type employed in the
The design of these instruments has stayed abreast finest of laboratory instruments.

of new materials and the latest in manufacturing
methods. At the same time they have retained the
basic simplicity of Marion functional design. This,
combined with an elficient, cost-conscious manu-
facturing organization, affords finer instruments at
lower cost.

MAGNET ASSEMBLY

The pole pieces are perma-
nently fastened to the mag-
net by induction soldering.
Spring loaded fixtures force
excesssolderoutoftheseams,
leaving a thin film of great
bond strength and low mag-
netic loss. Final separation
(A) of pole pieces is done
after soldering operation, holding gap con-
centricity to better than .001".

Marion "Requlars’’ are selected by the world’s
most discriminating manufacturers of the finest
elecironic and elecirical equipment as a basic
major component of their finest products.

Marion Electrical Instrument Company
407 Canal Street, Manchester, N. H., U.S. A.

CORE

AllMarion ’Requlars’’ use closely machined
soft-iron cores which are precisely oriented
in the air gap by the instrument frame.
(They are not jig located).

These magnetic systems represent a simple, honest means of providing
uniform stable magnetic lields for Marion Indicating Instruments. They
never include laminations, intricate magnetic stampings or uncertain
mechanical assembly of the components of the magnetic system.

) marion meters

MANUFACTURERS OF RUGGEDIZED AND “REGULAR” METERS AND RELATED PRODUCTS
L

Reg.U.S.Po1. OR.
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Precision-Built ... for dependable performance

Whatever your requirements for top quality
wire-wound components, you can count on
I-T-E products. Power resistors, precision
resistors, deflection yokes—all are specially

exacting standards demanded for critical
electronic applications. Close quality con-
trol and modern production methods give
you assurance of quality components in any

designed and precision-built to meet the

1-T-E POWER RESISTORS

Non-hygroscopic ceramic foundations
are in accordance with JAN specifications.

Purest resistance wires are uniformly
wound to prevent shorted turns and
excessive hot spots. All connections
silver-soldered.

Vitreous enamel coating (organic if
required) provides a glazed moisture-
repellent surface with fast heat-dissipa-
tion qualities.

Advanced production methods assure
high stability, long life.

Standard Tolerance: £10%. £ 5% and less made to order.

1-T-E PRECISION RESISTORS

High-quality wire alloys are used—
free from internal stresses and strains.

Avutomatic precision winding assures
even tension—eliminates hot spots.

Hermetic or vacuum-impregnated seal-
ing protects against destructive effects of
salts, moisture, and atmospheric conditions.

Accelerated aging process prior to
calibration assures accuracy.

Critical quality control eliminates all
resistors which do not come up to high
I-T-E standards.

Standard Tolerance:

quantity you need.

Standard fixed resistors:
5-200 watts

Adjustable resistors:
10-200 watts

Oval resistors:
30-75 watts

Ferrule resistors:
12-200 watts

Special resistors:
builtto specifications

TYPEA:
lightweight, hermetically
sealed—for precision
operation up to 125° C.
Surpass JAN R-93 A,
Characteristic A, and MIL
R-93 A specifications.

TYPE B:
vacuum-impregnated,
moisture-resistant. For
JAN R-93, Characteristic
B, specifications.

Ratings from 0.01 ohm‘-
10 megohms, 0.125-
5 watts.

+1%. Available in specified tolerances down to £0.05%.

1-T-E DEFLECTION YOKES

Wire size and quality constantly
checked. Coils impregnated in
special moisture-resistant thermo-
plastic—properly cured to assure

WRITE FOR DETAILS

firm coil with minimum losses.
Yokes can be obtained complete
with wire leads, resistors, and
capacitors to your specifications.

WIRE-WOUND PRODUCTS

SNe—"
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I-T-E RESISTOR DIVISION
1924 Hamilton St., Phila. 30, Pa. ¢ A division of the I-T-E Circuit Breaker Co.
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N Recommended T i Coils of ALL types are made better* on
BRITISH Sy

i O MLGLAS . WACIDIE

(URP Britain’s Finest f(u/ WM " ”’ i

ngincering service and spare parts stocks
always available throughout U.S.A.

AUTOMATIC COIL WINDER
! ! Designed for the winding of coils where set-up time is long compared with actual winding time.

Rugged . FaSt . W hile one coil is being wound, the other can be finished and replaced by a new bobbin ready to
Bullt for FEATURES: Pre-determined type of revolution counter ® Magnetic clutch for positive control
Lead screw traverse ® Easily changed gears for quick setup ® Micrometer traverse adjustment

start another coil.
prOduCtlon .’ ® Foot control » Tension devices of advanced design.

ON DISPLAY at |.R.E.EXHIBIT: Grand Central Palace- New York - Booth 2-515, March 23 to 26

British Industries Corp. Dept. IRE-3
164 Duane Street, New York 13, New York
Gentlemen:

Compare results! Illustrated coils are some of the many types that may be wound on r
1
1
: Please send complete caotalogue of Douglas and Macadle Coil Winders.
1
1
1
i
3

the more than 30 models of AVO Douglas and Macadie Precision Coil Winders, designed ! 5
to duplicate coils with absolute accuracy at highest speeds, under production conditions. 2 5 CATALOGUE
Easy to set up! Easy to maintain! Easy to operate! Low initial cost! - : SENT WITHOUT

1 you are considering a coll winder... write foday == IR

AR AR MR C R YR Y M WA ARG TSR N T A W . .. e e NN -y a, g~ ny wvv

Naome

Firm - 20

Poslition

- P .
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PYRAMID

subminiature

“"GLASSEAL”
CAPACITORS

For the most demanding applications,
where top-quality and minimum-size
considerations are the most vital fac-
tors, Pyramid “Glasseal” capacitors
are the popular choice.

Power Factor vs. Temperature Curve

This attractive new catalog PG-3, incorporating
complete engineering data, styles, sizes, and
capacitance and voltage ranges is now available.

% Capacitance Change vs. Temperature

These graphs show typical performance characteristics
of the Pyramid "Glasseal X" type, which is designed
for 125°C. operation. Full information on all "Glasseal”
capacitors is provided in new catalog PG-3.

.-
TowreaaTun ‘¢

Visit Booth 2 - 310

1. R.E. Convention

For your free copy, please address letterhead request to Department F1

PYRAMID ELECTRIC COMPANY

Taar UNINEAN BAIIIEVADRN a
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electronic wire and cables
for standard and special applications

Whether your particular requirements are for standard or special
application, choose LEN Z for the finest in precision-manufactured

electronic wire and cable.

GOVERNMENT PURPOSE RADIO AND
INSTRUMENT HOOK-UP WIRE,

plastic or braided type, conforming to Government
Specification JAN-C-76, etc., for radio and instruments.
Solid or flexible conductors, in a variety of sizes and
colors.

RADIO AND INSTRUMENT HOOK-UP WIRE,

Underwriters Approved, for 80° C., 90° C. and 105° C.
temperature requirements. Plastic insulated, with or
without braids.

RF CIRCUIT HOOK-UP AND LEAD WIRE

for VHF and UHF, AM, FM and TV high frequency cir-
cuits. LENZ Low-Loss RF wire, solid or stranded tinned

. copper conductors, braided, with color-coded insula-
tion, waxed impregnation.

—-e ) —

SHIELDED MULTIPLE CONDUCTOR CABLES

* Conductors: Multiple--2to 7 or more of flexible tinned
copper. Insulation: extruded color-coded plastic.Closely
braided tinned copper shield. For: Auto radio, indoor
PA systems and sound recording equipment.

SHIELDED COTTON BRAIDED CABLES

Conductors: Multiple—2 to 7 or more of flexible tinned
copper. Insulation: extruded color-coded plastic. Cable
concentrically formed. Closely braided tinned copper
shield plus’'brown overall cotton braid.

S|

SPECIAL HARNESSES,

cords and cables, conforming to Government and civilian
requirements.

L I NE—_—

SHIELDED JACKETED MICROPHONE CABLE
Conductors: Multiple—2 to 7 or more conductors of

stranded tinned copper. Insulation: extruded color- !

coded plastic. Closely braided tinned copper shield.
Tough, durable jacket overall.

JACKETED MICROPHONE CABLE

Conductors: Extra-flexible tinned copper. Polythene
ingsulation. Shield: #36 tinned copper, closely braided,
with tough durable jacket overall. Capagity per foot:
20MMF.

TINNED COPPER SHIELDING AND
BONDING BRAIDS

Construction: #34 tinned copper braid, flattened to
various widths. Bonding Braids conforming to Federal
Spec. QQ-B-S75 or Air Force Spec. 94-40229.

PA AND INTERCOMMUNICATION CABLE

Conductors: #22 stranded tinned copper. Insulation; .
textile or plastic insulated conductors. Cable formed of
Twisted Pairs, color-coded. Cotton braid or plastic
jacket overall. Furnished in 2, 5, 7, 13 and 25 paired, or
to specific requirements.

Lenz Electric Manufacturing Co.

1751 N. Western Ave., Chicago 47, lllinois

Our 48th Year in Business

cords, cable and wire for radio « p. a. « test instruments « component parts
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why is one _lteflection-Free?

THE picture tube faceplate on the
right is free from annoying room re-
flections because its outer surface is
lightly frosted. In this way, RCA
metal-shell picture tubes give you an
important sales feature —reflection-
free faceplates.

Remember: RCA metal-shell pic-
ture tubes with their frosted face-
plates not only suppress bothersome
room reflections but preserve sharp,
graphic picture quality over their en-
tire faceplate area.

Why not make RCA frosted

®

-_— e

faceplate picture tubes an important
feature of your 1953 TV set design.
Take advantage of the extra con-
sumer appeal . . . give your merchan-
dising program new sales power.

For technical data or design help,
write RCA, Commercial Engineering,
Section 47CR. Or simply call your
nearest RCA Field Office:

(EAST) Humboldt 5-3900, 415 S. 5th St.,
Harrison, N. J.

(MIDWEST) Whitehall 4.2900, 589 E. Illinois St.,
Chicago, I11.

(WEST) Madison 9-3671, 420 S. San Pedro St.,
Los Angeles, Cal.

ELECTRON TUBES

PROCEEDINGS OF THE I.R.E.
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RCA Metal-Shell Kinescopes

RCA-21AP3 RCA-21MP4
{magnetic- { electrostatic-
focus type) focus type)

All RCA metal-shell kinescopes
feature faceplates which suppress
aonoying room reflections.

RADIO CORPORATION of AMERICA

HARRISON. N.J.

March, 1953
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Conan A. Priest
DirecTor, 1953-1954

Conan A. Priest, Regional Director of the East
Central Region, was born in Solon, Maine, August
11, 1900. He received the B.S. degree in electrical
engineering in 1922 from the University of Maine
and was subsequently granted a professional E.E.
degree from the university in 1925.

Upon graduation, Mr. Priest spent a year as a
General Electric Company student in Schenec-
tady, N. Y., and then joined the Company’s
transmitter engineering group. A year later he was
appointed section leader of high-power transmit-
ters. In this capacity, he served under W. R. G.
Baker for the next three years during which a num-
ber of the new high-power transmitters were de-
signed and shortwave (100 meters and below)
broadcasting obtained its start.

In 1927, Mr. Priest was selected by General
Electric and the Radio Corporation of America to
make a survey of possible radio equipment sales
in Japan, Formosa, Korea, and Manchuria. Upon
his return in 1928 to General Electric, he was ap-
pointed assistant-in-charge of transmitters, and
later in charge of transmitter engineering.

From 1930-1940, Mr. Priest’s transmitter group
carried out much pioneering in the television field,

as well as experimentation with high-power AM
broadcasting, single-sideband and carrier-sup-
pressed transmissions.

During World War 11, General Electric’s trans-
mitter work shifted to radar and airborne com-
munications equipment at the Syracuse plants,
which were managed by Mr. Priest. At the end of
the war, he was made manager of the transmitter
division of the, then, radio, television, and elec-
tronics department and later became manager of
engineering for the commercial and government
equipment division of the electronics department.
With the reorganization of General Electric in
1951, he became assistant to the general manager
of the commercial and government equipment de-
partment electronics division, his present posi-
tion.

Mr. Priest became an IRE Associate in 1924,
Member in 1938, and Senior Member in 1943. In
1947, he was made an IRE Fellow. He has served
on a number of IRE technical committees and
professional groups, and was instrumental in found-
ing the Syracuse IRE Section, serving as its Chair-
man in 1947. He has been a member of the IRE
Board of Editors since 1941.
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Science and the Humanities

FRANK A. POLKINGHORN

In view of the grave consequences to humanity of the use of certain highly destructive devices produced by scien-
tists, thoughtful engineers have been conscious of the need for more effective control or guidance of the employment
of scientific products. Apparently the humanistic, sociologic, and political accomplishments of mankind have not
kept pace with scientific achievements. This disparity is alarming.

In the following guest editorial by a member of the Bell Telephone Laboratories, Incorporated, who is as well a
Fellow of the IRE, there are presented a thoughtful analysis and a definite proposal aimed ultimately to ameliorate

the present dangerous situation.—The Editor.

In recent years scientists and engineers have
been making new discoveries and developing new
devices and processes so rapidly as to cause grave
concern over the safety of our civilization. So many
of these have been turned into instruments of de-
struction that it has been suggested scientists take
a holiday to allow nonscientists to gain control of
the situation.

There is no denying that the progress of science
has been at a geometric rate in the past century,
nor that scientific developments have posed some
very real problems to civilization. Members of the
Institute of Radio Engineers, composed of scien-
tists and engineers engaged in a wide range of elec-
tronic activities, have had no small part in such
developments during the past forty-one years.

When Marconi sent the first radio message across
the Atlantic a half century ago, he began a new era
in international communications that had vast po-
tentialities for the improvement of international
understanding. These communications aided also
in reducing the dimensions of the world to the ex-
tent that heretofore far-off events cast an immedi-
ate shadow over the entire globe. Improved com-
munications also have been used for unconscion-
able propaganda and have contributed to warfare
destructiveness. In the past fifteen years many ra-
dio engineers have turned their talents away from
communications toward developing radar, the
proximity fuse, guided missiles, and other instru-
ments of war.

No doubt many engineers entered the study of
engineering because they found the laws of nature
more satisfying to deal with than their fellow be-
ings; nature is less capricious, her actions follow
laws that appear to be understood, and there is

none of the strife of human dealings. Perhaps for
this reason the engineer has been content to place
the responsibility for the conduct of human affairs
upon his nontechnically trained colleague, even to
determining uses of his developments.

There has been a long feud between those who
advocate the study of the humanities and those
who advocate the study of technical subjects.
Likely, much of this is the rationalization of one’s
natural interests and approach. Fundamentally,
the humanities are concerned with the experiences
of mankind and lessons that history has taught.
Surely these concern everyone.

Why is it that those who have studied the hu-
manities are now crying that science should stop
and wait for them to catch up? The humanities had
been studied for centuries before science began its
upward spiral. Is it that human relations are too
complex to understand? Can it be that the student
of the humanities has been content to stop at gen-
eralities and does not pursue details to the point of
understanding? Does he fail to determine and re-
late cause and effect? Can it be that the lack of
means for making measurements and the difficulty
of stating results numerically is the reason why
each generation seems to have to travel the same
path as its predecessor? Perhaps what is needed is
a more scientific approach to the humanities and
perhaps the engineer and scientist can aid in this.

Whatever may be the answers, the fact that a
person is trained as a scientist does not relieve him
from a responsibility for the conduct of human af-
fairs. This responsibility goes far beyond voting at
the general elections and donating to the Com-
munity Chest. We should all ask ourselves if we
are making our optimum contribution to society.
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Multiple Television and Frequency-Modulation
Transmitting Antenna Installation on the
Empire State Building”

JOHN B. DEARING}, HERMAN E. GIHRING], SENIOR MEMBER, IRE, RAYMOND F. GUY§, FELLOW,
IRE, AND FRANK G. KEARY|, FELLOW, IRE

Summary—This paper describes the objectives, mechanical and
electrical problems and solutions, and final performance of the mul-
tiple antenna system for television and FM broadcasting on the
Empire State building in New York City. A specially built steel tower
supports six individual antennas from which there are transmitted
five picture carriers, five sound carriers, and three FM broadcasting
carriers with completely satisfactory freedom from the effects of
mutual coupling. The paper describes the planning, execution, and
results of extensive preliminary field laboratory work during which
much basic information on such systems was obtained through the
use of full-scale model antennas.

PART ONE

YHE EMPIRE STATE BUILDING has been

7}[ linked closely with the development of television

since 1931 when the National Broadcasting Com-

pany entered into a leasing arrangement to utilize

space on and in this building for operational research in

TV broadcasting, which would lead later to commercial
TV service.

In 1928 NBC and RCA had built and placed in opera-
tion at 411 Fifth Avenue a 500-watt transmitter operat-
ing in the 2,000-kc region and utilizing mechanical scan-
ning methods. This station was later moved to the
Amsterdam Theatre Building. It quickly became ap-
parent that the 2,000-kc region was unsatisfactory for
high-quality television transmission and reception and
that it would be necessary to utilize much higher fre-
quencies which at that time represented a frontier re-
quiring thorough exploration. It was also apparent that
the height of the antenna above the earth would be an
important factor in providing service on these frontier
frequencies and that a transmitter location should be
sought having that advantage. In 1931 NBC installed
at the Empire State Building a TV station of about
1,000-watts power in the 40-mc region, incorporating
picture and sound channels and utilizing individual
sound and picture vertical dipoles. The station began
regular operation on December 22, 1931, and the first
large-scale demonstration of television there was given
on January 11, 1932, The programs consisted of both
film and live talent with make-up. Demonstrations and
television field tests continued at frequent intervals, in

* Decimal classification: R326.6. Original manuscript received by
the Institute, April 22, 1952,
1 RCA Service Co., Camden 2, N. J.
) I\} I}CA Victor Division, Radio Corporation of America, Camden
§ National Broadcasting Co., RCA Building, New York 20, N. Y.
¢ Kear and Kennedy, (g,onsulting Engineers, 1302 18 St., N. W.,
Washington 6, D. C.

one form or another throughout the following ten years
of experimentation and operational research. In August,
1932 television radio relaying was demonstrated via
Arneys Mountain, New Jersey, to Philadelphia.

The investigations of radio-wave propagation from
the Empire State Building on the frequencies used and
proposed, both by specific propagation measurement
projects and field tests of transmission and reception,
were of great value in establishing the suitability of the
very high frequencies for television broadcasting. Dur-
ing the years these investigations were extended to 288,
510, and 910 mc.

The original transmitters and antennas and many
others that replaced them were constantly modified as
research and experimentation progressed through the
years. On April 30, 1941, the FCC adopted commercial
television standards and on July first this plant became
the world’s first commercial television station.

In the early post-World War 11 period the sharing of
a building by two or more television stations presented
a problem which had not been investigated. The suc-
cessful post-war sharing of the Chicago Civic Opera
Building by the National and the American Broadcast-
ing Companies was undertaken with the conviction that
problems of nearby antenna operation with the 150-foot
separation involved there could be met by conventional
means if corrective measures became necessary. The
satisfactory operation in this case of two television and
two frequency-modulation stations coupled with expe-
rience gained by adjacent operations on Mount Wilson,
California, indicated the probability that in due course
additional stations could share the use of the Empire
State Building, and in 1949 a project began to take form
which contemplated multiple station operation in New
York.

Management Problems—The Primary Commitiee

In planning for multiple broadcasting from the Em-
pire State Building, the need was recognized for a con-
trolling organization which would co-ordinate the proj-
ect and direct it from the preparation of specifications
to the final testing of the completed structure. With this
in mind, there was included in the first Lease Agreement
to be signed, provision for such an organization. This
same provision was included in each subsequent Lease
Agreement.

The controlling engineering group thus provided for
was composed of two bodies—the Primary Committee
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and the Review Committee. The job assigned to the
Primary Committee was that of formulating plans for
the new structure, which would accommodate multiple
television broadcasting, and of conducting any tests
which this committee might deem necessary in order to
establish satisfactory performance of the system as
planned. The Primary Committee was restricted to two
members, O. B. Hanson, representing the National
Broadcasting Company, as the original licensee, and
F. G. Kear, representing Empire State, Inc., and all
other licensees. R. F. Guy was designated as an alternate
for O. B. Hanson, and R. L. Kennedy as alternate for
F. G. Kear.

In the event that the Primary Committee failed to
reach an agreement or if the broadcast licensee princi-
pals did not agree with the decision of the Primary Com-
mittee, an appeal could be made to the Review Commit-
tee, which consisted of three independent electronic ex-
perts. The decision of this Review Committee was to
have been final. However, during the operation of the
Primary Committee there never was a time when agree-
ment was not reached or when the broadcast licensees
failed to approve the recommendations of the Primary
Committee. Consequently, the Review Committee was
never called into being.

Performance Specifications

In the design of an antenna system capable of multi-
ple television operation, the number of variable factors
increases almost by geometric progression as the num-
ber of stations increases. Furthermore, these factors are
both mechanical and electrical. In order that some fixed
frame of reference might be established upon which the
electronic features could be based, the Primary Com-
mittee was authorized to consult with Shreve, Lamb,
and Harmon, the architects of the Empire State Build-
ing; Edwards and Hjorth, the consulting structural en-
gineers; and Starrett Brothers and Eken, general con-
tractors, all of whom had been associated with the build-
ing since it was first built. It was determined that the
present mooring mast, extending from the 90th floor to
the 103rd floor, was so designed that with some rein-
forcing it could support a tower approximately 200 feet
in height. Furthermore, the other dimensions of this
proposed new tower were roughly established by the
size of the top of the mooring mast and the fact that the
tower would be required to taper from a maximum size
of approximately 10 feet at the base to the minimum
possible at the top.

With this basic information, the next question to be
solved was the optimum number of stations that could
be accommodated on such a tower. The official direc-
tions to the Primary Committee requested accommoda-
tions for seven television operations and three FM op-
erations, if this was possible. It was immediately appar-
ent that the number of stations to be accommodated
was intimately associated with the amount of gain re-
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quired in each antenna. If the required gain were low
enough, there would be no problem in accommodating
all of the stations, even with a much lower structure,
because gain is roughly proportional to height for prop-
erly designed vertically stacked omnidirectional anten-
nas.! Here reference was made to industry, from which
it was learned that amplifiers of 25 to 50 kw might be
available in the forseeable future, and to the desires of
the individual licensees who, on their part, indicated
that they desired the ability to radiate a minimum of
100 kw of effective power. This, of course, is much
higher than was permitted at the time the specifications
were drawn, but was believed to be desirable in order
that the final design would not be too restrictive upon
the future operations of the licensees. It appears at this
time that a maximum erp of 100 kw may eventually
be permitted on Channels 2 through 6 and approxi-
mately 316-kw erp on Channels 7 through 13. The new
structure will accommodate these powers. An effective
antenna gain of 5 was sought, but considering the num-
ber of stations involved, it was soon apparent that com-
promises would have to be reached. After several meet-
ings with the then existing licensees, five in number, it
was agreed that the optimum solution to this problem
was to establish five independent television antenna sys-
tems and to so proportion them on the new structure
that the effective gain of each installation would be sub-
stantially the same.

Fig. 1—View of supergain structure showing the
channel 5-7 test tower.

Since time was an important consideration, it was de-
sirable to use antennas on which basic development
work was not required. The two commercial types of

1S, A. Schelkunoff, “Electromagnetic Waves,” section 9.15, p.
352.
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television antennas available were the superturnstile,
utilizing the familiar batwing-shaped radiating ele-
ments, and the supergain, utilizing horizontal dipole
elements with screen reflectors. The superturnstile an-
tenna is widely used for single-station installations, but
is not suited mechanically for stacking several antennas.
However, the supergain antenna with its one-half wave-
length square construction, shown in Fig. 1, offers suit-
able structural support for the antennas above, and also
offers space within for the transmission lines, feed sys-
tems, junction boxes, power equalizers, sleet melting
equipment, lighting circuits, and communication lines.
The final structure which evolved from these tests and
discussions consists of four supergain or ladder-type an-
tennas and one superturnstile. One FM channel is tri-
plexed with the superturnstile operation. The two re-
maining FM operations are diplexed on a single-layer
supergain FM antenna, interleaved with the TV an-
tenna at the lowest portion of the new structure.

Having reached this point, the problem was referred
back to the mechanical engineers, who restudied the de-
sign from the mechanical standpoint, and finally com-
pleted the design of the supporting structure now a part
of the Empire State Building. The completed structure
is shown in Fig. 2.

Having decided upon this design, it was deemed ad-
visable to have a test installation and measurements
made thereon to determine the adequacy of the design
from an electronic standpoint. This meant that certain
target specifications had to be established. These in-
cluded the following:

Circularity of pattern.

Gain.

Voltage standing-wave ratio.

Decoupling between any pair of antennas.
Power-handling capacity.

58 b= GO BO =

While items 1, 2, and S could be calculated, items 3 and
4 could only be determined by measurement. Following

careful investigation, the following objectives were es-
tablished:

1. Circularity— 2 db, maximum departure.

2. Directive gain—S for channels 7 and 11, and 4 for
channels 2, 4, and S (relative to a thin half-wave
dipole).

3. Voltage standing-wave ratio to be 1.1 or better
throughout the visual portion of the band and 1.5
or better in the aural portion. .

4. Decoupling. This latter was the most difficult fig-
ure to establish since by it would be determined
the success or failure of the multiple operation. Ob-
viously, the decoupling had to be sufficiently great
so that no one transmitter would adversely affect
the visual or aural transmissions from another sta-
tion. At the same time, the figure had to be kept
sufficiently low so as to avoid the unnecessary use
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of additional filter circuits. Measurements indi-
cated that an isolation between transmitters,
measured at their output terminals, of the magni-
tude of 20 db, would be adequate if the transmit-
ters were of equal power. To allow for the possibil-
ity of a transmitter power differential of 4 to 1, an
additional 6 db was added and the figure estab-
lished at 26 db.

5. Power-handling capacity was determined primar-
ily by the effective gain of the antenna, keeping in
mind each licensee wished antenna to be capable of
producing an effective radiated power of 100 kw.

Having reached agreement on the specifications, a
contract was drawn up between the Primary Committee
and the Radio Corporation of America so that the neces-
sary tests to establish the feasibility of these target
specifications could be carried out. The details of the
work accomplished under this contract are covered in a
following section. Fortunately, the preliminary tests
under this contract were favorable enough so that it was
possible to decide on tower-construction procedure prior
to the final test results,

Interim Operation

Sharing of the Empire State Building for TV opera-
tion first took place in 1950 when the American Broad-
casting Company joined the National Broadcasting
Company there. The ABC TV antenna was erected im-
mediately above the NBC antennas on the NBC sup-
porting pole. Later, temporary expedients became
necessary to make way for the new construction so that
NBC and ABC operations could be conducted without
interruption. A study of various methods of providing
temporary antenna facilities led to the adoption of inde-
pendent antennas by the two companies, the antennas
being located on opposite sides of the building and pro-
jecting from what had formerly been the top of the
building. These antennas consisted of conventional-type
RCA superturnstile antenna elements on steel poles
which tilted away from each other at 15 degrees from
the vertical in each case. Preliminary tests confirmed
estimates that this operation could be conducted with-
out cross talk or other serious undesirable effects and
with a minimum of interference to their patterns due to
the new structure under construction. Operation with
these temporary antennas was conducted for nearly a
year while the new steel supporting system was under
construction and new permanent antennas were being
installed.

Mechanical Features

The five independent television antenna systems are
stacked one above another in the vertical plane. With
the exception of the topmost antenna, which is of the
superturnstile type and mounted on a steel pole, all
antennas consist of arrays of horizontal dipoles with re-
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Fig. 2—Photograph of complete structure.

flecting screens mounted on the sides of a square steel
supporting tower, as shown in Fig. 2. Fig. 3 depicts a
typical dipole and screen. For each antenna system the
dimensions of the tower faces conform with the opti-
mum screen width for the frequency being used. Chan-
nel 2, requiring the greatest width, is first in upward
progression. Channels 5, 7, and 11, requiring respec-
tively narrower tower faces, follow in the upward pro-
gression. The channel 4 superturnstile, requiring only a
steel pole, is at the uppermost point. By this configura-
tion of the over-all structure it was possible to obtain the
ideal mechanical design, in which the width is greatest
where the moments are correspondingly greatest, at the
bottom, and in which both taper progressively to a mini-

mum at the top.
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Fig. 3—Sketch of screen and dipoles.

Pertinent statistics of the structure are tabulated be-
low:
Channel

2 S 7 11 4
Face width dimension 9’1" 6’5" 210" 2’61" batwings
Face height dimension 64'7" 46’3 259"  22'9* 55'8"
Number of vertical
groups 5 5 6 6 4

Center to center of
ipole: 13'33" 954" 4’54 3117 14

Over-all helght of lightning rods above sidewalk, 1467’.

Over-all height of lightning rods above sea level 1517,

Height above sea level at base of radio tower, 1300’.

Over-all height of radio structure, top to bottom, 217,

Wind loading designed for 50 pounds per square foot including gust
factors and shape factors of 1.3.

Velocity pressure designed for 30 pounds per square foot.

Wind velocity designed for 116 mph.

Maxlmu;ln hurricane velocities recorded in area, 1938, 80 mph, 1950,
84 mph.

Computations by the mechanical engineers indicate
that on the basis of statistical probability the center of
the uppermost antenna pole will, under wind pressure,
deviate from the vertical by the amounts shown at given
intervals:

Deviation in degrees Frequency of occurrence
H o] 18 times per year
2.33 12 times per year
3 6.5 times per year
3.5 2.5 times per year
4 once in 14 months
5 once in 18 months
6 once in 6 years
6.5 once in 37 years
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Most of the deviation is produced in the pole and not
in the steel tower which supports it. Because of the alti-
tude and wind conditions in the New York area, this
pole needs to be specially reinforced with a steel liner
secured by plug welding. '

Part Two
Development of the Antenna System

In the supergain type of antenna, shown in Figs. 1
and 3, the dipole is fed by a single RG-35/U cable (Fig.
3) which passes through one of the supporting legs. The
outer conductor is connected to one side of the dipole
and the inner conductor to the other side. The flare of
the dipole is incorporated to obtain added bandwidth.
While the flare for broad-band dipoles in free space is in
the opposite direction, experiments have demonstrated
that this is not true when a reflecting screen is used. The
distance between the dipole and the reflecting screens is
about 0.3 wavelengths for satisfactory bandwidth re-
quirements. The reactance component of the antenna
is balanced out by means of a series stub consisting of a
short piece of solid dielectric cable which is placed in one
of the other legs. The triangular supporting structure is
electrically isolated from the dipole by means of a short-
ing bar placed approximately one-quarter wavelength
from the dipole. The two other supporting legs have
heating units mounted in them for de-icing. This de-
ices the spaces between the dipoles where ice would have
the maximum effect on impedance.

e P e LSS, -

Fig. 4—One of the junction boxes and feed lines developed for
the Empire State antenna.

Each dipole is fed by means of a cable which termi-
nates in a common junction box (Fig. 4). The common
impedance at the junction is 1/n of the dipole imped-
ance if n is the number of dipoles. Immediately below
the junction box, a two-stage transformer is used to
match the common junction box impedance to the main
transmission-line impedance of 514 ohms.

Because the number of elements used in the Empire
State television antennas were less than those used in
previous designs, and also because the feed cables used
were larger because of power-handling requirements, it
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was necessary to develop special junction boxes. The
problem of disconnecting the cables easily from the
junction box, maintaining gas pressure and still main-
taining excellent impedance characteristics, was a ma-
jor development. Fig. 4 indicates the type of connection
used.

A more detailed description of the supergain antenna
has been given in a previous paper.?

Coupling

Possible coupling resulting in cross talk or other dis-
turbances was one of the major considerations in the
design of the antennas. Little previous experience was
available, except the fact that some 80 superturnstile
antenna installations had worked successfully without
any trace of cross talk where the isolation between the
visual and aural transmitters was of the order of 20
db. This was true of transmitters with both triode and
tetrode tubes in the output circuit. In setting the 26-db
specification, only coupling between antennas was con-
sidered since radiation from an antenna to another
transmitter or interference between transmitters is a

- function of shielding and cannot be minimized by an-

tenna design. Similarly, harmonics were not considered
since these are generated in the transmitter and could
be controlled at that point.

To check the impedance of each antenna and the cou-
pling between them, it seemed desirable, at first, to
duplicate the entire 217-foot structure at the test loca-
tion. Because this was not feasible for a number of rea-
sons, i.e., the difficulty of working on the structure and
making tests, and so on, the next best procedure was
adopted in which adjacent pairs of antennas were tested
on four towers (Figs. 1 and 5). The highest tower using
this method is of the order of 100 feet for the channel 2
and 5 combination.

However, such coupling tests could not be completed
until the antennas were available and adjusted for im-
pedance. Since the tower design for the Empire State
Building had to proceed immediately, some assurance
was necessary in advance of the final tests that the tar-
get specifications for coupling could be met. This was
obtained by two approaches, namely, by calculation and
by tests with single screens.

The method of calculation was arrived at by
Masters.® The formula for coupling between antennas is
as follows:

p, ( A >2G¢G'
— é —— s
P, 47R nn,
where equality under the assumptions obtains for #,
=n;=1.

2 L. J. Wolf, “High gain and directional antennas for TV broad-
casting,” Broadcast News, vol. 58; March and April, 1950.

3 With Ohio State University Research Foundation, engaged by
RCA as consultant for this project.
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P, is the power applied to the transmitting antenna.
P, is the power received by the receiving antenna.
R is the distance between the antennas.

G,, G are the directive gains of the adjacent end bays
of the neighboring antennas in each other’s direc-
tions relative to an isotrope.

n¢ is the number of bays of the transmitting antenna.

n. is the number of bays of the receiving antenna.

A number of assumptions were necessary to arrive at
this formula.

1. The field magnitude varies in proportion to inverse
distance.

2. The major contribution to coupling comes from the
two adjacent end bays.

3. The radiators are matched to the branch feed ca-
bles.

4. No coupling exists between the N-S and E-W ele-
ments of the antennas.

The coupling between the closest pair of half bays at
the longer of the two wavelengths, namely, channels 5
and 7 at the channel 5 carrier under the above assump-
tions, was — 17 db. However, since the power is not all

; ]
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Fig. 5—General view of test towers used for Empire State antennas.
Each tower accommodates two adjacent antennas.

concentrated in the adjacent bays but is fed equally to
all bays, another 10 db can be easily obtained. Hence,
from this viewpoint, the necessary decoupling could be
achieved.

As an additional check, combinations of single screens
were tested with various separations. This experiment
was performed in the same manner as the subsequent
measurements on the complete antenna for which the
following procedure was used:

An antenna was driven at a known level at its own
frequency and the received power level in the adjacent
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antenna was measured. The mismatch in the antenna
occupying the receiving position was often quite high
because the frequency of the incoming signal was out-
side the design range of the antenna. By properly ac-
counting for the additional power scattered by the re-
ceiving antenna as a result of an impedance mismatch
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Fig. 6—Correction chart used in coupling tests.

between it and its transmission line, it was found that
the measured cross-talk values could be adjusted to sub-
stantial equality for both directions of transmission. The
adjustment amounted to the same thing as experimen-
tally matching the receiving antenna to its line before
measuring the cross talk. Fig. 6 gives the required cor-
rection as a function of voltage standing-wave ratio
which the receiving antenna would set up on its line if
used as a transmitter. The tests between single co-chan-
nel radiators spaced 0.65 wavelength apart indicated
an isolation of about 18 db and greater values for dis-
similar elements up to 40 db for channels § and 7 screens
placed in close proximity.

Since agreement was obtained between calculated and
measured results on single screens and since it appeared
that an additional margin could be obtained when the
power was divided into a complete antenna rather than
into two adjacent bays, the tower design proceeded on
the basis of the close spacing used in our experiments in
order to obtain the maximum gain possible.

In the meantime, the antennas for channels 11, 7, §,
4, and 2 were fabricated and placed on the towers and
adjusted for impedance. Coupling tests were then made
by the method outlined above. Typical results are shown
in Tables I and II, shown on following page. In all cases,
the specification of —26 db is well exceeded.

Gain

Gain was initially calculated by assuming a thin di-
pole, one-half wavelength long 0.3 wavelengths in front
of an infinite screen. This resulted in an element pat-
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tern. The array factor for the number and spacing of
elements decided upon was then determined and multi-
plied by the element pattern. The resulting pattern was
then integrated over a sphere to obtain the gain of the
configuration.

TABLE 1

TypicaL DECOUPLING DATA FOR CHANNELS 5 To 7. FIELD ROTATION
OF BOTH ANTENNAS IN SAME DIRECTION (NORMAL CONDITION)*

In Channel § Channel § Channel 7 Channel 7
upper group | upper group | visual aural
Out Channel 7 Channel 7 Channel § Channel §
visual aural upper group | upper group
Frequency
77.25 mc 65.8 db 55.7db
79.0 54.1 50.7
81.75 46.5 46.2
175.25 51.2db 51.2db
177.0 52.6 52.6
179.75 51.3 50.2

* Data adjusted for mismatch loss. Quarter-wave phasing section in E-W halves,

This calculation makes a number of assumptions
which gave a slightly optimistic result. Safety factors
were allowed for these assumptions and the final meas-
ured gain checked quite closely. Subsequently, more
precise methods were developed for the calculation of
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gain, especially for antennas using quadrature feed sys-
tems. These will be covered in future papers.

On the basis of the above calculations, it was deter-
mined that a directive gain with respect to a thin half-
wave dipole of 4 could be achieved for channels 2, 4, and
S and a gain of 5 for channels 7 and 11, respectively.
These are the values specified as target gains.

The experimental determination of gain was made by
measuring the principal plane pattern of the channel 7
antenna as shown on Fig. 7.

In this commonly accepted method, the antenna is
mounted on its side and the dipoles radiating parallel to
the ground are energized. For operating convenience,
the antenna is used as a receiving antenna which will
give correct results in accordance with the reciprocity
theorem. The vertical pattern is obtained by rotating
the antenna and recording the received signal. A great
number of precautions were taken to assure correct re-
sults. Among these were the elimination of reflecting ob-
jects. The presence of reflections is evidenced by dis-
symmetry between the opposite sides of a received pat-
tern. In a nearby building, electrical conduit had to be
moved to the floor level and space cloth placed over
other metallic objects. Brush and debris also had to be
cleared. The distance from the transmitting to the re-
ceiving point was 2,400 feet, which is more than ade-

TABLE 11

TypicAL DECOUPLING DATA FOR CHANNELS 7-11. IN THE UPPER TABLE, FIELDS ARE ROTATING IN THE SAME DIRECTION FOR
BotH ANTENNAS. IN THE LOWER TABLE, FIELDS ARE IN OPPOSITE DIRECTION*

I Chan 7 Chan 7 Chan 7 Chan 7 Chan 11 Chan 11 Chan 11 Chan 11
! visual visual aural aural visual visual aural aural
Out Chan 11 | Chan 11 Chan 11 Chan 11 Chan 7 Chan 7 Chan 7 Chan 7
visual aural visual aural visual aural visual aural
Frequency
175.25 me 48.9 db 36.9 db 36.9 db 48.9 db
177.0 55.1 36.6 36.6 48.3
179.75 59.3 36.8 35.5 51.9
199.25 42.8db 31.8db 32.6 db 48.8 db
201.0 45.0 30.9 31.3 44.5
203.75 41.7 30.7 30.4 59.0
I Chan 7 Chan 7 Chan 7 Chan 7 Chan 11 Chan 11 Chan 11 Chan 11
W visual visual aural aural visual visual aural aural
Out Chan 11 Chan 11 Chan 11 Chan 11 Chan 7 Chan 7 Chan 7 Chan 7
visual aural visual aural visual aural visual aural
Frequency
175.25 me 36.9 db 52.4db 40.2 db 36.4 db
177.0 3.1 | 8.1 40.1 36.6 |
179.75 36.3 51.3 411 | 353 |
199.25 32.0db 50.6 db 54.8 db ' 31.3db
201.0 31.1 49.5 48.0 30.9
20375 30.3 52.8 42.4 30.8

* Data adjusted for mismatch loss looking into the individual halves of antenna. Quarter-wave phasing section in E-W half of Channel VII and N-S of Chanpel XI

antennas.
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quate for the apertures involved. Both transmitting and
receiving points were sufficiently above ground so that
a uniform vertical field existed over the aperture of the
antenna. The data obtained from the vertical pattern

- 47 i —— o .

Fig. 7—Method of determining the vertical pattern.

measurements were then scaled to other channels. The
exact procedure for determining gain is as follows:

1. Record the field pattern of the horizontally polar-
ized field component in the principal vertical plane.

2. Square this pattern to obtain a power distribution
and plot it against the cosine of the vertical angle,
0, (measured. from the array axis) on rectangular
co-ordinate paper.

3. By means of a planimeter, or other methods, find
the area under the plotted power pattern and un-
der the circumscribing rectangle which shares the
same base line as the pattern plot.
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4, The directive gain in the maximum direction rela-
tive to an isotropic radiator is the ratio of the rec-
tangular area to the area under the pattern plot.

5. The gain thus found is divided by 1.641, which ad-
justs it to gain relative to a one-half wavelength
thin dipole.

Gain measurements for a great number of conditions
were necessary; for instance, the tower offset between
channels 5 and 7 had to be simulated to determine its
effect. The same was true of the tapered dome of the
Empire State Building with respect to the channel 2
antenna. As pointed out later, the channel 2 and § an-
tennas were split into two separate antennas of two and
three bays each for the purpose of providing emergency
antenna service. The gain for each of these conditions
as well as the combined antenna had to be determined.
During the investigation, the channel 7 antenna was re-
phased, at the request of the station, reducing the hori-
zontal gain to obtain a higher field close to the antenna.
Later, it was determined that the best method of pro-
viding FM service was to locate FM dipoles between the
channel 2 dipoles. The effect of these dipoles on this an-
tenna was also determined. While some of these
changes resulted in a second-order effect, nevertheless,
the problems merited investigation to insure no serious
changes developing at a later date.

Table III gives the results of gain measurements for
various conditions. The directive gain, as well as the net
gain, is given. The net value takes into account losses in
the RG-35/U feed cable between the junction box and
the radiator and also in the power equalizer. The power
equalizer and its function are more fully discussed in the
next paragraph. The diplexer and the coaxial line ef-

TABLE II1
RESULTS oF GAIN MEASUREMENTS FOR VARIOUS CONDITIONS
Television
Channel 11 7 7
Equally phased Rephased

Visual Aural Visual Aural Visual Aural Visual Aural
Antenna directivity gain 5.40 5.55 5.59 5.74 3.94 4.04 4.17 4.50
Upper portion — —— — — -— -_ 1.45 1.57
Lower portion -— — o — -— -— 2.52 2.72
Feed cable eff % 95.0 95.0 94.4 9.4 94.4 94.4 95.4 95.2
Power equalizer eff %, -— -— — — -— — 98.9 98.1
Net gain 5.12 5.28 5.28 5.42 3.72 3.80 3.93 4.21

Television FM R
Channel 4 4 97.1mc | 95.5mc | 101.1 mc
Equally phased Rephased

Visual | Aural Visual Visual Aural
Antenna directivity gain 4.48 4.79 3.95 4.00 4.43 6.24 0.707 0.707
Upper portion — — — 2.49 2.75 — — —
Lower portion -— — — 1.61 1.78 — — —
Feed cable eff %, 97.2 96.7 97.2 95.1 94.8 96.0 94.8 94.8
Power equalizer eff %, — — - 97.2 96.9 — — —_
Net gain 4.36 4.63 3.85 3.1 4.06 6.00 .67 0.67
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ficiencies are not charged to the net antenna gain. For
most commercial antennas, the net gain is specified. For
the Empire State antenna system, however, the direc-
tive gain was specified. It will be seen that the target
values of directive gain were achieved in the apertures
that were available.

Bandwidth

While previous experience with the supergain antenna
indicated that the required bandwidth could be achieved,
the problem was interrelated with effects due to the
close proximity of the antennas, the necessity for dif-
ferent spacings between radiators to achieve the re-
quired gain, special junction boxes to handle the power,
and a new type of feed cable. Since it was necessary to
erect adjacent pairs of antennas on towers to determine
the amount of coupling, as discussed earlier, the oppor-
tunity presented itself to make a thorough check of
bandwidth under all of the special operating conditions
required.

Since several possibilities presented themselves, the
five stations were given a choice of feed systems. Sta-
tions on channels 4, 7, and 11 chose the bridge diplexing
arrangement shown in Fig. 8(a), while stations on chan-
nels 2 and 5 chose the notch diplexing arrangement with
the bridge power equalizer shown in Fig. 8(b). An addi-
tional variation offered was chosen by channels 2 and 5

in which the upper and lower portions of the antenna
were treated as two separate antennas with separate
feed systems, power equalizers, and coaxial lines. This
permitted emergency operation with one portion of the
antenna operating independently of the other.

VSWR

As a result of experience with many television instal-
lations, it was known that the voltage standing-wave
ratio (vswr) over the visual band had to remain within
the limits of 1.1 to 1 to obtain satisfactory operation.
This value was indicated as one of the target specifica-
tions.

Inasmuch as the channel 4 superturnstile antenna and
the channels 7 and 11 supergain antennas had broad-
band characteristics sufficient to achieve the necessary
vswr over the band, the standard bridge diplexing
method was used. The operation of the bridge diplexer
is well known, having been described in a previous ar-
ticle.? For channels 2 and S, power equalizing is desirable
to achieve the required bandwidth since at the lower
frequencies the percentage of bandwidth with respect to
the transmitted frequency is greater. The power equal-
izer inherently improves the vswr over the band by
trapping reflected energy from the antenna. Fig. 9 indi-
cates an impedance chart plot of a portion of the chan-
nel 5 antenna before and after power equalizing. The
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Fig. 9 (a)—Smith chart for channel 5 antenna before power equalizing.

improvement is quite obvious. A more detailed descrip-
tion of this device is given in a previous article.® The
amount of energy absorbed for a reasonable vswr is neg-
ligible. For instance, if the vswr is 1.22, the reflection
coefficient is 10 per cent, and only 1 per cent of the
power is dissipated.

In the split-antenna arrangement, two coaxial lines
are brought into the transmitter room where they are
combined by a power-splitting transformer which, by

¢« R. W. Masters, “A power equalizing network for antennas,”
Proc. I.R.E., vol. 37, p. 735; July, 1949.

transformation, splits the power from the transmitter to
each portion of the antenna as required. The visual
and aural signals are combined in a notch diplexer which
is a frequency selective network permitting simultane-
ous operation, without interference, of visual and aural
transmission into one antenna system.

The vswr over the band was measured for a number of
conditions, including the N-S and E-W portions of each
antenna before diplexing or power equalizing, and also
the upper and lower portions of each antenna individu-
ally and combined by the power split transformer.
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Fig. 9(b)—Smith chart for channel § antenna, indicating improvement after power equalizing.

A typical chart of vswr versus frequency for various
conditions for channel 2 is shown in Fig. 10.

Power Handling

One of the requirements for the Empire State antenna
was the ability to obtain an effective radiated power of
100 kw from the antenna. (This decision was made and
the antenna substantially built before the later higher
power proposals were made by the FCC.) Since there
were relatively few elements (sixteen or twenty on the
low band and twenty-four on the high band) and since
the gain was proportionately low, each feed cable had
to handle a relatively large power. Investigation re-

vealed that RG-35/U cable was satisfactory for the
purpose. Table IV indicates a typical calculation which
establishes deratings for vswr and temperature above
ambient for which the cable rating is made.

FM Considerations

Three frequency-modulation sound broadcasting
services were desired, plus the five television services.
Of these, the one for NBC, on 97.1 mc was triplexed on
the channel 4 antenna by methods previously described.?

$L. J. Wolf, “Triplex antennas for television and FM,” Elec-
tronics, vol. 20, p. 88; July, 1947,



1953

!

| INmfggrPowEREouEtx;sldR} l ,
f

I

-—t—F—

‘.H

—

Dearing, Gihring, Guy, and Kear: Empire State TV Antenna

——CHANN Lq—l -+ |
$ 5] I E i
B ,F'RE uEhcv N MEGA&.chlzs-f-. L_k %
- |‘NPU‘T

i —or-NoFM%IOHERA ING]
Y % cMéRi‘%'ENcosic".

#_J

IT TRANSFORMER

°—L_;—.;*_:‘_‘
: %.;sz

AaTI

POWER]EQU‘ALIZER_
P mn:c BAYS

T

E]

STLND{NG W,

l_ msgug ucvy,nza Mkcfg(a ES
BEEEREEE

Fig. 10—Voltage standing-wave ratio curves versus frequency
for channel 2.

Two other services for 95.5 mc and 101.1 mc were re-
quired. A number of experiments were made to find a
location where the FM dipoles, which are similar to the
supergain dipoles, could be located with negligible ef-

TABLE 1V

TyricaL CALCULATIONS ESTABLISHING POWER
RATING oF FEED CABLE

Feed cable max vswr 1.20
Feed cable vswr derating factor 0.950
Feed cable temperature derating factor 0.788
Feed cable total derating factor 0.749
Feed cable power capacity before derating 1400 watts
Feed cable power rating after derating 1049 watts
Feed cable average power, visual for 100-kw erp 479 watts
Feed cable average power, aural, for 100-kw erp 396 watts
Power Carried
————— of feed cable for 100-kw erp 0.835
Rated power
* Average power output of transmitter for 100-kw erp 24.8 kw
t Maximum erp possible within limit of feed cables 120 kw

* Assumes that diplexer handles 25 kw.
1 Assumes that diplexer handles 30 kw.

fect on the impedance and pattern characteristics of the
television antenna. These experiments indicated that
the best location was in the channel 2 array. The method
employed is shown in Fig. 11. Both FM frequencies were
diplexed into the single set of four radiators. A vswr of
1.03 was achieved for both frequencies, using a trans-
former designed for specific matching at the two carrier
frequencies.
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Gain was measured by using a set of channel 7 screens
to simulate the channel 2 antenna. The FM dipoles were
then scaled to 320 mc. The gain, determined by the
method previously described, taking into account the
fact that the circularity was not optimum, for the FM
frequency on the channel 2 tower was 0.707 over a half-
wave dipole.

Fig. 11—FM dlpole located in the channel 2 array.

PART THREE
Installation and Operational Tests

In writing the installation specifications for the elec-
trical contractor, emphasis was placed on obtaining a
system which duplicated the engineering assembly
which had been made at the field laboratory and pro-
vided, in addition, as much convenience and service abil-
ity as the structural limitations of space and wind load-
ing would allow. The simultaneous outputs of 13 trans-
mitters (3 FM, 5 TV picture and 5 TV sound) were pro-
vided for, and including emergency provisions, 8 sepa-
rate antenna systems were installed.

Over 1,100 stainless-steel studs were required to in-
sure adequate electrical and mechanical bonding of the
screens to the corner members of the tower. A storage-
battery-powered Nelson Stud gun was used to weld these
studs in place and each one was tested and adjusted with
a torque wrench.

Aside from the RF systems for the thirteen transmit-
ters involved, provision had to be made for other essen-
tial services.
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A system for sleet melting or de-icing the radiating
elements was specified and installed. Calrod-type heat-
ers located in the hollow legs of the dipole supports take
a total of 75 kw when energized. Automatic control is
provided for this system by a humidistat-thermostat
adjusted to apply power when sleeting conditions exist,
i.e., approximately 24 to 34° F and above 75-per cent
humidity.

Provision was made for communication from each
transmitter room to the tower base and to each station’s
antenna area as well as intercommunication between
each transmitter room.

A safety-signal system was installed to provide a se-
ries of red and green lights at the antenna base and in
the individual transmitter rooms to indicate when an-
tennas are energized or whether or not work is being
done on them.

Each station has a system of four polyethylene probe
monitoring or measuring cables running from the trans-
mitter room to the center of the respective antenna, with
provision for patching into the system at their base of
the tower. Many thousands of feet of standard solid di-
electric coaxial cable were measured in an effort to find
suitably flat lengths for this use. Present manufacturing
tolerances are such that it is very difficult to find small
cables in useful lengths with 1.1 or better swr in the
range 50-200 mc.

In addition to the usual beacon and obstruction light-
ing, service receptacles and work lights were provided
within each of the antenna arrays.

In order that the tower would not have to be climbed
to purge the pressured co-ax systems and check them
for dryness, return bleeder pipes were run from the top
of each half of each antenna to the 104th floor where
gauges and bleeder valves were provided.

Location of leaks in the breezy tower area was a dif-
ficult operation. Chemical and electronic halide detec-
tors were used with some success with Freon gas as the
sensitizer. The use of radioactive gas and Geiger count-
ers was considered but abandoned because of the pos-
sible tendency to induce ionization when RF was ap-
plied. In the long run, old-fashioned soap suds were
best, except that detergent and alcohol had to be used
when the temperature was below freezing.

A centrally located video patch panel and distribution
system was installed to provide for interchange of video
information between stations. This is intended for trou-
ble-shooting possible interference between stations or
for emergency interchange of program material.

Like any tall structure, the building acts as a huge
lightning rod. During dry weather there is an almost
continuously audible discharge from the steel work ap-
parent near the top. At times these effects were observed
by workmen as a wavy ethereal blue glow coming from
sharp points of steel and could be felt as a hair-raising,
prickling sensation on the nose and ears. The lightning
rod assembly is already pitted and fused at a hundred
or more spots where lightning bolts have landed.
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Although the system mockup and measurements made
at Camden simulated as nearly as possible the conditions
of the final installation, it was essential that the field
installation be supervised carefully to insure the dupli-
cation of all factors and, furthermore, that measure-
ments of the completed system be made to determine
that target specifications had been met.

The isolation figures established at the field labora-
tory were measured looking directly into the antennas
and using low-power signal generators. Although these
measurements showed a good margin of safety, there
could be no absolute certainty that objectionable forms
of interference would not arise at the Empire State
Building when all 13 transmitters were feeding full-
modulated power to the completely assembled antenna
systems through the relatively long transmission lines.

During the installation period as each system was
completed preliminary isolation measurements and ob-
servations were made with a view to immediate correc-
tion or settlement of interference problems serious
enough to cause operational difficulties.

When all the systems were finally completed, the la-
borious process of measuring some 400 combinations of
carriers and antennas was carried out.

Five set-ups were made in which each station in turn
was operated as a receiving point, with measurements
made at the terminated end of all combinations of that
station’s antenna lines. The four transmitting stations
then operated in turn their various combinations of
transmitters and antennas at known average carrier
powers with and without modulation.

As specified, all of the receiving station’s lines were
terminated while measurements were made on any one
line,

Measurement of the received or interfering signal
was made with a calibrated wattmeter load, 0-1 watts
range, or when not measurable with the wattmeter, a
calibrated diode and voltmeter were used.

As a further check of possible interference from side-
band or heterodyne frequency combinations, careful
observation for interference effects were made on the
various station monitors and at various receiving points
with various combinations of carriers and methods of
modulation.

No evidence of cross modulation, beat-note, or other:
interference phenomena was observed. The isolation
measured fell in no instance below the target specifica-
tions of —26 db, the poorest figure recorded being —40
db.

Recognizing that there could exist unpredictable
“discrete” or sharply resonant conditions for interfer-
ence in the broad TV pass bands and that these might
be overlooked with observations made only at carrier
and average modulation, an all-band high- -power pano-
ramic RF sweep was built to serve as a signal generator
with enough power to override local noise and permit
broad-band isolation measurements on the order of 40
db and greater.
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Seventy-five to 100-watts output in the low bands
and 50 to 75 watts in the high bands were obtained
from this sweep which used two 826 tubes, a motor-
driven capacitor, and 60-cycle blanking. The more
closely coupled antennas were energized alternately and
the isolation across their swept pass band was recorded
from an oscilloscope trace produced by a diode pickup
at the terminated input of the antenna to which the
isolation was being measured. By reference to previously
measured static isolation, a point of calibration was
established on dynamic trace at carrier frequency.

Although the panoramic measurements demonstrated
that the coupling between antennas made many gyra-
tions, in no instance did it fall below the —26-db limit.

Over 5,000 feet of RF transmission line were required
to couple the various transmitters, located on the 81st
and 85th floors of the building, to their respective an-
tenna systems mounted on the 220-foot tower which
runs from the 105th floor up. In order to preclude the
radiation of “built-in ghosts” due to reflections within
the radiating systems, these lines were specified to have
a vswr of 1.05 or better and the complete systems (lines
and antennas) were to be held to 1.1 vswr.

Extreme care was used in the installation of the lines
to make sure they were clean, tight, and free from dents
or broken insulators. Periodic Hi-Pot, leakage, and vswr
measurements were made and paired lines kept sym-
metrical as to lengths and fittings so that the cancella-
tion of residual mismatches could be effected by bridge
diplexing as described above.

The multitude of broad-band vswr measurements re-
quired on this project, together with the necessity for
making them at many relatively inaccessible locations,
made the cumbersome and time-consuming bridge and
measuring line impractical. All vswr measurements were
made by the “panoramic RF sweep and delay-line
method,” which has been used effectively for several
years by one of the authors and his associates in the in-
stallation and adjustment of TV diplexers, triplexers,
side-band filters, antennas, and other broad-band sys-
tems.

There is not room in this paper to discuss the “pano-
ramic sweep system” in detail. However, some of the
simple fundamentals on which the method is based
merit reviewing.

Essentially, the system consists of an RF oscillator,
frequency modulated over a relatively wide band (usu-
ally 6 to 8 mc), and a uniform coil of polyethlene delay
line (approximately 325 feet long) of conventional im-
pedance (either 51.5 ohm or 72 ohm) and having a delay
or round-trip transmission time of about 1 usec and loss
in the neighborhood of 2 to 3 db per 100 feet.

A heterodyne diode detector applied at the input to
the delay line combines the outgoing signal with any re-
flected signal which will be of different instantaneous
frequency than the oscillator due to the “delay” or
traverse time of the signal in the line. An oscilloscope
connected to the diode output reproduces an audio-
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range beat signal, the amplitude and frequency of which
are respectively proportional to the degree of reflection
or mismatch and to the distance to the point of discon-
tinuity.

In one major respect the slotted line and panoramic
methods are similar. The slotted-line probe measures,
on a meter, amplitudes and positions of “fixed standing
waves” in a system at a single frequency. The panoramic
method plots on an oscilloscope amplitudes and posi-
tions of “moving standing waves” existing at one point
in the system as the frequency is varied over a spectrum.
Thus slotted-line techniques are applicable in the deter-
mination of swr, or the familiar

Emu + 'Emln
Emnx - Emln

SWr =
where En.x = peak-to-peak amplitude of the scope trace
at 100-per cent mismatch (delay line open or shorted)
and Eni. =peak-to-peak amplitude of successive cycles
(on etther side of the frequency of measurements).

Location of abrupt or nondistributed discontinuities
producing as little as S-per cent mismatch can also be
made within 10 or 15 feet in long transmission systems
by this method.

This is done simply by determining the number of
standing waves or scope trace cycles per megacycle
swept and multiplying this by the velocity of propaga-
tion in the system, or

dN/dF X984 X K, X% =distance to point of reflection,
where

dN =the number of cycles counted on the scope

dF =frequency width swept to produce this dN

984 = velocity of propagation in space

K, =velocity constant of the line

3 =factor used for round-trip travel of signal to de-

fect and back.

dN/dF will be recognized as being the signal traverse
time in microseconds.

As of December 14, 1951 all stations were in commer-
cial operation from the Empire State Building. The ex-
tension of reception, the clearing up of many ghosts and
shadow problems, and the general improvement in re-
ceiving conditions realized throughout the service area
has more than justified the considerable expense and
risk involved.
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Generation of N'T'SC Color Signals”

JOSEPH F. FISHER{, SENIOR MEMBER, IRE

Summary—The generation of compatible color signals according
to NTSC specifications is covered in this paper. The equation for the
composite signal is stated in terms of voltages existing in the red,
green, and blue channels, and methods of calculating and measuring
the composite video signal produced by a synthetic color bar chart
generator are given. The development of the signal from the channel
outputs of a color flying-spot scanner is illustrated with block dia-
grams, and the performance of a number of units in the chain is
described. The signal specifications described in this article were
used by the NTSC for field testing during the latter part of the year
1951 and also during the year 1952. On the basis of these tests cer-
tain modifications of signal specifications were made in January,
1953. These are listed at the conclusion.

I. INTRODUCTION

HE EVALUATION of the performance of a color
Tsystem is determined both by measured data and
subjective viewing; it is therefore essential that
the conditions of transmission be accurately controlled.
When specifications for a new system are being investi-
gated, the generating equipment should be flexible
enough to allow variation of certain operating parameters
so their effect on over-all performance may be studied.
The color-signal generating equipment described in
this article was designed and built in the Philco Re-
search Laboratories in Philadelphia, and is currently
being used to generate compatible color signals accord-
ing to NTSC specifications. The signal is available as
either a composite video signal or as a modulated signal
on a standard television radio frequency carrier.

I1. ComposiTE NTSC CoLOR SIGNAL

Reference to Fig. 1(b) shows that the composite
color signal consists of a wide-band luminance signal
transmitted according to present F.C.C. standards for
black and white television to which has been added a
narrow-band color subcarrier. The color subcarrier,
which has an equivalent video frequency of 3.89 mc,
is an odd multiple of one-half horizontal deflection fre-
quency, so the principal modulation components of
monochrome and color are interleaved.! The combina-
tion of using a color carrier of high frequency related in
this fashion to horizontal deflection frequency results
in making the pattern of the subcarrier practically in-
visible in monochrome receivers. NTSC color signal may
be received by present black-white television sets with-
out any circuit or operating changes and produces a
high-quality monochrome picture on these receivers.

Tests made at a number of laboratories have shown
that in an additive color picture it is not necessary to
devote full 4-mc bandwidth to each of the red, green,
and blue signals if the luminance information is trans-

* Decimal classification: R583. Original manuscript received by
the Institute, July 8, 1952.

Philco Research D|v1snon, Philadel hla, Pa. Paper presented at
1952 IRE National Convention, New , N. Y.

1 C. Hirsch, W. Bailey, and B. Loughlm, “Prmcnples of NTSC com-
patible color televxslon, Electromcs, p. 88; February, 1952.

mitted at full bandwidth.? The specification for the
NTSC signal, as shown in Fig. 1(b), shows the color
subcarrier sidebands extend to at least 1 mc below and
0.4 mc above the color subcarrier frequency as meas-
ured to the 6 db down points.
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Fig. 1-—Radiated signals (monochrome and NTSC color).

The NTSC color signal may be expressed by (1) of
Fig. 2 which shows it to be made from a wide-band
luminance signal (E’y) to which has been added the

Em*EY +[o 49(Eg-E7) SIN Wt +0BBIER-Ey) SIN {wt :90-)] (03]

Em=Ey+Ege A 2)

Esc* l/[o.«as (E{,-E,’,)]2+ [o.aa (Eq-Ey )],2 (3)

= ton™ | OB8(EFEY)
0.49 (Ep~Ey)

Ef = VOLTAGE IN RED CHANNEL

EG = VOLTAGE IN BREEN CHANNEL
Eg = VOLTAGE IN BLUE CHANNEL
€y =059 E; +030 Ep+0.11 €5

Fig. 2—Equation of NTSC composite color signal.

output of two balanced modulators operating in quad-
rature. One modulator has impressed on its input ter-
minals the narrow-band color difference signal (E’p
—E’y), while the other modulator is driven by the
color difference signal (E’r — E’y). The output of either

a M W. Baldwin, “Subjective sharpness of additive color pic-
tures,” Proc. I.R.E,, vol. 39, pp. 1173-1176; October, 1951.
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modulator when transmitting a given color at a definite
brightness is a 3.89-mc sine wave of constant phase
having an instantaneous value directly proportional to
the amplitude of the impressed color difference video
signal. These signals are combined to form a color sub-

I YZ0.59C +030R + OB l

w049
Ka=0.08

[ RED WHITE GRAY YELLOW I

rRz10 R=10 R=z0S Rz

G=0 =10 G=0s G0

a=0 B*1.0 8205 8x0
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Fig. 3—Video signal (red, white, gray, and yellow) color bars.

carrier having an amplitude and phase which is the
vector sum of the output of the two modulators. Color
phase alternation, in which the phase of the (E’r—E'y)
modulator output is shifted 180 degrees every successive
field, is employed to reduce cross-talk developed in ves-
tigial side-band handling of the color signal in the trans-
mitter and receiver. [t is often convenient to define the
signal in polar form as shown in Fig. 2, (2). Peak value
of the color subcarrier and its resultant phase can then
be calculated directly by substitution of known voltages
existing in the red, green, and blue channels.

Fig. 3 shows the video voltage generated when trans-
mitting a scene consisting of four equal-width vertical
bars of red, white, gray, and yellow. The waveform
shown at the bottom is taken over a line period of 63.5
usec. At the extreme left is the standard horizontal
synchronizing pulse which is followed by a burst of
3.89 mc occurring during the back porch of the hori-
zontal blanking period.? The burst signal is transmitted
at a constant reference phase following each horizontal
synchronizing pulse, and is used in the color receiver to
accurately lock the 3.89-mc oscillator which feeds the
synchronous demodulators. The first of the four vertical
bar signals is a red stripe having a width of 13 usec
(one-fourth of picture width). During this time interval
the average value, which is the (¥) or luminance signal,
is 0.3 v above black level. The color subcarrier has
a peak value of 0.63 v and a phase angle of 103 degrees
relative to the output of the (E’s—E’y) modulator
during field number one. The second stripe of Fig. 3 is
a bright white vertical bar made from 1-v signals of
red, green, and blue, while the third stripe is a gray bar

* R. B.Dome, “NTSC color-TV synchronizing signal,” Electronics,
vol. 25, p. 96; February, 1952.
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made from 3-v levels of signals in the red, green, and
blue channels. In these two cases, as can be seen from
the equations in Fig. 3, the quantities (E’r—E’y) and
(E’'s—E’y) reduce to zero and there is no output from
either of the two color modulators. In other words, the
NTSC system only transmits color subcarrier during the
time there is color information in the scene. If a scene
should contain both color and black and white, no
color subcarrier is radiated during the time the camera
is scanning the monochrome picture elements. During
this time interval the picture signal automatically be-
comes the same as that which would be radiated by a
standard black and white transmitter. The fourth stripe
is a yellow vertical bar which in an additive color
system may be generated from 1-v signals in the red
and green channels. The (E’y) signal has value of
0.89 v above black level, while color subcarrier has peak
value of 0.44 v with phase angle relative to output of
(E’'s— E’y) modulator of 167° during field number one.

Referring to Fig. 3, it can be seen that during the
time red and yellow information is being transmitted
negative voltages exist in the (E’p—E’y) channel.
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Fig. 4—Block diagram (scanner to matrix no. 2).

These negative voltages are real, and represent swings
of video voltage below black level. The performance of
either modulator is such that a constant phase output is
maintained for all video voltages above black level,
while for video voltages below black level the phase of
the color subcarrier is shifted 180 degrees. The resultant
color subcarrier, being the vector sum of the outputs of
(E's—E’y) and (E'g—E’y) modulators, can therefore
take on any relative phase angle between 0 and 360°.
Shown in block form in Fig. 4 are the units to derive
the video signals (E’y), (E’r—E’y) and (E’s—E'y).
The first unit in the chain is a flying-spot scanner de-
signed to operate with 35-mm double-frame transparent
color slides. As described in a paper presented by Moore,
Chatten, and Fisher,* the camera spectral characteristics
have been adjusted to approximate closely the standard
£, ¥, £ mixture curves of the CIE system. The output

¢ R. C. Moore, J. Chatten, and J. Fisher, “Measurement and Con-
trol of the Color Characteristics of a Flying Spot Scanner,” presented
before 1951 IRE National Convention, New York, N. Y.
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voltage of a channel such as (Z) is therefore propor-
tional to the product integral of the Z curve and the
spectral curve of the particular color being transmitted.
Since it is necessary to gamma correct the voltages
in the red, green, and blue channels, a matrix unit is in-
cluded to convert from Ey’, Ex’, Ez' to Eg, Eg, Eg. The
three photomultiplier tubes used in the flying-spot
scanner are linear devices (i.e., current output is di-
rectly proportional to incident illumination); therefore,
the gamma-correcting circuits are designed to com-
pensate for only the power law distortion of the picture
tube used in a receiver. The gamma corrector employs
a circuit described by Oliver® in which a nonlinear tube
is used as the plate load of an otherwise linear amplifier.
An analysis of the correction required to linearize the
system was covered in a paper presented by Moore.®
By means of linear adders and subtractors, brightness
signal (E’y) and color difference signals (E'r—E'y)
and (E'p— E’y) are derived in matrix unit no. 2.
Shown in the block diagram of Fig. 5 are the addi-
tional units in the complete chain. Two color difference
signals are passed through filters having a frequency
response flat to 1 mc and are down 6 db at 2 mc.
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Fig. 5—Block diagram (filters to combiner).

Color-phase alternation is achieved by reversing the
polarity of the applied video signal to the (E'z—E'y)
modulator at a sixty-cycle field rate. To insure that the
burst signal is in phase with the output of the (E'r
— E’y) modulator during field number one, this modu-
lator is unbalanced during the burst interval by a pulse
signal from the burst keying generator.

The (E'’y) signal is delayed } usec so that during
transitions in picture information the luminance signal
and envelope of the color subcarrier will be coincident
in time at the output of the combiner unit. This delay
network consists of a 10’ piece of RG 65/U, 950-ohm
coaxial cable terminated with a constant resistance net-
work. A circuit is also incorporated in this unt; thus an
additional setup may be added to luminance signal.

s B. Oliver, “A rooter for video signals,” Proc. I.R.E., vol. 38,
pp. 1301-1305; November, 1950.

¢ R. C. Moore, “The specification and correction for non-linearity

of cathode ray tubes,” presented before 1952 IRE National Con-
vention, New York, N. Y.
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The luminance signal, color subcarrier, and syn-
chronizing signals are added together in the combiner
unit to form the composite NTSC color signal. Addi-
tional phase correction is employed to insure that the
envelope of the color subcarrier and the luminance sig-
nal will be coincident in time at the output of the
second detector of an average television receiver. Since
receivers have an envelope delay of approximately 0.3
usec for the higher modulation frequencies as compared
to low frequencies, the correcting network produces an
added delay for low-frequency components. The circuit
employs a balanced lattice network described in an ar-
ticle by Kell and Fredendall.?

PHOsPHOR COMPENSATION AND MATRIX UNIT

Transformation from voltages proportional to the
tristimulus values X, ¥, Z of the CIE system to voltages
required in the red,; green and blue channels is ac-
complished by a process of electronic addition and sub-
traction which is called matrixing.

The matrix equations to make these transformations
for the Standard NTSC Panel 7 primaries are

Er = 1.91Ex — 0.53Ey — 0.29Ez, (5)
E¢ = — 0.98Ex + 2.00Ey — 0.03E;, (6)
Es = 0.06Ex — 0.12Ey + 0.90E;. 0

The channel output voltages from the flying-spot scan-
ner, as indicated in Figs. 4 and 6, are designated Ex,
Ey., and Ez' because the lower wavelength lobe of the
% curve is not included in the pickup spectral charac-
teristic. Furthermore, the realized # pickup spectral
characteristic rolls off short of the § curve on the high
wavelength end of the visible spectrum. However, both
the %’ and §' pickup spectral characteristics are linear
combinations of £ and # and therefore do not limit the
color fidelity that is realized in the scanner. Output volt-
ages from scanner may be expressed by following:

Ex» = (1.2Ex — 0.2Ez) (8
Ex = (0.83Ex: + 0.166E3). 9)
The latter equation is justified on the basis that the

shape of the lower lobe of the & curve closely approxi-
mates the shape of the 2z curve, and has an area equal
to 17 per cent of the 2 curve.

Ey = (1.4Ey — 0.4Eyx)),

Ey = (0.7Ey- + 0.286Ex-),

Ez; = Ez.
Substitution of (9) and (11) in (5), (6), and (7) gives
the red, green, and blue channel voltages in terms of
the output voltages from the flying spot scanner.

(10)
(11)

and

Ex= 143Ex. — 0.37Ey + 0.03Ez (12)
E¢ = — 0.24Ex. + 1.4 Ey» — 0.19Ez (13)
Eg = 002Ex — 0.08Ey. +0.9 Ez.  (14)

7 R. D. Kell and G. L. Fredendall, “Standardization of the tran-
sient response of television transmitters,” RCA Rev.; March, 1949.
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Fig. 6 is a circuit diagram of the matrix unit and
phosphor compensation amplifier used to obtain the red
channel voltage (Eg). Similar amplifiers with appropri-
ate matrixing are used in the green and blue channels,
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Fig. 6—DMatrix no. 1 and phosphor compensation circuit diagram.

The current outputs of the photomultiplier tubes used
in the scanner are connected by means of low capacity
cable to the inputs marked (Ex.) and (Ey-). The signal
across the input impedance has a peak-to-peak ampli-
tude of 0.1 v with black level positive. The amplifier
uses three gain stages and a cathode follower to produce
an output signal of 1.0-v peak-to-peak amplitude with
black level negative. Matrixing is done at low level to
insure good linearity, and the proper proportioning of
the signals (Ex:) and (Ey-) is controlled by adjustment
of the common cathode resistor in the first stage.

The generation of video signals by a flying-spot
scanner requires the use of compensation networks to
correct for the light decay characteristic of the phosphor
used in the flying-spot cathode ray tube. Equalization
requires a network which has a flat frequency response
from 60 cps to approximately 25 kc and then a gradually
rising characteristic to 4 mc. The elimination of smear
is accomplished by the network consisting of the 1,000-
ohm input resistor in series with a 300-microhenry coil
shunted by a 470-ohm resistor. The high-frequency
response is corrected by two stages of cathode peaking.
Since the noise output of a photomultiplier is relatively
flat and wide band, the result of high-frequency peaking
is to decrease the signal-to-noise ratio for high-fre-
quency video signals. The two equalizing networks are
independent, and by this means the smear can be re-
moved first and then the cathode peaking adjusted to
produce a high-definition picture consistent with a
satisfactory signal-to-noise ratio.

CoLorR MODULATOR

Shown in Fig. 7 is a simplified circuit diagram of the
(E’'g— E'y) modulator. The input signal for purpose of
illustration is depicted as a 4-step staircase signal oc-
curring at a 15.75-kc repetition rate. A positive pulse
from the burst keying generator, which produces the
reference burst signal, is added to the video signal in the
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common plate load of the first two stages. Continuous
sine waves having a frequency of 3.89 mc are applied
180° out of phase to the grids of the 6BE6 tubes.
The keyed clamps are adjusted so that during black
level the resultant ac voltage across the filter impedance
is zero. During field number one, for the staircase signal
shown, the ac plate current of tube T1 is greater than
tube T2, and the output subcarrier has a constant
reference phase of 90° and an amplitude which is di-
rectly proportional to the level of the impressed video
voltage. The CPA unit reverses the polarity of the im-
pressed video signal every successive field, and during
field number two the polarity of the staircase voltage ap-
plied to tube T1 is negative. This results in a 180° phase
shift of the color subcarrier for field number two;
however, the phase of the reference burst signal is
unaltered since the burst keying pulse is added follow-
ing the CPA unit. The 90° phase difference between
the 3.89 mc signals applied to the two modulators is
obtained from a constant resistance phase shifter in-
corporated in this unit. It should be emphasized again
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Fig. 7—Modulator circuit diagram.

that both the (E'r—E’y) and (E's—E'y) signals may
have either negative or positive polarity depending upon
the color being transmitted at a given time. Whenever
there is a color transition causing video signal impressed
on either modulator to swing from above black level to
below black level or vice versa, the color subcarrier
phase at output of that modulator is shifted 180°,
For the modulator shown in Fig. 8:

Tube 1 Video signal Eg. + E; cos wl, (18)
Subcarrier E, cos wd; (19)
Tube 2 Video signal — (E4. + Eicos wit), (20)
Subcarrier E; cos (wd + 180°). (21)

In each tube the subcarrier is multiplied by the im-
pressed signal and the output of the two tubes are
added in a common load impedance so that

Ey = (Eq. + E; cos wid)(E; cos wd)
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+ [—=(Ed + E; cos wet)(Ez cos (wet + 180°)], (22)

Ey = 2E4.E, cos wt + 2E Es(cos wyt)(cos wd), (23)
Eo = 2E2 Edc COS wcl + El Eg (o0 ] (wg‘ + w.t)
+ E; E;cos (wet — wil). (24)

The resultant output from one modulator such as the
(E’'r— E'y) unit includes a color subcarrier term which
is directly proportional to the dc component of the
impressed color difference signal. In addition, an upper
and lower sideband signal is also generated.

CoMBINER UNIT

The circuit diagram of the combiner unit is shown in
Fig. 8. In this unit the various signals required to form
the NTSC composite color signal are added together in
proper proportion. Ample gain is provided in both the
luminance and chroma channels so that either of these
quantities may be varied experimentally, to determine
the effect of over-all performance. The attenuator
shown in the input to the chroma channel terminates
the interconnecting 150-ohm coaxial cable and has pro-
vision for changing the amplitude of the color subcarrier
in 3 db steps from +3 db to —9 db.

COMBINER

Fig. 8—Combiner circuit diagram.

The chroma and luminance information are com-
bined in a common plate load, amplified, and then
coupled to the output stage. A fast-acting keyed clamp
is used on the grids of the 7AD7 output tubes to insure
good low-frequency response. Standard synchronizing
signal is coupled directly into 75-ohm output line to re-
duce signal level that must be handled by prior stages.

BursT KEYING GENERATOR

Shown in Fig. 9 is the circuit diagram of the burst
keying generator. The duration of the pulse produced
by this generator controls the number of cycles of the
3.89-mc reference phase that are transmitted during the
burst interval. For a burst of 8 cycles the pulse duration
would be 2.06 usec.

The input signal to the burst keying generator is a
short-duration spike pulse coincident in time with the
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leading edge of horizontal blanking and occurring at a
repetition rate of 15.75 kc. A negative, nine-line pulse
occurring at a 60-cycle rate, which is obtained from the
synchronizing generator, is connected to the suppressor
grid of the 6AS6 gate tube to key out the input pulses

300V

%0V

.
jsTaRY

BURST KEY

\ 1 34
9 LINL PULSE
FROM SYNC GEN

Fig. 9—Burst-keying-generator circuit diagram.

during this time interval. By this means the burst
signal is keyed out during the time the equalizing
pulses and the serrated vertical synchronizing pulse are
transmitted. The resultant pulse train is amplified and
applied as a 20-v positive trigger pulse to the first
multivibrator. The duration of the pulse produced by
this multivibrator controls the time at which the burst
signal starts. For a gap of 0.57 usec between the trailing
edge of the horizontal synchronizing pulse and the
start of the burst signal the multivibrator would be ad-
justed to have a duration of 6.6 usec. After differentia-
tion and inversion by the 12AU7 tube, the trailing edge
of this pulse is used as a positive trigger for the second
multivibrator. The duration of the pulse produced by
the second multivibrator is controlled by a vernier con-
trol located in the grid circuit.

The time duration of the various signals occurring
during the horizontal blanking period, such as the
front porch interval, and the gap between the trailing
edge of the horizontal synchronizing pulse and the start
of the burst signal, may be accurately measured and
adjusted by an oscilloscope having provision for inten-
sity modulation of trace by a cohered oscillator.?

TiMING UNIT

Thesubcarrier frequency is chosen to be an odd multi-
ple of one-half horizontal deflection frequency, there-
fore the unit generating the 3.89-mc signal and the
synchronizing generator must be locked together. The
method used to insure this tie-in is illustrated in Fig. 10.
The master oscillator in the synchronizing generator
operates at a frequency of 31.5 kc, which is four times
fh/2, and for stable synchronizing between the two units
it is necessary to lock this oscillator with a 31.5 kc pulse
derived from the timing unit. The odd number 495 is
factorable into 5, 9, and 11, which determines the di-
viding ratio of the counters used. Using only dividers in
the chain requires the master crystal oscillator to op-
erate at a frequency of 15.592 mc, which is four times

8 ]. F. Fisher, “Television picture line selector,” Electronics; 1952.
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the color subcarrier frequency. A gated oscillator op-
erating at a 4 to 1 division ratio produces the 3.89 mc
signal directly. The S to 1, and 9 to 1 counters are gated
oscillators, while the final 11 to 1 divider employs a
staircase type counter with special linearizing networks.

15.592 MC & TO COLOR MODS.
CRYSTAL OSC. | 15.99 MC 1 3.89 MC OUTPUT
£.000% DIVIDER 3.898125 MC
1 001% (239 ~)
%
3.5 KC
DIVIDER |L2MC . ovipgr  |248.5KC, CO%LE‘I"’ER 70 SYNE. GEN.

of =) o)
4F o 15.59 MC
4 (Qp s ke

Feoon =495 %
CARRIER

Fig. 10—Timing-unit block diagram of 3.89 mc generator.

Fig. 11 is a circuit diagram of 9 to 1 divider which counts
from a frequency of 3.12 mc to one of 346.5 kc. Similar
circuits with different values of capacity and inductance
are used in other gated oscillator counters.

+300vV

Fig. 11—Circuit diagram of 9/1 counter, 3.1185 mc to 346.5 kc.

OPERATING PROCEDURE AND CALIBRATION

The scanner is adjusted for white balance by setting
the voltages Eg, Eg, Es equal when a black and white
test slide is used. This is accomplished by means of indi-
vidual controls, connected between dynodes 5 and 7 of
the Z’ and Y’ photomultiplier tubes.

The three gamma correctors are most easily ad-
justed by impressing a 1-v, 10-step linear staircase
signal, operating at a 15.75 kc repetition rate, to the
input terminals. The operating controls are adjusted so
the various steps, measured at the output of the cor-
rector, coincide with calibration lines on an oscilloscope.
This results in a 3 to 1 ratio of gain between step one,
which is nearest black level, and step ten.

The calibration of the second matrixer, color modu-
lators, and combiner units is most easily done by means
of a synthetic color bar chart generator® connected to
the inputs of matrix unit no. 2. A wideband oscilloscope
is used to check the proper levels of the signals as tabu-

* R. P. Burr, W. R, Stone, and R. O. Noyer, “Picture generator
for color television,” Electronics, vol. 24, p. 116; August, 1951,
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lated in Fig. 12. Switches are provided so that the out-
put of either color modulator as well as the luminance
channel may be measured individually to insure the
accuracy of that particular part of the system. The
phase of the reference burst signal and the output of
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Bar Chart Generator] Output | System Output Relative 'o
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Fig. 12—Calibration chart.

the (E’z— E'y) modulator are in phase coincidence be-
cause of the method used to generate the burst signal.
Phase-measuring equipment may be used to check the
relative phase of the color subcarrier for various colors
produced by the synthetic color bar generator. The rela-
tive phase of the color subcarrier for a number of
colors is tabulated in Fig. 12.

NEW SPECIFICATIONS

As mentioned in the summary, certain signal modifi-
cations were made in January 1953. (1) Spacing between
sound and picture carriers, (4.5 mc +1000 cycles).
(2) Sound transmitter power, (50-70% of peak picture
power). (3) Color subcarrier frequency reduced to
3.579545 mc +0.00039%, and color phase alternation
eliminated. (4) New color subcarrier specifications in
which the color difference signals applied to the modu-
lators are E'r and E’q, where

E't =0.74 (E'r — E'y) — 0.27 (E'3 — E'y)
E'q =048 (E'r — E'y) + 0.41 (E'p — E'y).

Sidebands of E’q information are limited to 600 kc
while those of E’r information extend to 1.2 mc. Two
signals are in quadrature with E'r leading E’q, and burst
signal leading E'r by 57°.

For color difference signals having frequencies below
500 kc this is identical to a signal generated by the meth-
ods given in this article, in which (E'z—E'y) leads
(E's—E'y) by 90°. The amplitude and phase of the
color subcarrier for color difference video signals be-
low 500 kc and the value of the luminance signal are
therefore exactly as tabulated in Fig. 12, the phase of
the subcarrier being that shown for (¢ Field One).

The specifications of the signal are such that the pair
of vectors E’r and E’q, which are in quadrature, lead the
pair of vectors (E'r— E'y) and (E'p—E'y) by 33°. The
burst signal leads E’; by 57° and leads (E'r — E'y) by 90°.
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I. INTRODUCTION
MANY OF THE TERMS defined here are of long

standing in colorimetry and photometry. Al-
ready available definitions for them have been
accepted by the Institute wherever possible. We have
drawn freely on material developed by the American
Standards Association, by the Illuminating Engineering
Society, by the International Commission on Illumina-
tion, and by the Optical Society of America. Our indebt-
edness to these organizations is hereby acknowledged.
The definitions which follow lie in a field that may be
novel to radio engineers. These definitions involve sub-
jective as well as objective considerations. In conse-
quence, we draw your attention to the desirability of
acquiring background knowledge from other sources,
such as:
1. Optical Society of America, Committee on Colorim-

etry, “Science of Color,” Thomas Y. Crowell Co.,
New York, N. Y.; 1953.

2. Deane B. Judd, “Colorimetry,” National Bureau
of Standards Circular 478, Washington, D. C.;
March 1, 1950.

II. DEFINITIONS
Achromatic Locus (Achromatic Region). Chromaticities
which may be acceptable reference standards under cir-
cumstances of common occurrence are represented in
a chromaticity diagram by points in a region which
may be called the “achromatic locus.”

Note—The boundaries of the achromatic locus are
indefinite, depending on the tolerances in any specific
application. Acceptable reference standards of illumina-
tion (commonly referred to as “white light”) are usually
represented by points close to the locus of Planckian
radiators having temperatures higher than about
2,000°K. While any point in the achromatic locus may
be chosen as the reference point for the determination
of dominant wavelength, complementary wavelength,
and purity for specification of object colors, it is usually

* Reprints of this Standard, 53 IRE 22 S1, may be purchased while available from The Institute of Radio Engineers, 1 East 79
Street, New York 21, N. Y., at $0.50 per copy. A 20-per cent discount will be allowed for 100 or more copies mailed to one address.
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advisable to adopt the point representing the chroma-
ticity of the luminator. Mixed qualities of illumination,
and luminators with chromaticities represented very
far from the Planckian locus, require special considera-
tion. Having selected a suitable reference point, dom-
inant wavelength may be determined by noting the
wavelength corresponding to the intersection of the
spectrum locus with the straight line drawn from the
reference point through the point representing the sam-
ple. When the reference point lies between the sample
point and the intersection, the intersection indicates the
complementary wavelength. Any point within the
achromatic locus, chosen as a reference point, may te
called an “achromatic point.” Such points have also been
called “white points.”

Brightness. The attribute of visual perception in ac-
cordance with which an area appears to emit more or
less light.

Note—Luminance is recommended for the photo-
metric quantity, which has been called “brightness.”
Luminance is a purely photometric quantity. Use of this
name permits “brightness” to be used entirely with
reference to the sensory response. The photometric
quantity has been often confused with the sensation
merely because of the use of one name for two distinct
ideas. Brightness will continue to be used, properly, in
nonquantitative statements, especially with reference
to sensations and perceptions of light. Thus, it is cor-
rect to refer to a brightness match, even in the field
of a photometer, because the sensations are matched
and only by inference are the photometric quantities
(luminances) equal. Likewise, a photometer in which
such matches are made will continue to be called an
“equality-of-brightness” photometer.

A photo-electric instrument, calibrated in foot-
lamberts, should not be called a “brightness meter.”
If correctly calibrated, it is a “luminance meter.” A
troublesome paradox is eliminated by the proposed dis-
tinction of nomenclature. The luminance of a surface
may be doubled, yet it will be permissible to say that
the brightness is not doubled, since the sensation
which is called “brightness” is generally judged to be
not doubled.

Candle. The unit of luminous intensity. One candle is
defined as the luminous intensity of 1/60th square
centimeter of a blackbody radiator operating at the
temperature of solidification of platinum. Values for
standards having other spectral distributions are de-
rived by the use of accepted luminosity factors.

Candlepower. Luminous intensity expressed in candles.

Chroma (Munsell Chroma). The dimension of the
Munsell system of color which corresponds most closely
to saturation.

Note—Chroma is frequently used, particularly in
English works, as the equivalent of saturation (g.v.).

Standards on Television: Definitions of Color Terms, Part I, 1953

345

Chromaticity. The color quality of light definable by
its chromaticity co-ordinates, or by its dominant (or
complementary) wavelength and its purity taken to-
gether.

Chromaticity Co-ordinate. The ratio of any one of the
tristimulus values of a sample to the sum of the three
tristimulus values.

Chromaticity Diagram. A plane diagram formed by
plotting one of the three chromaticity co-ordinates
against another.

Note—The most common Chromaticity Diagram at
present is the CIE (x, y) diagram plotted in rectangular
co-ordinates (see Fig. 1).
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Fig. 1—Chromaticity Diagram.

CIE. Abbreviation for “Commission Internationale de
I'Eclairage.”

Note—These are the initials of the official French
name of the “International Commission on Illumina-
tion.” This translated name is approved for usage in
English-speaking countries, but at its 1951 meeting the
Commission recommended that only the initials of the
French name be used. The initials “ICI” which have
been used commonly in this country are deprecated be-
cause they conflict with an important trademark regis-
tered in England and because the initials of the name
translated into other languages are different.

Color. The characteristics of light other than spatial
and temporal inhomogeneities.

Note 1—The measure of color is three dimensional.
One of the many ways of measuring color is in terms of
luminance, dominant wavelength, and purity.
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Note 2—Inhomogeneities, for example, particular
distributions and variations of light, and characteristics
of objects which are revealed by variations such as
gloss, lustre, sheen, texture, sparkle, opalescence, and
transparency, are not included among the color charac-
teristics of objects.

Color-Mixture Data. See Tristimulus Values, the pre-
ferred term.

Complementary Wavelength. The wavelength of light
of a single frequency, which matches the reference
standard light when combined with a sample color in
suitable proportions.

Note 1—The wide variety of purples which have no
dominant wavelengths, including nonspectral violet,
purple, magenta, and nonspectral red colors, are spe-
cified by use of their complementary wavelengths.

Note 2—Refer to Dominant Wavelength.

Dominant Wavelength. The wavelength of light of a
single frequency, which matches a color when combined
in suitable proportions with a reference standard light.

Note—Light of a single frequency is approximated in
practice by the use of a range of wavelengths within
which there is no noticeable difference of color. Although
this practice is ambiguous in principle, the dominant
wavelength is usually taken as the average wavelength
of the band used in the mixture with the reference stand-
ard matching the sample. Many different qualities of
light are used as reference standards under various
circumstances. Usually the quality of the prevailing
illumination is acceptable as the reference standard in
the determination of the dominant wavelength of the
colors of objects.

Equal-Energy Source. A light source for which the
time rate of emission of energy per unit of wavelength
is constant throughout the visible spectrum.

Excitation Purity (Purity). The ratio of the distance
from the reference point to the point representing the
sample, to the distance along the same straight line
from the reference point to the spectrum locus or to the
purple boundary, both distances being measured (in the
same direction from the reference point) on the CIE
chromaticity diagram.

Note—The reference point is the point in the chro-
maticity diagram which represents the reference stand-
ard light mentioned in the definition of Dominant
Wavelength.

Footcandle. A unit of illuminance when the foot is
taken as the unit of length. It is the illuminance on a
surface one square foot in area on which there is a
uniformly distributed flux of one lumen, or the il-
luminance at a surface all points of which are at a dis-
tance of one foot from a uniform source of one candle.

Footlambert. A unit of luminance equal to 1/ candle
per square foot, or to the uniform luminance of a per-
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fectly diffusing surface emitting or reflecting light at the
rate of one lumen per square foot.

Note—A footcandle is a unit of incident light and a
footlambert is a unit of emitted or reflected light. For a
perfectly reflecting and perfectly diffusing surface, the
number of footcandles is equal to the number of foot-
lamberts.

Hue. The attribute of color perception that determines
whether it is red, yellow, green, blue, purple, or the like.
Note 1—This is a subjective term corresponding to
the psychophysical term Dominant (or Comple-
mentary) Wavelength.
Note 2—White, black, and gray are not considered
as being hues.

ICI. Superseded by ‘‘CIE.”

Illuminance (Illumination). The density of the luminous
flux on a surface; it is the quotient of the flux by the
area of the surface when the latter is uniformly il-
luminated.

- Lambert. A unit of luminance equal to 1/7 candle per

square centimeter, and, therefore, equal to the uniform
luminance of a perfectly diffusing surface emitting or
reflecting light at the rate of one lumen per square cen-
timeter.

Light. The aspect of radiant energy of which a human
observer is aware through the visual sensations that
arise from the stimulation of the retina of the eye. For
the purposes of engineering, light is visually evaluated
radiant energy.

Note 1—Light is psychophysical, neither purely
physical nor purely psychological. Light is not synony-
mous with radiant energy, however restricted, nor is it
merely sensation.

Note 2—The present basis for the engineering evalu-
ation of light consists of the color-mixture data X, V, Z
adopted in 1931 by the International Commission on
Illumination.

Lumen. The unit of luminous flux. It is equal to the
flux through a unit solid angle (steradian) from a uni-
form point source of one candle, or to the flux on a
unit surface all points of which are at unit distance from
a uniform point source of one candle.

Luminance. The luminous intensity of any surface in
a given direction per unit of projected area of the sur-
face as viewed from that direction.

Note—See Note under the term Brightness.

Luminosity. Ratio of luminous flux to the correspond-
ing radiant flux at a particular wavelength. It is ex-
pressed in lumens per watt.

Luminosity Coefficients. The constant multipliers for
the respective tristimulus values of any color, such that
the sum of the three products is the luminance of the
color.
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Luminous Efficiency. The ratio of the luminous flux to
the radiant flux.

Note—Luminous efficiency is usually expressed in
lumens per watt of radiant flux. It should not be con-
fused with the term “efficiency” as applied to a practical
source of light, since the latter is based upon the power
supplied to the source instead of the radiant flux from
the source. For energy radiated at a single wavelength,
luminous efficiency is synonymous with luminosity.

Luminous Flux. The time rate of flow of light.

Luminous Intensity (in any direction). The ratio of the
luminous flux emitted by a source or by an element of a
source, in an infinitesimal solid angle containing this
direction, to the solid angle.

‘Note—Mathematically, a solid angle must have a
point at its apex; the definition of Luminous Intensity,
therefore, applies strictly only to a point source. In
practice, however, light emanating from a source whose
dimensions are negligible in comparison with the dis-
tance from which it is observed may be considered as
coming from a point.

Planckian Locus. The locus of chromaticities of Planck-
ian (blackbody) radiators having various temperatures
(see Fig. 1).

Primaries. The colors of constant chromaticity and

variable luminance, which, when mixed in proper pro-

portions, are used to produce or specify other colors.
Note—Primaries need not be physically realizable.

Purity (Excitation Purity). The ratio of the distance
from the reference point to the point representing the
sample, to the distance along the same straight line
from the reference point to the spectrum locus or to the
purple boundary, both distances being measured (in the
same direction from the reference point) on the CIE
chromaticity diagram.

Note—The reference point is the point in the
chromaticity diagram which represents the reference
standard light mentioned in the definition of Dominant
Wavelength.

Purple Boundary. The straight line drawn between the
ends of the spectrum locus (see Fig. 1).

Radiance. The radiant flux per unit solid angle per unit
of projected area of the source.
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Note—The usual unit is the watt per steradian per
square meter. This is the radiant analog of luminance.

Radiant Flux. The time rate of flow of radiant energy.

Radiant Intensity. The energy emitted per unit time,
per unit solid angle about the direction considered; for
example, watts per steradian.

Receiver Primaries. The colors of constant chromaticity
and variable luminance produced by the receiver
which, when mixed in proper proportions, are used to
produce other colors.

Note—Usually three primaries are used: red, green,
and blue.

Relative Luminosity. The ratio of the value of the
luminosity at a particular wavelength to the value at
the wavelength of maximum luminosity.

Saturation. The attribute of any color perception pos-
sessing a hue that determines the degree of its differ-
ence from the achromatic color perception most re-
sembling it.

Note 1—This is a subjective term corresponding to
the psychophysical term Purity.

Note 2—The description of saturation is not com-
monly undertaken beyond the use of rather vague
terms, such as vivid, strong, and weak. The terms
brilliant, pastel, pale, and deep, which are sometimes
used as descriptive of saturation, have connotations de-
scriptive also of brightness.

Spectrum Locus. The locus of points representing the
chromaticities of spectrally pure stimuli in a chroma-
ticity diagram (see Fig. 1).

Tristimulus Values. The amounts of the primaries that
must be combined to establish a match with the sample.

White.

Note—In color television, the term White is used
most commonly in the nontechnical sense. More spe-
cific usage is covered by the term Achromatic Locus,
and this usage is explained in the Note under the term
Achromatic Locus.

White Object. An object which reflects all wavelengths
of light with substantially equal high efficiencies and
with considerable diffusion.
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Low-Loss Waveguide T ransmission*

S. E. MILLER}, MEMBER, IRE AND A. C. BECK{, SENIOR MEMBER, IRE

Summary—The circular electric mode in round metallic tubing
becomes increasingly more attractive than the dominant mode from
the standpoint of minimizing the waveguide size at frequencies
above about 10,000 mc for the loss criterion of 0.25 db/100 feet.

The circular electric (TEy) mode also makes available a theoreti-
cal heat loss of 2 db/mile in waveguides less than 6 inches in diam-
eter at frequencies higher than about 5,500 mc. Increased transmis-
sion bandwidth, reduced delay distortion, and reduced waveguide
size are factors favoring use of the highest practical frequency of
operation. An increased number of freely propagating modes and
smaller mechanical tolerances are the associated penalties.

Experimental work has been carried out in the 9,000-mc region
using the TE, mode in a pipe about 5 inches in diameter. Transmis-
sion of 0.1-usec pulses has been observed over a distance of 40
miles. Mode conversion and surface roughness of the tubing walls
result in observed losses which average about 50 per cent higher
than the theoretical values for geometrically perfect, smooth-walled
tubing.

There is included a brief discussion of several problems unique
to transmission in a multimode medium, including pure mode gen-
eration, mode filtering, the bend problem, and the effects of mode
conversion on transmission loss and signal fidelity.

INTRODUCTION

HIS PAPER presents some results of an inves-
Ttigation carried on at Holmdel to evaluate the

possibility of using waveguide as a low-loss trans-
mission medium. The Bell System is interested in know-
ing whether waveguide can be used as a long-distance
communication medium in the manner in which coaxial
cable or the radio-relay system is now employed.

Our interest in long-distance waveguides is due in part
to the fact that radio-wave propagation through the at-
mosphere becomes progressively more severely handi-
capped by oxygen, rain, and water-vapor absorptions at
frequencies above 12,000 mc. Use of the spectrum above
this frequency seems to require a sheltered transmission
medium.

We also employ waveguide for subsidiary connecting
links in other systems, for example, between the antenna
and the transmitter or receiver in a radio-relay system,
and we are interested in the general factors governing
such waveguide use.

The loss requirements for these two general applica-
tions are of course different. For long-distance trans-
mission it would be desirable to have losses as low as
1 to 4 db per mile. For the subsidiary connecting-link
application, a loss on the order of 1 db per 100 feet, that
is, about 13 db per mile, is an attractively low loss.
Other characteristics of these two waveguide uses are also
quite different. For the subsidiary connecting link, the
frequency of operation, the type of signal modulation

* Decimal classification: R118.2. Original manuscript received by
the Institute, September 9, 1952. Presented orally at the March,
1951 IRE National Convention in New York, N. Y.

t Bell Telephone Laboratories, Box 107, Red Bank, N. J.

to be used, and numerous space requirements are fre-
quently dictated by the remainder of the system. For
long-distance application, on the other hand, the kind
of waveguide, the mode to be used, the frequency of
operation, and the type of signal modulation employed
are all at the disposal of the system designer for use in
achieving the most efficient transmission of intelligence.
In this case the equipment associated with the wave-
guide is in a sense subordinate to the characteristics of
the waveguide. The associated equipment will be de-
signed to take advantage of the medium'’s desirable
characteristics and to avoid the medium’s undesirable
characteristics. These detailed systems considerations
will not be discussed in this paper, but the systems point
of view should be kept in mind when assessing the ob-
servations to be reported.

THEORETICAL CONSIDERATIONS GOVERNING
WAVEGUIDE Usg

Fig. 1 shows the loss characteristics of dominant-
mode rectangular waveguide. The ordinate is the mid-
band theoretical attenuation for a rectangular wave-
guide designed to be in the center of its region of
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Fig. 1—Attenuation versus freguency for dominant-mode rectangu-
lar hollow copper waveguides in the center of their region of
single-mode operation.

single-mode operation at the abscissa frequency. At
5,000 mc the loss is around 1 db per 100 feet, at 10,000
mc the loss is around 3 db per 100 feet, and at 30,000 mc
the loss is in excess of 10 db per 100 feet. Thus above
5,000 mc the dominant-wave rectangular guide loss
becomes undesirably high even for subsidiary connect-
ing-link applications.
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For long-distance applications and transmission
losses under 5 db per mile, a midband frequency below
1,000 mc is necessary with dominant-mode rectangular
waveguide. This corresponds to a waveguide approx-
imately one foot in width, which is undesirable from the
standpoint of size and cost. Furthermore, delay-distor-
tion requirements would necessitate the use of such a
waveguide in baseband channels only a few megacycles
wide. The total RF band available is less than 500 mc
for single-mode operation. We conclude that a more
attractive design for long-distance application would be
very desirable.

The situation just described for single-mode rectangu-
lar waveguide would be broadly the same for other
shapes of single-mode hollow-conductor waveguide.

It is well known that the loss of any hollow conductor
waveguide can be reduced in theory to any desired ex-
tent by increasing the cross-sectional area a suitable
amount. The resulting penalty is that the medium is
capable of supporting more than one mode. There seem
to be no advantages of rectangular waveguide when
operated in the multimode region. As a result this dis-
cussion will now be confined to round waveguides which
are attractive for mechanical reasons.

The difficulties associated with the transmission line
increase as the number of freely propagating modes in-
creases. Furthermore, the cost of the line increases as
the size is increased. Thus, convenient criteria for
choosing the mode of transmission are the required
waveguide size and the number of freely propagating
modes. To this should be added the criterion delay dis-
tortion for it will become evident that the various modes
differ in this respect also.
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Fig. 2—Round-guide diameter versus frequency for the fixed
attenuation of 2 db/mile.

Fig. 2 shows the waveguide diameter required at any
given frequency to achieve a theoretical loss of 2 db
per mile. Below 2,500 mc use of TE,;, the dominant
wave, results in the smallest waveguide size. Above
2,500 mc the circular electric mode provides the smallest
waveguide diameter at the required 2 db per mile loss.
For a frequency of operation near 50,000 mc, the diame-
ter required is about 2 inches.
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Fig. 3 shows similar data for the condition where the
loss is held constant at 0.25 db per hundred feet. Under
these conditions use of the dominant wave TE, results
in smaller waveguide diameters for midband frequencies
up to 8,000 mc. At midband frequencies above 8,000
mc use of the circular electric wave TE, provides a
medium with 0.25 db/100-foot loss in the smallest
waveguide diameter. From Figs. 2 and 3 one may draw
the general conclusion that for frequencies up to 5,000
or 10,000 mc, depending upon the exact loss tolerated,
dominant-wave transmission results in the smallestwave-
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Fig. 3—Round-guide diameter versus frequency for the fixed at-
tenuation of 0.25 db/100 feet and 13.2 db per mile.

guide size, and appears attractive. At midband fre-
quencies higher than 10,000 mc the circular electric
wave will provide the desired magnitude of transmission
loss in a smaller waveguide diameter than that required
by any other wave.

The number of freely propagating modes is also shown
on Figs. 2 and 3 by the circles and numerals at points
along the curves. For the 2 db/mile condition, Fig. 2
indicates that 25 to 50 modes will propagate in a line
designed to operate near 10,000 mc. This corresponds to
a condition which has been studied experimentally, as
reported in succeeding sections of this paper. In order
to reduce the waveguide to about 2 inches in diameter,
an interesting region for long-distance communication, a
carrier frequency of about 50,000 mc is required and
about 175 modes can propagate.

For the short connecting-link application, Fig. 3 shows
that about 10 modes will propagate in a line designed to
operate near 10,000 mc, and even at 4,000 mc 2 or 3
modes must be tolerated. For a line designed to operate
at 25,000 mc the circular electric wave is clearly indi-
cated and about 25 modes must be accepted to reach
the condition of 0.25 db/100 foot theoretical loss.

Delay distortion is another parameter governing
waveguide uses. In Fig. 4 the ordinate is the ratio of
group velocity to the velocity in free space, and the
abscissa is the operating frequency. For any smooth-
walled hollow conductor waveguide the group velocity
is zero below the cutoff frequency and approaches the
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free-space velocity asymptotically above the cutoff fre-
quency. To establish quantitatively the magnitude of
delay distortion, we assume a carrier shown on the
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Fig. 4—Group velocity (relative to an unbounded medium) versus
frequency for hollow conductor waveguides,

chart as fo, with two sidebands separated from the
carrier by Af. For a certain magnitude of delay distor-
tion there will be a 180° phase difference between the
components at plus and minus Af, a condition of severe
distortion using any of the ordinary modulation meth-
ods. The bandwidth associated with this amount of
delay distortion is an upper limit on the usable band-
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Fig. 5—Base bandwidth per channel vs. frequency for one-mile wave-
guide length, loss fixed at 0.25 db/100 feet and 13.2 db per mile.

width,! and we shall use it as a quantitative indication
of the quality of the medium. In order to simplify the
presentation we shall assume one mile of waveguide
length in all cases. It may be shown that the allowable
base bandwidth varies inversely as the square root of
the length of waveguide.

Fig. 5 shows on the ordinate the base bandwidth
allowable for a one-mile waveguide length and on the
abscissa the midband operating frequency. The wave-
guide diameter shown by circles along the curve has
been varied to hold the loss constant at 0.25 db per

1 This conclusion is based on some unpublished analyses made by
D. H. Ring and S. Darlington of Bell Telephone Laboratories.
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hundred feet, making these curves comparable to those
of Fig. 3. Note that for midband frequencies below
10,000 mc the allowable channel bandwidths are less
than 100 mc for a one-mile waveguide length. Shorter
waveguide runs allow the use of wider bands. Fig. 6
shows similar information where the waveguide loss
has been held constant at 2 db per mile, the same condi-
tion held in Fig. 2. Below 3,000 mc the TE, wave is
more attractive since it provides more bandwidth and
requires about the same diameter as the circular electric
wave. Above 3,000 mc, also, the TE; wave provides
more bandwidth under the conditions plotted. How-
ever, note that the waveguide diameter required in this
region is larger for the TE;; wave. Hence, if more band-
width than provided for the TE, wave is required, one
would probably enlarge the waveguide to get the pre-
scribed bandwidth in the circular electric wave, or as
an alternative, go to a higher frequency where the
circular wave provides the same loss in a smaller wave-
guide and at the same time makes available more band-
width per channel. In the vicinity of 50,000 mc for the
2 db/mile condition, a bandwidth per channel on the
order of 500 mc is the maximum that is available. Of
course, the useful bandwidth of the waveguide is much
greater than this since many such channels can be
multiplexed by frequency division.
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Fig. 6—Same as Fig. 5 except loss fixed at 2 db/mile.

In view of the general trend toward wider bandwidth
systems and toward higher midband frequencies of op-
eration it would appear likely that hollow conductor
waveguides operated in the multimode region will find
application if their theoretically available transmission
capabilities can be realized in practice.

REPORT ON EXPERIMENTS CONCERNING CIRCULAR
ELECTRIC WAVE TRANSMISSION?

Some over-all transmission experiments were con-
ducted on a low-loss waveguide line, approximately 500

* A report on some dominant-wave experimental work in multi-
mode round waveguides was given by A. P. King, “Dominant-wave
transmission characteristics of a multimode round waveguide,”
Proc. I.R.E., vol. 40, pp. 966-969; August, 1952,
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feet long. Fig. 7 shows the waveguide installation. The
supports for the line were set in concrete and optically
aligned so as to provide a waveguide straight within
about } inch over its entire length. The philosophy be-
hind this installation was the familiar one of providing,
for experimental purposes, as close to the ideal line as
possible so that deviations could be created in a con-
trolled manner. The inside diameter was about 4%
inches, chosen to obtain the desired theoretical loss of
about 2 db per mile at 9,000 mc, where measuring
equipment was readily available. Higher frequencies in
smaller waveguides would of course be more attractive
for commercial use, but this must await the develop-
ment of suitable electron tubes.

Fig. 7—Installation of 5-inch diameter waveguide line.

The copper tubing employed was produced by a com-
mercial supplier using the manufacturing techniques
now standard for precision waveguide.

Fig. 8 shows the layout of equipment used for one
type of test conducted on the line. In this test, short
bursts of RF energy, approximately 0.1 usec in duration,
were injected into the line at intervals of 300 usec.
Except for two small holes through which to couple to
the transmitter and receiver, the waveguide line was
short-circuited at both ends. The injected 0.1-psec pulse
occupied at any instant a space interval of 100 feet;
therefore, as the pulse traveled from one end to the
other between the short circuits, it produced at the
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receiver coupling hole spurts of energy at the instants
when the pulse was passing the sending end. Each
time the pulse passed the input end a small amount was
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Fig. 8—Diagram of equipment used for pulse transmission tests.

sent to the receiver, amplified, detected, and placed as
a vertical deflection on the oscilloscope. The horizontal
deflection on the oscilloscope was a linear time base
having a duration of a few microseconds. In order to
look at the received pulse after a selected number of
trips back and forth down the line, a variable delay
was placed between the trigger and the oscilloscope's

| A 0 .
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Fig. 9—Photograph of cathode-ray tube presentation during the
time interval immediately following the transmitted pulse.

horizontal deflection circuits. Figs. 9-12 show photo-
graphs of the oscilloscope under different conditions.
It should be noted that the pulse transmitted through
the small orifice in the end plate of the waveguide ex-
cited a large number of modes. There are, at 9,000 mc,
approximately 40 modes which can propagate in this
waveguide. It also is known that the coupling through
the end-plate holes was so weak and the energy lost due
to dissipation in the shorting plates was so small as to
represent an attenuation which was negligible compared
to the theoretical wall loss in the 500-foot long line.
Therefore, as the pulse bounced back and forth in the
line, it decayed just as though it had traveled on a
straight long section of waveguide made up of 500-foot
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long segments identical to the single 500-foot section
actually constructed.

Fig. 9 shows a photograph of the oscilloscope dis-
playing the time interval immediately following the
transmitted pulse. The pulse at the extreme left repre-
sents the transmitted pulse which passed directly from
the transmitter orifice to the receiver orifice on the end
plate of the waveguide. The blank time interval im-
mediately following the transmitted pulse is about
1 usec long and represents the time of travel of energy
down to the far end of the 500-foot line and back to the
sending end. During this interval no pulses were re-
ceived because the joints in the line produce little re-
flection. The first pulse after the transmitted pulse rep-
resents energy in the mode which has the highest group
velocity. Pulses immediately following this first received
pulse represent energy which traveled in other modes
whose velocities were lower and which therefore re-
quired more time for the one round trip of travel. Be-
ginning at the time 2A¢{, there appear received pulses
which represent energy which made two round trips in
the line. If the transmitted pulse width were short
enough, one could theoretically identify the mode in
which the energy traveled by observing the time of ar-
rival, since the velocities of propagation and the dis-
tance are known parameters. The 0.1-usec pulse used in
these experiments was not short enough to allow this
kind of resolution on an individual mode basis. Some-
thing on the order of five or six modes had velocities so
nearly the same that they could not be resolved on a
time basis with the 0.1 usec pulse and the 500 foot line.

In Fig. 10 the scale of the abscissa was changed so as
to show the interval 0 to 14 At instead of the interval 0
to 2Al. Observe that fewer pulses were received in a time
interval At for increased time delay relative to the trans-
mitted pulse. This is a consequence of the fact that en-
ergy traveling in some modes was attenuated more rap-
idly than that in other modes. For time delays greater
than 10A¢ the received pulses appeared at regular inter-
vals and with smoothly decaying amplitude. This be-
havior indicated that the major portion of the energy in
the line was traveling in a single mode, and we deduced
that this mode was TEg as follows: We identified the
mode as one near the TEo mode in velocity of propaga-
tion by measuring the absolute time between pulses
(averaged over many round trips) and finding that this
period corresponds to the theoretical time of energy
travel for one round trip of TEq in the 500-foot line.

Fig. 10—Same as Fig. 9, except that a longer time interval is shown.

This excluded all but a few modes whose velocities are
nearly that of TEy. Measurements of transmission loss
were made by observing the rate of decay of the re-
ceived pulses averaged over 10 round trips or more. It
was found that the loss was about 3 db per mile com-
pared to a theoretical value of approximately 2 db per
mile for TE, propagation. This confirmed that propa-
gation was actually taking place in the TEq mode, for
all other modes near TEy; in velocity have theoretical
losses well in excess of the observed value.

In summary of the effects illustrated in Fig. 10, a
great many modes including TE were launched by ex-
citing the waveguide through a small aperture in the
end plate. All these modes propagated back and forth
in the line for a while, but due to the fact that TEo has
appreciably less loss than the other modes the energy
which remained in the line after a suitable time delay
was substantially all in the TEo; mode. This permitted
measuring the TEy; loss over a distance of many miles
by allowing the energy to traverse the 500-foot line
many times.

The theoretical loss of the experimental line was
about 2 db/mile, and the average observed value was
about 50 per cent higher than this. Some of the excess
above theoretical was due to roughness of the copper
surface on the inner wall of the pipe. Measurements
made on a sample of the same waveguide by Tyrrell,
and measurements made by Beck and Dawson on
wire samples,® both show that the surface roughness ef-
fects account for ohmic losses 15 to 20 per cent above
theoretical. The remainder of the excess above theoreti-
cal would therefore appear to be due to mode conversion
from TEy to other modes, which is really an energy
transformation phenomenon rather than a dissipative
phenomenon. Direct measurements to confirm this sup-
position are described in a later section of this paper.

Questions naturally come to mind in connection with
long waveguide propagation possibilities: Will circular
electric wave propagation be limited by mode-conver-
sion effects and, if so, at what distance? Will mode con-
version cause the shape of a pulse to be distorted be-
yond recognition ? Fig. 11 gives a partial answer to these
questions. In Fig. 11 there are shown several successive
pulses which traveled up and down the 500-foot wave-
guide for a total distance of 40 miles. The pulse shape

3 A, C. Beck and R. W. Dawson, “Conductivity measurements at
microwave frequencies,” Proc. I.R.E., vol. 38, pp. 1181-1189;
October, 1950.
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after 40 miles was essentially the same as the transmit-
ted pulse, although thermal noise was clearly visible.
One certainly can conclude from this ebservation that
circular electric wave transmission over great distances
is possible.

The long waveguide line and associated pulse trans-
mitting and receiving equipment also provided a very
convenient way of demonstrating additional mode trans-
mission effects. For example, in a multimode medium

Fig. 11—Record of pulses after 40 miles of repeated
traversal over the 500-foot line.

one may use mode filters. One such filter may have a
very low loss for the circular electric waves but very
high loss to other waves. Such mode filters have been
built and Fig. 12 shows the transmission changes which
resulted when one was introduced into the experimental
line. The upper half of Fig. 12 shows the time interval
0 to 11A¢ with no mode filter in the line. When the mode
filter was introduced into the waveguide, the received
signal changed to that shown in the lower half of Fig.
12. The energy in the undesired modes largely disap-
peared; it was absorbed by the mode filter.

There are a few small pulses in the lower half of Fig.
12 which cannot be in the TEy mode because of their
time position. Starting at time 1.15A¢ there is a series
of regularly spaced pulses in Fig. 12 labeled TE,s, and
a single small pulse labeled TEy;. The geometric place-
ment of resistive material in the mode filter used lead
us to anticipate low losses for the entire circular electric

?
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(T Eo,) family of modes, and, therefore, the extra pulses
were suspected of being in higher-order circular electric
modes. The TEy; pulse was tentatively identified by
noting that its group velocity was 55 to 60 per cent of
that of the T By pulses. High attenuation in the TEo;
niode prevented additional TEg; pulses from being ob-
served.

In the case of the T Eq; series of pulses, it was possible
to get a fairly accurate measure of relative group veloc-
ity, confirming the identification as TEy2. Note that the
seventh TE,, pulse coincides with the sixth T FEg pulse,
and that the pulse at 7Af shows on the TEg, train as be-
ing too large in amplitude.

For the lower half of Fig. 12 with the mode filter in
the waveguide, the TEg train shows a smoothly decay-
ing amplitude characteristic in the region 0 to 10Af
(with the exception of the situation at 7At as already
described); whereas, in the upper half of Fig. 12 for
which no mode filter was used, the series of TEy, pulses
show rather marked deviations from a smoothly decay-
ing wave in the 0 to 10A¢ time interval. The latter is due
of course to the presence of energy in the line in unde-
sired modes.

MobpE FILTERS AND TRANSDUCERS

Filters which selectively attenuate certain modes
while passing others, as just described, are expected to
be an essential part of a circular electric wave transmis-
sion system. Fig. 13 is a photograph of some of the cir-
cular electric mode filters* used in the work being de-
scribed in this paper. A series of resistive sheets, lo-
cated radially in the waveguide, formed a resistance path
perpendicular to the electric field of the TEy wave. Any
wave except TE,, had an electric field along the re-
sistance path and was attenuated. At 9,000 mc, this fil-

4 Mode filters of the type shown were first made by A, . King of
the Bell Telephone Laboratories, Inc.

o
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Fig. 12—The effect of a mode filter on transmission in the 500-foot line. The unlabeled pulses in the lower part are in the TEs mode.
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Fig. 13—Mode filters which pass only circular electric waves.

ter presented a loss to the T'Eq wave of less than 0.05 db
and losses to some of the other waves in excess of 20 db.
A circular electric wave transducer having high ef-
ficiency is very important in the use of circular electric
waves for communication purposes, and is extremely
useful in making certain measurements on the line. Fig.
14 shows one way of producing the TEy, wave over a
very broad band.® The input to the transducer is on one
rectangular single-mode guide. The internal cross sec-
tion of the rectangular guide is first flared to a triangle,
then the triangle is gradually opened to form the circle.
The combination of the transducer of Fig. 14 and mode
filters of Fig. 13 has produced the circular electric wave
with undesired mode components at least 40 db down,
and with an over-all transfer loss of less than 0.5 db.

. @@@ O

Fig. 14—Circular electric wave transducer.
TE,,00 —TEO transducer.

It is important to be able to transform energy from a
dominant mode rectangular guide to any one of the modes
of the multimode guide without appreciable coupling to
the other modes. Fig. 15 illustrates a very versatile

5 A. P. King was responsible for the first transducer of this kind
in these Laboratories. Later we learned of a similar device described
by Jean Ortusi, “Les Conditions de Propagation de L'onde H, et ses
Applications,” Ann. Radioelect., pp. 95-116; April, 1949,

means for accomplishing such mode transformations.
Two parallel transmission lines are coupled together
over a length interval which typically could be 0.5 to 20
wavelengths long. The phase constant of the dominant
mode rectangular line is made equal to the phase con-
stant of the desired mode of the multimode line. Under

2
2

COUPLING
APERTURE

Fig. 15—Coupled wave transducer.

these circumstances the over-all power transfer which
takes place is predominantly in the single mode of the
multimode line whose phase constant is matched by
that of the dominant mode line. Energy in other modes
of the multimode line passes by the coupling array with-
out appreciable effect. In the single mode selected, the
device may also be made directional, with significant
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energy transfer occurring only between terminals 1 and
4 or 2 and 3. Devices of this form, called “coupled-wave
transducers,” were built as loose coupling devices or as
high-efficiency transducers (having transfer losses in the
0.2- to 0.75-db region) for a variety of modes including
TEy, TMy, and TEy of round waveguide.®

SoME EFFECTS OF TAPER TRANSITIONS

The 500-foot line, in combination with the equipment
layout sketched in Fig. 16, has been used to demon-
strate some higher-order mode effects associated with
taper transitions. It was convenient to generate the cir-
cular electric wave in a waveguide which can support a
relatively small number of modes, that is, a round wave-
guide smaller than that used for transmission purposes.

PULSE
TRANSMITTER LR

TRANSDUCER MODE PLATE
TE G- TED, ¥
=476

FILTER
Fig. 16—Equipment layout for pulse measurement of
mode conversion in a taper.

This is illustrated on the left side of Fig. 16. The taper
transition from the small to the larger round guide must
be designed with regard to both reflection effects and
mode-conversion effects. With pure TE, excitation, the
taper introduces higher-order circular modes. To dem-
onstrate this effect, a pure TEy wave was propagated
into the taper and the resultant wave traveled down the
500-foot line and back to the receiver. The energy which
converted from the TEy wave to the TEy; or TEy; wave
in the taper traveled at a lower velocity than the energy
in the TEy wave. Therefore, after reflection from the far
end of the line the energy present in TE,; and TEy;
waves arrived back at the receiver later than the energy
which traveled in the TEo mode. Thus it was possible to
observe the mode-conversion effects due to the taper.
Fig. 17 illustrates these effects. The top left trace
shows the received signal when no taper was used; the
second trace on the left shows the received signal when
a 6-inch taper was used, and so forth. The first pulse
after the transmitted pulse represents energy in the
TEy mode, and the next one energy in the TEy; mode,
as marked. The receiver pick up was not equally sensi-
tive to TEo and TEy,, and, therefore, the relative pulse
magnitudes shown are not true comparisons of powers
in the two modes. However, the receiver sensitivity was
maintained constant as the taper length was changed,
so the changes in relative pulse magnitudes for different
taper lengths directly indicate the changes in mode con-

¢ S. E. Miller, “Some Coupled Wave Theory and Application to
Waveguides,” to be submitted to Proc. I.R.E.
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version. Fig. 17 demonstrates that an increase of taper
length decreased the amount of mode conversion, and
that even with a 24-inch taper the conversion to TEy,
is not negligible.

TAPER LENGTH
IN INCHES

r
\ | [
v
0 24
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TRANSMITTED
PULSE

TEq TEg2

Fig. 17—Photographs showing observed effects of mode conversion
in a taper, and the improvement when using a suitable lens.

Mode conversion in a taper can be made tolerably
small by using a long taper or, instead, a short taper
may be corrected by means of a lens. The latter approach
has also been used successfully, as illustrated in Fig. 17.
The lower two traces on the right show the received sig-
nal when lenses constructed from a design worked out
by Morgan were added to the same tapers which,
when used without correcting lenses, gave the cor-
responding left-hand traces. Reduction in TEy con-
version obtained by using such lenses is very evident
when comparing the lower left-hand and right-hand
traces in Fig. 17.

CW Loss MEASUREMENTS

Loss measurements were made on the 500-foot line
using cw instead of a pulsed source, in this case exciting
the line alternately with the dominant wave (TEy) or
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with the circular electric wave. This type of measure-
ment was not as accurate as the pulse measurement be-
cause the round-trip loss of the 500-foot line is on the
order of 3 db and small errors cause appreciable per-
centage deviations. In the measurements, the cw power
input to the line was used as a reference by closing the
shorting switch (Fig. 18) and the magnitude of the wave

TWE%
TEp=> TEy

MEASURING
SET

Fig. 18—Equipment layout for cw measurement
of transmission loss.

reflected back to the measuring set was observed. Then
the shorting switch was opened, and the energy allowed
to propagate through the transducer down to the end
of the line, back through the transducer again, and
thence to the measuring set. The difference between
these readings was twice the sum of transducer plus line
loss, and by making a separate measurement of trans-
ducer loss the line loss was determined. The results of
measuring the line in this manner are shown in Fig. 19.
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Fig. 19—Theoretical and cw observations of loss for
the 500-foot waveguide.

The theoretical loss for the dominant wave TE;, and for
the circular electric wave T Ey; are shown by the broken
lines. The observations are represented by plotted
points. Comparison of the theoretical and observed
losses indicates that the excess above theoretical is on
the order of 25 to 80 per cent in the 9,000-mc region, and
somewhat less in the 4,000-mc region. The work of Tyr-
rell, Beck, and Dawson leads one to expect losses on the
order of 15 or 20 per cent above theoretical due to sur-
face roughness in the 9,000-mc region, thus suggesting
that the remainder may be due to mode conversion.
Furthermore, the observed variation in circular electric
wave loss versus frequency is also larger than the
theoretical variation as a consequence of a mode-con-
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version phenomena. It is important to indicate the
mechanism involved in this effect.

Fig. 20 shows a hypothetical piece of waveguide con-
taining two similar small deformities. A pure circular
electric wave is assumed propagated toward the first de-
formity, beyond which there will be some energy pres-
ent in some other mode, designated as TX, in Fig. 20.
When this complex wave strikes the second deformity,
another conversion takes place and the output will now
be a large TE, wave component, the two smaller com-
ponents in the undesired mode, TX, and TX 5, and a still
smaller circular electric wave component, TEy’, which
is due to reconversion of the energy from T'X, to the cir-
cular electric wave in traversing the second deformity.
This latter reconversion occurs with very significant
results. It can be shown that for the proper distance be-
tween two identical symmetrical deformities the wave
coming out is entirely pure circular electric. Another
separation between the deformities will result in a maxi-
mum energy transfer from circular electric to the other
mode. Therefore, any mechanism which varies the ef-
fective spacing between conversion points will produce

FIRST
DEFORMITY

SECOND
DEFORMITY

TEQ#TX, + TXp+ TEQy
——

Fig. 20—A hypothetical distorted waveguide and the associated
mode-conversion, signal-loss effects.

a TEqy insertion-loss variation. This effect was observed
on the 500-foot line (1) by varying frequency and (2)
by varying the physical length of the line in the pulse-
type loss measurement.

It is important to note that if a mode filter is placed
between the two deformities of Fig. 20, the component
T X, will be removed and therefore the component TEo,’
at the output of the second deformity must be zero. For
this idealized case of a mode filter between each de-
formity there is no effect due to the phasing of the de-
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Fig. 21—The effect of a mode filter on the observed cw TEn
loss versus frequency characteristic.

formities. We would expect, therefore, in a practical
line, that if we observed the loss variation as we changed
the electrical spacing between the conversion points,
then the variation in loss should be smaller with a mode
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filter than without it because the mode filter would ab-
sorb some of the unwanted wave components before
they could be reconverted into the circular electric
wave. This experiment was done with the results as
follows:

Fig. 21 shows the results of measuring the TEy, loss
by the cw method in the 9,000-mc region with and with-
out the mode filter. No correction was made for the
mode filter loss; it was included in the plotted values.
This shows quite clearly that the mode filter can reduce
the circular electric wave loss and also that it has the
effect of smoothing out the variation in loss which, in
this case, is shown as a function of frequency.

TueE EFFECT oOF MODE CONVERSION IN
PrRoODUCING SIGNAL DISTORTION

Mode-conversion phenomena can also produce a sig-
nal-interference effect. Fig. 22 shows another hypotheti-
cal waveguide containing two deformations, but in this
case the distance between the deformations may be

WAVEGUIDE
’ DEFORMATIONS \

. ‘ A ko :
TEqq g TEqr / TEor\ TEos \
t t t _L; t
Tx Tx Tx Tx
I—O—v t T—‘—v t L—v t LOA 5 ¢t

Fig. 22—Signal interference effects due to mode
conversion and reconversion.

great, perhaps hundreds of feet. A pure TEy wave is
assumed propagated into the line, and on striking the
first deformity, a small component is produced in some
undesired mode designated T.. In the waveguide ad-
jacent to the first deformity the TEy pulse and the T,
pulse appear at the same instant of time since the latter
was derived from the former. This situation is sketched
in the second pair of amplitude-time diagrams of Fig.
22. These two wave components are now allowed to
propagate for some distance, and because of a difference
between their velocities of propagation they will arrive
at the second deformity at different times. This situa-
tion is illustrated in the third pair of amplitude-time
diagrams of Fig. 22. Now, on passing through the sec-
ond deformity, the reconversion which takes place from
the undesired wave back to the circular electric wave
produces a signal in the circular electric wave which oc-
curs at a different time than the signal which came
straight through without conversion. Because there are
some modes with a velocity faster than that of the cir-
cular electric wave, these interference pulses may pre-
cede the signal pulse itself, as well as lag it. When the
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distance between deformities is too short for the pulses
to be resolved at the second deformation, the result will
be a distortion of the wave, of course, rather than sepa-
rate pulses. The general subject of signal distortion due
to mode conversion in a multimode medium is an inter-
esting one on which considerable work has already been
done.

DIRECT MEASUREMENT OF M ODE CONVERSION

Mode conversion effects in the line have also been
measured directly.” Fig. 23 shows the general arrange-
ment. A pure circular electric wave was introduced at

SINGLE
MODE
RECEIVER

Fig. 23—Equipment layout for the direct measurement
of mode conversion.

one end of the line and at the far end of the line a single-
mode receiver was arranged to accept one mode at a
time from the output. Coupled wave transducers of the
general type shown in Fig. 15 were very useful in this
measurement. A reference reading of the TEy, output of
the line was taken. The power received in other modes
was recorded relative to the TEy, output. Since the loss
in the line was a small fraction of a db for the circular
electric wave and only a few db for the other modes, the
comparison of the TEy, output with other mode outputs
yields a good order of magnitude indication of the mode
conversion effects. The results of the measurement are
shown in Fig. 24.The ordinate in this chart is the ab-
solute magnitude of the undesired mode power at the
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Fig. 24—Observed mode conversion in the 500-foot line.

7 This work was carried out jointly by A. C. Beck and M. Aronoff
of Bell Telephone Laboratories.
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end of the line, expressed as a percentage of the theo-
retical heat loss power of the TEy wave for the 500 feet.
That is, a reading of 100 per cent means that the power
converted from TEy, to the given mode is exactly equal
to the power theoretically lost by the TEj wave in
traveling through a geometrically perfect, smooth-
walled 500-foot section of line. This scale provides a
direct indication of the significance of the mode conver-
sion as influencing transmission loss. Measurements
were made to evaluate conversion to the TE;,, TMan,
TEn, TMy, and TE; modes. The dotted curve of Fig.
24 represents a typical individual mode conversion
measurement, in this case TEg to TEyn. The solid curve
is the sum of the individual measurements of conversion
from TEy to the modes listed. The variation in magni-
tude (see Fig. 24) is due to phasing of the conversions
from a number of points. Very small indicated percent-
ages of mode output for these modes at certain frequen-
cies probably does not mean lack of mode conversion,
but rather a partial cancellation of the multiplicity of
conversions in that mode.

Using the probe technique of evaluating mode con-
version effects, as reported previously,® Aronoff deter-
mined that the modes represented in Fig. 24 are prob-
ably the principal ones in which significant mode con-
version takes place. More precisely, the probe measure-
ments indicate that conversion from TEy to the TEn,
and T M., modes is confined to those modes of index m
between one and four,

THE BEND PROBLEM

It is familiar to those who have thought about using
the circular electric wave that there is a problem asso-
ciated with transmitting this wave around bends.?-10.1!
The problem stems from the fact that there is a de-
generacy between the TEy and T My, modes in straight
round waveguide. A deviation from straightness, as in a
bend, causes mode conversion no matter how gradually
the bend takes place.

A detailed discussion of some solutions to this prob-
lem is given in another paper.!? It is noted that the form
of the waveguide may be altered so as to remove the
degeneracy between TEy and TMy. An alternative is
to convert the circular electric wave into a normal mode
of the bent round guide at both ends of the bend.
Finally, dissipation in the unwanted modes may be used

8 M. Aronoff, “Radial probe measurements of mode conversion in
large round waveguide with TEq mode excitation,” submitted to
Proc. I.R.E.

* M. Jouguet, “Effects of the curvature on the propagation of
electromagnetic waves in guides of circular cross-section,” Cables and
Trans. (Paris), vol. 1, no. 2, pp. 133-153; July, 1947,

10 \W. J. Albersheim, “Propagation of TE, Waves in Curved
Waveguides,” Bell Sys. Tech. Jour., vol. 28, January, 1949,

11 M. Jouguet, “Wave Propagation in Nearly Circular Wave-
guide=s: Transmission-Over-Bends Devices for H, Waves,” Cables
and Trans. (Paris), vol. 2, no. 4, pp. 257-284; October, 1948.

12 S E. Miller, “Notes on methods of transmitting the circular
electric wave around bends,” Proc. I.R.E., vol. 40, pp. 1104-1113;
September, 1952.
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to inhibit the mode conversion tendency and thereby
avoid loss in the bend. Experimental work has been
carried out on several of these band solutions, by
King at 9,000 mc and by Fox at 48,000 mc, with the
conclusion that circular electric waves can be trans-
mitted around arbitrary bends with very low losses.

Experimental work has also been carried out, by
Beck on the 500-foot line and by King on a smaller di-
ameter line, to test the theoretical predictions of TEoy
behavior in bent round waveguide. This work may be re-
ported in later papers. Broadly, the experimental re-
sults were in good agreement with theory.

CONCLUSION

In order to reduce the theoretical heat losses of hol-
low metallic waveguides to 0.25 db/100 feet at frequen-
cies above about 2,000 mc, it is necessary to use the
guide as a multimode medium. At frequencies above
about 10,000 mc the circular electric mode in round
metallic tubing becomes more attractive than the dom-
inant mode because it provides a medium with the 0.25
db/100 feet loss in a smaller space.

Using the circular electric wave, theoretical heat
losses of 2 db/mile are associated with tubing diameter
of 2 to 6 inches and carrier frequencies between 50,000
and 5,500 me, respectively. Increased transmission
bandwidth, reduced delay distortion, and reduced wave-
guide size are factors favoring use of the highest prac-
tical frequency of operation. The number of freely
propagating modes lies in the range 175 to 20 for the 2-
to 6-inch diameter region.

Experimental work has been carried out at 9,000 mc
on a waveguide having a theoretical loss of 2 db per
mile for the TEy wave. Transmission losses on the order
of 3 db per mile over distances as great as 40 miles, with
tolerable signal distortion of a 0.1-usec pulse, have been
observed on a well-constructed line. Techniques for
mode filtering and pure mode generation were described
and some performance characteristics given.

The problem of transmitting the circular electric
wave around bends may be solved by altering the form
of the wave in the bend region or by altering the wave-
guide itself. Experimental work has demonstrated the
feasibility of transmitting the TEy wave around bends.

Mode conversion tends to degrade signal fidelity as
well as increase the transmission loss. Mode filtering can
be used to reduce signal distortion due to mode conver-
sion and to smooth out the loss variations due to mode
conversion.
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Analysis of Measurements on Magnetic Ferrites”

C. D. OWENSTY, SENIOR MEMBER, IRE

Summary—The unconventional behavior of permeability and core
loss in the magnetic ferrites as compared to metals has led to a
study of core-loss measurements. The relationships between the
magnetic quality factor s Q and the characteristics of coils and trans-
formers are developed, and the advantages of 4 Q as a parameter for
the study and application of ferrites are discussed. A selected bib-
liography is given.

INTRODUCTION
DURING THE PAST few years, a new and im-

portant family of engineering materials known

as magnetic ferrites has been developed and
made available for design applications. These ferrites
combine magnetic, electric, and dielectric properties
never before realized in one material. For this reason
new criteria for evaluating their properties and per-
formance are needed. The purpose of this paper is to
review the characteristics of the ferrites which distin-
guish them from other magnetic materials, to point out
resonance-type phenomena associated with frequency
and dimensions which affect their practical operation,
to indicate the effects of the different properties on
measurement techniques, and to show the advantages
of expressing the magnetic data in the form of the uQ
product for the engineer designing telephone-carrier or
radio-frequency coils and transformers.

GENERAL PROPERTIES AND USES oF FERRITES

Chemically, the magnetic ferrites are a modern deriva-
tion of magnetite, the oldest magnetic material known;
they are achieved when certain iron atoms in the cubic

Fig. 1—Core parts of manganese zinc ferrite produced at Bell Tele-
phone Laboratories for experimental apparatus design studies.

crystal of magnetite (ferrous ferrite) are replaced by
other metal atoms, such as Mn and Zn to form man-
ganese zinc ferrite, or by Ni and Zn to form nickel zinc

* Decimal classification: R282.3. Original manuscript received by
the Institute, March 18, 1952; revised manuscript received August
29, 1952. This paper was presented at the 1952 IRE National Con-
vention.

t Bell Telephone Laboratories, Inc., Murray Hill, N. J.

ferrite.! They resemble ceramic materials in production
processes and physical properties. Ferrite cores are
manufactured in many simple geometric forms, some of
which are shown in Fig. 1. The dc resistivities cor-
respond to those of semiconductors, being at least a
million times those of metals. The magnetic perme-
abilities up to over 4,000 formerly were realized only in
metallic cores. In addition, some ferrites exhibit ap-
parent dielectric constants in excess of 100,000. The
Curie point, or temperature above which a material
is nonmagnetic, is in the range of 100 to 300 degrees C
in most of the commercial ferrites. The saturation flux
densities also are comparatively low, usually under
4,000 gausses (see Fig. 2).
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Fig. 2—Hysteresis loops of iron, Permalloy, and typical ferrites.
The thin ferrite loop was taken on a MnZn ferrite while the other
represents a NiZn ferrite.

The present magnetic ferrites, principally MnZn and
NiZn types, provide design advantages over metal
sheet and powder for such uses as filter coils at 50 to
200 kc, broad-band-carrier transformers operating up to
a few megacycles, TV deflection transformers and
yokes, and antenna rods for radio reception. There are
many potential applications, some of which are pulse
and high-frequency transformers, magnetic amplifiers,
delay lines, miniature components, and waveguide ele-
ments at microwave frequencies, including the gyrator?
recently announced.

ROLE OoF MAGNETIC MEASUREMENTS

Coil design engineers make use of the permeability of
a magnetic material to provide a positive reactance in a
winding on a core. The magnetic material, however,
extracts a toll for this service in the nature of an energy
loss, which can be represented as a core-loss resistance
in series with the reactance. The ratio of the reactance

! J. L. Snoek, “Nonmetallic magnetic materials for high frequen-
cies,” Philips Tech. Rev., vol. 8, pp. 353-360; December, 1946.

3 C. L. Hogan, “The ferromagnetic Faraday effect at microwave
freq,:xencia and its applications—the microwave gyrator,” Bell Sys.
Tech. Jour., vol. 31, pp. 1-31; January, 1952,
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to the maguetic core-loss resistance is a figure of merit,
conveniently called material Q. The engineer desires
high permeability, high material Q and high stability of
these properties with temperature, frequency, flux
density, superposed dc fields, and time. Since optimum
values of all of these properties do not occur together, he
needs to know their values and interrelationships. It is
important for manufacturers and design engineers alike
that there be standard measuring techniques and
methods of expressing magnetic-loss data.

As iron, silicon iron, nickel-iron, and other alloys in
sheet and powdered forms, and now ferrites have be-
come available, design applications have multiplied
and progressively moved toward higher frequencies;
magnetic measurements have become more complex in
technique and interpretation, and a more comprehen-
sive theory of the mechanisms of magnetism has been
evolved. Table I outlines some of the interrelated de-
velopments in regard to core-loss measurements. The

Fig. 3-—Graphical separation of core-loss coefficients.

development of lower loss materials and improvements
in ac impedance bridges enabled Jordan® (in 1924) and
others to measure a “Nachwirkung” or “residual” loss
in magnetic materials after eddy current and hysteresis
losses were carefully accounted for. These three mag-
netic losses are combined as an equivalent series re-
sistance by the well-known Legg equation,*
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R.. = euf’L 4+ auBnfL + cufL. (1)

Core loss (ohms) =eddy current-+hysteresis+residual
losses.

Coefficients e, a, and ¢ can be determined graphically
(see Fig. 3). Comparative values for the coefficients and
losses of several materials are shown in Fig. 4.

MATERIAL SIZE ~ exi0® ax10® cxi0®
1.MO. PERMALLOY POWDER _ [20 MESH 125 19, 16 30
2.MO.PERMALLOY POWDER 4OOMESH 14 7. II. 140
3.CARBONYL IRON POWDER SMICRON 13 | 5 60
4.Mn 2n FERRITE 1500 .3 16 48(I00KC)
550 (1000 KC)
5.NiZn FERRITE (REF. 5) 280 3  50: I5(UP TO
{APPROX. 1000 KC)
6.4-79 MO, PERMALLOY | MIL SHEET 13000 10. .2 NEGLIGIBLE
: PROPORTIONS OF CORE
A K
g | A
. s 2. 77z
& 3.z
o 3 e —
£ 10007 5 S, e—
© 6.czZZZIZA
2 EDDY CURRENT
0o 4 S HYSTERESIS
. [C—RESIDUAL
d
L
N
10 + -+ + +
) 10 00 1000 10000

FREQUENCY IN KILOCYCLES

Fig. 4—Comparison of core-loss characteristics of several magnetic
materials. Note log scales not suitable for core-loss separation.

When the magnetic losses in ferrites are analyzed
(see (1)), it is found that the loss per cycle increases
with ascending frequencies at a more rapid rate than
indicated from eddy current calculations based on dc
resistivity. The plot of Ra/ufL versus frequency (see
Fig. 3) is not straight, but curves upward at a rate

TABLE |
OUTLINE ILLUSTRATING RELATED DEVELOPMENT PROGRESS IN MAGNETIC MATERIALS, APPLICATIONS, TECHNIQUES OF

CoRE Loss MEASUREMENTS, AND THEORY OF MECHANISMS INVOLVED

Typical

Typical Typical | Faclors in . Measurement ‘ Core Loss
Material Application Magnetic Loss Units F 'ig;g;’ <y Method Equation
Iron relays ' hysteresis ‘_er;s/cm’ per dc | [ballistic 1
| ‘ cycle ga'vanometer Wi=— @ Hdb per cycle
4r,
Silicon iron sheet | transformers eddy current +hystere- watts/Ib. 60 l wattmeter W = quf B¥ +~uf?B?
sis
Iron powder | loading coils I eddy current +hystere- ohms 1,000 impedance R,
sis bridge —=8xu(nB*2++f)
l , fL
Permalloy & fine | filter coils | eddy current +hystere- ohms I 500 to {impedence R,
iron powders loading coils sis-+residual 500,000 bridge ——=u(ef+aBn+c)
tuning coils [ Q-meter JL
Ferrite filter coils eddy current | 103 to 107 impedance ! pQ (See text)
transformers +hysteresis bridge
| +domain wall relaxation LC circuits
+domain wall resonance [ Q-meter
+dimensional resonance coaxial-line [
} -+ferromagnetic resonance waveguide

3 H. Jordan, “Ferromagnetic constants for weak fields,” Elek.
Nach. Tech., vol. 1, pp. 7-29; July, 1950.

¢ V. E. Legg, “Magnetic measurements at low flux densities using
the ac bridge,” Bell Sys. Tech. Jour., vol. 15, pp. 39-62; 1936.

8 R. L. Harvey, I. J. Hegyi, and H. W. Leverenz, “Ferromag-
netic spinels for radio frequencies,” RCA Rev., vol. 11, pp. 321-363;
September, 1950.
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which increases rapidly with frequency and depends
somewhat on the type and size of sample. Thus, the
“residual” loss appears to predominate at high fre-
quencies and the coefficient ¢ is dependent upon fre-
quency. In design work, it becomes necessary to con-
firm computations based on (1) with actual measure-
ments of core losses, particularly at higher frequencies.

The rapid rise in core loss in the ferrites is also asso-
ciated with a rapid decline in permeability. These be-
haviors in the ferrites have stimulated many studies to
explain the mechanisms involved, and to derive prac-
tical expressions for permeability and core loss.

MECHANISMS OF MAGNETISM CONTRIBUTING
T0 CORE LoOss

Ferromagnetic Resonance

Snoek,® Kittel,” and others advanced an explanation
that the occurrence of ferromagnetic resonance, well
known at microwave frequencies, could account for the
behavior observed in ferrites at lower frequencies, even
at 1 mc or less. This resonance phenomenon is asso-
ciated with the precession of magnetic dipoles about a
self-contained crystal field when an ac field of appro-
priate frequency is applied. Kittel has derived a theo-
retical relationship

2Bs

M—l mc, (2
rf =

Jo =
which expresses the “maximum usable frequency” f, as
proportional to the saturation-flux density and inversely
related to the effective high-frequency permeability u,;.
Here, u,s is assumed to be due to the rotation of mag-
netization within the domains only, and does not in-
clude contributions to permeability from displacements
of domain boundaries, which will be discussed later.

The inverse frequency permeability relationship of
(2) has been borne out generally by measurements. For
manganese zinc ferrite with a measured permeability of
1,500 at 1 mc and a saturation value of about 2,500
gausses, the theoretical limit is approximately 3 mc
while the working limit in most practical designs is
somewhat lower.

Domain Wall Motion

The domain theory of magnetism ascribes the prin-
cipal source of initial permeability in metals to the
movement of domain walls to enlarge favorably oriented
domains. In ferrites, the wall motion may be restricted
severcly by impurities, voids, and crystal impérfections
including grain boundaries. However, where wall mo-
tion exists, it may be described by the equations of a
damped simple harmonic oscillator with mass, stiffness,
and viscous damping. Depending on the values of these

¢ J. L. Snoek, “Dispersion and absorption in magnetic ferrites at
frequencies above one mc/s,” Physica, vol. 14, pp. 207-222; May,
1948.

7 C. Kittel, “Ferromagnetic resonance,” Jour. Phys. Radium, vol.
12, pp. 291-302; March, 1951.
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coefficients, the wall motion may “relax” above a cer-
tain frequency, producing a decrease in permeability
and an increase in core loss. On the other hand, under
proper conditions the wall could show resonance like
an RLC circuit, resulting in anomalous behavior of the
magnetic properties.

Dimensional Resonance

Measurements on ferrite also have revealed that the
dimensions of the sample can have a marked effect on
permeability and core loss, unpredicted from usual eddy
current computations. Brockman, Dowling, and Sten-
eck,® observing such effects on bricks of manganese
zinc ferrite, proposed an explanation based on dimen-
sional resonance associated with standing electro-
magnetic waves supported by high permeability and
the high dielectric constant of the material.

Combined Effects

In developing theoretical curves of permeability and
associated magnetic losses over a wide frequency
range, Galt® has pictured the components of domain-
wall relaxation and resonance, ferromagnetic resonance,
and dimensional resonance as occurring at separated
frequencies for purposes ef clarity. In practice, these
effects may overlap and combine in various combina-
tions, even at low frequencies, complicating the efforts
to express the magnetic data into simple material con-
stants of more than restricted use.

uQ as A UseruL DESIGN PARAMETER

While the core loss (1) can be modified to fit the
data measured on a particular core by using additional
terms in higher powers of frequency, it becomes cumber-
some for general use, As mentioned before, it is prefer-
able generally to resort to confirmatory measurements
at frequencies where (1) is no longer reliable. In fact, ex-
perience in the design of coils and transformers for use
up to a few megacycles, as well as development studies
in ferrites, has indicated that the measurement of per-
meability and total losses over a suitable range of fre-
quencies, temperatures, flux densities, and dimensions
provides the most reliable basic data.

The product umQm has advantages as a parameter for
evaluating ferrites for design application. Here, Q. is
the quality factor of the material and pm is the per-
meability measured on a closed ferrite core. With air
gaps in the core, new values of effective permeability
ue and Q, will be obtained, but the product u,Q, will
remain equal to u.Qm. Hence, intrinsic properties may
be measured on a closed core sample and applied to a
core of the same material assembled with air gaps.
This assumes the same average values of flux density,
without excessive leakage. For convenience, in the fol-

8 F. G. Brockman, P. H. Dowling, and W. G. Steneck, “Dimen-
sional effects resulting from a high dielectric constant found in ferro-
magnetic ferrite,” Phys. Rev., vol. 7, pp. 85-93; January 1, 1950.

% J. K. Galt, “Initial Permeability and Related Losses in Ferrites,”
presented symposium on ferrites at Rutgers University ; October, 1951,



362 PROCEEDINGS OF THE I.R.E.

lowing discussion, the expression pQ is written without
subscripts when no specific values of u, and Q, are indi-
cated. Measured values of uQ at 100 kc for a small
ferrite test ring with several different air gaps are shown
in Fig. §, illustrating the relationship discussed above.

10000 i
Mn Zn FERRITE RING
WOUND WITH 20 TURNS
MEAN MAGNETIC DIAMETER 57 IN.
«SOLID RING \ CROSS SECTION 03 IN®
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Fig. 5—Effect of air gap on ¢ and Q of a MnZn ferrite ring
core, showing invariance of uQ.

An air gap usually is required in the magnetic core of
an inductance coil to produce high coil Q and good
stability of inductance. If the air gap alone is varied,
the effective permeability of the core and the in-
ductance of the coil will change, while the Q of the

FERRITE CORE
ASSEMBLY

WINDINGS

CORE ASSEMBLY *2
44 MILS TOTAL

AIR GAP
INDUCTANCE .94 MH.

CORE ASSEMBLY *2
4Q=153,000
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800 }+Q=43,200 800
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<
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; 20016 MILS TOTAL AIR GAP
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AR GAP SPACERS

CcolL @

INDUCTANCE .53 MH.
0O 40 80 [20 160 200 o [++] 200 300

FREQUENCY Ig KILOCYCLES
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Fig. 6—Effect of uQ of core material on coil Q for
(A) different air gaps and (B) different frequencies.

coil will pass through a peak at a certain optimum value
of effective permeability. The peak Q of the coil thus
obtained and the corresponding optimum value of
effective permeability both will be directly propor-
tional to v/pQ of the ferrite material used in the core,
as developed mathematically in the Appendix. Experi-
mental data illustrating these relationships are given
in Fig. 6. The same experimental winding was used on
two different assemblies of U-shaped core parts, which
were similar except that the uQ product of one core
assembly was slightly over three times that of the other.
The ratio between the values of \/;T@ for the two core
assemblies was 1.76. The air gap of each core was
varied to determine the peak coil Q at 100 kc, as shown
in Fig. 6(A). Fig. 6(B) shows the change of coils Q's with
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frequency for the optimum air gap adjustments at 100
kc. The ratio of optimum effective permeabilities, de-
termined from the measured inductance values, was al-
most exactly the theoretical value of 1.76. The ratio of
coil Q values was a little lower, about 1.65. The differ-
ence probably is due to distributed capacitance and
leakage, which are always present to some degree, but
which were not determined on these samples.

It is convenient to represent the loss in a transformer
core as a shunt resistance R, across the line or circuit.
The value of this resistance is directly proportional to
the product uQ of the core material.

These important relationships of uQ, derived in the
Appendix, are summarized thus:

Hopt % VHQ 3)
Qopt «x '\/F'Q (4)
Ry « pQ. (5)
4Q AT 100 KC
100,000
p.QlAT |ooo| Kxc \
000 \‘
s AT 1000 KG
s s AT 100 KG 1
ol

<40 20 O 20 40 60 80 KO 120
TEMPERATURE IN C

Fig. 7—Variation of » and uQ with frequency and tempera-
ture for experimental MnZn ferrite.

A higher value of uQ in a core material can be utilized
to obtain a coil of equivalent Q in smaller volume.

Typical variations of permeability and uQ with fre-
quency, temperature, and flux density are shown in Figs.
7 and 8 for experimental samples of manganese zinc
ferrite produced in the Bell Telephone Laboratories

500,000
4 Q AT IKC
_—
MmQ AIT 00 KC -
10,000 30 80 120 160 200 240
FLUX DENSITY IN GAUSSES
/7-
1000 F——]
00

0O 400 800 1200 1600 2000 2400 2800
FLUX DENSITY IN GAUSSES

Fig. 8—Variation of x and p%with flux density for
experimental MnZn ferrite.

The effects of the comparatively low Curie points and
saturation-flux densities are important for design con-
siderations. Fig. 9 compares the values of permeability
and wQ for differént values of frequency for ferrite
samples, magnetic powders, and 0.001-inch thick

L 4
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Permalloy. These data indicate the superior design
advantages of ferrites from the standpoint of uQ for
certain frequency ranges.

1000000 T /4Q Mn Zn FERRITE
100,000
i—\
44Q NiZn FERRITE
10,000 T e,
74Q CARBONYL IRON
4 Mn Zn POWDER(*13)
Lo00 [T T TT T TTTT T TE I S #4Q MO.PERMALLOY
POWDER (1.914)
. Q .001°4-79
MO. PERMALLOY
oo ¢ _pMN20 e -
| _FINE MAGNETIC POWDER
0 i 10 100 1,000 10000 KC :

Fig. 9—Comparison of s and uQ for typical ferrites and other
materials for different values of frequency.

NoTES ON MEASUREMENTS

Toroidal test samples 0.6 inch in mean diameter with
a cross section approximately 0.15 inch square have
been used for measurement up to a few megacycles on
MnZn and NiZn ferrites. A direct-reading Maxwell
bridge built to measure inductances below 1,000 micro-
henries and resistances below 10,000 ohms from 15 kc to
2 mc has been found very stable and convenient for this
purpose. Series resonance bridges have been used for
inductance and core-loss measurements at frequencies
from 2 to 20 mc, and higher.

The dielectric characteristics were explored on some
of the same samples used for inductance measurements,
with silver or evaporated gold on the flat surfaces for
contact. The resistivity and negative reactance meas-
ured on MnZn ferrite samples have been found to de-
crease appreciably with frequency. At 100 ke, the
“apparent” dielectric constant computed from the re-
actance measurement usually has been found to fall
within a range of 20,000 to something over 100,000
with a dielectric Q well below unity. Good contact to
the ferrite is essential for satisfactory measurements.
Otherwise, for the more conducting ferrites, such as the
high-permeability MnZn type, the resistivity of the con-
tacts may predominate the measurements and lead to
grossly inaccurate determinations. Methods of checking
the contact resistances include measuring the con-
stancy of the dc resistance with reversed polarity, the
use of a potentiometer probe method, or comparing
measurements on a sample which is successively
shortened and replated.

Dimensional resonance should be avoided, or taken
into account, when the fundamental properties of a
ferrite material are being measured, or when ferrite is
being used in apparatus. The dimensional effect is to be
expected when a dimension of the core across the flux
path is of the order of a half wavelength, or more, for
the frequency of application, as computed from the

.
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permeability and dielectric constant of the material.
A precise calculation of this effect is made difficult by
the variation of the magnetic and dielectric properties
with frequency,!® the boundary conditions, and an in-
complete understanding at this time of the nature of
the dielectric properties of ferrite.

Permeability and dielectric measurements on fer-
rites from a few megacycles up through microwave
frequencies are useful in the study of the fundamental
properties of the material as well as its potential uses
as waveguide elements. It is quite common for investi-
gators to express the permeability and the dielectric
constant as complex quantities

complex p =

(6)
(N
In this representation, u’ corresponds to the perme-

ability and p’’ is a measure of the loss per cycle. The Q
and pQ of the magnetic material are expressed then as

Om = u'/u" (8

HQ = (u)/u". (9)

As will be obvious from the previous discussion, the
values of u’, u’’, ¢, and €'’ are dependent upon fre-
quency, vary with temperature, and may be affected

by dimensions. Such data must be used with appro-
priate discretion.

o= gu
complex € = ¢ — je'’.

’
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