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The stringent requirements of mcedern high-speed display systems demand careful
checking of deflection yoke characteristics. The yoke shown in the mirro above tube
is being measured for transient responie and resonant frequency.
TaBLE oF CONTENTS, INDICATED BY BLACK-AND-WHITE
MarciN, FoLLows Pace 96A

IRE Standards on Industrial Electromics terms, Waveg.ide Dedinitions, and Receiver Test:ng appear in <his issue {
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OUR MILLIONTH FILTER SHIPPED THIS YEAR ...

FILTERS \

FOR EVERY APPLICATION

Pl

.
<
{ f%ﬁ

Dimensions:
(3834) 14 x 134 x 2-3/16"
(2000, 1) 1Va x 134 x 1%

CARRIER
FILTERS

A wide variety of carrier filters are
available for specific applications.
This type of tone channel filter can
be supplied in a varied range of band
widths and attenuations. The curves
shown are typical units.

DISCRIMINATORS

These high Q discriminators provide
exceptional amplification and linear-
ity. Typical characteristics available
are illustrated by the low and higher
frequency curves shown.

For full data on stock UTC transformers,
reactors, filters, and high Q coils, write
for Catalog A.

YPE CENTRAL FREQENCY

16E

|

5400 CPS

] 4682€E 1695 CPS
a682F 220 cps |
46826 2990 cPS
4682H 3890 CPS
26821

o

500 e

FREQUEKCY

FREQUS NOY

1500 €00 1700

FREQUENCY

=
-

Dimensions:
(46824) 11> x 2 x 4~

-

AIRCRAFT
FILTERS

UTC has produced the bulk of filters
used in aircraft equipment for over
a decade. The curve at the feft is
that of a miniaturized (1020 cycles)
range filter providing high attenua-
tion between voice and range fre-
quencies.

Curves at the right are that of our
miniaturized 90 and 150 cycle filters
for glide path systems.

Dimensions:
(6173) 1-1/16 x 1% x 3”.
(6174A) 1 x 113 x 213",

UNITED TRANSFORMER CO.

150 Varick Street, New York 13, N. Y. EXPORT DIVISION: 13 E, 40th St., New York 16, N. Y, CABLES: “ARLAB~



n 3-WATT Bl Gackt

miniaturized axial-lead wire wound resistor

This power-type wire wound axial-lead
Blue Jacker is hardly larger than a match
head but it performs like a giant! It’s a
rugged vitreous-cnamel coated job—and

cost, climinate extra hardware, save time
and labor in mounting!
Axial-lead Blue Jackets in 3, 5 and 10

wate ratings are available without delay

like the entire Blue Jacker family, it is
built to withstand severest humidity per-
formance requirements.

in any quaatity you require. &« ok %

SPRAGUE WATTAGE DIMENSIONS MAXIMUM

- . TYPE NO. RATING L (inches) D RESISTANCE
Blue Jackets are ideal for dip-soldered
sub-assemblies . . . for point-to-point wir- 151E 3 % % 10,000 ‘
ing . . . for terminal board mounting and e s % % 300000
28E 10 1% % 50,000 2

processed wiring boards. They're low in

Standard Resistance Tolerance: =*59%,

s p n n G UE WRITE FOR ENGINEERING BULLETIN NO. 1118

SPRAGUE ELECTRIC COMPANY « 235 MARSHALL ST. - NORTH ADAMS, MASS.
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special rate of postage is provided for in the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L. and R., authorized October 26, 1927.
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After initial adjustments are made.
as in photograph,*Mr.Meticulous™
automatically performs critical op-
erations in making junction tetrode
transistors—tiny experimental de-
vices which may find important
uses in the telephone system.

The machine we call “Mr. Meticulous”

Bell Laboratories scientists, who invented the junction
transistor, have now created an automatic device which
performs the intricate operations required for the labo-
ratory production of experimental model transistors.

It takes a bar of germanium little thicker than a
hair and tests its electrical characteristics. Then, in
steps of 1/20,000 of an inch, it automatically moves
a fine wire along the bar in search of an invisible layer
of positive germanium to which the wire must be
connected. This layer may be as thin as 1/10,000
of an inch!

When the machine finds the layer, it orders a surge
of current which honds the wire to the bar. Then it
welds the wire’s other end to a binding post. After-
ward, it flips the bar over and does the same job with
another wire on the opposite side!

Once only the most skilled technicians could do this

IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES

work, and even their practiced hands became fatigued.
This development demonstrates again how Bell Tele-
phone Laboratories scientists work in every area of
telephony to make service better.

Transistor made by new machine is shown in sketch at left
above, magnified 6 times. At right is sketch of area where wires
are bonded. The wires are 2/1000 inch in diameter. with ends
crimped to reduce thickness.

BELL TELEPHONE
LABORATORIES

CAREERS FOR CREATIVE MEN IN MECHANICAL ENGINEERING
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: Superior in Quality-Lower in Cost
Higher Initial Permeability
Higher Effective Permeability

I at Higher Saturation Levels

1 Lower Core Loss Resulting in

I New Super-Grade Ferrites Less Temperature Rise

13 from the Laboratories of Greater Uniformity Through

I s General Ceramics - Improved Production Techniques

B

4

& New Super-Ferramics are magnetic MAGNETIC PROPERTIES OF FERRAMIC O-1

ﬁ i ferrites with properties once CROPERATES] = FERRAMICO-1

_. 1. considered beyond the realm of Muo at 50 kes. — 1200

i achievement. The first of this Mumax = 6000

t '. series Ferramic O, (See property Saturation Flux DensityBs ~ Gauss 4100

8 Rk b 1 d Residual Magneism Br Gauss 2500

}". \ c}?cxrt) ge feen re'ecxse Coercive Force Hc ~ Oersteds 0.20

AgE & and is now available in pro- “Curie Temperature Fec 165

1 v duction quantities. Engineers Volume Resistivity = ~ Low

l\ o/l > and product designers are Loss Factor at 50 kes. i;;la 0.000010

%1 T invited to request complete TG -

AR | emp. Coeff. of

4 l information on Ferramic O. ~Initial Perm. (59 Kes) %/°C. 075 |

t. . Call or write for data today! ‘

CERAMICS CORPORATION

‘) TELEPHONE: VALLEY 6-5100
GENERAL OFFICES and PLANT:. KEASBEY, NEW JERSEY

MAKERS OF STEATITE, ALUMINA, ZIRCON, PORCELAIN, SOLDERSEAL TERMINALS, "ADYAC” HIGH TEMPERATURE SEALS,
CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE, FERRAMIC MAGNETIC CORES

PROCELDINGS OI' TIHIE IRE September. 1955 3A



PERKIN...HAS A STANDARD POWER SUPPLY FOR YOUR EVERY NEED

IMMEDIATE DELIVERY!!

PERKIN

TUBELESS!!

MAGNETIC AMPLIFIER
REGULATED DC

POWER
SUPPLIES

REGULATION: % 19% [a] from 5.32V
DC (b} from 1.5 to 15 amps. (c} from
105-125V AC. (single phase, 60 cps.}

MODEL - : : ; RIPPLE: 1% rms @ 32V and full lood,

ae &3 = increases to max. of 2% rms @ 5V and
MR 532-15 3 - full load. RESPONSE: 0.2 sec.
STo32v. 9, A METERS: 4%, AM and VM; 2% occuracy.
@ 15 ANP. A MOUNTING: Cabinet or 19" rock panel.
(CONT.) sl MERR T - FINISH: Baked Grey Wrinkle.

® WEIGHT: 150 Ibs.
DIMENSION: 22 x 17" x 14,

REGULATION: * 19%* (o) at 28V DC;

increases to 2% mox. over the range

24-32V; does not exceed 2V regulation

B . . over the range 4-24V DC (b} from 1/10

MODEL : ~t : = full load ta fu'l ioad (c} at a fixed AC
M60 yub o oa B Input of 115V.
0T032V. ; o ! RIPPLE: 1% rrs @ 32V and full lood;
@ 25 AP, g v 2% rms max. @ ur.1y voltage above 4V,
CONT . : e g — AC INPUT: 115V, single phase, 60 cps.
(CONT.) b R o - FINISH: Boked Grey Wrinkle.

WEIGHT: 130 Ibs.

DIMENSIONS: 22 x 15" x 14,

REGULATION: * 1% (o) from 10 to 40V
DC (b} from 100 to 130V AC {c) from 3
" 3 / to 30 Amps DC. RIPPLE: 1% rms.

MODEL . i ) AC INPUT: 100-130V, 1 phose, 60 cycles.
MR 1040-30 . £.oni RESPONSE: 0.2 sec. METERS: 4" AM
1070 40 V. e
@ 30 ANP. : 3 ¢ MOUNTING: Cabinet with 19* rack ponel.
(CONT.) 3 ! 4 - FINISH: Boked Grey Enamel.

WEIGHT: 200 Ibs.

DIMENSIONS: 22* x 15" x 23"

REGULATION: *= ', % {a) from no load
to full lcad. (b} from 24-32V DC. {c) for
230* (or 460) V * 10%.
g ; D DC OUTPUT: 24-32V @ 100 omps.

MODEL < PN AC INPUT: 230 or 460V * 10%, 3

MR2432-100X | phase, 60 cycles.

247032V ) RIPPLE: 1% rms. RESPONSE TIME: 0.2 sec.

@ 100 AMP. e 3 x(i)ll:;:'rrm;oc?:nnev or 19 rock panel.

CONT. : .

( ) DIMENSIONS: 25 x 15" x 15"

*This unit will be supplied for 230V AC Inpyt
unless 469V is specified.

PERKIN
ENGINEERING CORP.

345 KANSAS ST. « EL SEGUNDO, CALIF. « GRegon 8-7215 or EAstgate 2-1375

l

Meetings with Exhibits

@ As a service both to Members and the
industry, we will endeavor to record in
this column each month those meetings of
IRE, its sections and professional groups
which include exhibits.

A

Sept. 12.10, 1955
Tenth Annual Instrument Confer-
ence & Exhibit, Shrine Exposition
Hall & Auditorium, Los Angeles, Calif.
Exhibits: Mr. Fred J. Tabery, 3442 So.
Hill St., Los Angeles 7, Calif.

Sept. 26-27, 1955

IRE Sixthh Annual Meeting of the
Professional Group on Vehicular
Communications, Hote] Multnomah,
Portland, Ore.

Exhibits: Mr. Henry S. Broughall, Gen-
eral Electric Co., 2727 N.W. 29th Ave.,
Portland, Ore.

October 3-5, 1955
National Electronies Conference,
Sherman Hotel, Chicago, 111
Exhibits: Mr. G. J. Argall, ¢/o DeVry
Technical Institute, 4141 Belmont Ave.,
Chicago 41, Il

Oct. 31-Nov. 1, 1955

IRE East Coast Conference on Aero-
nautical & Navigational Electron-
ics, Lord Baltimore Hotel, Baltimore,
Md.

Exhibits: Mr. C. E. McClellan, Westing-
house Electric Corp., Air Arm Div.,
Friendship International Airport, Balti-
more, Md.

Nov. 3-4, 1955

Annual Electronies Conference, Kan-
sas City Section, Town House Hotel,
Kansas City, Kans.

Exhibits: Mr. Charles V. Miller, Bendix
Aviation Corp., P.O. Box 1159, Kansas
City 41, Mo.

Nov. 7.9, 1955

Eastern Joint Computer Conference
(IRE-AIEE-ACM), Hotel Statler,
Boston, Mass.

Exhibits: Mr. J. D. Porter, Digital Com-
puter Lab., Barta Building, M.LT.,
Cambridge, Mass.

Nov. 28-30, 1955
Instraumentation Conference & Ex-
hibit, Atlanta Biltmore Hotel, Atlanta,

Ga.

Exhibits: Mr. W. B. Wrigley, Engineer-
ing Experiment Station, Georgia In-
stitute of Technology, Atlanta, Ga.

December 12-16, 1955
EJC Nuclear Seience and Engineering
Congress, Cleveland, Ohio
Exhibits: Engineers Joint Council, 33 W.
39th St., New York, N.Y.

Feb. 9-11, 1956
Eighth Annual Southwestern IRE,
Conference and Electronics Show,
Municipal Auditorium, Oklahoma City,
Okla.
Exhibits: Mrs. Charles E. Harp, P.O. Box
764, Oklahoma City, Okla.
March 19-22, 1956
IRE National Convention and Radio
Engineering Show, Waldorf-Astoria
Hotel and Kingsbridge Armory and
Palace, New York, N.Y.
Exhibits: Mr. William C. Copp. Institute
of Radio Engineers, 1475 Broadway,
New York 36, N.Y.
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MEASUREMENT
10- 3000 MC

SPECIFICATIONS

Frequency Range:
10 mc to 3,000 mc
Output Impedance:
50 ohms unbalanced into Type N Connector
Noise Figure Range:
0to20db
Filament Voltage Supply:
From regulated supply
Meter Calibration:

Linear in db noise figure; logaritkmic
in D.CM.A,

Fuse Protection:
One Type 3AG, 2 amps

Tubes:
I Eclipse Pioneer TTI Diode
Power Supply Source:

117 Watts 2-10%. 60 cps AC
Available for 50 cps.

Power Consumption:
130 Watts
Price:
$995. FOB plant

KAY Kada- Node »

Complete radar noise figure measuring set for IF and RF, in-
cluding attenuators, detector and noise sources. Complclc
with power supplies. Frequency range: 5 to 26,500 mc; noise
figure: range, up to 2l db, in lower part of spcctrum. Prices
on request.

KAY Microwave Mega-Nodes

Calibrated random noise sources in the microwave range, used
to measure noise figure, and receiver gain and calibrate stand-
ard signal sources in radar and other microwave systems.
Available in following waveguide sizes to cover range of 960—
26,500 mc.

RG-69/V ... Available with fluorescent or inert gas (argon
tRG-48/V ... or neon) tubes. Noise odtput fluorescent tubes,
tRG-49/V . 15.8 db +.25 db; argon pas tuves, 15.2 db +.)
tRG-50/V . db*: neon tubes, 18.0 db +.5 db*.
tRG-51/U . *Noise output of inert gas tubes mdenendent of
tRG-52/U . operating temperature.

RG-9I1/U ... Universal Power supply for both fluorescent o

RG-53/U argon gas and all waveguide sizes: §100.

1$167. per Guide when 3 or more are purchased with $10D. Power Supply

WR.770; WR.650—8$595.00 each: WR-510: WR-430; WR-340—
NEW! §495.00 each. All WR numbers fluorescent only.

KAY
Mega-Node-8r.

A calibrated random noise source providing an
output from 10—3,000 mc, the Mega-Node Sr.
may be used to measure noise figure and receiver
gain and for the indirect calibration of standard
signal sources.

At the lower end of the frequency range noise
figure may be obtained directly from the meter.
For greater accuracy at higher frequencies, cor-
rections for diode transit time and termination
mismatch are available from charts supplied
with each instrument.

KAY Auto-Node

Designed for production-line noise figure measure-
ment from 5 to 26,500 mc., the Auto-Node provides
continuous intzvpolalion over VHF, UHF and micro-
wave frequencies. Two models are available:

KAY Mega-Node

Calibrated random noise scurce
reading direct r db, for
measurcraent of noise figere,
receiver gain and for inditect
calibration of standard signal

MODEL TV MODEL RADAR
F Range: Freq. Range:
5 "% 320 me. 2 1F Stri
IF Strips: 30 and 60 mc;: other
20 or 40 mc. extra 1Fs available.

IF Strips available. .
i H ¥ . IF Noise Figure:
NOIS‘(;_FI.?UJE Range: 3 db

sources. Frequency range,
to 220 mc; Output .mpedances,
unbalanced—50, 75, 150, 300,
Infinity: balanced—.00, 150,
300, 600, lnﬁngv; “05?0 fiqure
range, 0—lé do at 50 ohms  opee: §795 FOB plant. Price:
0—238 db at 300 ohms. nmAdfﬁtional IF strips, $950 with 2 IF strips.
Price: $295. FOB plant. $125.00 F0B plant.

For Complete Information Reparding these, and other Kay Instruments, Write:

KAY ELECTRIC COMPANY

Dept. 1-9, 14 Mople Avenuve Pine Brook, N.J.

PROCEEDINGS OF TIIE IRE September, 1955
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Now Measure . MICROWAVE
1 MULTI-PULSE

SPECTRUM
SELECTOR

from 100 microvolts to 320 volts  for use with Polarad

' Spectrum Analyzers

REGARDLESS OF WAVEFORM

T he Polarad Multi-Pulse Spectrum Selector

with the Ballantine Model 320 Voltmeter = Fsirs by ccpiaying and alowing seiccton

for analysis a specific train of microwave

pulses as well as any one pulse in the train.

l It will select and gate a group of pulses up

4 to 100 usec. in length; is designed to work
‘ with fast, narrow pulses; and can be adjusted
| to gate any pulse including the first at
\ . A B i IR
w ‘ zero time. Special circuitry discriminates
.. . . | automatically once pulses have been selected.
\f o A distinctly new departure in VIVM design. The Model SD-1 has been designed to operate
with all Polarad Spectrum Analyzers at
FEATURING: ! any of the frequencies tney will accept.
A built-in calibrator; — easily read 5-inch log o Completely self-powered portatle unit.
y 4 . . e High lntensnty, flat-face CRT for accurate dis-
AN meter; — immunity to severe overload; — use- play with:
ful uuxiliury functions. | fggt:l::gsly variable sweep widths; 10 to
Continuously variable gate w'dths for pulse
T BRIEF SPECIFICATIONS: selection; 0.2 to 10 usec.
AV 3 Continuously variable gate delays for pulse
VOLTAGE RANGE:.............. 100 microvolts to 320 volts selection; O to 100 gsec.
Automatic gating of spectrum analyzer during
DECIBEL RANGE:. ................ — 80 dbv to +50 dbv time of pulse consideration,
7 FREQUENCY RANGE:........ 5 to 500,000 cycles per second | Intensified gates (brightening) to facilitate
4 B ACCURACY:........ 3% from 15 cps to 150KC; 5% elsewhere | manual pulse selection. )
Figures apply to all meter readings Triggered sweep on first pulse in any train.
No sweep in absence of signai.
MAXIMUM CREST FACTORS: 5 at full scale; 15 at bottom scale SPECIFICATIONS
- o« —d b H
CALIBRATOR STABILITY: ,0.5% for line voriation 105-125 volts Maximum Pulse Train Time ............. 100 psec.
> INPUT IMPEDANCE:. .. .10 M ond 25 upf, below 10 millivolts Pulse RiseP'l"ime..s. ......... o 5 psec. i)r Less
10 milli Minimum Pulse Separa |on .................
10 M ond 8 upuf, above 10 millivolts ' Repetition Rate 10 16500 pps
POWER SUPPLY:......... 105-125 volts; 50-420 cps, 75 watt | Minimum Pulse Width -1 usec.
‘T Provision for 210-250 volt operotion Input POWer........cceeevrieene gg 1600 150 v%l;z, -
/ e DIMENSIONS: (Porfable Model). . ... AR wide, 10" high, [ 5 h/ cps., 330 walls
1 12%" deep—Reloy Rack Model is available e e e TS Ll L o
. P Y QOutput Impedance ... 50 ohms Seectium Analyzer)
= 1 WEIGHT:. . .. ... .c e e 21 Ibs,, approxzimotely
\ PRICE: $375S ' AVAILABLE ON EQUIPMENT LEASE PLAN
([% : + % . | 3 o 3 | FIELD MAINTENANCE SERVICE AVAILABLE
1L Write for the New Ballantine Catalog describing this THROUGHOUT THE COUNTRY

6A

BALLAVTINE LABORATORIES. INC B]

and other instruments in greater defails. 1

ELECTRNNICS
CORPORATION

43-20 34th STREET
LONG ISLAND CITY 1, N. Y.

POLARAD

W

*e,
Oven .|‘1AI“

. wn

02 Fanny Road, Boonion, N.Jj.

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE September, 1955
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PORTABLE

~ DIRECT READING
SPECTRUM

- ANALYZER

10 TO 44,000 mcs
5 RF HEADS

UNI-DIAL TUNING'

The model TSA Spectrum Analyzer
has these exclusive Polarad de-
sign and operating features

Now, a new Polarad spectrum analyzer only 21 inches high that covers the
entire frequency range 10 to 44,000 mcs with 5 interchangeable RF tun
ing heads. The madel TSA operates simply—single dial frequency control—
200 with utmost frequency stabdity. It provides highest accuracy, and reliability
for observation and true evatuation of performance over the entire RF spectrum
--saving engineer ng manhours.

e Single frequency control with
direct reading dial. No klystron
modes to set. Tuning dial ac-

L This instrament is designed for maximum utility and versatility in the lab- curacy +1%.

oratory and on the production line providing an easy-to-read 5 inch CRT
display of the RF spectrum.

Five interchangeable RF tun-
ing units for the entire fre-

PRCCEED'NG .S O TIHE IRE

Model No. Equiprent b A 10 e
. ney r
Mode! DSA .....Soect um Display Input Impedance: 50 ohms | quency range 0 44,
| and Power Unit *Sensitivity: mcs.

Model STU-1....RF Tuning Umt 10-1,000 mc.
Model STU-2A_RF Tuning Unit 910-4, 560 mc,
Model STU-3A. RF Tun ag Unit
4,370-22,000 mc,
Mode! STU-4....RF Tun ag Unit
21,000 33,000 mc.
Moce! STU 5... RF Tun ag Unit
33,000 44,000 m¢.
SPECIFICATIONS:
Frecuency Rang+: 18 oc to 44,000 me,
Frequency Accuracy: =1%
Resolution: 25 kc.

Frequency Dispersicn: Electronically
controll«d, c¢cntinually adjustable from
420 kc 20 25 mc A+ one screen diameter
(horizontal expansivn to 20 ke per inch)

STU-1 10-400 mcs —89 dbm
400-1000 mcs —84 dbm

STU-2A 910-2,200 mcs —87 dbm
1,983-4,560 mcs —77 dbm

STU-3A 4,370:10,920 mcs —75 dbm
8,900-22,000 mcs —60 dbm

STU-4 21,000-33,000 mcs —55 dbm
STU-5 33,000-44,000 mes —45 dbm
Overall Gain: 120 db

Attenuation:
**RF Internal 100 db continuously
variable, IF 60 db
continuously variable

Input Power. 400 Watts

*Minimum Discernible Signal
**STU-1 STU-2A, STU-3A

?

Temperature compensation of
Klystron Oscillator.

Swept IF provides 400 kc to
25 mc display independent of
RF frequency setting:

Internal RF attenuator.*
Frequency marker for measur-

ing frequency differences from
40 kc to 25 mc.

AVAILABLE ON EQUIPMENT LEASE PLAN .

FIELD MAINTENANCE SERVICE AVAILABLE
THROUGHOUT THE COUNTRY

NEW! Write for Handbook of Spectrum Analyzer Techniques

POLARA ELECTRONICS CORPORATION 43.20 34th STREET, LONG ISLAND CITY 1, N. Y.

"‘O»r Ry
VEn zgL &b "

REPRESENTATIVES: Albuquerque - Atanta - Baltimore - Bayonne . Bridgeport . Buffalo « Chicago « Dayton - Fort Worth - Los Angeles . New York

Newtor . Philadelphla - San Frarcisco « Syracuse « Washington, D. C. - Westbury - Winston-Salem - Canada, Arnprio-, Toronto—-Export: Rocke International Corporation

Septoviber, 1008 7A
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| [MALLORY| R !
IS
Strip-type Mnllory carbon control
\ adapted for quick mounting and
connection on printed circuits. Strips
can be mounted in tandem to take
minimum space on crowded chassis.

Strip-Type Mallory Multiple Controls*

Save Space . .. Speed Assembly on Printed Circuits

PIE\\' ECONOMIES in the production of printed clectronic cireuits
are made possible by these Mallory strip-type controls. Avail-
able in single. dual and triple sections, they have straight tinned

¥
Low cost way 1o éct terminals w hu h projeet through punched slots in the printed sheet

close tolerance for dip =oldering.

Mounting is simple and fast. Shouldered tabs fixed to the ends of
the strip hold the control assembly in place. To save space, multiple
sections can be mounted about 15”7 behind each other. Holes
punched in the strip permit the shafts of the rear seetion to project
through the front unit for adjustment.

fixed resistors

Theeconomicalcost of the Mallory
strip-type controls makes them
useful in place of elose tolerance
For conventional chassis as well as printed eirenits, this funetional-
ized design reduces a carbon control to its simplest form. The
resistance wafers are mounted directly on a phenolic panel. Due to
this unique construction. Mallory is able to offer multiple units at
a cost substantially lower than that of a similar number of
single controls,

fixed resistors. Just adjust them
to the exact resistanee required
in the circuit, and vou will have
a fixed carbon resistor. The sta-
bility of the specially developed
carbon clement assures vou of

. . 1 abili [ recist s o - 1S ¢ o se 1ee life are -
highly constant resistance value. l!lgh stability o‘l resistance. low noise and long service life are pro
vided by the high-density Mallory control element. A comp|cte
range ol resistance v -alues from 250 ohms to 10 megohms is avail-

able. For full data. write or call Mallory today.

*Patent pending
Lxpeet more. .. (,Pl more from
pr—————

- MALLorY

P.. R, MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA

Serving Industry with These Products:
Electromechanical — Resistars ¢ Switches » Televisian Tuners ¢ Vibrators

Electrochemicol — Capocitars ¢ Rectifiers « Mercury Batteries

Metollurgicol — Cantacts « Special Metals and Ceramics » Welding Materials

8a WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE September, 1955



Completely new!

SPECIFICATIONS

Frequency Range: 1 cps to 1 MC, continuous coverage.

Low Impedance Output: 7.0 v peak-to-peak across 75 ohm
internal impedance. Rise time less than 0.02 psec. BNC
Connector.

High Impedance Output: 55 Vv peak-to-peak across 60O
ohm internal impedance. Rise time less than 0.1 usec.
Dual banana jacks —3/4” centers.

Amplitude Control: Low Impedance Output — Potenti-
ometer and 60 db attenuator, variable in 20 db steps. High
Impedance Output—Potentiometer.

Frequency Control: Dial calibrated “1 to 10” and decade
multiplier switch. Six bands.

Symmetry Control: Allows exact square-wave balance.

Sync Input: Positive-going pulse or sine wave signal, min-
imum amplitude 5 volts peak. BNC conncctor.

Power: 115/230 v #2109, 50/60 cps, 195 watts.
Size: 934" wide, 137" high, 133" deep.
Weight: Net 22 Ibs.; Shipping 44 Ibs.

Price: $265.00.

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

Complete Coverage,
Highest Quality

®

PROCEEDINGS OF THE IRE September, 1955
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1 cps to 1 MC

Square Wave Generator
with 0.02 usec rise time

Other Unusual Features

7 volt 75 ohm TV circuit
55 volt 600 ohm high level circuit
Full amplitude variation
External synchronization

The new -hp- 211A Square Wave Generator permits fast
measurement of audio and video amplifier frequency phase
and transient characteristics up to several megacycles. In
computer, pulse code and telemetering work, it materially
simplifies triggering and switching. It is excellent for testing
television circuitry, and ideal for modulating high frequency
circuits, testing attenuators, filters and delay lines. In general
laboratory use it is an excellent means of measuring time
constants, indicating phase shift, frequency response and
transient response.

Model 211A has many unique features. Besides the 0.02
usec rise time and two separate outputs (with full amplitude
variation on both), the generator can be operated either free-
running or externally synchronized. External synchronizing
can be either with a positive going pulse or a sine wave signal
of 3 volts amplitude. Much of the instrument’s circuitry is
etched to provide clean, trouble-free layout, compact size,
freedom from stray capacity variations, and thus, a highly
uniform product. The generator is of quality construction
throughout and is housed in a streamlined, lightweight metal
cabinet.

SEND FOR OPERATING TECHNIQUES,
CAPABILITIES, COMPLETE DATA

HEWLETT-PACKARD COMPANY

33310 PAGE MILL ROAD., PALO ALTO, CALIFORNIA

Please send complete data on -hp- 211A Square Wave Generator

Nome. R

Company . - R

Street_

City. Zone _ State.

9a
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Save, save, save . . . time, trouble, money . . .
when purchasing molybdenum-permalloy* Powder
Cores, for there can be no waste when you buy
from Magnetics, Inc. Exclusively Performance-
Guaranteed, these cores are also graded according
to inductance, and color-coded sc your assemblers
know how many turns to put on without special
testing. Write today for full details . . . Bulletin
PC-103 and your Color-Coding Card . . . and
remember . . .

PERFORMANCE - Gl ARTNTERD

Permalloy Powder Cores

(081 §0 MORE-

WY TAkE [ESS?7

MAGNETICS inc.

DEPT. [ -24, BUTLER, PA, ‘

*Manufactured under a license agree-
ment with the Western Electric Co.

WHEN WRITIN( ADVERTISER EASE MENTION




Standard Heavy-Duty Stacks

3 &
)

Extremely long life . ..with no maintenance
problems. Thousands of voltage/amperage com-
binations available. Sizes from 11/16" square
cells to giant 6” x 10” plates . .. Federal can
provide a power rectifier for almost every type
of industrial and military equipment.

Maximum resistance to impact, acceleration,
and vibration. Complete protection from harm-
ful atmospheric conditions. Other electronic
components may be encapsulated with recti-
fier to form a rugged, replaceable ‘‘potted”
circuit.

High-Voltage Stacks

250 to 5000 volts/5 to 40 milliamps. Encased
in paper, glass, Bakelite, nylon, or metal tubes.
Simple fuse-clip mounting of ferrule terminal
types. Also, hermetically-sealed types. Uses:
CRT high-voltage supplies, photoflash, insula-
tion testers, etc.

Selenium
Contact Protectors

High-Temperature Stacks

\ Extend contact life by over 1000 times. Used

in inductive circuits to prevent erosion of
1 switch contact surfaces. .. to suppress arcing
and rf transients. Minimum effect on release
time. Hermetic sealing meets JAN specs. For
relays, electromagnets, and telephone systems.

For maximum operating life at ambient tem-
peratures up to 150° C. A full range of voltage/
current combinations for medium and high
temperatures, Ideal for aircraft and military
equipment,

Magnetic Amplifier
Rectifiers

LET US KNOW your AC-to-DC
conversion problems. For further
informationon Federal Industrial
Rectifiers, call NUtley 2-3600,
or write to Dept. F-837.

Selenium cells and stacks precisely manufac-
tured, tested, and selected to assure a high de-
gree of stability and very low reverse current.
For use with saturable reactors, regulated DC
power supplies, etc.

Federal Telephone and Radio Company
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
COMPONENTS DIVISION ¢ 100 KINGSLAND ROAD « CLIFTON, N. J.

In Conado: Stondard Telephones and Cables Mfg. Co (Canade) Lid., Montreal, P. Q.
Export Distributors: International Standord Electric Corp., 67 Brood S$t., New York

PROCEEDINGS OF THE IRE September, 1955

INDUSTRY and DEFENSE

roox 10 Jrodleral

FOR THE FINEST IN
SELENIUM RECTIFIERS

Pioneering
Leadership

Federal is the original supplier of
selenium rectifiers in the United
States . . . leading the field in re-
search, development and produc-
tion.

Facilities
and Service

Federal’s facilities can handle the
largest and most complex orders
...satisfy the rush requirements of
customer production peaks. Every
order—large or small—is processed
through a skilled engineering staff.

Quality
and Economy

Federal’s modern fabrication
methods, mass production, inten-
sive quality control, and rigid test-
ing assure a product of highest
quality and greatest economy.

11
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7 "MID-CENTURY’S ™.
- ELECTRONIC MULTIPLIER
LICKED OUR PROBLEMS. ..

because it has special high speed features

for computing
center work!” .-+

ee®%ceq,
.
oo g0 *”

*®
.
sovecsccec®®’

M

The MC-700 AM-FM Electronic Multiplier is ex-
tremely accurate and performs at very high speed,
thus saving many hours monthly in all types of

computing center work. It consists of: The input and output ranges are plus er minus 100 B

volts, with an input impedance of greater than ane

e & identical ""A” units called MASTERS , ‘ megohm, and an autput impedance equal to that af the
£ D-C Amplifier in the unit.
e 12 identical "B’ units called SLAVES The static accuracy is within 0.2 volts aver full range.

. . The frequency response at full amplitude is flat ta 400
e Each Master Unit accepts two imputs, X cycles, with less than ane degree af phase shift at

and Y, and provides the product XY P 100 cycles.

e With the addition of the Slave Units, the The naise is less than .05 valts RMS.

products XZ and XW are obtained. A The drift daes not exceed 0.2 volts aver an 8 hr. period.

MAIL THIS TODAY TO SAVE TIME TOMORROW!

MID-CENTURY INSTRUMATIC CORP.

1 611 Braoadway, New Yark 12, N. Y.

! am interested in obtaining more information on
the following, without obligation

[0 MC-700 Electranic Multiplier
[] MC-300 Six Channel Recorder
[ [0 MC-400 Analogue Camputer 1] ‘ot 1 b . 1
; [ MC-500 D-C Analogue Computer preC|S|0n IS Our US|neSS
[0 MC-600 Six Channel Electranic Functian Generator .
;o MID-CENTURY
’
'
STREET. .. T iINSTRUMATIC CORP.
R E 611 BROADWAY NEW YORK 12, N. Y,
BY. !

L--.--------------------------------------—--------------J
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Now! For AMP Taper Pin Connectors

. | comPresSION
HEADERS

— il )

- ) «'ﬁ Type 90 GS/60W-AMP /S

— } ype / /

/\:/ - / L_I : Compression Header, avail- /
— able with from 8 to 14 tes-

- minals, shown four times
‘ actual size™"

- «n s Offering fast
connect and disconnect,
speedy assembly and
positive connections
without soldering!

Avadlable

IN COMPRESSION HEADERS AND PRACTICALLY
ALL STANDARD E-| SINGLE TERMINAL EYELETS —

E-I offers single and multiple terminal type compression
headers and practically every standard E-I single terminal
compression eyelet for use with Type 78 AMP connectors*.
For recommendations on specific sealed terminal applications,
consult an E-I sales engineer, today!

B P N ) TR

L ” o - .
A ] el S — ¥ actua
DAS/E0W-AMP/S FAS/60W-AMP/ S CCAS/60W-AMP'S ABAS/60W-AMP/S Bes. 000 "y
COMPRESSION TYPE COMPRESSION TYPE  COMPRESSION TYPE  COMPRESSION TYPE 90GS/60W-AMP/S-14A
(Actual Size) (Actual Size) (Actual Size) (Actual Size) COMPRESSION TYPE
PATENTS PENDING — | . ) .
ALL RIGHTS RESERVED *Products of Aircraft-Marine Products, Inc. of Harrisburg, Pa.
g 2t
Dérwocon o/'.nlm/wuu' Electronde (()lu/lhul/l'on ® E L ECTRl CA L l N D U STRI Es

44 SUMMER AVENUE, NEWARK 4, NEW JERSEY



NEWS and NEW PRODUCTS

September 1955

Standard Ratio Transformer

Four new ruggedized standard
ratio  transformers have been
added to the line of precision ac
voltage dividers developed by
Gertsch Products, Inc., 11846
Mississippi Ave., Los Angeles 23,
Calif.

The I"I" Series consists of nine
models of both rack mounted and
case models, specifically designed
to divide ac voltage with accur-
acies as good as 0.005 per cent and
resolution as good as 0.00001 per
cent. Models are available to cover
frequencies from 30 to 3,000 cps
(to 10,000 cps at reduced ac-
curacy).

The four new models have rug-
gedized  heavy  silver rotary
switches, for use wherever severe
continuous service is required.
According to the manufacturer the
permanent  “built-in”  accuracy
contained in all models, is not sub-
ject to the variations normally
experienced with resistive dividers.

Uses for the standard ratio
transformers include core material
investigation, ac meter calibra-
tion, transformer turns investiga-
tion, checking resolvers, servos,
computers, synchros, selsvns, and
ac transducers, bridge ratio arm,
ac potentiometer checking, and
as a ratio standard.

LF Q Meter

The Kilo-(), most recent addi-
tion to its hne of electronic in-
struments was announced recently
by Kay Electric Co., 14 Maple
Ave.. Pine Brook, N. J.

A low frequency Q meter, the
Kilo-Q will cover a range of 20

144 WHEN WRITING TO ADVERTISERS PLEASE MENTION.

These manufacturers have invited PRO-
CEEDINGS readers to write for literature
and further technical information. Please
mention your |.R.E. affiliation,

cps to 1 me. IFor ease of operation,
the unit combines a direct reading
dial over the entire range, accurate
to 1 per cent.

Two positions are provided on
the O Range Control with full
scale () readings of 0 to 125 and 0
to 250, respectively. IFor reading
Q values between 250 and 500, it
is necessary to set the lever con-
trol to the X2 position on the dial
and double the reading on the 250
scale.

The instrument provides a tun-
ing capacitor range of 60-1,200
uul. N vernier capacitor control in
shunt is provided to facilitate
tuning of sharp “()s.”

Oscillator frequency accuracy,
2 to 5 per cent. Calibration capaci-
tance accuracy, 1 per cent. Price
$695 f.o.h. plant. For complete
information, write the manufac-
turer.

Precision Phase Detector

This instrument manufactured
by Advance Electronics Co., Inc.,
451 Highland Ave., Passaic, N. J.,
will measure time delay, phase de-
lay,orenvelope delay with error less
than 1 per centor 0.1° between two
alternating voltages from 10 kc up
to 15 mc. Essentially Type 205a
precision phase detector consists
of two input amplifiers, a con-
tinuously variable delay line, a
step variable delay line, a dif-
ferential tuned amplifier, a bal-
anced phase detector, and a sensi-
tive output indicator.

The smallest time delay that can
be read on the dial is 5X10-10
seconds; the smallest phase angle
in degrees that can be read on the
dial is equal to §X 101X 36 X(re-

quency in cps. The frequency
range is 10 ke to 15 mc. The time
delay of the step variable delay

PROCEEDINGS OF THE IRE

line is 5 us in step of 0.05 us. Three
plug-in units of continuously vari-
able delay lines are supplied with
the instrument, 0 to 0.4 us, 0 to
0.25 ps, and 0 to 0.05 ys. The maxi-
mum phase range that can be
measured with the instrument is
equal to the total time delay of the
continuously variable delay line
plus the step variable delay line
multiplied by the frequency of the
signals and 360. The indicator
sensitivity is approximately 0.01
volt full scale maximum without
the probe, and 0.1 volt with the
probe. Two low capacity probes
with input capacitance less than
4 puf are supplied with the unit.
The panel binding post has about
1 megohm shunted with 12 uuf on
both input channels.

Paper Dielectric Tubulars

Cornell-Dubilier Electric Corp.,
South Plainfield, N. J., announces
the development of its new “Tiger
Cub” type MGT, high tempera-
ture paper dielectric tubular ca-
pacitors. This new capacitor is
designed to operate effectively at
temperatures from —55°C to

+100°C.

/,

The capacitance stability of the
new “Tiger Cub” is such that it
varies less than 10 per cent over
this temperature range. Longer
service life is assured by Vikane
impregnation. An external wax
dip provides added maisture pro-
tection that will withstand 250
hours of continuous exposure in
90 per cent relative humidity at
40°C.,

The “Tiger Cub” MGT paper
tubular capacitors are available in
capacities from 0.001 yuf to 1.0
puf in 6 voltage ranges from 100 to
1,600 volts dc working. Low resist-
ance lead wires are soldered to
extended foils and held firmly in
place by Polykane, the high tem-
perature, non-melting end fill.
Request Bulletin 168.

(Continned on page 16A4)
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Senies 550-R9G Attennaton

In addition to Daven being the leader in audio
attenuators, they have uchieved equal promi.
nence in the production of RF units. A partial
listing of some types is given below.

T VY d =Y DAVEN Radio Frequency Attenuators, by combinin
B ec au s e /@/L ‘-‘ /[:' //\‘ proper units in sgries, are available with losses ug
to 120 DB in two DB Steps or 100 DB in one DB

makes the most Fange from DC 1o 325 M. 1A tedseny
Standard impeda 50 and 73 ohms, with

complete, the mQSt S;Zrclmairxm;:e]gfn::sczsqfl;%le onqxr'lequest.(;hemsissto‘::xtc-

. guraC):iis ‘}‘,'-itﬁi" * 2%{; at DC. An gnbnlanczd circuit

c ‘ides constant in

a c c “ r a t e l l n e o t ;fn;iilan‘;e.l T}ﬁzm:xlnifs a.reS ::luppliozl?élt :'rilth o:iigg:
UG-58/U* or UG-185/U** receptacles.

[

in the world!

TOTAL STANDARD
TYPE l Loss DB IMPEDANCES

RFA* & RFB520*+| 1,2,3,4DB {10 |50/50€ and 13/73Q
RFA & RFB 541 10, 20, 20, 20 DB 70 [50/50Q and 73/73Q
RFA &RFB542 | 2,4,6,8DB 20 | 50/50Q and 73/73Q

RFA &RFB343 | 20,20,20,20DB | 80 |50/500 and 73/73%2

—— RFA &RFB550 | 1,2,3,4,10D0B | 20 |50/50Q and 73/73Q
" AT RFA &RFBS51 | 10,10,20,20,2008 | 80 |50/50Q and 73/73Q
Finiticavin RFA &RFB552 | 2,4,68,2008 | £ |50/509 and 73/73Q,

8

ATTERGATION M LS
PRS-

’ 1 e

~
® &

/

’ These units are now being used in equip-
I o - ment manufactured for the Army, Navy
‘ P Y, | and Air Force.

” ‘ ‘ Werite for Catalog Data.

Series 40-RT | ) «DAVEN -

195 CENTRAL AVENUE
NEWARK 4, NEW JERSEY

Attennation Netwark
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Just select the range you want...Hycon's new Model 615
Digital VTVM does the rest. .. gives you a direct reading in numerical form,
complete with decimal point and polarity sign. There’s no interpolation,
no chance of reading the wrong scale. Even inexperienced personnel find the
Model 615 easy to use...you just can’t read it incorrectly!
Ideal for both laboratory and production-line testing, here's what the Model 615 offers. ..
... 1% accuracy on DC and ohms: 2% on AC
... 12 ranges...0 to 1000 volts DC and AC; 0 to 10 megohms
... Illuminated 3-digit scale, with decimal point and pclarity sign
... Response (with auxiliary probes) to 250 mc
... Shielded case; rugged, bench-stacking design; lightweight

Two more Hycon test instruments. . . designed for tomorrow’s
circuitry ... ready for color TV...

MODEL 617 3”7 OSCILLOSCOPE...

Accurate enough for research, rugged enough for

servicing. Features high deflection sensitivity

(.01 v/in rms); 4.5 mc vertical bancpass, flat 1 db;

internal 5% calibrating voltage. SPECIAL FLAT 37 ‘
CRT FOR UNDISTORTED TRACE FROM EDGE T0 EOGE.

MODEL 614 VIVM...

Maximum convenience combined with unprecedented
low cost. Plus features include: 21 ranges (28 with p-p
scales); 6%2"” meter; 3% accuracy on DC and ohms,
5% on AC; response (with auxiliary probe) to 250 mc.
TEST PROBES STOW IN CASE, READY 10 USE. {

%m Mfg. Company

2961 EAST COLORADO STREEY
PASADENA 8, CALIFORNIA
“Where accuracy counts”

BASIC ELECTRONIC RESEARCH * ORDNANCE ¢ AERIAL CAMERAS ¢ ELECTRONIC SYSTEMS
ELECTRONIC TEST INSTRUMENTS * GO NO-GO MISSILE TEST SYSTEMS * AERIAL SURVEYS

See these Hycon instruments
... all in matching, bench-
stacking cases ...at your
local electronic jobber.

16A WHEN WRITING TO ADVERTISERS PLEARE MENTION
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(C ntinued from tage 114)

Minature Power
Transformers
Hycor Company, Inc., 11423
Vanowen St., North IHollvwood,
Calif., announces . new line of
miniature power transformers for
400 cps and higher frequencies.
The units are available with out-
it power ratings up to 15 va with

multiple windings from 1 volt to
500 volts. They wre available in
miniature metal cases or in plastic
encapsulated form to satisfy M-
T-27 requirements. The torodoil
construction  minimizes  external
fields and results in extremely high
efficiency. Bulletin WY lists stock
tvpes and s available upon re-
quest.

Terminal Catalog

Hermetic Seal Products Co.,
29 South Sixth St., Newark 4,
N. J. announces the availability
of their new 4-page brochure on
Vace-Tite Compression, Single Ter-
minal  Feed-Thru's and  Stand-
Ofts. This new 4-page brochure
provides industry with a coor-
dinated standardization of single
terminal fecd-thru's and stand-
off's. The parts iilustrated in the
new brochure are of Vac-Tite
construction, an exclusively de-
veloped glass-to-metal chemically
bonded compression construction,

The brochure introduces a wide
variety  of  specially designed
flanged bodies offered to industry
for use in projection weld assem-
bly, for soldering to curved sur-
faces, and other special applica-
tions. In addition, designs capable
of withstanding extremely high
pressures are available in flanged
or threaded boedies. Single ter-
minal tyvpes have bheen developed
by Hermetic  that  incorporate
spitce within the seal for nounting
smiall componen<s. This type re-
quires a flat plate for closure.

(Continned ca page I181.1)

September, 1055



Raytheon —World's Largest Manufacturer of Magnetrons and Klystrons

2K28 KLYSTRON

HELPING ESTABLISH RELIABILITY RECORDS

Raytheon Magnetrons and Kilystrons
in proved Gilfillan ASR-1 Radar

Civil Aeronautics Administration reports
record-breaking reliability of Gilfillan air-
port surveillance radar. Boston Interna-
tional Airport had 8,760 hours continuous
performance with only 74 hours involun-
tary outage—less than %o of 1% —from their
Gilfillan installation.

Check these performance records of
Raytheon tubes in the Gilfillan ASR-1.
Average life, 2J32 Magnetron: 4,000 hours.
Average life, 2K28 Klystron: 2,500 hours.

Your microwave and radar equipment offers
extra reliability when you specify Raytheon
Magnetrons and Klystrons. Use these
rugged, reliable tubes in your present and
proposed systems. Contact Power Tube

Condensed Typical Operating Data
uli = T 9 Sales to take advantage of Raytheon’s
tector | R Maxi . ) S . . . .
g::::f.'t :rai?;uee,"nc:{ R\%lffg:r 52?&’;: r Tenalsl.n;:ltl::‘f. Tuning |Cavity Application Engineer Service, without obli-
1200- 140 v. Mech. ation. Write for free Tube Data Booklets.
228 |140mw | 3750 [to—300v.| 300V =15 | nductive | Ext- &
Power | Frequency Anode :node 3:"::’:% P.R.R
Output | Range, mc kv mps. [ E'xcellence
2780- . B
2032 | 285kw | 2820 20 30 1 psec 1,000 in Electronics
min. | Fixed freq. {

RAYTHEON MANUFACTURING COMPANY, Microwave and Power Tube Operations, Section PL-33 Waltham 54, Massachusetts
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Write for descriptive literature.

AIRBORNE
l@) INSTRUMENTS

LABORATORY

160 OLD COUNTRY
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The unique construction of the fly’s eye,
numerous tiny lenses on a convex surface,

rections.

Wider than a fly can see

Unlike most of nature’s children, man’s endeavors have
carried him far beyond the use of his natural endow-
ments. Spurred on by mental development, human
efforts have created a dynamic way of life, demand-
ing the most versatile mechanisms man is able to de-
vise.

Scientists at Airborne Instruments Laboratory are
constantly at work, creating electronic devices to aid
industrial progress. In the Wide Range Power Oscil-
lator, they have achieved an instrument, excellent in
performance and quality, for testing over the wide
frequency range of 300 to 2500 mc.

Equipped with a self-contained rectifier power
supply and a single tuning control for grid-cathode and
grid-plate lines, the Wide Range Power Oscillator is
representative of Airborne’s high standard of achieve-
ment in research, development and production. Here
is another example of individual design, resulting in
the universal appeal of AlL products.

ROAD . MINEOLA, NEW

with
gives

the insect an extensive visionary area, in all di-

YORK

Scptember, 1955



INFRA-RED LAMPS RAISE AMBIENT TEMPERATURE TO 4125 C.

NEW G-E TANTALYTIC" CAPACITORS
OPERATE AT +125°C AMBIENT

LIFE TEST AT 100¥-175°C

=
<
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L T~ \‘
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LONG LIFE of G-E high temperature Tantalytic capacitors
is shown by this graph of life vs loss of capacitance for
typical 100 volt d-c un't.

_ PERMISSIRE ,,PPLIED WVDC AT GIFFERENT JEMPERATURES

00,
3, e —(
a 1
\
- '\ 100% AT 125 (~_ |
100 — —«N

VOLTAGE RATING AS A < OF 125°C RATING

,,%* | | __l

% 105 15 T3
OPERAT NG TEMPERATURE C

HIGHER VOLTAGES than 100 YCC can be applied . . .
with no loss of life . . ., at ambient temperatures below
rated + 125 C as shown above.

Available in ratings from 36 uf
at 100 VDC to 180 uf at 30 VDC

Designed to operate at +125 C for 1000 hours with not more than 209
loss in initial 425 C capacitance, General Electric’s new high-temperature
Tantalytic capacitors meet the tough requirements of miniaturized
military equ:pment.

FOIL CONSTRUCTION assures the same long life, high quality, and stable
operating characteristics provided by +85 C Tantalytics. Unlike other
types of Tantalytic capacitors, the foil construction also offers:

o Both polar and monpolar construction,

o Chemically nentral electrolyte . . . imizes corrosion d 5

o Excellent mechanical stability . . . freedom from electrical noise under shock and vibration.
o Excellent reliability at rated temperatures . . . extended life at temperatures below +125 C.
AVAILABILITY: G-E high-temperature Tantalytic capacitors can be ob-
tained now in sample quant:ties for evaluation and prototype use. Produc-
tion lots will be available by September in the following standard ratirgs:

Voltage | uf Case 1 | uf Case 2 | uf Case 3
9 %”x%”xl'/n” %”X%"X’/l" %”X%”X‘/z”
30 180 110 | 55
50 100 60 30
75 60 36 18
100 | 36 24 | 12

For more information, see your G-E Apparatus Sales Representative or
write for Bulletin GEA-6258, General Electric Company, Section 442-27,

Schenectady 3, New York. *Reg. trode-mark of General Electric Co.

Progress ls Ovr Most Important Prodvct

GENERAL @3 ELECTRIC



Univac no longer asks for the detailed
instruction coces required by other com-
puters. Univac now autom.atically produces
complex coded routines when given a
simple instruction.

» This truly remarkable new Remington

DIVISION OF 5/ ERRY RAYL CORFORATION

WHEN WRITING T9 ADVERTISERS PLEASE MENTION  PROCEFDINCS GF THE IRE

'World Radio Histo

Now ... Univac Tells Itself What To Do!

Rend development cuts months from pro-
gramming time...is easily adaptable to your
individuai requirements.

If you would like more information
about Univac automatic programming,
write to the address below for EL264.

[
ELECTRONIC COMPUTER DEPARTMENT mlthgton Rllllt[ ROOM 1961, 315 FOURTH AVE., NEW YORK 10, N.Y.

September. 17953



VARIAN KLYSTRONS are designed and built
to deliver top performance under extreme conditions of shock
and severe G-loads. . . such as occurred in the impact of
the Viking rocket, falling from an altitude of 158 miles.

HERE'S
SHOCK
PROOF!

Write to our Applications Engineering Department
for full information and specifications on Varian klystrons
for airborne radar, missiles, beacons, relay system:s, coherent
transmitters, and high-power UHF-TV.

Mark iE @ VARIAN associates
LEADERSHIP \‘/ PALO ALTO 2, CALIFORNIA

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, R.F. SPECTROMETERS, MAGNETS,
STALOS, UHF WATERLOADS, MICROWAVE SYSTEM COMPONENTS, RESEARCH AND DEVELOPMENT SERVICES

PROCEEDINGS OF THE IRE September, 1955 21a
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| RAYTH EU N the world’s foremost producer

presents this comprehensive range of Raytheon
DIODES, having the characteristics and the -
uniformly dependable performance that warrant your complete
confidence and your specification as first choice

Preserve this Ready Reference Chart >

You'll find it @ useful and dependable source of -
up-to-date information on Raytheon Diodes.

RAYTHEON
MANUFACTURING
COMPANY

RAYTHEON MAKES ALL’TH!SE:

WHEN WRITING TO ADVERTISERS PLEASE MENTION--PRGCEEDINGS OF THE IRE




These diodes combine good transient response, low capacity and high frequency capa-
bilities with low cost and dependability. Ambient temperature range —50 to +100°C.

RAYTHEON POINT CONTACT GERMANIUM DIODES

Average Peak
Type . . Peak Rectified Rectified Maximum Inverse Currents Forward
Dimension | Inverse mA mA n u, mA
General Purpose Outline Volts (max.) (max.) at —5v at —1ov at —50v at —100v at +1v
IN66 (CK705) A 60 50 150 50 800 5.
IN67 A 80 5 100 5 50 4.
IN68 (CK708) A 100 5 100 625 g -
1N294 (CK705A) A 0 50 150 10 800 5 ——
1N297 (CK707) A 0 35 100 10 100 35
1N298 (CK713A) A 0 50 150 250uA (max.) at —40v. | (50°C) 30mA (min.) at 4-2v.
CK80 A 60 50 {150 50 5.
CK80! A : 80 50 | 150 100 73
VHF and UHF | |
IN82A | B | 5 50 150 UHF mixer | 14 db max. noise — see data sheet for test circuit
1N295 (CK706A) | A [ 40 35 | ) 200 Video detector
CK715 A i 40 35 | 125 Special tests for VHF to UHF freq. multiplier
T
Multiple Assemblies |
CK709 C | Four 1N66 matched within 2.59 at 4-1.5 and —10 volts for bridge circuits
CK711 C I Four IN67 matched from 0 to 43 volts. 3043 (max.) at —50v. for bridge circuits
CK717 C | Four 1N66 matched within 2.59 at 4+-1.5 and — 10 volts for ¢ anode circuits
CK719 C 1 Four 1N67 matched from 0 to 43 volts. 30a (max.) al — 500

RAYTHEON GOLD BONDED GERMANIUM DIODES

This group of diodes features small size, high forward conduction, high back resistance, and good temperature characteristics.
Because junction area is increased over that of point contact types, capacityis slightly higher, transient response shightly slower.

Peak Average Peak Ambient
Inverse Recttfied Rectified Maximum Inverse Currents Forward Temperature

Dimenston | Volts mA mA n uA mA Range

Type Qutline (max.) (max.) (max.) at —10v| at —20v at —50v at —100v at0.8v at 1.0v °C
N305(CK739) | D | 60 125 300 2.0 20 | | 1_00_[ | —55t0 470
N306 (CK740) 1] 15 150 00 2.0 100 —55to +70
N307 (CK742) D 125 50 00 5.0 20 100 —55to +70
N308 (CK741) A 0 100 50 500:A at —8 volls 300 -55to 490
1N309 (CK747) A 40 100 300 100 100 55to 90
IN310 (CK745) A 125 40 100 20 100 15 —55t0 490
IN3I2 (CK748) A 60 70 250 50 30 —55t0 490 |

IN313 (CK749) A 125 40 100 10 50 15 -5510 490

IN308-13 have good transient response with good forward characteristics, high back resistance

RAYTHEON BONDED SILICON DIODES

Note: IN305-6-7 have very high back to forward ratio, high back resistance, sharp Zener characteristic, average transient response

Raytheon Bonded Silicon diodes provide high back resistance, a sharp Zener characteristic and fair tran-
sient response (large overshoot, fast recovery) over an ambient temperature range of —55 to +150°C.

100°C Max.
Peak Average Peak Maximum Reverse Currents Forward Average Reverse
Dimension | Iaverse Rectified Rectified inu mA Rectified mA
Type Outline Voits mA mA at —5v  at —10V at Volts shown at +1v mA at —10v
1N300 (CK735) D { 15 40 120 0.001 8 15 0.01
IN301 (CK736) 1] | 70 35 110 0.0] 0.05 at —50 5 12 0.2
1N302 (CK737) D | 225 25 80 0.01 0.2 at —200 1 8 0.2
1N303 (CK738 D 1125 30 100 0.0l 0.1 at —1I00 3 10 0.2
1N432 (CK856) D | 40 40 120 0.005 10 20 0.05
1N433 (CKB60) D 145 30 100 0.03 0.3 at —T75 i T 05
IN434 (CK861) | D | 180 30 100 005 Jo5at—160 | "2 |15 | 10 ]
1N438 (CK852*) D 7 100 200 10 50 50 I
*8 volt Zener regulator Note: All ratings at 25°C unless otherwise indicated.
RAYTHEON SILICON POWER RECTIFIERS
This new Raytheon silicon rectifier is the first to give high current rectifying capacity in extremely small volume. The
rectifiers operate to 175°C, to 200 volts peak and to over 99% efficiency. Back to forward resistance ratio is over 100,000.
. Maximum Current [ Typical
Type Dimension Maximum Voltage Peak Average Dissipation
Outline RMS Voits Peak Volts Amperes Amperes Watts
CK775 E Case Temp. 30°C* 40 60 50 15 40
Case Temp. 170°C* 40 60 15 5 10
No Heat Radiator
Ambient Temp. 25°C 40 60 6 20 3.0
Ambient Temp. 170°C 40 60 2.0 0.5 0.5
CK776 3 Case Temp. 30°C* 125 200 50 15 40
Case Temp. 170°C* 125 200 15 5 10
No Heat Radiator
Ambient Temp. 25°C 125 200 6 2.0 3.0
Ambient Temp. 170°C 125 200 2.0 05 0.5

PRCOCEEDINGS OF TIIE IRE
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ADDITIONAL RATINGS (25°C)
Both CK775 and CK776 have maximum drop at 5 amperes of 1.5 volts
CK775 has maximum reverse current at —60 volts of 25 mA
CK776 has maximum reverse current at —200 volts of 25 mA

*maintained by external heat radiator
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Phote actual size

UTOMATIC makes the only complete line of

standardized TRANSISTOR I.F’s... K-TRANS

You can order ail your Transistor IL.F.’s
from a single source—Automatic Manu-
facturing Corp. This will save you time
and money and give you L.F.’s with the
exclusive K-Tran features: positive
threading and controlled torque. In any
electronic miniaturization program, the
small physical dimensions, combined
with the highest electrical performance
of the Transistor K-Trans, give you
tremendous advantages.

We make three styles of Transistor
K-Trans. Each style has capacity built
into the base, and is available in fre-
quencies from 262 KC up through
standard frequencies.

From left to right these are the three
styles:

STYLE 10. Permits double ended tun-
ing. (1% x %, x %)

STYLE 12. Permits single ended tun-
ing. (% x % x 3%,)

24a WHEN WRITING TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF THE IRE

STYLE 15. Specific for severe space
limitations. Permits single ended tun-
ing. (%, x % x %)

Standard size K-Trans (1%,x¥%x%)
are also available for transistor appli-
cations. Since the several types of the
K-Tran* LF. Transformer are all as-
sembled from the same components,

*T.M. Reg. U.S. Pot. OFff,

'World Radio Histo

they are immediately available for
orders of any size.
2SI « S +4

For full engineering information on
transistor and other type K-Trans, ask
for your copy of the 45-page K-Tran
Manual. It will help you design better
transistor circuits.

Every part Automatic uses
... Automatic makes.

65 GOUVERNEUR ST,
NEWARK 4, N, J,

September, 1955
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a guy named Og

Once your name was Og. You tired of shouldering
mastodon steaks...of dragging your mate by her hair.
You invented the wheel.

Later, your name was Watt. Steam made your kettle-lid
dance...and the Industrial Revolution was on.

Yesterday, you were a bicycle mechanic named Henry...today,
your brainchild’s descendants are counted in millions.

Your name is legion. You created every linkage...
every device...every system.

You're an engineer.

You make things work better... faster... more accurately

...more economically.

Next week...next month...next year...some system will need
a better, faster, more accurate or more economical
means of recordirg...or indicating...or computing...or

many models of HELIPOT*
precision potentiometers are
stocked for immediate shipment
...our engineers will gladly
adapt standard HELIPOTS to your You'll discover that Helipot makes the most complete line...
requirements...or build
entirely mew HELIPOTS for you.

controlling a process.

You'll want precision potentiometers.

linear and non-linear versions...in the widest choice

You're an engineer.
Your career is in
the making.
Helipot would like
to hear from you.

of sizes, mounting styles and resistances.
Jor information and specifications
... write for data file 03

A e I Ot
: p Jirst in precision potentiometers

e

Helipot Corporation/South Pasadena, California
Engineering representatives in principal cities '
a division of BECKMAN INSTRUMENTS, INC, i

3950 "REG. U.S. PAT, OFF,
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IBM selects DU MONT TYPE 329™ as test
oscillograph for their new type 702 computer

6.

When IBM Corporation, world’s largest mamu-
facturer of computer equipment, produced their
new Model 702, an essential phase of the proj-
ect involved selection of a cathode-ray oscillo-
graph to go into the field with each computer
as standard test equipment. Requirements were
strict.

IBM's approach to the problem was to conduct
side-by-side evaluation with other competitive
instruments. On the basis of actual perform-
ance, they selected the Du Mont Type 329
as their test oscillograph.

What are some of the primary reasons why
IBM decided on the Du Mont Type 329?
Excellent sensitivity—either d.c. or a.c. coupled.
Precisely calibrated sweeps with movable notch
magnification—-ideal for making accurate meas-
urements. Brightness—adequate for display of
very fast pulses. Synchronization simplicity—

the Type 329 “locks in” om almpst any type
of signal. Stability—the trace remains steady
as a rock despite power line fluctuations, etc.
Reliability in service—calibration adjustment
requires no extra test gear and is o simple
one-step process. And virtually any tube may
be replaced without special selection.
Another factor contributing to the selection of
the Type 329 was the well known Du Mont
Field Service Organization, which assures that
regardless of where in the United States the
equipment is used, swift, competent service
facilities are in the immediate vicinity.

If you have instrumentation rgquirements,
Du Mont facilities are always available for
discussion and recommendah?ns Write us
today for complete information on the Type
329, or on any problem you may have relat-
ing to cathode-ray instramentation.

"“Moditied slightly for IBM's application.”

oUMOM
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ALLEN 8. DU MONT LABORATORIES, INC. o TECHNICAL SALES DEPARTMENT

760 Bloomfield Avenue, Clifton, New Jersey

'World Radio Histo
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help yourself to more dollars worth of quiet

/—\_ specify the new, small

First of a new series of Raytheon hermetically
sealed transistors, the 2N133 is the smallest yet —
Current AT W 1> b g 13 to Y4 the size of the CK727 it replaces —
Power ¢ s s AR e and as low in noise as they come.

LIFIER
pHONO pRE-AMP Tronsistor
eatio® 2
Vacum WS RIAA
2 A4db
RIAA

22dd o133

1. 65¢7 LY

\.b; .
200 #
o'é;) o 784db
10D

72db

ca ccr‘;‘;'gi., or highe’ W
e

i typicol 10O

Get This RAYTHEON TRANSISTOR
TRANSISTOR APPLICATION BOOK! l irouicarions 32
116 pages — over 50 practical circvits
including timers, receivers, oscillatoers, etc.
all using low cost Raytheon Transistors.

For your copy send 50¢ to Dept. P10,
Raytheon Mfg. Co.,, Newton 58, Mass.

RAYTHEON MANUFACTURING COMPANY

RAYTHEON MAKES ALL THESE:




Need close-tolerance tubular parts
like these? Just send drawing

Superior Tube has special facilities for
doing complete job — efficiently, fast

Save handling costs. When you need special close-tolerance tubular
parts, let Superior Tube make them for you complete. Engineering
assistance is available. Or just send drawing, indicating size,
shape, metal analysis, temper and degree of finish desired.

Superior Tube’s special facilifies provide for flaring, cutting,
deburring, expanding, bending, rolling ends, grooving, beading,
coiling, flattening, punching, deep drawing, reducing, drilling,
chamfering, shearing, slotting. A wide choice of different alloys of
closely controlled analysis is available.

For prices and complete information on fabricated tubular parts
on glass sealing alloys, write Superior Tube Company, 2506 Ger-
mantown Ave., Norristown, Pa.

5//&5//&/'

GLASS SEALING ALLOYS

Glass-to-metal seals for conductor leads into vacuum tubes,
hermetically sealed chambers, or controlled atmospheres.
Typical uses are shown above, left to right: voltage regulator,
capacitor, capacitor cap, button terminal, recarding pen,
refrigeration sniffer. Superior offers six standard uniform-
expansion alloys cold drawn to close tolerances in Seamless or
WELDRAWN* tubing. *TM Superior Tubs Co.. Reg. U.S. Pat. OF.

/e

All analyses 010" to %'
©OD. Certain analyses in light
walls up to 2V4"' OD.

The big name in small tubing

284 WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE
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MISSILE TEST EQUIPMENT For over
ten years Farnsworth has participated in the
design, development, and production of
guidance and control systems and special
test equipment for such missile programs as
Terrier, Talos, Sparrow, and others. Numer-
ous “firsts” in this field have been accom-
plished as a result of contributions in the form
of missile receivers, control systems, power
supplies and complete system analyses.

IATRDN A charge-controlled cathode ray
“memory"’ tube permits operator-controllable
image persistence from one millisecond up to
several minutes duration. Unusually brilliant
picture presentation at a brightness level of
up to 10,000 footlamberts for projection
purposes.

IMAGE CONVERTER TUBES Used in
any application where it is necessary or
desirable to “see in the dark.” Convert an
infrared image into a visible image. Applica-
tions: medical and biological research, hot-
body observation, temperature distribution,
crime detection, security, and photography.

INFRARED VIEWER This unique, com-

pact, easy to handle viewer is a valuable tool
for crime detection, research and industrial
apolication. Observation of objects or scenes
in the dark is easily accomplished when they
are illuminated by infrared radiation.

PHOTOMULTIPLIER TUBES Respon-
sive in the near infrared spectrum featuring
sensitivities as high as 50 amperes per lumen
of incident radiation. Applications include
photometric measurements for industrial and
scientific uses.

IMAGE DISSECTOR A highly versatile
TV camera tube particularly well adapted for
use as a slide or facsimile scanner. This tube
can be constructed in a variety of types to
meet special requirements.

RADAR RANGE CALIBRATOR,
AN/UPM-11A A precision instrument in-
corporating both ‘“Radar’” and *'Beacon”
functions. The equipment operates as a radar
transponder in that pulsed r-f energy fed into
the equipment results in a series of return
echo pulses being fed back from the equip-
ment to the radar under calibration. This
simulates radar targets at accurately deter-
mined ranges.

PORTABLE CABLE TESTER Designed
for testing all radio frequency cables that will
accommodate, or can be adapted to, type
“HN", “N", or "BNC" connectors. It will
supply a d-c voltage up to 12,000 volts pro-
vided the current drain is negligible, and
current surges of at least 3,000 amperes peak

ELECTRONICS
THE KEY TO

AMAZING
TOMORROWS

RESEARCH

MORE THAN 30 YEARS experience in
electronic television bring you Farnsworth’s
model 600A standard Industrial Television
system. Military and industrial uses of this great

new medium are rapidly becoming

ommon-place but only Farnsworth can ofter
you this experience plus the skills accumulated

over years of successful design and

. . beyond the range of sight . . .

production of complex military electronic
equipment. In the air, on the sea, in the factory,

_in your business—there is a place for
“s§ndustrial television in your future.

Why not use the best?

Micro > éov“ N '
Pulse-Coding and Circuitry.

ELECTRON
TUBES

MISSILE

Photomultipliers, Storage
Tubes, Image Tubes,
Infrared Tubes.

Guidance and Contro

FARNSWORTH ELECTRONICS COMPANY - FORT WAYNE, INDIANA

a division of International Telephone and Telegraph Corporation

into a load of 0.05 ohm at room temperature.
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TOWER FOOTING
INSULATORS FOR
SELF-SUPPORTING

RAQIATORS

LAPP

ANTENNA TOWER

A RS
Y S Doe D

INSULATORS

/ o
Ji MAST BASE
/ INSULATORS RADIO GUY
INSULATOR

We at Lapp are mighty
proud of our record in the
field of tower insulators.
Over 30 years ago, the first
insulated broadcasting tower
was erected—on Lapp insu-

lators. Since then, most of the
large radio towers in the
world have been insulated
and supported by Lapp insulators. Single base
insulator units for structures of this type have

%, 3

4 been design-tested to over 3,500,000 pounds.

?ﬁs A thorough knowledge of the properties of por-
RG celain, of insulator mechanics and electrical qual-
:‘x',} ities has been responsible for Lapp’s success in
K5 becoming such an important source of radio in-
ol . I . .
S sulators. Write for description and specification

-

data on units for any antenna structure insulating
requirement. Lapp Insulator Co., Inc., Radio Spe-
cialties Division, 254 Sumner Street, LeRoy, N. Y.
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New Vectron VFS 250

FOR TESTING:

Airborne Electranic Equipment
Airborne Electrical Systems
Servo Amplifiers and Equipment
Synchro and Selsyn Systems
Transformers and Inductors
Export and Foreign Equipment

FOR POWERING:
Vibration Shakers
Choppers and Vibrators

Magnetic Amplifiers

FOR CONTROLLING:

Synchronous Motors
Processing Equipment

® Full negative feedback networks for instan-
taneous voltage control.
® Built-in two range stabilized frequency gen-
erator.
® Grounded output with polarized receptacle
for maximum safety.
Full accessibility to all tubes and compo-
nents.
® Compact, semi-portable package for bench
use.
Output Power 250VA continuous
at 100 to 130V 300VA intermittent
Output Frequeacy 45-2,000 cycles
Output Voltage 0-130 Volts

Output Regulation - 19% to 1,000 cycles
zero to full load 3= 29 to 2,000 cycles

Line Regulation =+ 19 maximum change
at 250VA for 105-125V input

Flexible, can be supplied with limited frequency
ranges 45-75 cycles and/or 320-480 cycles, with
stabilized single frequency tuning fork or single
range to cover entire frequency spread as re-
quired. An extemal frequency source may be
used. Can be furnished with complete fre-
qQuency programming equipment built in for
fixed or variable cycle, Metering of output volt-
age, current and/or frequency can be included.

for detailed informa-

tion, see your Vectron
Commercial Test Equip-
ment Representative or
write direct for ““Ad-
vance Bulletin’’ VFS
250.

~(=VECcTRON; inc.
ctionic and Soctio Mechanical Gyuipmeit”

402 MAIN STREET, WALTHMANM 354, MASS.

VECTRON FOR DESIGN AND MANUPFACTURE OF

Precision Electronic Components
Elcctronic Networks and Filters

Microwave Test Equipment
Radar Units and Systems
Spocial Test Intruments

Compllete Flectronic Sysewms
Variable Frequeacy Power Suppiies  Bcctronie Control Units

September, 1955



1+ Redesigned.

4o solve your
horizontal deflection
problems

= - J '

-.—-—— L e e e s —— — ————— — — — —— —— -

—these Sylvania deflection
amplifier tubes offer
higher plate currents,

greater dissipation

Here is a full line of Sylvania Tubes—made to take the tighter
conditions of horizontal deflection circuits in streamlined TV
chassis designs.

New plate and grid designs achieve minimum zero bias plate
to screen grid current ratios of 10 to i. Piate dissipation has
been increased to provide more stable performance throughout
tube life. Designed to exhibit low plate knee characteristics,

6BQ6GTA  6CD6GA these tubes eliminate *‘snivet” problems when operated properly
6CU6 6DQ6 within ratings.
Whatever the nature of your TV design problem, Sylvania
Deflection Types for Series—String circuits Tubes are *‘circuit-designed and circuit-tested” to meet your needs.

Deflection Types for Transformer Circuits

12BQ6GTA  12CU6
25BQ6GTA  25CD6GA :
12DQ6 ? Lty

+SYLVANIA

SYLVANIA ELECTRIC PrODUCTS INC.

SyLvania ELeEcTrIC PrRODUCTS INC.

Dept. 132P, 1740 Broadway, New York 19, N. Y.

(7] Please send complete data on *circuit-designed and circuit-tested”
deflection amplifier types.

Check other tube interests.

[ Other entertainment types [ Control equipment types

[ Military types (O] Test equipment types

[ Special-Purpose types 0 ————————types

1740 Broadway, New York 19, N. Y. Name
In Canada: Sylvania Electric (Canada) Ltd. Address
University Tower Building, Montreal
Cily Zone State

LIGHTING ¢« RADIO +« ELECTRONICS +* TELEVISION +« ATOMIC ENERGY
PROCEEDINGS GF TIIE IRE September, 1955 31a



KEARFOTT

'ANNOUNCES

a new rotation-type

FERRITE ISOLATOR g Isn a I .
MODEL W152-1A T e ‘

The new Ferrite Isolztor is a wseful
device with applications such as oscil-
lator isolation with the following
advantages to system performance:

o Reduces long-line loading

o Prevents undesired frequency shift
® Insures uniform power output

o Improves transmitted pulse spectrum

The charts indicate the exceptional performance
of this light-weight unit (less than 2 lbs.)

REVERSE
ISOLATION

This shows very
cleariy the good
unilateral de-
coup:ing effect
between the an-
tenna and trans-
mitter.

INSERTION
LOSS

This illustrates
the exceptionally
low loss from the

transmitter to
the antennia,

VOLTAGE
STANDING
WAVE RATIO
The VSWR intro-
duced into the
transmission line
by the ‘Isolator.’

szci_al units can be produced by Kearfott
to meet your frequency requirements

FERRITE RESONANCE ABSORPTION TRANS-
VERSE FIELD ISOLATOR for use where high
power handling capacity is required. This
new model operates over a 1C% band
width, with these electrical characteristics:
© Greater than 9 db isolation

® Less than 0.4 db insertion loss:

® VSWR less than 1.C3

Write or call today jor complets detailed
information on Kearfott components
and their application to your Radar
Systems.

CarJoll comranv. inc.

LITTLE FALLS, NEW JERSEY
WESTERN MANUFACTURING DIVISION
14844 OXNARD ST.+ VAN NUYS, CALIF.

A SUBKIDIAMY OF GENENAL PRECISION EQUIFPMENT CONPORATION

SALES OFFiCES
Eastern Office: idwest Office: South Central Western Area
1378 Main Ave. | 188 W. Randolph St Office: Office:
Clifton, N.J Chicago, Il 6115 Cenbon Drive | 253.Vinedo Ave
Dallas, Téxas Pasadena, Calif

(s Membership s

The following admissions and transfers
were approved and are now effective:

Transfer to Senior Member

Aitken, K. M., Box 192, Merrit Island, Fla.
Alexander, S. N., National Bureau of Standards,
Bldg. 10, Washington, D. C.
Atkins, G. T., 571 Nightingale Dr., Miami
Springs, Fla.

Barus, C., Electrical Engineering Dept., Swarth
more College, Swarthmare, Pa.

Bowen, D. C., Radio Corp. of America, Bldg.
7.2, Camden 2, N. J.

Brewer, I.. F., 168 Ludlow St., Portland S,
Maine

Buyer, E. M., 70 Grove St., Ramsey, N. J.

Camillo, C. C., 4358 S. Artesian Ave., Chicago
32, Nl

Clayton, J. F., Bendix Aviition Corp., Research
Laboratory Division, Bldg. 351,
USNMATC, Pt. Mugu, Port Hueneme,
Calif. S

Earls, H. G., 202 Byron Rd., Fayetteville, N. Y.

Edgerly, J. I., Office of Naval Research, Special
Devices Center, Port Washington, L. L.,
N. Y.

Fannin, B. M., 5206 Valley Oak, Austin, Tex.

Flemons, R. S., 1444 Sherwood Cres., Peter-
borough, Ont., Canada

Fragola, C. F., Sperry Gyroscope Co., Lake Suc-
cess, I.. I, N. Y.

Fraser, D. W., 2483B Morosgs PL, N.E., At-
lanta, (ia.

German, J. P., 1515 W, 32, Austin 3, Tex.

Green, P. E.,, Jr., 29 Granison Rd., Weston 93,
Mass.

Haines, B. P., Philco Corporation, “C” & Tioga
Sts., Philadelphia, Pa.

Hampton, J. W., 1627 Mayflower Dr., Irving,
Tex.

Harpster, W. T., 48 Keats Ave.,, Town of Tona.
wanda, N. Y.

Hartwig, W. H., University of Texas, Austin,
Tex.

Heaviside, M. G., 27 Whitney Rd., Newtonville
60, Mass.

Hogg, F. L., 37 Storment Rd., Highgate, London
N. 6, England

Houghton, E. G., Box 134, Ilq. USAF Seccurity
Service, San Antonio, Tex.

Jackson, H. I.., Westinghouse Electric Corp.,
2519 Wilkens Ave., Baltimore 3, Md.

Jacobson, 1L T., Jr., 1500 Oakland Rd., N.E.,
Cedar Rapids, Towa

Tunken, I.. 1., 118 Iroquois La., Liverpool, N. Y.

Kellogg, D. S., 9 Bradley Farms, Chappaqua,
N. Y.

McCracken, I.. G., Jr., 2340 Massachusetts Ave.,
N.W., Washington, I. C.

Mercier, A. E., 391 Fifth Ave,, Cedarhurst, L. I.,

N. Y.

Meyerson, M., West Caranetta Terr., Lakewood,
N. 1.

h Jr., General Electric Co., 316 E.

Ninth St., Owensbors, Ky.

Munn, A. J., Bell Teleplhone lLaborateries, Inc.,
Whippany, N. J.

Palmer, J. R., 324 Homan Ave., State College,
Pa,

Plotkin, M., Brookhaven National Laboratory, Up-
ton, I.. I, N. Y.

Ringoen, R. M., Collins Radio Co., Cedar Rapids,
Towa

Roth, J. H., 430 Princeton Rd., Haddonfield,
N T

Ruehimann, H. E., 1804 Jordan Park Apts.,
Fullerton, Pa.

Schauer, J. D., 408 Cornell, S.E., Albuquerque,
N. Mex.

Shub, L., 299 University Ave., Kenmore 23,
N. Y.

Smith, D. A., 505 S. Mesa Dr., Mesa, Ariz,

Waters, R. A, 4 Gordon St.. Waltham 54, Mass.

(Continued on page 34A4)
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7/ PRECISION VFO—
Ready-to-Install ACCURACY and STABILITY

Accuracy and stability — the two most important features in Oscillator
performance —can now easily be incorporated into your high-performance design,
cutting engineering time to a minimum. Whether your project is a transmitter,
receiver, test equipment, frequency standard or others, Collins offers a
ready-to-install Variable Frequency Oscillator known for its linear
calibration and stable output.

@ Outstanding Stability Frequency Ranges
® Average 24-hour stability under fixed-station conditions Avcilable
.003% or better.
¢ Single-knob tuning with backlash of less than one cycle 70E-1 1.0-1.5 me
in 20 ke through use of mechanical loading and precision
ballbearing construction. 70E-10 600-800 ke
e Frequency modulation less than 100 cps under 5 G's
acceleration at 60 cycles. 70E-)2 1.955-2.955 mc
@® Compact, ready-to-operate design. 70E-15 2.0-3.0 me
@ Lirearity of calibration better than 1 kc throughout tuning
range with multiple-turn tuning. 70E-20 1.65-2.05 mc
@ Sealed against atmospheric changes. 70E-21 300-400 ke
@ Available in fundamental ranges from 300 kc to 4 mc.
Individual models achieve up to 2 to 1 tuning ratio. 70E-25 2.0-4.0 mc
@® Uses standard power supply voltages.
. " .. 70H-2 2.455-3.455
@ Each unit 100% tested under lab conditions to rigid me
specifications. 70H-3 1.5-3.0 mc
Ease of installation.

For requirements other than the above ranges or for detailed specifications write to the Collins office nearest you

COLLINS RADIO COMPANY . ceoar rRAPIDS, 10WA
26! Madison Avenue, NEW YORK 16, NEW YORK @;‘
1200 18th Street N.W., WASHINGTON, D.C. —

1930 Hi-Line Drive, DALLAS 2, TEXAS
2700 W. Olive Avenue, BURBANK, CALIFORNIA

COLL'NS RADIO COMPANY OF CANADA, LTD.
77 Metcalfe Street, OTTAWA 4, ONTARIO

PROCEEL:INGS OIFF THE IRE September, 1955 33a



VARIABLE
DELAY
NETWORKS

Unlike conventional tapped delay lines
(which must be terminated in a high im-
pedance at the selected tap), the #300
series provides a variable delay between
matched impedances. Available in ranges of
2 psec to 2000 usec; the #300 series delay
networks afford flexibility in obtaining long
delays, with time delay proportional to
angular rotation of the control shaft,

Werite for complete, new catalog!

CORPORATION

- .. is most clearly
every hour of every

make a finer fixed CAPACITOR.

Orre of the many things you as users are interested in is
the "LIFE OF THE CAPACITOR” under a multitude of
operating conditions. We in the FAST organization have
spared no expense to give you honest-to-goodness answers
on this important factor in providing quality capacitors.

What follows is a summary of what we are doing to

give you just that...
I: RESEARCH and DEVELOPMENT TESTS

AC and DC tests at various temperatures and
voltages,

1—Investigation of Impregnants: (a) New im.
pregnants AC/DC—synthetic and natural oils,
resins and waxes, (b) Studies of impurities
and additives.

2—Investigation of electrode separators and
electrode materials: (a) Kraft papers—stand-
ard, low PF varieties, sundry densities and de-
ionized. (b) Films — regenerated cellulose,
polystyrene, teflon, “Mylar”*, Etc. (c) Elec.
trodes — Dry annealed and neutral aluminum;
and tin.

3—Number of groups tested: AC: over 800 in-
volving more than 8000 units. DC; over 3700
involving more than 78,000 units,

4—Duration of tests: AC; many have been con-
tinuously under test for over 6 years, DC; many
have been continuously under test for over 10
years.

5—Voliage range of tests: AC; 70 10 2400 volts
at 60 and 400 cycles. DC; 140 o 44,000 volts.
6—Temperature range of tests: AC: Room to
130°C. DC;—55°C to +150°C.

demonstrated by what we are doing
day — year in and year out-— to

. =y r wa
oJounE Fasr&
Capacitor Specialists For
Over A Third of A Century
3177 North Pulaski Road, Chicago 41, IiI.
"WHEN YOU THINK OF CAPACITORS ... THINK FAST"

, \‘Q\“
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534 Bergen Blvd., Palisades Park, New Jorsey
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I11: PRODUCTION TESTS

A. Alternating Current

I—Heat runs on production lots — ultimate
surface temperature rise,

2—Ultimate life hours of current production
(periodic tests run).

B. Direct Current

1—Civilian Production: (a) ultimate life hours
of capacitors taken from current production,
(These test runs comprise over 1800 groups
involving more than 21,000 units).

(b) Ultimate life hours of capacitors after
being stored in cartons from 1 0 24 months
under normal variations in humidity and tem-
perature.  (These test runs comprise over 324
groups involving more than 3240 units).
2—Military Production: (a) Test 1o appli.
cable specifications (Mil-C-25; Mil-C-91; U. s.
Army 71-1667; Ertc).

(b) These test runs comprise over 4200 groups
involving more than 24,500 capacitors,

Flease note Carefully: at least 75% of the

- 134,740 capacitors included in the above tests

were tested to ultimate destruction at voltages
ranging from rated to 4 times rated and at oper-
ating temperatures from lower than, to maxi-
mum rated or in excess of. Many outside this
group have not failed to date. Importantly t0o,
this is a continuous policy of the company in
sustaining its resting program throughout every
day—year after year.

So, with pardonable pride, may we suggest
"QUALITY CAPACITORS" is more than a
catch-phrase as applied 1o FAST CAPACITORS?

*Du Pont trade-mark for Polyester Film.

MENTION—PROCEEDINGS OF THE IRE

(Continwed from puge 32.4)

Wilde, A. E., Jr, R.D. 1, Zeek Rd., Morris
Plains, N, T,

Williams, W. A, R.R. 3, Box 1033C, Evansville,
Ind.

Admission to Senior Member

Albreeht, C. E,, 2701 S, York St., Owensboro,
Ky.

Balls, W. E., Radio Corp. of Amecrica, 415 S,
Fifth St., Harrison, N. |,

Callahan, J. G. ., 216 Telford Ave.,, Dayton 9,
Ohio

Collins, F. V., Bell and Howell, Dept, 804. 7100
McCormick Blvd,, Chicago 45, 111

Conillard, L. W._, 2436 Frankiin Ave., N.E.,
Cedar Rapids, Iowa

Dickey, W. S., 5663 E. 18 St., Tuascon, .Ariz,

Fergnson, S, A, 632 Giralda Dr., Los Altos,
Calif,

Froman, ., 1000 Geary St., San , Calif

Fuerst, 1.. L., Lilif. “Vemns,” Venns a Quebrada
Honda, Caracas, Venezucl

Harries, W, L., 382 Marlborough St., Boston 15,
Mass,

Jackson, W. R., Vickers Armstiongs 1.td., Wey-
bridge, Surrey, Englan]

Jones, H, 8., Irco Corp.,, 16 Hudwm St, New
York 13, N. Y.

Lenzer, E., I'ort Huachuea, Aris,

Moore, N, H., 148 Tuscaloosa Awel, Atherton,
Calif,

Neshit, E, E,, 15719 Raven S:., Supelveda, Calif.

Nicholas, J. C.. Motorola Research Laboraotry,
3102 XN, TIngleside Iir., Phoenix, .Ariz.

Norton, C. A, ¢/o Remington Rand, Inc., Wil
son Ave., S. Norwalk, Conn.

P'atin, O, E., 12563 DeBell St , Pacoima, Calif

Reeves, R., 96 Barons Ave., S, Hamilton, Ont.,
Canada

Taylor, C. A., Conestoga Farms, Conestopa Rd.,
Malvern R.D, 1, Pa,

Undesser, K., 3600 Bellevale Ave,, Baltimore 6,
Md.

Vine, B. H., 51 Northview Dr., Lancaster, Pa

Vossen, B., 3903 N. Fourth St., Arlington 3,
Va,

Transfer to Member

Abell, G. R., Jr., 82 College Ave,, Pouchheepsie,

N. Y.

Abel-Harry, C. B., Ihghbury, Tondon,
England

Abrams, H., 123 Bragaw Ave, Newark 8, N. J.

Achatz, R. V., Southern Indiana Telep me Co,,
Aunrora, Ind,

Achenbach, J, C.. 50 Oak Ridge Dr.. Haddon-
field, N, j.

Adams, J0 T, 408 Diamond Ave , Gaither<buryg,
Md.

Adams, MM, 718 K. Delaware, Burtle aville,
Okla.

Adams, R, M., Box 8029, Austin 1 Tex.

Adkisson, W, M., 3509 Ouaxlund Ave., S, Min
neapolis, Minn,

Aha, R, S, 726 Northern Thwy,, East Hen
stead I, [, N, Y.

ALearn,, J. M., Box 442, Salt [ Citv 10,
Utah

Allern, . R, 10405 Ewell Ave., Kensington, Md

Alimad, M. M., ¢/o Mian Jamil Ahmad Sahib,
Hous: No. 72110 Mandi I anddin,
Dist. Guirat, W. Iakistan

Aird, AW RCA Communications, Ine., R
Point, 1.. [, N. Y,

Albee. M. M., Aviation & Meterological Dept.,
Army Elect. Proving d. Fort Hua
chnea,  Ariz,

Aldrich, D, M., R.D. 2,
N Y

Aleo, T., 3861 Myron Ave ., Dayton 6, Ohio

Alexander. A, A, 538 Van Ness Ct.. Maplewood,
N. J.

(Continued on page 36A4)
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INCREASE
CIRCUIT RELIABILITY

wirn TI=-RADELL

deposited carbon

RESISTORS

newest line of precision components
from Texas Instruments

For precise resistance values under extreme
operating conditions, design with RADELL
deposited carbon resistors —now manufac-
tured by Texas Instruments. With resistance
tolerance held to +1%, Texas Instruments
RADELL resistors provide exceptional sta-
bility plus a wide range of resistance values.
Like all TI components, they are manufac-
tured to exacting instrument standards.

Texas Instruments RADELL resistors are
mass-produced in three lines and in %, 1, and
2 watt sizes. Resistance values range from 25
ohms to 30 megohms.

WRITE for Bulletin No. DL-C 539 giving
detailed specifications of all three lines
of Texas Instruments RADELL resistors.
Your best source for precision compon-
ents, TI also manufactures a complete
line of subminiature transformers as well
as custom capacitors, delay lines, special
transformers and other reliable electronic
components.

Nepteniber, 1955

RESISTORS SHOWN

TEXAS INSTRUMENTS

NCORPORATED
6000 LEMMON AVENUE

TI-RADELL. R

_]
|

Hermetically sealed line — designed
for extreme conditions of moisture
Be and temperature. Specially treated
ceramic shell effectively seals out
moisture and air, resists abusive hand-
ling, and assures complete insulation.

i

|

MilL-Line — designed for the broad
field of military applications. Exclu-
sive multi-layer coating provides en-
vironmental protection substantially
equal to hermetic sealing throughout
low and middle ranges of resistance.
MIL-Line resistors more than meet
MIL-R-10509A specifications.

Industrial-Line — differs from MIL-
Line series only in type of coating.
Industrial line resistors provide close
tolerances for military, instrument and
industrial applications where less
extreme humidity conditions are en-
countered. Typical applications in-
clude computers, test equipment,
communication and control systems,

ACTUAL SIZE

DALLAS 9, TEXAS

354



SUPERSEDES 1001000 MC

_ SLOTTED SECTIONS/

b W& OF uE!t{C,ID*
P

S

SPECIFICATIONS

Frequency Range:
100 to 1000 mc/s

Residual VSWR:
Less than 1,05

Accuracy af Reflection
Coefficient Angle:
Better than *5°

Characteristic Impedance:
50 ohms

Output Term'rals:
Type N jack.
Other inferchangeable
connectors

Min. Input Signal:
Approx. 1 volt
at 100 mc/s,
0.1 volt at 1000 mc/s

Dimensians:
871 x5 w.x5%" h.
Weight: 4 1bs.

N
=
=

L\ J

¢ READS VSWR
AND REFLECTION
COEFFICIENT
ANGLE DIRECTLY

* SMALL AND
COMPACT

e LOW IN COST

The PRD Type 219
Standing Wave Detector is the

small package, low cost solution for
making measurements easily and accurately in
the 100 to 1000 mc/s region. By connecting the
output to a VSWR indicator, such as the PRD
Type 277, VSWR may be read directly on the
indicator meter. No special detection equip-
ment is required. The reflection coefficient
angle is easily determined merely by rotating
the top drum dial to a minimum indication on
the meter and reading the angle on the dial
directly in electrical degrees. No calculations
are required. The probe and crystal detector are
self-contained.

Usually it is more convenient to work with
VSWR and reflection coefficient angle directly
instead of with other components of the mea-
sured impedance. When other quantities are also
of interest, they can easily be read from a con-
ventional impedance chart. Only $475 f.o.b.
N.Y. Write for PRD Reports, Vol. 3, No. 2, and
for 1955 catalog.

A =~ Q
ﬂ%i’ RESEARCH

202 TILLARY STREET
BROOKLYN 1, N, Y.
Telephone:
| Ulster 2-6800

& DEVELOPMENT CO:.INC

Midwest Sales Office:
1 SO. NORTHWEST HWY., PARK RIDGE, iLL. —TAlcot 3-3174
Western Sales Office:

13-0 SITE 7, NO SEWARD ST HOLLYWOOD 38 CAL.-HD 5.5281

J

(Continued from page :44)

Alexander, R., 130 Lockland Ave, Framingham
Center, Mass.

Allen, J. E., Westinghouse Air Arm Div., Balti-
more, Md.

Allen, J. H.,, CINCNELM, Box 5. c/o FI'O,
New York, N. Y,

Allen, M. H., Exeter Hotel, Seattls, \Wash.

Allen, R. L., Western Ontario University, Lon-
don, Ont., Canada

Allen, W, T., 206 Brompton Rd., Garden City,
I.. I, N. Y.

Alliot, E.. Tr., 455 W, 23 St, New York 11,
N. Y.

Allred, €. McK., National Bureau of Standards,
Boulder, Colo.

Alstad, N. J., Box 236, \Weston ©3, Mass.

Amatneek, K. V., 39-77—48 St., Loug Island
City 4, L. 1., N, Y,

Ambrosio, B. F., 459, Keiton Ave., Los An-
geles 24, Calif.

Ames, ., Oliver St., North Easton, Mass.

Amoo, I.. R., 425 Fourth St., SSW, Valley City,
N. Dak.

Anders, R, D., R.D, 2, Norristewn, Pa,

Andersen, R, K., 617 Birch Ave., Richland,
Wash.

Anderson, G. I’., 5721—26 Ave., S., Minneapolis
17, Minn,

Anderson, (. \W., 9022 Keating, Skokie, 111

Anderson, H. €., 136 Fleetwood Terr., Silver
Spring, Md.

Anderson, J. S., 4267 Coronado .\ve., San Diego
7, Calif.

Anderson, R. S., 1641—19 St., Manhattan Beach,
Calif.

Andrae, P. H., Directorate of Requirements, Rm.
50237, The Pentagon, Washington 25,
D. C.

Andreasen, 1., 456-D Riva Ave., Mill:own, N. J.

Andrews, E., 237 McElroy Ave., Pahsade, N, J.

Andrews, F. T., Jr., Bell Telephone Labs., Inc.,
Murray 1ill, N, J.

Angevine, R. A., 46 Rhodes Dr., New 1llyde
Park, .. 1., N. Y.

Angst, D. C., 1933 llinois, Vallejo, Calif.

Anthony, D. ., 6431 Madrid Dr., San Diego 15,

Calif.

Apolenis, C. J., 301 Evergreen Dr., Moorestown,
N. J.

Applebaum, A., 1304 Ruppert Rd., S#ver Spring,
Md.

Armour, R. B., 10711—23, N.E., Seattle 55,
Wash.

Armstrong, C. W., 17333 Sylvester Rd., Seattle
66, Wash,

Armstrong, D. G.,, 297 Derby 5t.,, West New-
ton, Mass.

Armstrong, 1. D., 175 Yonge B'vd., Toronto 12,
Ont., Canada

Ash, E. A, Particle Laboratory, Queen Mary
College. Mile End Rd., Loaion, England

Ashleman, ¥. C., Jr., 10723—23 Ave., N.E.,
Seattle, Wash,

Ashman, A, B., 225 E, Fourtk St., Cincinnati 2,
Ohio

Asmuth, T. L., Dept. of Electrical Engineering,
University of Wiuconsie, Madison,

Wisc.

Astrow, M., 62-65 Saunders St., Repo Park,
L. 1, N. Y.

Atkinson, C., Jr., 2433 Stanmere Dr., lHouston
19, Tex.

Atkinson, E. E., 1110 N. Vernen $t., Arlington,
Va.

Atkinson, J. R., 334 S. Dixon Kd., Kokomo, Ind.

Audo, P. D., 5669 N. Magnolia, Chicago 40, Il

Augustus, T.. M., 2650 Carpenter Rd., Ypsilanti,
Micb.

Austin, K, B., 5 Clare Terr., Cresiwood, Tucka-
hoe, N.Y.

Aymar, K., 403 L.a Canada, Za Jolla, Calif.

(Continued on page 38.4)
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RELIABILITY

Breakdown of an airborne radio set or radar
equipment may mean a plane crash. The
vital component of any equipment is the
condenser.

That's why aircraft equipment manufacturers
use STEAFIX mica condensers for the greater
safety of the passengers. Absoiutely water-
tight and stable, designed with a lorge secu-
rity coefficient, submitted to exhaustive checks
at all stages of manufacture, STEAFIX mica
condensers insure a long service lite without
breakdown in all climatic and atmospheric
conditions.

Resisting time and weather, the STEAFIX mica
condensers insure your safely.

v

g

5

n

o

@

2
Société Anonyme au capital de 65.000.000 de Francs
17, RUE FRANCCUR, PARIS 18° - FRANCE

TEL. MONtmartre 02-93
PROCEEDINGS OF THE IR! September, 1955
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THESE ARE ALWAYS OUR DESIGN
OBJECTIVES IN BUILDING PRECISION

COMPONENTY

GYROS - SYNCHROS « SERVO MOTORS

From the time drafting peneil first touches paper
until the imspector okays the finished produet.
every step we tahe with E-P precizion compo-
nents is geared divectly 1o conform with Military
Specifications,

So vou can be sure that our Gyros. Synchros
and Servo Motors will deliver required . . L or
better . .. performanee under all kinds of oper-
ating conditions.

Write. wire or call us for information on
standard and special types oL prices oL and
deliveries.  ECLIPSE-PIONEER  DIVISION, BENDIX
AVIATION CORPORATION, TETERBORO, N. J.

Lilipse-

DPionerr BBl

DIVISION

West Coast Office: 117 E. Providencia, Burbank, Calif. ® Export Sales:
Bendix International Division, 205 E. 42nd 5t,,

hy. M

New York 17, N. Y,

PLEASE MENTION—PROCEEDIN(

i\ Membership

(Continucd from page 36A4)

labbit, Ko 1, 3917 WL 72 Terr., 'rane Village,
Kans.
Backmark, N., Skonstaliolmsvagen 61, Stockholm,
n

Backinoff, B., 12 Shetland Dr., Crarford, N. I.

Bacon, 1. R., 768 Boulevard, Westficll, N. J.

Railin, R. C., 224 Myrtle Mve.. New Milford,
N, T

Baird, ;. \., B-3 Broadlawn Apt~.. 100 Charles
Dr., Bryn Mawr, Pa.

Baird, J. T, 1529 N. 37 St., Milwankee 8, Wisc.

Baity, \. C., Jr., 2125 Patria St.. Winston-Salem,
N. C.

Baker, .A. 1., Hq. Air Researchi & Development
Comrand, Iox 1395, Paltimore 3. Md,

Baker, (i H., Bell Telephone fabe, Inc., 463
West St.,, New York, N. Y.

Baker, ;. W., Holbrook Dr., Stamsford, Conn.

Baker, H. 1%, 122 W_ Maple Ave.. Moorestown,
N T

Baker, JT. 1., Florida Hill Ril., Rt. 4, Ridgetichl,
Conn.

Baldwin, R, S., I(rl{(' 1009 Van Ness Avel,

San IFrancisco, Calif

Baldwin, 1, W, 10/ 39 ]rmmlnn St Jamaiea
S A0 G 45

Ball, M. I, 538 E, Quaker Rd., Orchard Park,
N.Y.

Baluta, R, F., 3318 Tloover St., Bethesda, Md

Bandtel, K. ( jation Laboratory, University
of California, Bldg, 50, Rm, 235, Berk-
cley 4, Calif.

Bankeon, Il ., 4412 S, First St Arlington 4,

Barkley, H. I, Box 1535, Mapiewond, N L

Barlow, I, 1, 16 Troy I'l., ¢ NOY.

Barlow, 11, B., Fr.,, 2005 lndu trial lru~[ B3l
Providence, R, 1.

Barnard, E. 11, 9621 Torain Mve., Silver Spring,

M.

Barnes, J. 2\, 452 Clemens Mve, Knhwood 22,
Mo.

Barnes, L., Arabian American (il Co. Dhal

rat, Saudi Arabia
Barnes, O. (", 2910 N, 77 St., Bethel, Kans

Barnes, R. B., K A, N n Broadeastir
Co., Mt Wilson, (4l

Barnett, 1. 1., 11296 Rudman Dr., Culver Ciny,
Calif.

Barosin, K., 1050 Stratford Ave., New York 39,
N Y.

Barrick, W. E., 2600 F. Oregon, Evansville, Ind

Bartholomew, D., 279 N. Unversity St., I'rovo,
Utah

Bartik, W. [., 613 Delft ".a.. Upper Morelan
Twp.. Hathoro, 1’a.

Bartlett, O, 11, Jr., 3832 N. Nimt t., Arling
ton, Va,

Bartlett, I'. R., Radio Station KFRE, Fresno,

Calif.

Jateman, R., 5720 El Nico Rd., Falls Cliareh,
\Va

Baumeister, E. A., 2350 N. 16 St., Milwauhe
6, Wis,

Baumgartuner, W. I, 328 Roslyn Ave., Glen
<ide, Pa.

RBeane, T. E., 1335 Glenview St., Philadelphiz
11, Pa.

Beck, A, . W., 119 North 11iil, London N. 0.
England

Beckman, ., 817 Longshore st., Philadelphia
11, '

Bedford, 8., Tr.. 70 8. State St., Salt Lake City,
Utah

Beecher, D, WL, 336 W, Montgomery Ave., Rock
ville, Md.

Beecher, W, €., 3512 N, Nottingham, Arlington,
Va,

Beer, .\, ., DBattelle Memorial Institute. 50
I\'ing Ave., Columbus 1, Ohio

Begeman, R. F.., Sandborn, Ind.

Beitz, R, l-‘_,, 1101 8. Scoville Ave,, Oak Park.
I,

(Continncd on page 40A4)
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Sozrdlmg workers will appreciate the ease and e
pee 'wnh which they can assemble AISiM

ceramics. Your pro- -

duction planning
staff will be well

S

Physical dimensions

and tolerances are

checked at every key

stageofm

. . anufac-

tor: tt)y thoroughly trained Quality Control inspec-
o insure shipment of a superior product

Four |

-y ofarﬁe, completely equipped plants assure
undreds—or hundreds of thousands—

e | of AlSiMag precision
: it made parts when

you .want them. { R 4 '
\ = V . “ _-( < : | ! . .,\. d ;
' VA CORPORA"ON

AMERICAN LA

s vl
-: ‘[ 3z

FACTURING €

-

MINING AND MANU

You can confi
identl i :
cerami y specify AlSiMag A SUBSIDIARY OF MINNESOTA
ics—backed by over fif o
years of L ifty CHATTANOOGA 5. TENNESSEE
SDQCISIIZed expe | Branch offices in these cities (see your local telephone directory) Cambridge, Mass. *
'n th p rience L Chicago, . * Cleveland hio * Dallas-Houston, Texas * In ianapolis, ind. Los
e teChmca' . Angeles. Calif. * Newark, NS Ph ladelphia- ittsburgh, Pa. = St Louis, Mo
ceramics f|e|d « South San Francisco, Calif. = Syracuse. N. Y. ulsa, Okla Canada: lrvington Var-
. nish & Insulator Div., Minnesota Mining & mfg. of Canada, wd., P _ Box 757
London, Ontario. All other export Minnesota Mining & tg. Co. lmernaﬁonal
Division, 99 Park Avenue New York, N. Y.

- AN

IUE——



This ONE instrument checks RF, IF, v
H ' ontinued from page 32
and AF performance of receivers (RIS EISI-—-—_—_G

[ Bell, 1. S., 2424 Richelieu PL, Scotch Dlains,
Ao
| Bemis, P. S., A. D. T. Co., Inc., 155 Sixth
Ave., New York 13, N. Y.
[ Bender, D R.,, 126 Village St.,, Marblehead,
Mass.
Benkley, F. G., 31 Indian Hill Rd., Arlingto
74, Mass.
Benson, S, E., 215 W. Walnut La., Philadelphia,

Pa.

Bereza, A., 739 Second Ave., New York 16,
N. Y.

Berge, . J., 245.32—76 Ave., Bellerose, 1.. 1.,
N.Y.

Berger, D., 6550 S. Ingleside, Chicago 37, Il

Berger, L. 1., 514 W. Third 5t,, Santa Ana,
Calif.

Berger, 1. L., 995 E. 181 St.,, New York 60,
N. Y.

Berger, M., 3733 Laurel Ave., Brockly:. 24, N. Y.

Jerghoefer, F. (5., 1080 N. Manchester St., Ar
lington, Va.

Bergmann, I M., 205 Edgewowd Ave., New
Haven 11, Conn,

Berkowits, M. W., 50-36—190 St., Flushing,
LI, N.Y.

Berkowitz, R. 8., 8312 Lynnewood Rd., Phila-

MODEL 82 delphia 19, I’a.

Berlin, W, N., 5910 Melvin St., Tarzana, Calif.

Bernat, 1., 135 S. LaSalle St., Chicago 3, Il

Bernhardt, ¥. C., R.R. 2, Box 20C, Ventura,

MEASUREMENTS’ Calif,

Bernin, V. M., 105 Berkshire La., M:. Prospect,
Standard Si
ndard Signal Generator Bernley, 1. . 75 Transverse Rd, Garden Gy,
L. 1,. N. Y.
Frequency Range: 20 cycles-SO me. EATUIES Bcrrinmn,\:.\l\‘: 7363—255 St., Glen Oaks, 1.. 1.,
. A Berry, R. E., 210 S. Lombard Ave, l.ombard,
e Continvous frequency I
The Model 82 Standard Signal Generator ‘°‘;;'°9° from 20 cycles Bethge, C. ., 4434 St., Barmabas Rd., Wash-
. . t . ing
provides extremely wide frequency cov- o8 me et \'\’} '*";-" 3:5\-]: git McKmley “AGC.7,”
3 n n e Jetrer, o 30 oty a3 ey AGC.7,
erage. It comprises a low-frequency ¢ Directreading individu- FPO, San Francisco, Calif.
oscillator covering the range from 20 cycles aily calibrated dials. Bialek, 8. T., 2446 N. California Ave., Chicago
to 200 kC., and a high'frequen(:y oscillator * low harmonic content. | Hi'|nmmc47,()“l \., 5843 IHudw-or. Blvd., North
in the range from 80 kc. to 50 mc. e Accurate, metered oulput. * Bergen, N. T
5 . . . { DBianco, . F.. 39 Outlook Rd., Wakeficld, Mass
It is designed for audio and radio fre- e Mutual inductance type Biernat, W. M., 3034 W. Fullerton Ave., Chi
quency measurements of AM, FM and ottenuator for high fre- | cago 47. 111,

. o . R B vency oscillotor. Biggs, O. H., 56 Colon St., REeverly, Mass.
telev.lsmn receivers; for teStlng and q 4 Binzel, M. S., 431 Alice Ave,, Kirkwnad 22, Mo.
checking the frequency response of audio e Stray field and leokage Biosca, L. F. 719 Dartmouth Ave., Silver
systems; a drivi negligible. Spring, M.

y ) s lvmg soux.'ce fOI‘ AF and t Birch, R. 8., Jr., 800 Sistina Ave., Coral Gables,
RF bridges; for testing video and wide- o Completely self-contoined. Fla.
band amplifiers. Birenbaum, L., 8735 E. 180 St., New York 60,
N. Y
SPECIFICATIONS: Birnbaum, G., 921—13 St., Boulder. Colo.

FREQUENCY RANGE: 20 cps to 200 kc. in four ranges. 80 kc. to 50 mc. in seven Bishop, H. M.. 52 Montauk Ave., New London,
ranges, plus one blank range. ) Conn. . B
FREQUENCY CALIBRATION: Each range individually calibrated. 20 cps to 200 ke. L ORI T B
Aass,
Sy L R IL S L e Black, D. R., 2614 Minnesota Ave, St .Louis,
OUTPUT VOLTAGE AND IMPEDANCE: 0-50 v. across 7500 ohms from 20 cycles to | Mo.
200 kc.; Output voltage and impedance in this range con be reduced by external Blackman, R. B., 463 West St.. New York 14.
attenuator. 0.1 pv. to 1 v. across 50 ohms over most of the range from 80 ke. to | N. Y.
50 me. Blanchard, J. W.. 91 South St.. Anburn, N, Y.
MODULATION: Confinvously variable from 0-50% from 20 cycles to 20 kc. from Blasdel, F. G., Ir., U.S. Naval War College,
internal varioble oscillotor or external source. ! Newport, R 1.
HARMONIC OUTPUT: Less than 1% from 20 cycles to 20 ke.; 3% or less from 20 kc. | Block, F. G.. Chestnut View Dr., RD. 1, Lan-
to 50 me. | caster, I’a,
. Block, K. A.. 3567 Ray St., Saa Diego 4, Calif.
LEAKAGE AND STRAY FIELD: Less than 1 pv. from 80 ke. to 50 mc. Bloemsma, ].. Mient 551, The Hazue, 1lolland
POWER SUPPLY: 117 v,, 50-60 cycles. 75 watts. Blonder, 1. S., 526536 North Ave., Westfield,

N.L

, L., 34 .a., Wantagh, L. L.
MEASUREMENTS Bloom IN' 3\-:'74 1leather La., Wantagh

Bloom T., 17 Howe St., New Haven, Conn.
Blumenstock, N. R., 44.05 Macnish St.,, Elm
hurst, L. 1., N. Y,
(Continwed on page 42.1)

CORPORATION

BOONTON - NEW JERSEY
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to meet modern
miniature
requirements

— —
. Ty;n'm/ ,cmp‘*» { / —t
or Dpgor Croture Conpre
— I 20 pyp M(‘:c”men' Range / =

Aonil 13 15 SC%Ocﬂa,r
1

[

TEST IT AND COMPARE!

|

{

® El-Menco’s Dur-Mica DM20 costs even |

less than our famous molded mica capacitors,

® Provides greater versatility — wider applications, 3
® Tougher phenolic casing assures longer-life {
and greater stability through wide ranges in |
temperature. ’
|

® Parallel leads simplify application in transistor
and sub-miniature electronic equipment including
printed circuits for military and civilian use.

mncmmf( ¥ ufu'ﬁ Ty

For Extreme Miniaturization Use Our DMIS

DMI5 — Up to 510 mmf at 300 vDCw
Up to 400 mmf at 500 vOCw

Available in 125°C operating temperature.
Minimum capacity tolerance available +2%

or 0.5 mmf (whichever is greater). For your special requirements — we are pleased to offer

information and assistance. Write for free samples and
catalog on your firm's letterhead.

THE ELECTRO MOTIVE MFG. CO., INC.

WILLIMANTIC CONNECTICUT
* molded mica ®* mica trimmer ~
* tubular paper * ceramic

Arco Electronics, Inc., 103 tafayette St., New York,N. Y.
Exclusive Supplier To Jobbers and Deal_en In the U.S. c! Conodo g
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Typical Digital Phase-5Shift Measurenent Set-up Employing a BERKELEY
Model 5510 Universal Counter and Timer, with a Shasta Oscillator as Ref-
erence Frequency Source & Oscilloscope to Provide Visual Check.

7o -A Digital Method for
Precise Phase Measurements

ADVANTAGES:

% Accuracies to 0.1°

APPLICATIONS:

loop servo systems.

frequencies

TYPICAL INSTRUMENTATION:

1. Calibration of synchros and resolvers
2. Measurement of gain-phase characteristics of closed-

3. Low frequency response studies
4. Precise phase measurements at audio and sub-sonic

BERKELEY
Model 5510

o

| UNIVERSAL COUNTER-TIMER
Model 5571 FREQ. METER

used as
TIME INTERVAL METER

(Reference Phase) START

FREQUENCY R . Ninied
SOURCE > >—1  SHIFTING
NETWORK

I STOP (Shifted Phase)

A

Berkeley 2

BECKMAN INSTRUMENTS INC.
2200 Wright Avenue, Richmond 3, California

INDUSTRIAL CONTROL SYSTEMS
ANALOG COMPUTERS - COUNTERS -

% No interpolation required —results displayed in direct-
reading digital form (in degrees, mils, or any desired
unit of angular measure).

% Utilizes standard BERKELEY Universal Counter-
Timer or Time Interval Meters.

COMPLETE

DATA

AVAILABLE

Data File 107 com-
pletely describes the

theory and practice
of digital phase

measurement, including set-up and operational in-
structions. A copy is yours for the asking; why not
write now? Please address Dept. N-9

63

TEST & NUCLEAR INSTRUMENTS

(Continued from page 40A4)

Boatwright, L. T., Jr., Box 56, University Sta
tion, Urbana, 111

Bohn, A. L., 10430 Brookmoor Dr., Silver
Spring, Md. .

Bomberger, D. C., Bell Tzlzphone Labs., Inc.,
463 West St., New York 14, N. Y.

Bondy, M. A., 1300 Alegria. Austin, Tex.

Bonham, L. L., 5105 You St., S.E,, Washington

27, D. C.

Bonner, H. W., 597 San Luis Rd., Berkeley 7,
Calif.

Booker, C. A., Jr., 1337 Singer Pl., Wilkinsburg
21, Pa.

Booth, R. M., Jr., 921 Tower Bldg., Washing-
ton 5, D. C.

Borden, E. W,, 22 College Ave., Upper Mont
clair, N, J.

Borgeson, P. W,, 1641—21 St., Manhattan Beach,
Calif,

Bose, J. H., 150 Claremont Ave., New York 27,
N.Y.

Bosshart, R. F., 427 Ninta St., Wilmette, Il

Bostwick, L. G., 463 West St., New York 14,
N. Y.

Rothun, R. B., 804 Sutter St., Palo Alto, Calif.

Bouchy, S. 1., 1907 Patterson Rd., Falls Churcl,
Va.

Bower, G. E., 420 Mcl.eod Dr., Cocoa, Fla.

Bowler, J. A., MAAG, APO 794, c¢/o PM, New

York, N. Y.

Bowley, R. J., 1914 Lycoming Ave., Willow
Grove, Pa.

Bowman, J. Y., 217 S, Circle Dr., San Gabriel,
Calif.

Brachman, R. J., 1368 N. 75 St., Philadelphia
31, Pa.

Bracken, J. F.,, 3909 Grand Ave, Western
Springs, 11

Bracken, J. R., 204 Queens Dr., Little Silver,
N. J.

Brackett, H. II., 515 Summit .Ave.,, Oradell.
N. T

trackett, R, T., 3952 Atascadrro Dr., San Diego
7, Calif.

Bradburd, E., 0-46 W. Amsterdam Ave. Fair-
lawn, N. J.

Braden, J. R., 123 S. 13 St.. Fort Pierce. Fla,

Bradford. D. C., 38-58 Victoria Rd., Fairlawn,
N. T,

Bradshaw, G. V., 50 Greenbrier Rd., Levittown,
Pa.

Brandt, l.. Uruguay 618, Buenos Aires, Argen-
tina

Jrandt, W. L., Caixa Postal 435, Recife, Per-
nambuco, Brazil

Brar, S. S., Box 299, Lemont, Il

Braun, A, F., Bahnhofstr. 33, Urdori B.. Zu
rich, Switzerland

Braun, C. G., 113 Cornelia St., Boonton, N. J.

Braun, M., 126 Montgomery St., Highland Park,
N. T,

Brenner, M. M., Box 131.B, Atlartic Highlands,
N.J.

Bresce, W, 1., 818 Park Ave., Williamsport, Pa.

Brewer, M. S., 1936 lLombardy Dr., La Canada,
Calif.

Breymayer, K., 464 Spadina Rd.. Toronto, Ont.,
Canada

Brice, J. R., 2521 Edgewood Rd., Tampa 9, Fla.

Bridges, J. E., 2706 Elder L., Franklin Park,
111

Brinkman, H. A., 6506 Denison Blvd.,, Parma
Heights 29, Ohio

Britt, C. O., Box 7862, Umversity Sta., Austin
12, Tex.

Brody, J.. 160-01—77 Ave., Flushing 66, L. 1.,
N.Y.

Brodzinsky, A., 3981 First St., S.W., Washing-
ton 20, D. C.

Brogan, J. M., 396 Union St., Jersey City, N .J.

Brogden, J. W., 118 Irvingten St., S.W., Wash-
ington, D. C.

(Continued on page 444)
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FOR CONTROL

proven componcnts

now in production

Pressure Pickups and
Synchrotel Transmitters
to measure and electrically transmit
e true airspeed ¢ indicated
airspeed ¢ absolute pressure
¢ log absolute pressure o dif-
ferential pressure ¢ log differ-
ential pressure ¢ altitude
e Mach number ¢ airspeed

and Mach number.

Pressure Monitors —to provide con-
trol signals for altitude, abso-

lute and differential pressure,

Navigation and Control Devices
for Missiles and Aircraft

vertical speed, efc.

Acceleration Monitors — for many
applications now served by
gyros.

Kollsman has designed, developed and produced

the following navigation and control systems and Pressure Switches — actuated by

. N t
components; static pressure, differential
pressure, rate of change of

FOR NAVIGATION OR GUIDANCE static pressure, rate of ¢climb or

descent, efc.

Motors — miniature, special purpose,

E(T‘;‘T“T‘;L‘ Photoelectric Sextants for reniote semi-
LA

automatic celestial navigation.
including new designs with in-

: |“‘-|‘ Automatic Astrocompasses for precise tegral geor heads.

W ASSE
|“ i . e .
automatic celestial directional reference and
navigation.
SPECIAL TEST EQUIPMENT
Photoelectric Tracking Systems For many years optical and electromechanical for flight
Kollsman has specialized in high precision tracking test observations.
systems.
Periscopic Sextants for manual eelestial observations. Please write us concerning your

&(“ t\%‘l‘“‘“k Computing Systems to provide precise
data for automatic navigation and guidance, or aircraft control and guidance.
operated by optical, electromechanical, and pressure Technical bulletins are available

SChSll]}; u)mponen..s.

on most of the devices mentioned.

kO I I S m a n INSTRUMENTLCORPORATION

80-16 45th AVE., ELMHURST, NEW YORK « GLENDALE, CALIFORNIA « SUBSIDIARY OF Sfandadd coIL PRODUCTS CO. INC.

PROCEEDINGS OF THE IRE September, 1955
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B, Membershig¥

(Continucd from pag- 42A4)

PRECISION |
ATTENUATION

ro 3000 me!

' Brower, H. P., Box 1663, Los Alamos, N. Mex.
Brown, A. E., 504—10 $t., Alamogordo, N.
Mex
| Brown, B. B, RCA Victor Div., 415 S. Fifth
St., Harrison, N. I,
I Brown, B. J., 3337 Corinth Awve., l.os Angcles
34, Calif.
Brown, F. L.., 313 E. 40 St., New York 16, N. Y.
Brown, I. A., Dox 238, State College, N. Mex.
Brown, J. T. L., Bell Telephone labs., 463 West
St., New York, N. Y.
Brown, N. M., Jr., 18183 Rosita St., Tarzana,

Calif.

Brownell, H, R., 188 W, Tpurth St,, New York
14, N. Y.

Browning, J. W., 1990 Martin Cir., Memphis,
Tenn.

Brubaker, G. P., Jr., 321 Thurston, Los Angeles
49, Calif.

Bryan, K. W., 409 Meadow D’ark Dr., Fort
Worth 8, Tex.

Bryan, R. H., 544 N. Taylor Ave., Oak Park,
.

Bryner, D. B., 1617 Clase Ave., Chicago 26,
T,

Buchholz, F. G., 7341 W. Rascher Ave., Chicago
31, 1L

Buchanan, H. R, 947 James St., Syracuse, N. Y.

Bucher, T. T. N, 36 E. Central Ave., Moores-
town, N, J.

Buckingham, S. A., 8521 Georgia Ave,, Silver
Spring, Md.

Bull, J. T., 904 E. Greewich §t., Falls Church,
Va.

Bullock, R. E., 1957 \W. Hilldale Dr., Montrose,
Calif.

Protected under Stoddart Patents |

six-position

TURRET ATTENUATOR Bunker, E. R., Jr., 910 N. eld Ave., Al
B hambra, Calif,
featuring PULL-TURN-=PUSH action ' :C Burbeck, D. W., 7360 W. 89 St., Los Angeles
——— AbLis rm 45, Calif.
Burgwald, G. M., 60 E. 32 St., Chicago 16, Il
- Burke, M, II, Box 359, R.D. 2, Farmingdale,
FREQUENCY RANGE : dc to 3000 mc. P N

sy Burkhard, 1. F., R.D. 1, Box 424, Eatontown,

N. 1.

CHARACTERISTIC IMPEDANCE: 50 ohms.
CONNECTORS : Type ““N” Coaxial female fit.
tings each end.

AVAILABLE ATTENUATION: Any value from

1 db to 60 db. Burns, M. C., 3017 Essex Rd., Cleveland Heights

VSWR: 1.2 max., dc to 3000 mc/s, values from
10 to 60 db. As value decreases below 10 db,
VSWR increases to not over 1.5.

ACCURACY: = 0.5 db.

. TH ‘ . \ Burnett, J. R., School of Electrical Engineering,
siEd 3 Purdue University, \Vest Lafayette,
Asdd : Ind.

18, Ohio
Burlock, J., Pine Rd., Porquoson, Va.
Bush, C. R., 4650 Lanark La., Beanmont, Tex.
Bush, G. B., 222 Crestmoor Cir., Silver Spring,

Md.

POWER RATING : One watt sine wave power Bush, N. E., 5807 Larsen St., Glen Burnie, Md.

dissipation. s 4 \ A ! Bushnell, R. H., 432 Witwer St., North Can.
- ton, Ohio

;“'-_"—_"'" ----------- ———e—ss= 2 Busuttil, H. L., 16915 Ainsworth, Torrance,
I SINGLE “IN-THE-LINE” ATTENUATOR PADS : . . ] Butel CJ-’lllf}-{ 1365 Case A Detroie 26
| and 50 ohm COAXIAL TERMINATIONS | ,,_,_ga\x\‘eg “Q weher, J. Mo 5 Ave, Detroit 26,
: This new group of pads and terminations features | - Butler, E. R., 8106 Los Arboles Rd., Albuquer-
{ the popular Type C and Type N connectors, and ! : i que, N. Mex.
| permits any conceivable combination of the two | Rutler, G. II., 26 Kilmer Rd., Larchmont, N. Y.
| styles. For example, the two connectar types, either | Butler, G. T., Jr., 1408 Rangeley Ave., Dayton
I male or female, can be mounted on the same atten- : , 3, Ohio
: vator pad, with or without flanges, so that it may | T Byrne, . F., 2221 Iloward Ave., SanCarlos,
| serve as an adapter as well as an attenuvator. : ‘ A Ak Calif.
I Frequency range, impedance, attenuation, VSWR, Cahalan, E. T., 990 Sierra Madre Blvd., San
| accuracy and power rating are cs designated 1 - Marino, Calif.
: above. Send for free bulletin entitled “Measure- : . . Ak'. Cahill, W, J., 465 Fairfteld Ave., Ridgewood,

ion.” 1 (L S N. T
| ment of RF Attenuation.” 1

_: [ Cahn, R. H., 6105 Madawaska Rd., Bethesda

16, NMd.
Callan, J. M., 530 Wynnewand Rd., Pelham
| Manor. N. Y.
Campbell, J. R., 10243 DBest Dr., Dallas 29,
| Tex.
Campbell, R, E., Box 553, Benson, Ariz,
Canty, E. T., 100-B Donor Ave., East Patersen,

STODDART AIRCRAFT RADIO Co., Inc.

6644-C Santa Monica Blvd., Hollywood 38, Califorria -+ Hallywood 4-9294 | O

| (Continued on page 46A4)
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for faster, more accurate

IMPEDANGE
MEASUREMENTS

RV e — )
o LS
0> 2 .

HEWLETT-PACKARD COMPANY
3339D PAGE MILL ROAD, PALO ALTO, CALIE,, U.S.A.
Cable “"HEWPACK"

Sales representatives in all principal areas

.

Frequency: 1,000 cps =2 .

Sensitivity: 0.1 uv at a 200 ohm level for full scale deflection.

Noise Level: Less than 0.03 af ref. to input operated from a 200
ohm resistor.

Amplifier Q: 25 =5,

Calibration: Square law. Meter reads SWR, db

Range: 70 db. Input atrenuator provides 60 db in 10 db steps.
Accuracy *0.1 db per 10 db step.

Scale Selector: “"Normal,” "Expand,” and "—5 db.”

Meter Scales: SWR 1-4; SWR: 3-10; Expanded SWR: 1-1.3;
db: 0-10; Expanded db: 0-2.

Gain Control: Adjusts to convenient reference level. Range
approx. 30 db.

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

PROCEEDINGS OF THE IRE September, 1953

SPECIFICATIONS

New! -hp- 415B
Standing Wave Indicator

® measures SWR with slotted lines
B expanded scale for low SWR

® output for recorder operation

u crystal detector for rf signals

® bridge or null indicator

Model 415B is a completely new instrument, similar to the
time-tested -hp- 415A Standing Wave Indicator but contain-
ing advanced features never before incorporated in one in-
strument of its type.

Basically a high gain, low noise, amplifier operating at fixed
audio frequency, -hp- 415B presents output on a square-law
calibrated VI'VM reading direct in SWR or db for operation
with crystal detectors such as -bp- 440A and 444A, and -hp-
805 serics slotted lines.

Among the many extra-convenience features are an ex-
panded meter scale for accurate measurement of very flat
systems; a 200 K input for null or bridge measurements; a
bias current for use with bolometers; a 70 db calibrated range
adjustable in 5 db steps so meter may be read in a favorable
portion of the scale. Output connections for recorder opera-
tion are also provided.

-hp- 415B is normally supplied for operation at 1,000 cps,
but simple “plug-in" units are available on special order for
other frequencies 315 to 3,000 cps. The instrument is housed
in a light, compact, rugged metal case.

Input: “Bole” (200 ohms) . Bias provided for 8.4 ma bolometer or
1/100 amp. fuse; or 4.3 ma low current bolometer.
“Crystal.” 200 ohms for crystzl rectifier.
“200.000 ohms.” High impedance for crystal rectifier as null
detector.

Output: Juck for recording millammeter having 1 ma full scale
deflection, internal resistance of approx. 1,500 ohms.

Input Connector: BNC,

Power: 115/230 v £10%, 50/60 cps, 60 watts

Dimensions: Cabinet Mount: 715" wide, 114" high, 14” decp
Rack Mount: 19” wide, 7" high, 11”7 deep.

Weight: Net 20 Ibs. Shipping 35 lbs. (cabinet mount).

Price: $200.00.

454




CONTINUOUSLY

VARIABLE FILT

ERS

MODEL 302

VARIABLE
ELECTRONIC
FILTER

Fast, Accurate, Reliable

The — SKL — Model 302 includes two independent filter

sections, each having a continuously variable cut-off range ® SEC

~< SPECIFICATIONS W

® CUT-OFF RANGE

20 cps to 200 KC
TIONS

of 20 cps to 200 KC. Providing a choice of filter types each 2—can be high, low and

section has 18 db per octave attenuation. When cascaded

band pass

36 db is obtained in the high and low pass setting and 18 ©® ATTENUATIONS

db in the band pass position. With low noise level and 0

insertion loss this versatile filter can be used as an analyzer ® NS

36 db,‘octave maximum
ERTION LOSS . 0db

in industry and the research laboratory or to control sound ® NOISE LEVEL

in the communications laboratory, radio broadcasting,

80 db below 1 volt

recording and moving picture industries. @® FREQUENCY RESPONSE
2cpsto 4 MC

SKl SPENCER-KENNEDY LABORATORIES, INC.

181 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS.

acl
agenuaﬂon

itanceé

LTRA LOW ="

WE ARE SPECIALLY ORGANIZED tﬁ T Z 3 :;g 3
T0 HANDLE DIRECT ORDERS OR €2 [63 171 A
ENQUIRIES FROM OVERSEAS ‘c22 5 5 Toa T aa’
SPOT OELIVERIES FOR U.S. c3 197 | .64
BILLED IN DOLLARS— c 220 “.66"
SETTLEMENT BY YOUR CHECK 229 1.03]
CABLE OR AIRMAIL TOOAY C44I 252

TRANSRADIO LTD.138a Cromwell Rd. London SW7 ENGLAND ¢«

N E ‘MX and SM’ SUBMINIATURE CONNECTORS
Constant 50n-63n-70n

impedances

BLES: TRANSRAD, LONDON

2\ Membership.

(Continued from page 444)

Carbonneau, V., J., 63 Jady 1lill Ave., Exeter,
N.L

Carlin, B., 67 Fairlawn Pkwy., Fairlawn, N. J.

Carpenter, l.. B.. 37 Newark Way, Maplewood,
N. L

Carr, L. 11, Ft. Fvans Farn, R.D. 1, [eeshurg,
Va.

Carrillo, E. B., 618 Allen St., Syracuse. N. Y.

Case, M. D., 302 L. Ofive Ave., Sunnyvale,
Calif,

ey, T. J., 5300 W. 84 St., Mumncapolis 20,

Minn.

Cash, F. L., 179 P’arkhou:e St., Dallas 7, Tex.

Cavenaugh, D. E., 290 Nowgrove I’l, Flberon,
N. L

Ceecarini, R. E., 4427 Aucklind Ave.. N, lolly-
wood, Calif.

Chadbourne, 1I. L.,, 2577 Ardath Rd., [.a Jolla,

Calit.

Chadek, 1. J., 2923 W. Solatio Dr., N, Phoenix.
Ariz,

Chalmers, . 11, 100 W, Terrace, Altadena,
Calif.

(‘hamberlin, N. K., 5810 Greene St . Philadel
phia 44, Pa.

Chambers, . R., Rollins Associates, Moore Bldg.
Rehoboth, Del.

Chambers, (. S., Philco Corp., 4700 Wissahichon
Ave., DPhiladelphia, Pa.

Chambers, G. R., 535—13 Ave., N, Seattl:,
Wash.

Chambers, R. M., Jr., 4660 W. Flonssant Ave.,
St. Louis 15, Mo.

Chandler, C. W., 3817 Muirfield Rd.,, Los An-
weles 8, (alif.

Chapman, A, B., 4135 Grassm [.a., Dallas 5,
Tex.

Chapman, C. M., 317 W. Sixth Ave., Columbus
1, Ohio

Chase, D. G., 7411 Foster St., Dist. IHgts,
Washington 28, D. C.

Chen, T. S., 30 W, 84 St., New York 24, N. Y

Child, R. W, 2433 Allison Ave., Speedway, Ind.

Chosky, ., 1022 N. Negley St., Pittsburgh, I'a.

Christian, 11, 8., 2432 Prospect Ave., Fvanston,
1.

Christian, O. R., Electronics Test, U. S. Naval
Air Station, Patuxent River, Md.

Cisne, T.. E., 762 11ill Ave., Glen Fllyn, 1L

Clapp, E. B., 5020 Colina Dr., La Mesa, Calif.

Clarance, A. L., Box 91, Warrington, Pa.

Clark, D., Jr., 4027C Abourne Rd., Los Angeles,
Calif.

Clark, F. (i, 87 I'ark PlL, Oreland, Pa.

Clark, G. L., 7208 Central Ave., Takoma Park,

Ml

Clark, T. G.. 21 Glenview Rd., North Caldwell,
N.J.

Clarke, 1. l., 530—44 Ave., Lachine, P. Q,
Canada

Clarke, K. K., Dept, of Electrical Engineering,
(larkson College, Iutsdam, N. Y.

Clarke, R. I., 4049 Dennsylvania, Kansa: City
11, Mo,

Clemens, (i. J., City College of New York, 138
Gt. & Convent Ave.. New York, N. Y.

Clement, P, F., 1741 Los Kobles Dr.,, Bakers.
field, Calif.

Clements, 1. E., 306 W. Sherwood Terr., Ft.
Wayne, Tnd.

Clere, M. C., 514 Ave., B, South IHouston, Tex,

Clifford, M. L., 4060 N, Warner Rd., Lafayette
ill, Pa.

Coates, R. J., 3907 Pennsylvania Ave., S.E.,
Washington 20, D. C.

Cohen, E., 269 E. Broadwar, New York 2, N. Y.

Cohen, J. E., 13437 Magnalia Blvd.,, Van Nuys,
Calif.

Cohen, P., R.R. 1, Box 52¢, Melbourne, Fla.

Colby, N. C., R.D. 1, Moorestown, N. J.

Cole, B. T., 3810 Stearnlee St,, Long Beach,
Calif.

(Continucd on tage 454)
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revolutionary Nt
NEW

contact design

IN
AMPHENOL
PRINTED CIRCUIT
CONNECTORS

Y &
10, 15, 18, 22 contacts - - »

Prin-Cir connectors are the result of careful design
work by ampHENOL Development Engineering. They fea-
ture compact bodies and a new contact design that is greatly
superior to any available for printed circuit applications.

Prin-Cir contacts can’t be set, can’t be overstressed
when used with standard .061” to .071” boards, have very
low millivolt drop and extremely long life. This contact
has an extra-long spring base and a circle-lip for good
wiping action.

Prin-Cir connectors are available with 10, 15, 18 and
22 contacts in four contact tail styles: Standard Eyelet,
Wire Wrap, Pin and Open End. They may be ordered with
one or more polarizing keys in any contact location.

Bodies are molded of an improved version of AMPHENOL
blue dielectric and contacts are gold-plated.

Whrite for special Product Bulletin!

AMERICAN PHENOLIC CORPORATION

chicago 50, illinois

&,
"/
In Canada: 4

ANMPHENOL CANADA LIMITED, Toronto

LaMPHENOL S

7A\

‘2{\ Membership

(Continued from page 46A)

Coleman, A, H., 42 Brarchport Ave., Long

Bra: N. J.
Coleman, I'. D., 812 W, Charles St., Champaign,
1.

Collins, G. 8., 22 Kerwood Cresc., Box 476,
Agincourt, Ont., Canada

Conklin, H. r., 2262 M.l Pl, N. W,
Washington 7, D. C.

Connolly, J., Holy Cross Collegs, Worcester 10,
Mass.

Conway, B. B., 312 W, Xenia Dr., Fairborn,
Ohio

Cook, K. H., 1401 Waraer Rd.,, Great Bend,
Kans.

Cool, L. R., 3632 Lugo Ave.,, San Bernardino,
Calif

Coolidge, J. E., 2! -, Bellwood,

Coombs, J. M., Engineering Lab., I.B.M, Corp.
I’ougikeepsie, N. Y.
Coon, C. K, Lowell Terr., Bloomfeld, N. J
Cooney, J. R., Box 89, Waldoboro, Me,
Cooper, A, E., Stratford Dr., R.D. 1, Vestal,
NoY
r, . S, Haskins Labs., 305 E. 43 St., New
York 17, N. Y

"

Corbin, J. E., Bell Telephone Labs., 463 West
St., New York, N. Y,
Corderman, . L., 91 Bacon St., Winchester,

Corp, D. E., 67 Ayer Rd., Williamsville 21, N. Y.
Corson, B. R., 29 Holly PlL, Stamford, Conn.
K l.., 803 Randolph St., Brook Farm,
“alls Church, Vi,
Cottrell, McK., General Research Co., 120 l.a
Grange St., Morenci, Mich.
Couch, W. M., Jr., Machlett 1.abs., Inc., Spring-
dale. Conn.
, WL H., 3023 W, Fulton Blvd., Chicagc
111
Cousins, V. M., River Rd., Chatham, N. ]J.
Covell, D. 7, 143 E, St., Redwood City, Calif.
Covi \W., 43 Obre Pl., Shrewshury, N. J.
Cowles, R, T., Montmorenci Rd., Ridgway, Pa
, 274 Grove St, Belmont, Mass.
ago, P. H., 2103 Collett l.a., Flossmoor, Il

A. G., 801 Main St., Laurel, Md.
r, A. G., Jr., 66 Chadwick St.,, Newport,
R, T
Crane, II. D., Institute for Advanced Studies,

, N. L.

e, N. B., Tr.,
tonr, Ohio
Crawford, D. J., 50 Ziegler Ave., Ponghkeepsie,

N. Y

Crawtord, K /4 ew jersey :sve., Lolings
woorl. N, J.
Creamer, E. M., Jr., 1341 Colwyn St., Phila
10, Pa.
Credle, A Rd Itl )
N Y.

Ave., New York 17, N, Y

Cre
5L
5, Calif,
Crowley, D. T., TIr
He A
Culli | D I
M.
Culver, R. 1., Cra Culver,
My Bl 14, D«
C 1 AP, s Sy
6, N. Y.
Cunning \V., 4224 E. Washington Blvd
Curl, G, 11,1 M I (
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for telephones, too
CRUCIBLE
PERMANENT MAGNETS
mean maximum energy . . . minimum size

You get consistently higher energy product from Crucible
prescription-made alnico permanent magnets.

That means more energy from a smaller magnet . ..
greater design freedom for manufacturers of telephone sets,
high-fidelity sound equipment, controls, instruments, and
magnet-equipped devices of all kinds.

Crucible, the nation’s leading producer of special purpose
steels, has been making these quality magnets ever since
the development of alnico alloys. They’re available sand
cast, shell molded, or investment cast to meet every size,
tolerance, shape and finish need.

For prompt delivery — or helpful advice on magnet
problems — call Crucible. Crucible Steel Company of
America, Henry W. Oliver Building, Pittsburgh 22, Pa.

| GR u c I B LE first name in special purpose steels

Crucible Steel Company of America

PROCEEDINGS OF THE IRE September. 1955
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Build SORENSEN REGULATION into your products with these new

MAGNETIC
VOLTAGE
REGULATORS

CAPACITIES—1SVA, 30VA, 60VA, 120VA, 250VA, 500VA.

TUBELESS — trouble free
COMPACT — saves space in your equipment
LIGHTER than comparable regulators
GOOD APPEARANCE — enhances your product
THERMALLY ISOLATED CASE — simplifies your design problems
R e
ELECTRICAL SPECIFICATIONS

95-130VAC, 10, 60 cycles.

115VAC, RMS, 10.

+0.5% against line changes.

+0.5% against line at any given load from 0 to full
from 2 to 6 cycles for line changes.

Input voltage range
Qutput range
Regulation accuracy
Load conditions
Time constant

MVR250

GET MORE INFORMATION: Catalog MVR2 is yours for the asking;
gives complete data on the new Magnetic Voltage Regulator line,
Contact your local Sorensen representative, or write to General Sales
Department, Sorensen & Co., Inc., 375 Fairfield Ave., Stamford, Conn.

CONTROLLED POWER FOR RESEARCH AND INDUSTRY

SORENSEN

WIIEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE
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Curtis, R. B., 2309 Montgomery St., Bethlehem,
Pa.

Custer, C. ., Bell Telephone Labs., Murray Hill,

N.J.

1" Agostino, V. F., 494 Thoreau Terr, Union,
N. L.

Dairiki, S., 45 Kendal Common Rd., Weston 93.
Mass.

Dale, G. V., Bell Telephone Labs., Whippany,
N. L.

Dalrymple, H. C., 4 Sands Ave,, Bayridge, An-
apolis, Md.

Daly, W. E., 4627 E. Eastlund St., Tuscon, Ariz.

’Amico, S. P., 1740 Kirkwood Ave., Merrick,
L.IL,N. Y.

Daniels, L. 1., 356 Ford Ave., Jackson, Miss.

Dantine, W. A., Rua Brigadeiro Tobias 247, Sao
Paulo, Brazil

Darling, W., 606 W. Maple Ave., Merchantville,
N. T.

Daspit, J. I., 507 Ninth St., Santa Monica, Calif.

Dausch, A, A., Jr., 17445 Lemac St., Northridge,
Calif.

Davenport, K., 229 E. 29 St., North Vancouver,
B. C., Canada

David, W. R., R.F.D. 2, Galway, N. Y.

Davidson, D., 26 Brook St., Brookline 46, Mass.

Davidson, E. D., 1505 W, Dorland St, Whittier,
Calif

Davies, R. C., 1208-16 Natianal Press Bldg.,
Washington 4, D. C.

Davis, C., 7433 Poe Ave.. Detroit 6, Mich.

Davis, D. D., 16 Beverly Ct., Berkeley 7, Calif.

Davis, E. W., 50 Elbow La., Levittown, L. L.,
N. Y.

Davis, F. 1., Smith Hill Rd,, R.F.1., Monsey,
N. Y.

Davis, G. W., Box 110-A, Rt 1. Lorton, Va.

Davis, J. ., 1678 Lee Dr., Mountain View,
Calif.

., 323 E. Plymouth Ave., Silver

Spring, Md.

Davis, R. 1., 535 Fountam St., Grand Rapids,
Mich.

Davis, S., 101 Hungry Harbor Rd, Valley
Stream, I.. I, N. Y,

Davis, W. M., 31 Sherwood Rd., Glen Cove.

L.I,N. Y.

Davis, W. K., 552 N, Sparks St., Burbank,
Calif.

Day, W. B., 116 Yale St., Rostyn Heights, L. T.,
N Y.

Dayot, V. D., Phillipine Military Academy, loa-
kan, Baguio City, P. L.

Dazey, M. H., 1120 Via Nogales, Palos Verdes
Estates, Calif.

Deacon, N. E., 8750 Colesv:lle Rd., Silver Spring,
Md.

Deakins, G., A-Bar Hotel, 2612 Guadalupe, Aus
tin, Tex.

Deal, J. B., Jr., Box 1663, Los Alamos, N. Mex.

Dean, J. P., 4009 Woodman Ave., Sherman Oaks.
Calif.

Dean, W. E., Jr.. 3236 N. Lockwood Dr., Chat-
tanooga, Tenn.

DeBell, J. M., Jr., 5 Albion St, Passaic, N. J.

Decker, K. M., 680 Brandywine St., S.E.,, Wash.
ington, D. C.

Deeken, J. W., 3025 Fairway, Dayton, Ohio

Deer, J. W., 4108 S.E. 113, Portland 66, Ore.

DeGregorio, J. F., 2022 Ilermosa Dr., Boulder,
Cola.

Dellart, W. R., 2250 E. Ellsworth Rd., Rt. 6,
Ann Arbor, Mich

DeLange, O. E., Bell Telephone Labs., Holmdel.
N. T.

DeLisle, J. E., 46 Frost St., Arlington, Mass.

Delker, A. G., Jr., 2828 Cortelyou Pl., Cincin-
nati 13, Ohio

Dellenbaugh, F. S., ITI, 141 Seven Bridges Rd..
Chappaqua, N. Y.

Delmerge. A. H., 1072 Brys Dr., S, Grosse Pte.
Woods 36, Mich.

(Continued on page 52A)
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Iz communications recetvers— B
S The Fy-Offic on Prtormamee/ -

You buy a communications receiver for just one thing—dependable performance. It’s
performance that counts, and the NEW Pro-310 was designed with performance in

mind. It outperforms all the other receivers in its class. Here’s why—

Check on the NEW Pro-310—it's made to order for
your “tough-spot” service. Write for specs and other
details to The Hammarlund Manufacturing Co. Inc,,
460 West 34th Strect, New York 1, N.Y. Ask for

Bulletin 1-9.

® 3 years engineering and design time in its
development (including 1% years to iron
out the ‘bugs’) plus 5 years production ex-
perience on its military counterpart.

® The features shown above.

*Completely new concept in precision electro- mechanical bandspread.

MAMMARLYND

Since 1910
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* MEASURE NOISE AND
FIELD INTENSITY FROM
150 KC TO 1000 MC-

WITH ONE METER!

Quickly « Accurately  Reliably

'

TA/NF-105:
150 K(-20MC

A

TU/NF-105:
20-200M(

. B

T2/NF-105:
200-400MC

[ g™ T3/NF-105:
400-1000MC

' xNoise and Field Intensity Meter
Mode! NF-105 .
(Commercial Equivalent of AN/URM-7)

Empire Devices Noise and Field Intensity Meter Model
NF-105 permits measurements of RF interference and
field intensity over the entire frequency range from 150
kilocycles to 1000 megacycles. It is merely necessary to
select one of four individual plug-in tuning units, depend-
ing on the frequency range desired. Tuning units are
readily interchangeable...can be used with all Empire
Devices Noise and Field Intensity Meters Model NF-105
now in the field.

Each of the four separate tuning units employs at least
one RF amplifier stage with tuned input. Calibration for
noise measurements is casily accomplished by means of
the built-in impulse noise calibrator. With this instrument
costly repetition of components common to all frequency
ranges is eliminated because only the tuners need be
changed. The same components . . indicating circuits, cali-
brators, RF attenuators. detectors and audio amplifier.
and power supplies. .. are used at all times.

Noise and Field Intensity Meter Model NF-105 is accu-
rate and versatile, 1t may be used for measuring field in-
tensity, RF interference, or as an ultra-sensitive VTVM
A complete line of accessories is available.

Additional information and hierature upon request

NEW YORK—DIpby 9.1240 . SYRACUSE—SYracuse 26253 . PHILA-
DELPHIA—SHerwood 7-9080 . BOSTON—WAItham 5.1955 . WASH-.
INGTON, D.C.—DEcatur 2.8000 . ATLANTA—EXchange 7801 - DE-
TROIT—BRoadway 3.2900 . CLEVELAND—EVergreen 2-4114 - DAYTON
—FUlton 8794 . CHICAGO—COlumbus |.1566 . DENVER—MAin 3.0343
- FORT WORTH—WEbster 881] . ALBUQUERQUE 5-9632 - LOS AN-
GELES—REpublle‘ 2-8103 . Palo Alto—DAvenport 3-4455 . CANADA:
MONTREAL—UNiversity 6-5149 . TORONTO—WAInut 4-1226 - HALI-
FAX 4-6487 . EXPORT: NEW YORK—Murray Hill 2-3760

EMPIRE DEVICES
PRODUCTS CORPORATION
38-15 BELL BOULEVARD - BAYSIDE 61 - NEW YORK

manufacturers of

FIELD INTENSITY METERS - DISTORTION ANALYZERS » IMPULSE GENERATORS - COAXIAL ATTENUATORS - CRYSTAL MIXERS
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Del.ong, 0. A., 180 Wildwood Ave., Upper Mont-

clair, N, T.

Demarr, J. D, 9624 Old Bladenburg Rd., Sitver

Spring, Md.
Dembinski, L. J., 29 Mitchell
L. L, N. Y.

Ave., Plainview,

Demere, R. M., Jr., 120 Cervantes Rd.. Went.
bridge, Menlo Park, Calif.
DelMotte, F. E., Bell Telephone Labs., Whipjany,

N. I
Denk, W. E., Steeplechase R4,
Dennison, I, R., 1539 Maple
Calif.

Devon, Pa.
St., Pasadena 4,

Denny, C. R., 30 Rockefeller PL, New York 20,

N. Y.

Denny, W. B., Dept. of Physics, Grinnell (ollege,

Grinnell, Iowa

Dent, W, U., 410 Bush St, San Francisco 8.

Calif,

Derey, C. 1, 2608 Van Buren St., Bellevue,

Nebr,

Derganc, W., Marys La., Centerport, I, I, N. Y.

Derrick, W. A., Cooke Bldg.,
Sandusky, Ohio

Desch, J. R., 413 Greenmonnt
Ohio

DeShon, H. C., 42 Standish
Mass,

Columbus Ave,,
Blvd., Dayton 9,

Rd.,, Watertown,

Dethlefsen, D. G., Stanford Research Inst., 621
S. Hope St., Los Angeles 17, Calif.
Detrick, 1D, M., 1230 Allan Ave., Falls Church.

Va.

Diamantides, N. D., 205311 St., Cuyahoga

Falls, Ohio

Dickinson, W, T., 5821 TFranklin Ave.,, Ilall.

Church, Va,

Didinger, G. H., Jr., 259 Warren Ave., Haw

thorne, N. Y.

Dimasi, L. A., 627 Californiz Ave., Oakmont, Pa.

Dingman, E. H., 2241 W,
Las Cruces, N. Mex.

Dinnin, A, J., 2035 Guy St.,
Canada

DiStadio, D., 440 Midland Ave, Garfield, N. J.

Mountain  Ave..

Montreal, Que.,

Dittoe, R. E., Jr., 3372 E. Scarborough Rd..

Cleveland, Ohio
Dixon, T. K., Jr., 1973 W.
Houston 19, Tex,

Gray, Office 19.

Dobbins, W. E., Box 605. Manhattan Beach,

Calif,

Dohan, W. R., 808 Wickfie!d Rd., Wynnewood,

Pa,

Dole, L. M., 229 W, Fifth St.

Dolinko, L., 710-B Broad Ave,,

. Emporium, Pa.
Ridgefield, N, 1

Douegon, R. E.. 717 Orange St, Novato.

Calif,

Dong, J. G., 2 Fiint 1., EFlmont, L., L., N. Y.

Donovan, A. C., 43 Rowe
Mass,

St..  Milton 86,

Donovan, R., 16614 Monica, etroit 21, Mich.
Dooner, J. L., 59 Skytop Rd., Cedar Grove,

N. T.
Dorband, A, E., 7920 & 112
Wash,

St., Seattle RS,

Dorsett, J. W., Jr., 2160 Mills Ave,, Menlo

Park, Calif.

Dougherty, H. T., 855¢ Concord La., West

minster, Colo.

Douglas, W. H., Westinghouse Klectric Corp..

Sharon, Pa.

Downey, C. E., 119 V.lanova Dr., Oakland

11, Calif.

Downing. R, ¥., 25 Garden St.. Cambridye 38,

Mass,

Dreisbach, R. H., 908 Kinnaird Ave., Ft

Wayne 6, Ind.

Drilling. N. G., 3002 _Ashland Ave,, Indian

apolis 26, Ind.

Driver, 1. P., 2623 Notbert St., Flint, Mich
DuBlose, G. 1., 5103 Avenue 1, Austin 5,

Tex.
Dudley, 1. A., Brookeville. Md.
(Continued on page
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THIS IS/HELIAX..

=

This latest ANDREW cable, introduced just 18
months ago, has received phenomenal industry
acceptance. This is easy to understand, when you
consider that HELIAX offers electrical performance equal
to that of the finest copper cables, yet is far
lower in price and much easier to install.

HELI1AX has its own complete series of connectors, matching
the superior electrical performance of the cable.
These fittings are pressurized and weatherproofed,
and attach easily without special tools.

For a maximum of convenience in the field, HELIAX is normally
supplied in complete assemblies, with end fittings
factory attached. Available in 73" and 154" sizes.
Continuous lengths to 3,000 feet.

Write now for complete engineering data and
a sample of this remarkable cable,

The secret of HELIAX lies in its corrugated outer
conductor. As demonstrated at the left, this by
itself can be bent on its own diameter without
breaking, kinking or going out of round. These
qualities give HELIAX its unusual flexibility,
strength and ease of handling.

CORPORATION
363 EAST 75th STREET + CHICAGO 19

Offices: NEW YORK + BOSTON * LOS ANGELES +* TORONTO
ANTENNAS « ANTENNA SYSTEMS ¢ TRANSMISSION LINES

PROCEEDINGS OF THE IRE September, 1953
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fbot
TRANS-HORIZON
ANTENNAS

available NOW

Field proven for two years in over
50 installations, this versatile, rugged antenna
is currently available from stock.

This 28-foot antenna in Lexington,
Mass. is used to study the SCATTER
principle of radio propagation. It is
opecrated in conjunction with a similar
antenna in Syracuse, N. Y. (about
250 miles away) at a frequency of
915 mc. The special mount, also
designed by Kennedy, allows the
antenna to rotate 360° in azimuth
which gives added flexibility for cx-
perimental purposes.

v\ 4

P

& °D.S. KENNEDY & CO.

V‘
‘k COHASSET, MASS. — TEL: CO4-0699

ANTENNA EQUIPMENT

g\ Membership

(Continucd from page 52:1)
Duffy, M. I'., Hase¢ltine Electrenics Corp.. lLittle
Neek, Lo L, N Y.
Dugan, D. 1., 25 Maple Ave., Oakwood I'k.,
Mounted Rt., Camp I, Pa.
Duncan, 1. C., 4077 Garder Ave., Western
Springs, I1L

Dunlp, J. .0 734 N, Piae Ave.,, Chicueo 44,
1.

Dunlap, K. S., Bell Telephone Labs,, Murray
Hill, N I

Dunn, J. 1., General Delivery, Clouderort,

N. ilex,

Dunn, 8. €., 14 Swiftsgreen Rd., Luton, Beds.,
England

Dunn, T. E., 56 Thorny Apple La., Levittown,
Pa.

Durbin, H. XI., 125 Svhan Glen Dr., Sonth
Bend 15, Ind.

Durice, G, H., 4414 Underwood Rd., Baltimore
18, Md.

Durham, L. G., Electronic Dept., Hughes An
craft Co., Culver City, Calif.

Durkee, AL 1., Bell Telephone Labs., 463 \West
St., New York, N_Y,

Durr, K., 307-40 St., Sacramento, Calif.

Dutton, W. T, 732 N, Fdison St., Arlington 3.
Va.

Dwyer, R, [0 1522 E. Orange Grove Ave,,
Paswdena, Calif,

bye, R, E., 12217 Bushey Dr., Silver Spring,
M.

Dyver, F. (., 448 Monssen Dr., Duallas, Tex.

Dymond, .. 1419 Grarbar la.,, Nashille,
Tenn.

Easterbrook, 1.. J., Jr.. Box 332, International
Airport Br., Mian i, |

Eastlund, I.. C., 471 8. F. 72 Ave., Portland,
Ore.

Fckess, W, S 4305 Wishington, Florissant,
Mo.

Eddy. W. 1., 4519 Secley Ave,, Downers
Grove, TI1,

Edgerton, A, K., 826 N. Victory Pivd, Bur-
bank, Calif.

Edison, T. M., Llewellyn Park, West Oprunge,

N T
Edmunds, T. T.. Jr.. 198 Sylvan St., Ruther-
fordd, N. [.

Edwards, C. F.,, Box 107, Redl Bank, N, J.

Edwards, N. ., R.F.D. 1, Ilopewell Junction,
N.Y.

Fells, W. A, 207 Gilham, Philadelphia 11, I'a.

Eggart, . J., Jr.,, Ebasco I[nternational Corp.,
2 Rector St, New York 6, N, Y.

Eilers, C. G., 104 W, Mc:aple St., Fairbury, Il

Eisenberg, 1., 805 E. 182 St New York 60,
N. Y.

Ekblaw, W. E., Jr., Roy (i. Miller, Inc., Mon-
mouth, ML,

Fkrem, T. C., 952 8. Jo:ephine, Denver, Colo.

Flam, F. ., 204 N, Van Buren St, Rock-
ville, Md.

Elbert, C. H., 65 Greglawn Dr., Clifton, N. T.

Ellerbeck, K. 1, 281546, W., Seattle 99,

Wash.

Ellert, C. A., 2406 Fverton Rd., Baltimore 9.
Md.

Elliott, T... 453 Whitfield Rd., Baltimore 2%,
Md.

Elliott, S0 T.. Bell Telephone Labs., 463 \West
St., New York, N. Y.

Ellis, J. W.,. Tr, 20951 Costanso St., Wood-
Tandd Hills, Calif.

Ellis, R. I, Jr.. 2008 Dayton St., Siher
Spring, Md,

Ellison, M., Ir., 10404 Seventh Ave., Tnule-
wood, Calif.

Flmore, C. M., Jr., 3936 Hichgrove Dr., Dal
las, Tex.

Elwell, H, ., Jr., 392 Laf:yette Ave,, Wset-
wand, N. I

Emmericl, 1., 408 Avenuda De Jose, Redundo
Beach, Calif.

(Continued en pag- 561)
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DESIGN IS OUR BUSINESS

ANNOUNCING

CLIPPER-DIODE RECTIFIER

Ever so small, and light for its power capabilities, For oil emersed rectifier operation rated epx is
our new type 589 electron tube will help immeasur- 16,000 volts ard average plate currsnt rating is
ably in concluding many electronic design problems, 65 mAdc.
especially for aircraft and missile environment.
This new external anode tube weighs only a little
over % of an ounce, is less than 2 inches long, yet
is rated as a clipper diode for 10,000 volts epx, and -
for peak plate current of 8 amperes. Shock rating is 300 g.

For convection cooled rectifier operation rated
epx is 16,000 volts and average plate current rating
is 30 mAdc.

MECHANICAL DATA Type of Ceal'ng... , e ....Liguid Peak Plate Current JOUT . 250 ma.

Mominal Qverall Cimensicms: Net Weight P ; . 0.8 oz. Average Plote Current W 65 mAdc,
Vength (Less lead) - w9 inches  Shock Rating ... - S 11 & I 18 Maximum Caalant Temperature Range
Lead Length ..o .15 inches Vibration Rating at 500 €ps......m e 10 gL ) —65°Cto 4-165°C
Diameter reerireenaee 29 inches ELECTRICAL DATA Moximum Rectifier Ratings (Raciotian Caaled)

Anode Dimensio Peak Inver'e Vatage. 16.0 kv.
Length {far contact).—. .c...... v B nches Ge;l\en:':l: Vol Peak Plate Current 120 mga.
Diameter ... . . .6 inches H::l:: (":r:gf . T 162 X:z' Average P'lﬂ'e CUffe"'» 30 mo.

Bulo ... . Per illustratians thade“ i - Coated Unibt;ler}ioi Maximum Clioper Diade Rating: (Liquid Caaled):

Mounting cnd Anude Contact . Perillustrations  pavimum Rechifier Ratings (Liquid Cooled) ;Z:: 'Cnuvrerz:t Va tage

Filament Terminals . S—— AL TR LELD Peck Inverse Valtage Average Plote Curren'

UNITED =gt ac== ELECTRONICS,
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WINDING
MACHINE
FOR TINY
TOROIDS

Tiny toroids — 14 OF
THEM — produced on
a Boesch Model SM Sub-
miniature Coil Winding
Machine are shown fit-
ted inside a SIZE FIVE
WEDDING RING. I

Consider the importance
of this comparison! By
producing space and
weight-saving subminia-
ture toroids, the Boesch
Model SM helps you
design subminiaturized
equipment.

For coils down to 5/64
ID, wire sizes as fine as
#50, IT'S THE BOESCH
MODEL SM Toroidal
Winding Machine. Some-
what larger coils can be
wound with wire as

heavy as #36.

14K. gold wedding ring courtesy of
Shreve, Crump & Low Compony
Boston, Mossochusetls

Send us your specifications and a
core saniple. We will show you
what our machines can do.

NOW — no licensing, no
royalties required in the sale

and use of BOESCH Mach-

Ines.

MANUFACTURING CO., INC.
DANBURY, CONN

56a

@i, Membership

(Continued from page 54.1)

Endres, J. M., Jr., 29 Fulmer Ave., Haver.
town, Pa.

Enenstein, N. H., 7447 Henefer Ave., Los
Angeles 45, Calif,

Engel, G. C., 460 Spring Ave., Ridgewood,
N T

Engethardt, G. B., 28 Club Way, Hartsdale,
N. Y.

Engert, G. W., Ringwood Manor, State Park,
Ringwood, N. J.
Epstein, M., 4 Clarence St., West End, N. J.

Erickson, R, S., 1860 Rome Ave., St. Paul 3,
Minn.
Ernst, R. F., 16 Stuyvesant Oval, New York 9,

N. Y.

Erwin, E. V., 4247 S, 172, Seattle 83, Wash.

Eubanks, J. M., 2302 Granada Blvd.,, Coral
Gables, Fla.
Evans, J. C., 134 S. Bowling Green Way,

los Angeles 49, Calif.
Everett, . C., 31 Maple St, Garden City,
L. L, N. Y.

Everitt, R. S., 504 S. lLos Robles Ave,, Pasa-
dena 5, Calif.

Evers, J. T., Pinewood Dr,, Box 161, RF.D.
2, Neptune, N. J.

Fahy, E. J.,, USN Underwater Sound Lab.,
Ft. Trumbull, New London, Conn.

Fair, 1. k., Box 182, Eau Gallie, Fla.

Fairbanks, A. F., 2417 N. Angclus Ave., Gar-
vey, Calif.

Fairweather, B. A., Bell Telephone Labs., Mur-
ray Hill, N, J.

Fairweather, R. W., 318 Colony St., West
Hempstead, L., 1., N. Y.

Fallows, R. S., 5 Bellingham St., Newton Hligh-
lands, Mass.

FFast. S., 96 First St., FFair Haven, N. J.

Faust, C. W,, 1485 Arlington Ave., St. Louis
12, Mo.

Featherstone, R. I'., 4933 Third Ave., S., Minne:
apolis 9, Minn,

Feigenbaum, I, A,, 112 Cedar Ave., West End,

N. L

Fernbach, M., 7813 Farnsworth St., Philadel-
phia, Pa.

Fesko, J., Jr., 8259 E. Clarence Ave, San
Gabriel, Calif.

Field, W. A., 522.A Nimitz, China Lake,
Calif.

Filmer, W. L., R. D.
ristown, N. J.

Findley, R. W,, R. D. 2, Valencia, Pa.

Fingerhood, S. A., 25 \W. 81 St, New York,

1, Mendham Rd., Mor-

N. Y.

Fishberg, S., 3400 Park Ave.,, New York 56,
N. Y.

Fisher, S. G., R. D. 2, New Rt. 18, Sharon,
Pa.

Fitts, W. F.,, 71 Walthery Ave,, Ridgewood,
N. L

Flack, S. G., 15419 Hilliard Rd., Lakewood
7, Ohio

Fleming, J. J., Naval Research [.ab., Code

5130, Washington, D. C.
Florman, E. F., 2003 Bluebell Ave., Boulder,

Colo.

Flower, R. A., 67 Topland Rd., \White Plains,
N. Y.

Flynn, M., 805 N. Overlook Dr., Alexandria,
Va.

Flynn, J. G., 1937 Irving Blvd., Dallas, Tex.

Foley, T. U., 148 Ridge Rd., Erlton, N. J.

Follingstad, H. (., 611 Norwood Dr., West
field, N. J.

Fonte, G., The Clough Brengle Co., 6014

Broadway, Chicago, Il
S. H., 14935 Hartsook St.,
Oaks, Calif.

Foote, Sherman

Forbath, F. P., 4296 Vineland Ave., North
Hollywood, Calif.
Forster, A. G., 1133 Oakland Ave., Piedmont

11, Calif.
(Continued on page 58A4)
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CUSTOM-DESIGNED
CERAMIC CAPACITORS

Among H:-Q custom-designed urits are ring capaci-
tors to fit around metal-tube sockets, multiple-
section rectangular capacitors in metal cans for
by-pass apahcations, and new stand-off and feed-
thru designs, all engineered to withstand severe
mechantcal and environmental  stresses. These
pieces reflect the skill of Hi-Q engineers in produc-
mg sturdy, compact components to meet the re-
quirements of specialized applications.

Catalog on request. Let
us collaborate on your
requirements,

R ox cORPORATION

| AERO
OLEAN, N.Y.

CeTmer SeeSw—e c—mcowmesmes— T - SESSSSSwwe—amm

for that short grid lead
use the Sangamo

First used in Navy electronic gear,
Tote-m-poles are invaluable for
“bug-resistant” wiring of models
and production units. Advantages:
Short leads; high component density;
improved ventilation.

Tote-m-pole supporting
“T" network of 5 resis-

tors and 4 capacitors.

CUSTOM COMPONENTS DEPT.*
SANGAMO ELECTRIC COMPANY
SPRINGFIELD, ILLINOIS

*H.V. Power Supplies « inductive Components
Servo Instruments « Low- X Resistors

Ac-'uol
Size

September, 1955
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Actual Size
Seatures: The onc-picce, fusion-scaled glass body is impervious
s to penetration by moisture or other external contami-
EXTREMELY HIGH BACK RESISTANGE nation—ensures clectrical and mechanical stability. Ship-
ments—in quantity—of all types of Hughes Silicon
VERY SHARP BACK VOLTAGE BREAKDOWN . . . .
Junction Diodes are now being made in new, compact
NO VOLTAGE DERATING AT HIGH TEMPERATURE volume packaging. When your circuit requirements
L SSRUTSINSEE St S Gl AU S Ui SS call for diodes with high temperature or high back re-
ONE-PIECE, FUSION-SEALED GLASS BODY sistance characteristics, be sure to specify Hughes Silicon
AXIAL LEADS FOR EASY MOUNTING Junction Diodes. They are first of all—for ReLiaBILITY.
SUBMINIATURE SIZE** Listed and described in Bulletin seq.
*Characteristics rated at : ————————————————— . : _____________________________ !
25°C and at 150°C. U \
Ambient operating range, : H G H E | Sl L AL DWIS.ION :
—80°C to +200°C. e e e U |
**Actual dimensions, : New Vark Chi :
diode glass body— . . . N ew Y orl 1cago
Length: 0.265-inch, max. : A""qﬂ Company, Culver le)', Callfbmm e Los Angeles :
Diameter: 0.105-inch, max. e e e e ) |
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New Bi-Directional |

ower Monitor

Quickly measures incident or reflected power,
simplifies matching loads to lines

New Sierra Model 164 is a compact, versatile, bi-directional monitor for inter-
mittent or continuous measuring of incident or reflected power, or convenient and
precise matching of loads to lines. The instrument offers unequalled measuring case
and economy, since only two plug-in elements are required for coverage of all fre-
quencics 25 to 1,000 mc and wattages 10 to 500 watts. Two plug-in elements
cover, respectively, 25 to 250 mc and 200 to 1,000 mc. Both have 4 power ranges:
10, 50, 100 and 500 watts. Accuracy is = 5% full scale. No auxiliary power is rc-

quired to operate the instrument.

Because of its compact size and wide range, Model 164 is ideal for portable ap-
plications (mobile, aircraft, etc.) as well as laboratory use. It is supplied in a
sturdy carrying case (one or both plug-in elements supplied as ordered) and both
meter and directional coupler may be removed from the case for remote monitor-
ing. The monitor may be equipped for most connectors normally employed with
50 ohm lines. A twist of the wrist selects incident or reflected power, or any power
range, without requiring removal of power. No exchange of plug-in elements is
necessary to read low levels of reflected power.

Power Ranges: 10, 50, 100 and 500

TENTATIVE SPECIFICATIONS

watts full scale direct reading.

Accuracy: *+ 5% of full scale.

Insertion VSWR: Less than 1.08.

Sl

117

Frequency Ranges: 25 to 1,000 mc. Two plug-

in elements.
Low Frequency Element: 25 to 250 mc.
High Frequency Element: 200 to 1.000 mc.

Impedance: 50 ohm coaxial line.

Data subject to change without notice.

a
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. . .
Sierra Electronic Corporation
San Carlos 2, California, U.S. A,
Sales representatives in major cities
Manufacturers of Carrier Frequency Voltmeters,
Wave Anolyzers, Line Fault Analyzers, Directional
Couplers, Wideband Rf Transform ers, Custom
Radio Transmitters VHF-UHF Detectors, Ycriable Im-
pedance Wattmeters, Reflection Coelilt lnnt Meters.

'World Radio Histo
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(Continued from page 56)
Foster, J. F.,
Calif.
Fowler, J. A. B., Box 488, Fort Jones, Calif.

835 Mountain Pi., Pasadena 6,

Fowlie, W. D., 379 Bariingtorn St., lalifax,
N. 8, Canada
Fox, K. R., 2 E. Adehcidstraat 300, The

IHague, Holland

Fox, R. C.,, Westinghouse Electric Corp., Air
Arm Div., Friendsaip Airport, Balti-
more 27, Md.

Frame, T. ., 1003 Upton Rd., Glen Burnie,
M.

Franklin, R. M., Chrysler Corp., 2985 E. Jeffer-
son Ave., Detroit, Mich.

Franta, A. I.., Code 5335, Naval Research Lab.,
Anacostian Sta., Washington 25, D. C.

Franz, J. P., Jr., 311 Delano Dr., Pittsburgh
36, Pa.

Fransel, 1. 1., 336 Lacey Dr.,
N. ).

Frattali, F. A. V., 4403 Old Frederick
Baltimore 29, Md.

FFrazier, R. V., 212 Maryland Ave.. Towson 4,
Md.
Fredendall, B, F.,

bank, Calif.
I'reeland, R. R., Box 265, W. Warr
1. 0., Oklahoma City, Okl
Freeman, C. F., 100-B IHalser Ave,
.ake, Calif.
Freneh, C. G., U. S, Steel Co., Fuirless Works,
Fairless Hills, Pa.
Friedberg, I. S.. 11 Longfellow St N. W,
Washington, D, C.

New Milford,
Rd.,
1907-B W. Alameda, Bur-

Acres,

China

Friehman, T. B.. 5406 Woodlawn Ave. Chi-
cago 13, 1L
Friesser, J. M., Box 648 Forge Rd., White-

marsh, Md.
Frohbach, 1. F., 7132 Stevens Ave., 8., Minne-
apolis 23, Minn.
Fry, W. I, Flectrical Enginerring
.abs., University of ['linois,

Research
Urbana,

1.

Fryncko, 1., R.F.D. 1, Box 143, Secymour,
Conn.

Fuhrmeister, 1>, ¥., 4 Langhorne Rd., Warwick,
Va.

Fuller, I. W.. Jr, 200 Ottawa St. S. K,
Washington 21, D. C.
Fulmer, J. W., 1504 W. Chester Pike, West-

gate Hills, Havertown, Pa.

lFulton, W. L., 29 Otterbein Ave.. Dayton,
Ohio

Gaillard, R. L., 229 E. 12 St., New VYork 3,
N. Y.

G., 1149 Olsen, Toledo 12, Ohio
Electric Co., Syracuse,

Galambes, L.

Galidas, P.,
N. Y.

Gallo, F. 1., 340A Vallejo St, San Francisco
11, Calif.

General

Gams, T. C.. N. J. Electronics Corp., 345
Carnepie Ave.. Kenilworth, No J.
Gano, O. R.. Rt. 1, Box 78-B, Melrose, Fla.

Garafalo, J. J., 5817 W. 78 PL, I.os Angeles
45, Calif.

Garcia. A.. 583 Queen Si.

Gardner, R. O.. 1014 Blvd,
New Milford, N. J.

Garkav, E., 7019 Pennsylvania .Ave..
Upper Darby, Pa.

Garoff, K., 116 N. Sunnycrest Dr., Little Silver,
N T

Garretson, I, W,
of Reclam.,
Denver, Colo.

Garrett, £. T., Box 3397, USAFIT,
Vatterson AFB, Chio
Garrigus, N. F.. 96 Fairehild Cir,, OFFUTT,
Omaha, Nebr.

Gates, W. F., 580 Pullman

Calif.
Gaydos, G. 1., 14 Lafayette Ave, N. E.
Rapids, Mich,
(Continued on page 4001)

Woodbury, N. T.
Cor. Ridge St

Bywood,

Burean
Center,

Utilization,
Federal

Power
Denver

Wright-

Rd., Burlingame,

Grand

September, 1935



No longer nced the lack of material deter you from
switching to printed circuitry. Revere Rolled Printed
Circuit Copper is now available to laminators in
standard coils of 350 Ibs. in widths up t0 38”, and in
.0015” and .0027” gauges weighing approximately
1 0z. and 2 oz. per square foot.

Revere Rolle! Printed Circuit Copper is accurate in
gauge, of high conductivity, and uniform density. It is
easily etched and soldered.

The next time you order blanks from your lamin-
ator, specify Revere Ro/led Printed Circuit Copper.

PROCEEDINGS OF THE IRE September, 1955
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REVERE

COPPER AND BRASS INCORPORATED

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

Mills: Baltimore, Md.; Brooklyn, N. Y.; Chicago, Clinton

and Joliet, Ill.; Detroit, Mich.; Los Angeles and Riverside,

Calif.; New Bedford, Mass.; Neuport, Ark.: Rome, N. Y
Sales Offices in Principal Cities, Distributors Everywhere.

504



Stupakoff

‘tupakoff ANV
v Stupakoff cE®

nant s MATANT e

PO

NEW TECHNICAL DATA on |
stupat:off GERAMIC MATERIALS

The very latest technical information on a wide range of ceranie
materials is given i the new Stupakof” Technieal Data Chart.
Electrical and physical characteristies and the chemical composi-
ton ol various grades ol the following ceramic materials are
included:

ALUMINA PORCELAIN ZIRCON
ALUMINUM SHLICATE STUPALITH ZIRCITE
NSTEATITE CORDIERITE FORSTERITE

MAGNESIA
Valuable design and application suggestions included in the
Stupakoff Data Chart help vou engineer vour
ceramic parts for lowest cost and greatest
satisfaction.

technical
data

_%ﬂ/tmluy for your free copy of S’"l"'/“’ﬂc
the new Stupakofl Data Chart. Ar- 7z
ranged for ready reference.

WRITE - |

R DEPT. P.
akolf
| Division of The CARBORUNDUM Company B

: LATROBE, PENNSYLVANIA

ey A A
G e

(Continued from fage 58A)

Gayle, A, Cavo Dr., Deerticld Acres, Pough-
keepsie, N. Y.

Geary, L. W_ F,, Head of ¥eadow~ Rd., New-
ton, Conn.

Gegenheimer, R. F., 27 Longtellow Dr., Rahway,
N. J.

Geiger, J. M., 342 Woodland Dr., Bright.
waters, L. I., N. Y.

Geiger, R, F., 701 Elden, Whittier, Calif.

Gellert, J., 67-09—210 St., Bayside, I.. I,

N. Y.

Gemmill, F. Q., 82 Wyat: Rd., Garden City,
L. I, N. Y.

Gemulla, W., 3516 E. Third St., Long Beach,
Calif.

Genz, W, F., Tele-Ray Tube ¢o., Inc., 984
Saw Mill River Rd, Yonkers, N. Y.

George, W. D., National Bureau of Standards,
Boulder, Colo.

Gerber, P. D.,, 118 Elm Ave, Woodlynne,
Audubon 6, N. J.

Gibbons, D. R., P. O. Box 506, Manasquan,

N. J.

Gibhs, D, R., 926 Sweetbriar Dr., Alexandria,
Va.

(iibbs, N. E., 24A Garden St., tambridge,
Mass.

Gibson, F. C., Box 376, Broughton, I'a.

Gibson, W. (., 645 Princeion Kinuston Rd.,
Princeton, N. J.

Gifford, J. S., 57 Hazel Ave., Livingston, N. J.

Gilbertson, S. R., 16165 Stone Ave., Seattle 33,
Wash.

Gilden, M., Dept. of Electrical Engineering,
University of Ilinois, Urbana, TIL

Gillespie, II. C., 207 Pleasant Valley .\ve.,
Moorestown, N. I.

Gillette, K. G., 1433 Spring Rd., N. W., Wash-
ington 10, D. C.

Gilman, B. S., 484 Laurel Rd., Rockville Centre,
L. I, N. Y.

Gilman, M. A., General Racio Co., 275 Massa-
chusetts Ave., Cambridge 39, Mass.

Gilmore, A. C., Jr., 292 Lyndhurst Ave., L.ynd.
hurst, N. J.

Ginsburg, C. P., 522 Orange Ave., Los Altos,
Calif.

Giulie, J. D., 11751 Plateau .\ve,, [os Altos,
Calif.

Glaser, R. A., c/o Mrs. A, S. Oliger, 12034—
62 Ave., Seattle, Wash.

Glass, M. S., Bell Telephone [.abs., Murray
11, N. J.

Gleason, J. L., 707 North F S, Oxnard, Calif.

Gleason, R. F., 2722 Ramblewood Dr., S. E,
Washington, D. C.

Gleghorn, (. J., 2400 Via Anacapa, Palos
Verdes Estates, Calit.

Gleimer, L., 63-61 Yellowstone Blvd,, Forest
Hills, L. I, N. Y.

Glendinning, W., 9 Honor Ouk Rise. Forest
Hill, London, England

Glidewell, J. J., Jr., 254 N. Delmar Ave,, Day-
ton 3. Ohio

Glueckler, E. J., 1314 Puritan Ave., Bronx 61,
N. Y.

Godbey, J. J., 6047 Ridgecrest R¢., Dallas, Tex.

Goetz, J. A., 33 Hasbrouck D-.,, Ponghkeepsie,
N. Y.

Goff, R. H., Ilight Determination [Lah., White
Sands Proving Gronnd, Las Cruces,
N. Mex.

Gold, D., 5262 Fountain Ave., Los Angeles 29,
Calif.

Goldbaum, S., 112-41—72 Rd., Forest Iills 75,
L.I, N. Y.

Goldberg, R. J.. 347 Ave. T, Brooklyn 23, N. Y.

Goldenthal, S., 1644 Northgate Rd., Baltimore,

Md.
Goldshine. .\, D.. 1122 Stuyvesant Ave., Irving.
ton, N. 1.

(Continued on page 52A)
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We invite your inquiry.
- Have yav recelved our latest catalog? WRITE TODAY !

VR W

U: 0| | PRODUCTS
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HYCON EASTERN

a complete facility for

DESIGN o ENGINZERING « PRODUCTION

‘ F . o va
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FREQUENCY RANGE: 10 kilocycles to 10 megacycles for all
types of filters.

BANDWIDTH RANGE: 0.01% to 14% of center frequency.

APPLICATIONS: Carrier Communication Systems: Telephone Chan
nel Filters, Pilot Selection Filters, Telemetering Channel Filters, Teletype
Channel Filters, Other Frequency Multiplexing Systems. Single Side
Band Filters. High Selectivity Amplifiers. Noise and Sound
Analysers. Carrier Current Systems. Harmonic Selection.

AxyouxcesiesT is made of a new technique for
the synthesis of crystal filters which resolves many of
the problems heretofore associated with their design
and production, High initial cost and long Jead time
have been eliminated. System design no longer need
be compromised becanse of the limited number of
existing filters. Filters can be produced on short notice
in ]urgc or small (quantitics to mect exact perfm‘numce
requirements. Curves shown above suggest the wide
variety of characteristics. Your inquiry is incited.

HYCON EASTERN, INC.

75 Coambridge Parkway, Dept. B, Cambridge 42, Massachusetts

(Continued from pege 60.1)

Goldsmith, P., Armour Reseatch Foundation, 35
W. 33 8t Chicago ¢, 115

Goldstein, G. D., 9520 Saybrook Ave., Silver
Spring, Md.

Goldstein, S. J., Jr., 4220 N. Caoitol Ave,, In.
dianapelis, Ind,

Goldstone, B. J., 32 Spiral La., Levittown, Pa,

Goodling, G. G., Jr., 421 Lincoln St., York, Pa.

Gorton, K. D., 1043 Lilac, N.E., Grand Rapids,
Mich.

Goss, C. ., 636 Long Rd., Glenview, 11

Gottwald, €. ., 4009—50, Sin Dicgo 5, Calii.

Gould, E. W., The Ramo-Wooldridge Corp., 8820
Bellanca Ave., Los Angeles 45, Calif.

Gracbner, M. S. J., 2085 E. Arlington, St. Panl
6, Minn,

Graf, V. V., Holwood, Keston, Kent, England

Graham, E., Jr,, 6424 Jocelyn }Hollow Rd., Nash-
ville 5, Tenn,

Grandize, .. A., 2175 Washington Ave., New
York 57, N. Y.

Grant, C. R., 8606 Melwood Rd., Bethesda 14,
Md.

Grant, J. H., 721 S. 28 St., South Bend 15, Ind.

Grass, A. M., 101 Old Coivry Ave., Qnincy,
Mass,

Gratton, R. K., 3151 E. Colerado, Box 2, Pasa-
dena 8, Calif.

Graveson, R. T., 26 Overlook Rd., Ardsley, N. Y.

Gravlee, G. P, 1116 Vellex la,, Annandale, Va.

Gray, C. M., Box 602, Birnungham 1, Ala.

Gray, G. E., 39 Burnett Hill Rd,, livingston,
N. I

Gray, H. T, Jr., 412 Colonial Park Dr., Spring-
field, Media, Pa.

Grazda, E. E.,, 214-21—46 Rd, Bayside Hills,

. I, N Y.
Green, A, I'., 14030 Margate St, Van Nuys,
Calif.

Green, D). B., § Arden Pl,, A-hens, Ohio

Green, J. W., 3515 Veteran Ave, Los Angeles
34, Calif,

Green, J. W., RR. 2, ¢/o L. C. Winzer, An-
gusta, Kans,

Green, W. M, Jr., 1201 Alabama, Bastrop, La.

Greenbaum, M., 6361 W. 85 I'l,, Los Angeles

45, Calif.
Greenberg, I., Foordmore R.., Kerhonkson,
N.OY.
Greenberg, S., 2183 Ryer Ave.. New York 57,
N. Y.

Greenblum, (., 31 Molly Pitcher Village, Red
Bank, N. 1.

Greene, A, N., Det. 5, 604 AT&W Sq.. 47 Air
Base Gp., APO 22, c/fo PM, New York,

N.Y.

Greenham, R. [.., 214—14 St., N.\W., Canton 3,
Ohio

Greenquist, R. K., 3804 Bailey Ave., New York
63, N. Y.

Gireenspan, 8., 21 Cedar Ave., West End, Long
Branch, N. J.
Greenstein, P., New York University, University
Heights, New York 53, N. Y.
Greenwald, M. H., 2107 Belvedere Blvd., Silver
Spring, Md.

Greenwald, 8., 2208 Woodberry St., Hyattsville,
Ard.

Greenwood, P, E., Jr., 127 Dormar Dr., North
Syracuse, N, Y,

tiregory, C. N., Jr,, 226 S. Eucalyptus Ave.,
Inglewood 1, Calif.

Gridley, . H., 3926 First St.,, S.W., Washing-
ton 24, D, C.

Griemsmann, J. W. E., 90.64 Francis Lewis
Blvd., Queens Village & [.. I, N, Y.

Griffin, S. J., 6629 N. Williamsburg Blvd., Ar-
lington, Va.

Grim, W. M., Jr, General Electiic Labs,, Inc.,
18 Ames St.,, Cambridge 39, Mass.

Crobowski, Z. V., Jansky & Bailey, 1735 DeSales
St., N.W., Washington, D. C.

(Continued on page 63A4)
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International Rectifier
Selenium and Germanium Rectifiers

international

Selenium

Products

Pressed powder or vacuum process
used as determined by our
Applications Engincering Dept. The
most widely used Industrial Power
Rectifiers in Industry today!

2
HIGH VOLTAGE CARTRIDGE RECTIFIERS

Desiguned for long life and reliability in Half-
Wave, Voltage Doubler, Bridge, Center-Tap
Circuits, and 3-Phase Circuit Tvpes. Phenolic
Cartridge and lHermetically Scaled types
available. Operating temperature range:
—65°C to +100°C. Specify Bulletin H-2

Iinternational

Germanium

Products

High quadlity units of improved dcsign
are the results of years of experience
in the production of exceptionaily
fine germanium crystals plus extensive
rescarch, development and feld
perfarmance testing!

a world of difference A through rescarch!

WORLD’S

PROCEEDINGS OF TIIE IRE

LARGEST SUPPLIER

INDUSTRIAL POWER RECTIFIERS

For all DC power needs from microwatts
to kilowatts. Features: long life; compact,
light weight and low initial cost. Ratings:
to 250 KW, 50 ma to 2,300 amperes and
up. 6 volts to 30,000 volts and up. Efficiency
to 87%. Power factor to 95%. Bulletin C-349

SUB-MINIATURE SELENIUM DIODES

Developed for use in limited space at ambi-
ent temperatures ranging from —50°C to
+100°C. Encapsulated to resist adverse
environmental conditions. Output voltages
from 20 to 160 volts; output currents of 100
microamperes to 11 MA. Bulletin SD-1B

GERMANIUM POWER RECTIFIERS

This new line features: 1ligh efficiency —up
to 97%, Lowest forward drop, High reverse
to forward current ratio, unlimited life
expectancy. No reforming required after
storage. Ratings: 26 to 66 AC input v. per
junction: 150 to 100,000 amps DC output.
Operating temperature range: —53°C to
+75°C. In three styles. Bulletin GPR-1

TV AND RADIO RECTIFIERS
The widest range in the industry! Designed
for Radio, Television, TV hooster, UHF con-
verter and experimental applications. Input
ratings from 25 to 195 volts AC and up. DC
output current 10 to 1,200 MA. Write for
application information. Bulletin ER-178-A

Self-generating photocells available in
standard or custom sizes, mounted or un-
mounted. Optimum load resistance range:
10 to 10,000 ohms. Output from .2 MA to
60 MA in ave. sunlight. Ambient tempera-
ture range: —65°C to +100°C. Bulletin PC 649

GERMANIUM DIODES

POINT CONTACT. High quality crystals—
long reliable life —superior resistance to hu-
midity, shock, temp.-cycling. Bulletin GD-2
JUNCTION POWER. Hermetically sea'ed
—welded construction. Available in Stand-
ard JETEC 1N91, 1N92, 1N93 types. For
dioces to meet your specific requirements,
consult our Semiconductor Division.

For bulletins on products described WRITE ON YOUR LETTERHEAD
to our PRODUCT INFORMATION DEPARTMENT

International Rectifier

OF

September, 1955

EXECUTIVE OFFICES: 1521 E. GRAND AVE., EL SEGUNDO, CALIFORNIA « PHONE OREGON 8.6281

INDUSTRIAL

METALLIC RECTIFIERS

63a



Lamination users can now correlate
va. and core loss figures with applications

TN

The above curve shows the maximum va. and watt loss
of El 1%4" 29 gauge Orthosil 3X laminations.

As a lamination user, you will want
to know that guaranteed maximum
va. and core loss is available for
standard EI transformer laminations
and that you can correlate the figures
for your own applications.

This valuable information is of-
fered exclusively by Thomas & Skin-
ner. For several years, Thomas &
Skinner has accumulated data on
standard EI laminations. Based upon
an analysis of this information, T&S
has established maximum va. and
maximum core loss values of each EI
lamination at 1,000 and 10,000 gauss,
60 CPS.

A MATERIAL CERTIFICA-
TION is furnished with each ship-
ment of T&S laminations, and gives
test figures for both core loss and ex-
citing current on each heat annealed.

This CERTIFICATION attests that
each shipment meets the specifica-
tions set by the customer.

To you— as a lamination user —
these test figures mean elimination of
need for retesting, adding up to im-
portant savings in your production.

WRITE TODAY for Technical
Bulletin DMF-1 giving test details
and tables showing core loss and
maximum va. Also request new 40-
page Bulletin No. L-355 (illustrated
below), on special and standard
laminations.

SPECIALISTS IN MAGNETIC MATERIALS .. .
Permanent Magnets @ Laminations ﬂ and Wound Cores

1125 East 23rd Street, Indianapolis, Ind.

(Continued from pege 62A)

Groce, J. C., 45 Joerg Ave., Nutley, N, }.

Gross, F. J.,, 34 Albright Cir.,, Madison, N. J.

Gross, 8., 2091 Davidson Ave.,, New York 33.
NOYL

Grossman, R., 78 Beaumont Cir., Tuckaloe, N. Y.

Guarrera, J. J., 17160 Gresham Ave., Northridge,

Calif.

Gudaitis, W. V., 649 Chippewa, Mt. Clemens,
Mich.

Gudzin, M. G., 2704 Tisinger Ave., Dallas 28,
Tex.

Guernsey, E. D, 2350 Southv-ay Dr., Columbus
12, Ohio

Guglielmo, G., Via Palestriny 3I, Milan, hualy

Cuimaraes, B. Q., Rua Sampuio Viana No. 391,
Sao Paulo, Brazil

Guinn, J. R, Jr., Engr. Div., Texas A & 1 Cul
lege, Kinsville, Tex.

Gumaer, 1., 68 Elizabeth St., N. Hackensack,
N. )

Guros, F. 8., 308 E. Church, Roswell, N. Mecx.

Guyton, J. H., 2323 S. Park Rd.. Kokomo, Ind.

laas, D. L., Rt. 3, Box 826.D, Fairfax, Va.

Haas, N. V., 8638 Thouron Ave., Philadelphia
19, Pa.

Hackman, E. IL, 3904—14 St., N., Arlington,
Va.

Haddock, J. W., 105 Lake Dr., Allenhurst, N.I.

Haddock, F. T., Jr., Naval Research Lab., Wash.
ington 25, D.C.

Hagman, H. B., Sylvania Elecrric Products. Inc.,
Emporium, Pa.

Hagmann, R, W,, 333 N. Mary St., Lancaster.
Pa.

IMahn, J. H., Grafenwohr Sub-Area, 7822 A.U..
APO 114, ¢/o PM, New York, N. Y.

Haines. A. B., Bell Telephone Labs., Whippany.
N. ).

Haining, L. E,, 231 S, Haviland Ave., Audubon,
N. J.

Hajek, A, F., 2330 S. 58 Ct., Cicero 50, 111

Hales, E. B., 171 Astor Ave.,, Hawthorne, N. Y.

Hall, C. F., 1603 Tibbits Ave., Troy, N. Y.

Hall, G. D., Rd. 1, Maple Bay, Clay, N, Y.

Hall, H. H., 18459 Perth Ave., Homewood, 11l

Hall, R. E., 107 Sycamore Ave., Berkelcy

Heights, N, J.
R. T., 1 Dlierce Rd,, Framingham, Mass.
T. S.. 6321 W. 81 St., Loes Angeles 45,
Caiif. 55

H. C,, 283114 Mayview Rd., Raleigh,
N. C.

Hallenstein, N. A., Federal Communications Comn
mission, 1600 Custom House, Boston 9,
Mass.

Hallford, B. R., 10628 Sylvia Dr, Dallas, Tex.

Halsted, G. P., 22 Pine Ct., Snyder, N, Y.

Halton, E. B., Providence College, Providence,
R. T. 00

Hamilton, H. E. S,, ¢/o C.B.C., 354 Jarvis St..
Toronto, Ont., Canada

Hamilton, R. C., 915 Monarch Di1., Pasadena 3.

Hall,
Hall,

Hall, W,

Calif.

Hammack, J. W., 504 Wayne Ave., Silver Spring,
Md.

Hammell, R.. 24 Canoe Broox Pkwy., Summnit,
N. T

Hammer, R. V., 1961 Leahy St., Muskegon,
Mich.

Hammond, C. R., 5 Salem Cir., Evanston, i

Hampshire, J. R., 349 Avenel St., Avenel, N. |

Hampshire R. A., 9 Wilson Terr., West Cal!
well, N, J.

Hana, T. C., 58-25 Little Neck Pkwy., Little
Neck, L. I, N. Y.

Handelman, R. B., 54 Riverside Dr., New York

24, N. Y.
Handy, F. E., 35 Brookline Dr., W, lartford 7.
‘ Conn.
Hannan, P. W.,, 6 Carey Ré., Great Neck, 1.. T..
N. Y.
Hanopol, [.., 131 Washington St., Brighton 35.
Mass.
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NUMBER 3 Of A SERIES

INTEGRATED

ELECTRONICS

THE IMAGINATION FOR RESEARCH PLUS THE SKILLS FOR PRODUCTION

Hoffman Laboratories maintains a highly specialized group of engineers

whose entire efforts are devoted to the complex problem of developing

and producing specialized tactical test equipment for airborne navigation radar,
fire control, missile guidance systems, and other advanced electronic gear.

To meet the high standards of quality and reliability set by Hoffman Laboratories,
this test equipment group is an integral part of the engineering staff.

For the past 13 years Hoffman Laboratories has been successfully solving
advanced design and development problems in electronics.
During this time Hoffman Laboratories has never undertaken a development
program that has not successfully gone into production.

Write the Sales Department for free booklet.

Radar, Navigational Gear

Missile Guidance & Control Systems
Noise Reduction

Countermeasures (ECM)
Computers

Communications

Transistor Application

A SUBSIOIARY OF HOFFMAN ELECTRONICS CORPORATION

Chaltenging opportunities for outstanding engineers to work in an atmosphere of creative engineering.
Write Director of Engineering, Hoffman Laboratories, Inc., 3761 S. Hill St., Los Angeles 7, California.
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New Shallcross ‘12000 Series”
Oval Ceramic Switches offer
“custom-built” quality — without
the delay and cost of specials.

With only a few basic inter-
changeable parts, constantly
stocked by Shallcross, over 1000
different switch types can be
quickly assembled. Delivery is im-
mediate. Your specifications are
matched exactly.

The use of solid silver contacts
and collector rings, low-loss stea-
tite decks, and silver plated beryl-
lium-copper wiper pressure springs
assures uniformly low contact re-
sistance and exceptional durability
for a wide variety of instrument
switching applications.

For complete information on
**12000 Series” Switches, write,
wire, or phone for Shallcross Engi-
neering Bulletin L-32 which cata-
logs 275 of the most popular types.
SHALLCROSS MFG. CO., 524
Pusey Avenue, Collingdale, Pa.

CUT COS
INSTRU.

SHAL
?!‘2 .

Shallcross 12000 Series
Oval Ceramic Switches

NON-SHORTING ACTION — 40° or
60° indexing

SHORTING ACTION—20° or 30° in
dexing

DETENT — Optional. Positive -acting
star wheel type.

POLES PCR DECK—1, 2, or 3

NUMBER OF DECKS- -Up to 10 decks
may be ganged.

ADJUSTABLE STOP — Available on
order

SHAFT—Completely isolated

CONTACT RESISTANCE—0.0025 ohm,
=+0.0002 ohm

RATINGS—110v., 1a., 50 cy.-nominal.
2500v., 60 cy.-de rated current.
40 amps—de-rated voltage.

Complete specifications in
Bulletin L-32,

(Continued from page 644)

Hansen, . R., 125114 N, Detroit St., Los An-
geles 46, Calif.

Hansen, R. C., 311 Elec, Eng:. Research Lab,
University of llinois, Urbana, IIL

Hanysz, E. A., 7120 Chalforte St., Detroit 21,

Mich.

Happe, W. ., Jr., 18 Stockton PL, Nutley 10,
N. L.

Harbour, R. D., 410 Fountain St.,, Pullman,
Wash,

Hardcastle, C., 167 Lichfield Rd., Bloxwich, Wal
sall, England

Hardie, F. H., 228 Reese Ave., Vestal, N. Y.

Hare, (.. 11, 1810 Alta Waod Dr., Altadena,
Calif.,

| Hare, J., 48 Cochrane Park Ave., Newcastie-on

13110108
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Tyne, England

Harper, E. E., 4712 Cable St., Bellingham, Wash.

Harper, H., 305 Beechwood I'r., lollin Hills,
Alexandria, Va.

Harpster, W. T., 48 Keats, Tonawanda, N. Y.
Harriman, D. E., Jr., 15255 El Soneto Dr.,
Friendly Hills, Whittier, Calif.

Harris, A. S., 2211 Muscoday Pass, Ft. Wayne
6, Ind.

Harris, D. J., 37 Maplewood Ave., West Hart-
ford 7, Conn.

Harris, E. A., Jr, Div. 33, Naval Otdnance
I.ab., Corona, Calif.

Harris, F. 1., R.F.D. 1, Box 61, Accokeek, Md.

Harris, ¥, M,, 212 E, Hanover, Trenton, N J.

Harris, 1 N., 5428 Channing Rd., Baltimore 29,
Md.

Harrison, C. W., Long Hill Rd., Millington,
N. J.

Harrison, J. R., 8 Page Rd., Bedford, Mass.

Hartman, L. A., 52 Camercr Dr., Huntintgon,
.. I, N. Y.

Hartman, R. B., Il, Remington Arms Co., Inc.,
Bridgeport, Conn.

Hartman, W, H., Rt. 3, Box 1213-A, Sacramento,
Calif.

Hartmann, W. A, Jr., 943 [Hartzell St., Pacific
Palisades, Calif.

Hartnett, E. J., 545 Beverly Ril., Teaneck, N. T.

Hartz, F. M., 16703 Ashtan Rd., Detroit 19.
Mich,

Harwood, F. E., 720 Cornell, Ypsilanti, Mich.

Hatfield, G. 1., 1936 Edgewnod Rd., Towson 4,
AMdL

Hathaway, S. D., 21 Lowell Ave.,, Summit, N. J.

Hartzakortzian, H. T., 424 E. 174 St., New York
57, N. Y.

Hausenbauer, C. R., College of Engr. University
of Arizona, Tuscon, Ariz.

Haushalter, C. H., Instrumentation Lab., M.I.T.,
Bedford Flight Fac:i‘y, Box 249, Con-
cord, Mass,

Hawes, J. G., 124 Shockey Dr., Huntington,
W. Va,

Hawkins, B. C., Gate 20, Lakewood, Crystal
[.ake, M1

Hayden, J. R., 875 Michigan Ave., Columbus,
Ohio

Hayman, W. M, 43 Stadtmazuer Dr., Clifton,
N. J.

Haynes, H. S., 45 Franklin PL, Montclair, N. J.

Hayward, J. W., R.F.D. 2, Terwood Rd., Hunt-
ington Valley, Pa.

Hazlehurst, E., Powerville Rd., R.D, 2, Boonton,
N. J.

Heasly, C. C., Jr., 1039 N. Monroe St., .\rling:
ton, Va.

Heath, J. W., 1641 First Ave.,, S.E., Cedar
Rapids, Towa

Heaton, H. T., 2141 S. Geddes St., Syracuse 4,
N. Y.

Heckert, R. E., 8638 Belford Ave,, Los Angeles
45, Calif.

Iedges, H. G., 1313 Haslett Rd., Haslett, Mich.

Hefter, M., 1270 Teller Ave., New York 56.
N. Y.

Heick, B. K., 1 Dean Rd., We'lesley Hills, Mass,

(Continued on fage 68A)
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high-power recfifier

PARTIAL DATA — AMPEREX 6339

Filoment Voltage 6.3
Filoment Current 1.55
IN OIL Maximum Ratings
P=ak Inverse Voltage 10,000 16,000 volts
Peak Current 400 250 ma
Average Current 100 65 ma dc
Silicone Oil Coolant Temp. —65°C o +165°C

Typical Ogeration {Thrae-phase, Bridge, Choke Input Filter)
No. of Tubes 6
Peak Inverse Voltage 15,000 volts
Peak Anode Current 195 ma
Avercge Arode Curren’ (per tube) 65 ma de
Output Voltage 14,600 volts dc
Output Current 195 ma d¢
IM AIR Maximum Ratings (sea level)

Without With
Avuxiliary Avuxiliary
Cooler Cooler

Peak Inverse Voltage 12,000 12,000 volts
Peak Current 200 400 ma
Average Current 50 100 ma d¢
Ambient Temperature —55t0 +85 —55 10 + 85°C

Typical Operation (Three-phase, Bridge, Choke Input Filter)
No. of Tubes [} 6
Peak Inverse Voltage 12,00C 12,000 voits
Peak Anode Current 100 200 ma
Average Anode Current Iper tube) 33 67 ma dc
Output Voltage 10,500 10,500 volts dc
Output Current 100 200 ma dc

Only 2” (without lecds} and %" in diameter, the
AMPEREX 6339, a miniaturized, ruggedized version

of the 3B29, operates under more stringent condi-

tions than its prototype. This miniature, high-vacuum,
external-anode, clipper diode and rectifier tube is
designed to be enclosed in a complete liquid-cooled
package, including power supply and pulse modu-
lator components. It may also be operated in air at

reduced ratings, in applications where liquid cooling

is not required.

The AMPEREX 6339 may be
mounted in a standard 60 amp.
fuse clip, as illustrated. For high-
power cperation in air, an
auxiliary cooler which will also
serve as a mount may be used.
Flexible leads terminating in
#6 and #8 lugs are used for
heater and cathode connection.
These allow the tube to be
mounted in an extremely small
space, and the leads may be
brought out to any convenient
terminal strip or stand-off
insulator.

AMPEREX 6339 $35.00 net
See it at your local electronic parts dis-
tributor, or write direct to factory for
detailed data sheets,

RETUBE WITH

ampemx ELECTRONIC CORP.

230 Duffy Ave., Hicksville, L., N. Y.
In Canada: Rogers Majestic Electronics, ttd.
11-19 Brentciiffe Road, Leaside iToronto 17)



Relay Engineering Principles . . . #3

Flap Type Residual Screw Type Residval

The Difference in RESIDUALS

Careful analysis of performance of the various types of
residuals can only result in the selection of the one which
assures long-lived performance without losing its original
adjustment.

ENGINEERS KNOW . . .

... thet the screw type residual with its point type con-
tact eventually hammers a hole into the soft iron pole
piece — reducing air gap.

... that reducing the residual air gap destroys the initial
adjustment of the relay and can under severe conditions
cause the armature to mechanically or magnetically lock
up in @ permanently operated condition.

.. . that screw type residuals require complicated mechani-
cal construction. A lock nut and screw in a tapped hole
are vulnerable to loosening through impact of operation.

I#’s the Flap Type Residual Found on
NORTH Relays . ..

... that distributes the impact of operation between the
armature and pole piece over the entire surface —not on
the tip of a screw.

... made of extremely hard non-magnetic material that
insures long life.

... that provides fixed air gap, stable release and un-
varying adjustment under any critical application.

... that eliminates the necessity of any cdjustment in the
field. We specify residual thickness to fit your requirement.

NORTH
STANDARD
200 TYPE

Flap type residvals are just another of the many critical de-
tails found in the NORTH Relay, shown above, which insure
trouble-free repeat performance.

Detailed specifications available on req

HE NORTH ELECTRI
MANUFACTURING COMPANY

549 South Market Street, Galion, Ohio, U.5.A.

Originators of ALL RELAY Systems of Automatic Switching

(Continued from page 66A4)
Heilprin, L. B., Falls Rd., R.F.D. 2, Rockville,
Md.
Heininger, W. W. L., Rua Anchieta 5, Apt. 1001,
Leme, Rio de Janeiro, Brazil
Hetser, W. W., East Lempster, N. H.
Heit, T. C., 9 Meadowview Dr., Penfield, N. Y.
Helgeson, V. L., 717 E. Henry Clay, Whitefish

Bay, Wis.

Hellerman, ., 334 Mountainview Ave., Syra-
cuse, N. Y.

Helmreich, L. W., 4 Wildwosd La., Kirkwood
22, Mo.

Helsdon, P. B., 7 Trinity Rd., Chelmsford, Es
sex, England

Hemstreet, 1I. S., 76 Highland Awe., Bingham
ton, N. Y.
Henderson, J., General Delivery, Dahlgren, Va.
Hendry, A. J., Northern Paciic Railway Bldg..
Signal Dept., St. Paul 1, Minn,
Henry, R. L., Jr., 415 Wiadser St., Silver
Spring, Md.

Henyan, G. W., General Electric Co., 1 River
Rd., Schenectady, N. Y.

Herdman, T. L., 40F Wickharm Rd., Beckenham,
Kent, England

Herman, H., 1729 Webster St, N.W., Washing-
ton i1, D. C.

Herrera, J. C., 132 Ashcraft Rd.,, New lLondan,
Conn.

Herring, R. A., Jr.,, 4310 Fesenden St., NNW.,,
Washington, D, C.

Herrmann, N. P., 6267 S.W. 12 St., Miami 44,

Fla.

Hersh, J. F., 20 Prescott St., Cambridge 38,
Mass.

Hershfield, L. I.., 1109 Johnsen St., Philadelphia
38, Pa.

Hertsch, D., Physics Lab., 99 Ft. Washington
Ave., New York 32, N. Y.

Hertzberg, A., 11 Walnut St., Baldwin, L. L,
N. Y.

Hertzog, W. K., 4307 S.E. Anthony Wayne Dr.,
Ft. Wayne, Ind.

Hess, D. (., 4425 Oakwood Ave., Downers
Grove, Il

Hess, . N., 1243 Rose Vista Ct., St. PPaul 8,
Minn.

1lesse, A. N., 90 Salisbury Ave., Garden City.
L.1,N. Y.

Hewson, K. D., Rt. 3, Box 136, l.arned, Kans.

Hexen, J., 911 Glenmoor La., Glendale 22, Mo.

Hicks, J. M., Naesu Field Enzr., COMAIRPAC,
Box 1270, Naval Air Station, San Diego,
Calif.

Hilbourn, C. L., 302 Van Sant Dr., Palmyra,
N. J.

Hildebrand, J. G., Jr., 45 Brighton St., Box 176.
Belmont, Mass.

Hill, D. R., 285 Memorial Dr., Hawthorne, N. Y.

Hillier, R. J., Cable & Wireless Ltd., Porthcurno,
Cornwall, England

Hills, C. E., Jr., Love Lane. Weston 93, Mass.

Hiltner, E. B., 47 Rector P, Red Bank, N. I.

Himmelstein, S., 1021 Arlington Blvd., Arling
ton 9, Va,

Ilinchey, R. L., Sperry Gyroscope Co., Great
Neck, .. 1., N. Y.

Hineline, H. D., 425 Rich Ave., Mt. Vernon,
N. Y.

Hinrichs, J. H., 2711 Sunland Vista, Tucson,
Ariz,

Hintz, R. T., 8920 T’ark Laae, 5., Woodhaven,
LI, N Y.

Hirsch, J. D., 53 Darling Ave.. New Rochelle,
N. Y.

Hixson, E. L., Dept. of Elec. Engr., University
of Texas, Austin, Tex.

Hlavaty, E. M., 301 Edge Ave., Valparaiso, Fla.

Hobbs, L. C., Apt. 7A-Parkway Apts., Haddon-
field, N, J.

Hobbs, R. V., R.F.D. 2, Frinklin, Tenn.

Hodder, W. K., 7920 Blerio: Ave., Los Angelks
45, Calif.

(Continued on page 70A4)
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When you need a stable capacitor...

Soecty RMC 1y 1 DISCAPS

Type JL

The ideal cost-saving replacement for paper or general
purpose mica capacitors, Type JL DISCAPS, afford
exceptional stability over an extended temperature
range. Maximum capacity change between —60° and
110° C is only +7.5% of capacity at 25° C. Standard
working voltage is 1000 V.D.C. providing a high voltage
safety factor. Type JL DISCAPS are manufactured in
capacities between 220 MMF and 5000 MMF.

In addition to the advantages of longer life, depend-
ability, and lower initial cost. their smaller size and
greater mechanical strength provide additional econ-
omies in assembly line operations.

Wedg-loc

Type JL stable-capacity DISCAPS, as well as tempera-
ture compensating and by-pass types, are available with
RMC “Wedg-loc” leads for printed circuit assemblies.
The exclusive design of these leads lock securely in
place on printed circuits . . . the capacitors cannot fall
out and a uniform soldered connection is assured.
Manufactured in capacities between 2 MMF and
20,000 MMF, “Wedg-loc’” DISCAPS have the same
electrical specifications and tolerances as standard wire
lead DISCAPS. Suggested hole size is a .062 square.

[ ]

Plug=-in

To simplify production line problems on printed circuits
Type JL DISCAPS, temperature compensating and
by-pass ‘ypes, are available with plug in leads. These
leads are No. 20 tinned copper (.032 diameter) and are
available up to 12" in length. Plug-in DISCAPS will
provide worthwhile savings on printed circuit assem-
blies and include all of the electrical and mechanical
features that have made standard DISCAPS a favorite
with leading television and electronic manufacturers.

Werite today on your company letterhead for expert engineering help
on any capccitor problem.

DISCAP
CERAMIC
CAPACITORS

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

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.
\ - Two RMC Plants Devoted Exclusively to Ceramic Capacitors

P'ROCEEDINTG S OF THE IRE September, 1953 0O
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Square Wave

®

9

iy

.
——

NEW!

RADIO F

REQUENCY

POWER METER

PM-19

S FULL METER SCALES FROM 1V, TO
120 WATTS

FREQUENCY RANGE .01 ta 500 MEGACYCLES.

{Can Be Calibrated at 60 cps.)

b ! S
- = e Self-cooled.
® Accuracy *+59,.
WRITE TODAY :
FOR COMPLETE N
INFORMATION
[ ]

or DC.

Input Connector Type N.
Input Impedance 52 ohms.

Meter Ranges: 0 to 1!/3, 0 to 6, 0 to 15, 0 to
60, 0 to 120 watts.

Input Power 115 Volts 60 cps or 6 Volts AC

ELECTRO IMPULSE Laboratory

208 River Street L4

Red Bank, New Jersey L4

Phane: Redbank 6-0404

Genercator

MODEL 183. This high-quality precision instru-
ment provides square waves for testing the
transient and frequency response of wide
band amplifiers, and for accurately measur-
ing their cmplitude.

It features an output impedance of 100
ohms at a terminal box at end of 3'-cable;
frequency rcnge of 10 ¢ps to 1 me continu-
ously variable over decade steps; rise time
of 0.02 microseconds at the low impedance
output,

Werite for catalog

70A

MINIATURIZE

-

Available in
7 stock sizes
covering range
of 40 microhen- INDUSTRIAL
ries to .5 henry. DIVISION

Other values to Dept. 1.9

I specification.

NEW
INS

82 Union Street
New London 4, Conn,

LONDON
RUMENT

]”P,a.ﬂv INC.

=

with

STOCK SIZE

WRITE for full line catalog:

WACTRONIC,

Supgrve
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“ VARIABLE INDUCTANGES

HIGH INDUCTANCE RATIO—a series of vari-
able inductances with a range as high as 10 to 1
within physical dimensions not considered possible
until the introduction of the Ferrite Core.

successor to Grayburne
Conp.

4 Radford PL, Yonkers, N.Y

|

_. Membership

(Continued from page 68A4)

Hodge, A. H., Ballistic Research Lah., Aberdeen
Proving Ground, Md.

Hodgkinson, W. S., Fox Meuadow La., Wayland,
Mass.

Hoffinan, H. L., 804 Newb-idge Ave,, Westhury,
L. L, N. Y.

Hogie, W. 1., Astoria, S. L.

Hogin, P. E., 100 Central Ave., Kearny, N. J.

Hogle, R. C., 9294 Quandt, Allen Park 10, Mich.

Hole, W. G., 1109 Twinlrook Dr., Webster
Groves 19, Mo.

Hollander, J. M., 140 W, B6 St., New York 24,
N. Y.

Hollister, 1). (i., 16 Texas Ct., Syosset, .. I.,
N. Y.

Ilolmes, J. 8., 200 E, Waklnut S:., Kokomo, Ind.

Holmes, W. ., c/o Officers Mess, RCAF, Tren
ton, Ont., Canada

Holroyd, W. H., 5 Roycrest Ave., W., Willow-
dale, Ont., Canada

Hom, R. N. G., 1689 Massachusetts Ave., Camn
bridge 38, Mass.

Honda, H., 3703 Powelton Ave., Philadelphia 4,
Pa.

Iood, C. R., Teiner Engr. Corp., 115 Madison
St., Malden, Mass.

Hooper, J. R., Jr., 1606 Compton Rd., Cleveland
Hgts., Ohio

Hooper, J. S., 1936 Hubbard Ave., Salt Lake
City 5, Utah

Hoover, W. G., 586 Foothill Rd., Stanford Uni-
versity, Stanford, Calif.

Hopkins, R. C., 6856 Calvin Ave., Reseda, Calif.

Horner, R, G., 1721 Hudson Blvd., N. Bergen,

N. T

Horniman, N,
Mich,

Horrocks, S. W., Aerovox Corp., 700 Belleville
Ave., New Bedfo-d. Mass.

Horseman, T. E., 2615 S£.F. Salmon St., Port-
land 15, Ore.

Houghton, H. V., Jr., 7 Wynnewood Rd., Living

ston, N. J.

C. H., Elee, Enmgr. Dent.,

Wright-Patterson AFB, Ohio

House, H. J., 129 Magnolia Dr., Levittown, Pa.

Houseworth, G. ., 16 Walden Ave., Jericho.
L.I,N Y.

Howard, E. (i, Inspector of
Camden, N, J.

Howes, D. E., Worcester Polytechnic Institute,
Worzester, Mass,

Howes, E. T., 1590 Linda Vists Ave., Pasadena
3, Calif.

Hoyt, W. A,, 1316 }efferron, Quincy, TIL

Hubbard, B. L., 28 Glover Ave., Haddonfield,
N. J.

Huber, ., 500 S. Higland, Dearborn 7, Mich.

Hudson, A. E., 2559 Kimgston Rd., Cleveland
Hgts, Ohio )

Huebscher, 1., 152:32 Melbhourne Ave., Flush-
ing, L.I., N. Y.

Hufford, G., 404 B. Deverzux Ave., Princeton,
N. T

Huggins, [.. 1., 1800 Morsow, Austin, Tex.

Hughes, K. E., 4808 Bergenline Ave., Union
City, N. J.

Hull, R. E,, 30 Joyce Rd., Temafly, N. J.

Hummel, C. F., 6610 Hillandale Rd.,
Chase, Md.

Humphrey, A. J., 340 Dalwood Dr., Cleveland
10, Ohio

Humphrey, H. C., 99 Duarand Rd., Maplewood,
N. 7J.

Hundstad, C. E., 115 Orchard Dr., E., North
Syracuse, N, Y.

Hunkins, H. R., 27 College Ave., Upper Mont-
clair, N. J.

Hunt, R. A,, Clinton & Bowen Rd., Elina, N. Y.

Hurd, P. A., 521 Timberland St., Smyrna, Ga.

Hurford, W. L., 301 Lees Ave., Collingswood,
N. J.

(Continued orn page 72.4)

I.., 720 Jennings Ave., Petoskey,

Houpis, USAFIT,

Naval Mauteriel,

J

Chevy

September, 1955



OHMITE

AMRE@@N®ReIays

HIGH QUALITY, GENERAL-PURPOSE
RELAYS FEATURING COMPACTNESS,
DEPENDABILITY AND LONG LIFE!

hermetically
sealed or
dust-protective

enclosures

b1 TYPES

available from

STOCK

Current ratings up to 25 amp, AC or DC

When vou want the utmost in relay dependability.
investigate the Amrecon line. Amrecon relays are
designed. produced, and tested in the new, air-
conditioned Ohmite plant.

These ruggedly built relays bave the ability o
handle power loals usually requiring larger. heavier
units. They are built to meet rigorous aircraft relay
standards. and are particularly adapted to mobile
equipment where severe shock and vibration are
encountered

Amrecon relays are available with screw. plug,
or solder-wire terminals: in a variety of contact
arrangements: with hermetically sealed or dust-
protective enclosures. Order from the 61 siock
tvpes. or let Amrecon’s engineers help you work
out special relay applications.

OrlJAlTE

MANUFACTURING COMPANY
3617 ‘Roward 51, Skokie, Hlinois (Surburb of Chicago)

Catalog B-10

AMRECON

RELAYS
) a e,
%{»,.4’" X
Ay



lete line of
/(//’CMW Components

l

From Magnetron Through Antenna
Designed and Produced

by /P2 P 200 |

h N
Whether it is “Standard” plumbing or de- *
signing an entirely new waveguide system, % b
Airtrons complete facilities can substantially
reduce the time and expense between concept
and reality. Here are just a few examples: //

FLEXIBLE WAVEGUIDE ASSEMBLIES. Flexible
double ridge waveguide for airborne commercial
weather radar. Beryllium copper flexible in con-
volute or type S construction. Waveguide sizes
from Ka-Band to 9.750” x 4.875" I.D. in standard
lengths or preformed to your installation.

ROTARY JOINTS. Waveguide rotary joints of
the coaxial or circular waveguide type in many
frequency ranges designed for high power VSWR
performance. Produced in volume to your speci-
fications or designed to meet requirements.

WAVEGUIDE SWITCHES. For frequent, rapid
switching to or from noise sources, signal genera-
tors, dummy loads, ete. Reversing switches for
dual channel systems in GCA or microwave relay
radars. Low VSWR, excellent crosstalk character-
istics, and high peak power performance. Switch-
ing tees, ferrite switches and other special designs.

PRECISION CAST BALANCED MIXERS. Low
noise figures over a broad bandwidth are achieved
by compact balanced mixer design and use of lat-
est type crystals. Equipped with coaxial or wave-
guide crystal mounts for frequencies up to 40,000
me. Standard and special types available. Mixer-
Preamp packages designed to meet your require-
ments.

~o.
o

ANTENNAS AND ASSOCIATED COMPONENTS.
Horn antennas and feeds for fire control, counter-
measure, guided missile, navigational or weather
radars. Designed to your specifications and pro-
duced in the Airtron precision casting foundry.
Complete with rotary joints, flexible sections and
associated waveguide assemblies.

OTHER AIRTRON PRODUCTS

Twists, Magnetron Transitions ® RF aond Pressure Contact Flanges and Gaskets ¢
Quick Disconnects ® RF Pressure Windews ©  Short-Slot Hybrids ® Antenna
Components @ Test Horns ®  Dummy loads ¢ Jet Engine Power Cables
and Thermocouples ® Waveguide Bending and Twisting To Your Specifications.
NEW PRODUCT DEVELOPMENT PROGRAM
Including such MICROWAVE FERRITE COMPONENTS as duplexers, waveguide
switches, high and low power load isolators, varioble obsorption attenvators and
other special ferrite devices.

Y Branch Offices: Albuquerque * Boston ®
INC. Chicago * Dallas * Dayton ® Detroit * Kansa's

lCivy e london * Llos Angeles ® Montreal *

Y Dept.[d
Linden, N, J.

Renfrew * San Francisco ® Seditle * Toronto
* Washington
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Hurley, I, C., 7016 Broadway, Indianapolis 20,
Ind.

Hurney, P. A., Jr., 10 Flintlock Rd., Lexington.
Mass.

Muster, 1.. W., 271 Chesterfield Cir., Dayton 3,
Qhio

Hutchinson, N. D., 9991 Chirenw St., Dallas 20,
Tex.

Hutchinson, R. W., 23201 Sherman Ave., Oak
Park 37, Mich.

Hutson, L. 8., 232 Hart St., Brooklyn. N Y.

Hutter, E. C., Box 468, Princeton, N. .

lHyne, A, 1., Box 429, Beimont, Calif.

Miman, R. W., 12258 Second Ave., N.W., Seat
tle 77, Wash.

Ingerson, W. E., 5012 Tin:berwolf Dr., Kl Paso.
Tex.

Ingling, T. M., 1643 Oak Lawn PL, Biloxi, Miss.

Innes, F. ‘I, R.D. 1, Malvern, Pa,

Inslerman, H. E.. 375 Westwaod Ave., lLong
Branch, N. J.

Trwin, Emmett M., 2179 Lorain Rd., San Marine
9, Calif.

Ishii, F. K., 620 Deodar Ave., Oxnard, Calif.

Tachym, T. M., R.D, 1, Ballston Lake, N. Y.

Tackson, J. E., Rt. 1, Philpot, Ky.

facobs, G. B., R.F.D. 2, Schoharie, N, Y.

Jacobson, E. R., 446 Norten Pkwy., New Haven
11, Conn.

facobson, L., 3 Belleval Rd., Darien, Conn.

lacobson, N., 27 Virginia St.. Valley Stream,
I.I,N. Y.

laeger, M.. 508 E. Bloomfield St., Rome, N. Y.

Tagoe, R. W., 27 Greenvale Lane, Syosset, .. L
N. Y.

fames, E.. 4833 W. 136th St., Hawthorne, Calif.

fames, G. E., 10 Fernald Dr., (ambridge 38,
Mass.

James, W. B., 2111 Taft St, Houston 6, Tex.

Jamieson, F. C., London Keds. of Canada, Ltd.,
736 Wellington St., Montreal, Que.,
Canada

Tamison, J. W., Jr., 4136 8. Bronson, Los An.
geles 8, Calif.

Tanes, A. W., 12 Overlook Rd., Caldwell, N. 1.

Jans, J. T., R.D. 1, Senecca Falls, N. Y.

Jansen, J. J., Bell Tele. Labs., Murray Hill.
N. L.

JTarema, E. D., 409 Fourth Ave, Behnar, N. L.

Tayne, A, W., 104 Holden Green, Cambridge
38, Mass.

Jean, R. P., 6004 Suwanee Ave., Tampa 4, Fla

Jednacz, J. E., 1608 Walnut Si., Phila, 3, Pa

Jeffers, G. N., R.R. 2. New Catlisle, Ohio

Jelatis, D. G., Central Research l.abs., Red Wing,
Minn.

Jenkins, R. L., 604 Meadow Dr.. Kokomo, Ind.

Jesse, E., 216 Ridge Vista, San Jose 27, Calif.

Joehlin, N. C., 1350 Harisough St., Plymouth,
Mich.

Tohler, J. R., 5410 Independence, Arvada, Colo.

Johnson, C. A, 1536 T St, Archorage, Alaska

Johnson, C. E., 837 N. Reese P, Burbank, Calif.

Johnson, E, F., Waseca, Minn,

Johnsen, G. D., Jr., 97 Cenover PL, Red Bank,
N. T

Tohnson, I, Jr., 707 W. Monroe Ave., Green
wood, Miss.

Johnson, J. S., 7541 Midfield Ave., Los Angeles
45, Calif.

Johnson, J. 1L, Johnson & Hoffmun Mfg. Co..
31 E. 2 St., Mineola, I.. I, N, Y.

Johnson, M. 8., 405 K. Church St.,, Champaign.

.

Johnson, R. E., 313 La Sierra Dr.. Arcadia,
Calif,

Johnson, R. D., 15625 Hart St., Van Nuys, ( alif.

Johnson. W. (., 124 S, Cumberland Ave., Park
Ridge, L

Jolnston, E. L... Box 0908, Congress Hghts, Sta.,
Nichols Ave., Wash, 20, D. C.

Tohmston. J. l.., 223 W. Park, Dittshurg, Kans

(Continued on page 76A4)
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A Stackpole Ceramagnet ring 34" in
thick forms the

“heart’’ of this efficient, magnetic fo-

diometer by 4"

cusing wnit produced by Glaser-Steers
Corpornation, Belleville, N. J. The en-
tire unit weighs less than 13 ounces.
Quick, accurate focusing is ob-
tained with simplified gear ar-

rangement.

September, 1955

ality...

TO GET MORE
at LESS COST!

FROM A COST STANDPOINT, magnetic focusing
of television picture tubes paves the way to impor-
tant cost savings by comparison with electrostatic
tube focusing methods. In actual instances, material
savings alone have run from 50c to $1.

FROM A DESIGN STANDPOINT, magnetic focus-
ing lends itself well to the trend toward increased
second anode voltages.

FROM A PRODUCTION STANDPOINT, the pre-
dictable higher quality of magnetic tubes reduces
incoming inspection costs. Factory focusing of sets
is done in less time with less skilled labor.

FROM A PERFORMANCE STANDPOINT, mag-
netic focusing quality is generally superior, more
stable, and more effective over the entire face of
large tubes. Focusing is less affected by voltage
changes. When tube replacement becomes necessary,
servicing adjustment is a relatively simple matter.
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NEW HIGH STANDARDS Of
CAMERA-TUBE PRODUCTION

Extreme delicacy in processing
parts for G-E camera tubes is
shown as this glass technician fab-
ricates an image-orthicon target.
The glass bubble she holds is only
1/10,000 ingh thick. After cutting
out a small section, she seals this
carefully to a metal ring. Any slip
or other false movement would
completely ruin the fragile target.

it
[

R i asiss

il

Without aid from magnifi-
cation, thehumaneye cannot
see the openings (250,000
to a square inch) in this
copper mesh fora G-Eimage
orthicon—shown here being

18-inch offset screwdrivers are used
to tighten the set-screws holding
target and mesh assembly in place

welded to its ring. Note Target and mesh are assembled, then riveted to- in the camera tube. Skill, care, and
the rubber finger cots usgd gether with a spacing of 1/500 inch, to form a link time are needed to complete the
by the Gener?.l Electrl.c between optical image and electrical signal. A single delicate operation. Again, dust and
wor'ker, to ?‘de contaml-  Jygt particle could mar tube performance; so before lint are barred. An important step
nating the silk-fine mesh! work starts, these G-E specialists sit quietly for ten toward cleanliness, is the lint-free

minutes, to permit any dust to settle that may Nylon garments worn by all per-

remain in the air after filtering and conditioning. sons in the G-E camera-tube area.



CRAFTSMANSHIP FEATURE
BY GENERAL ELECTRIC!

To include image orthicons, vidicons, other commercial and military types.

G.E.’s entry into camera-tube manufacture is a
project of major proportions. Extensive facilities
and advanced equipment have been acquired; im-
pressive engineering and technical skills have been
assembled ; workers have been exhaustively trained.

The purpose is high-quality, long-life camera
tubes of all types—from TV image orthicons, now
in full G-E production, to vidicons and other *‘see-
ing” tubes for commercial and military uses.

How improved performance is built into G-E
camera tubes, these pictures show in part. Every
operation described is rivalled by numerous others
that call for the same or greater precision.

You are invited to familiarize yourself with G-E
camera-tube manufacture, by written request for
information. Problems involving camera tubes to
meet your special design needs, will be welcomed.
Tube Dept., General Electric Co., Schenectady 5, N.Y .

o

Powerful lenses aid trained hands. In build-
ing G-E camera tubes, numerous precision
operations call for the aid of microscopes.
Here a micro-drill operator drills a 1/500-
inch hole—less than the diameter of a hair
—for the beam-limiting aperture in the
first dynode of a G-E image orthicon tube.

Final testing of a G-E image orthicon uses actual performance as the
yardstick. Instrumentation supplements the verdict of the inspector’s
critical eyes. Life tests, under the most unfavorable conditions, also
are regularly conducted by General Electric, to increase the service
life and improve the performance of all G-E camera tubes . . . Above:
a G-E image orthicon—Type GL-5820—ready for the TV camera.

P'ogress ls Ouvr Most Important Product

GENERAL @3 ELECTRIC



Engineer using BURROUGHS PULSE UNITS
loses no time designing test equipment

by block diagram how to connect his Burmughs Pulse Units.

1 FAST SET-UP. Engineer draws pulse sequence, then determines
v Usually this can be done in a matter of minutes,

time designing test equipment, he can spend his full time on the

2 JOB COMPLETED. No time iost. Because engineer spends no
* real problem. This means he can do more, accomplish more.

f .__.l____L _L
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determines the block diagram needed to produce the next pulse
sequence and sets up his Burroughs Pulse Units. He shifts quickly
from one assigrment to the next—saving considerable time other-
wise needed to design and build special test equipment.

3 NEXT ASSIGNMENT. Without losing time, engineer simply
[ ]

GET THE FACTS

Learn how you can make your time worth more. Burroughs
Pulse Units save weeks of engineering, uncertainty, and consid-
erable equipment cost. Can be used over and over again on
different future projects. Immediate delivery from stock. Write
for detailed brochure. Burroughs Corporation, Electronic Instruments
Division, Dept. 11-J, 1209 Vine St., Phila. 7, Pa.

ELECTRONIC INSTRUMENTS DIVISION

FIRST IN PULSE HANDLING EQUIPMENT [

(Continued from page 724)

lones, D. H., 2405 Sorrell St., Pittsburgh 12, Pa.

Jones, E. A., 2827—7 St., Cuyahoga Falls, Ohio

Jones, F. W,, 140 New Mortgomery St., San
Francisco 5, Calif.

Jones, G. E., Jr., Univ. of Pittsburgh, Ditts-
burgh 13, Pa.

Jones, H. L., Jr., 415 Summers Dr., Alexandria
4, Va.

Jones, K. N., 13213 Leibacker Ave., Norwulk,
Calif.

Jones, L. S., 269 Maple Dr., Sharon, I’a.

Jones, M. C.,, M. C. Jores Elec. Co., 18> N.
Main, Bristol, Conn.

Jones, M. N., 4711 E, 36 St., Indianapolis, Ind.

Jones, R. C,, Jr., 2604 N. Roosevelt St., Arling-
ton 7, Va.

Jones, W. T., Box 3125, MCLI, USAYIT,
Wright-Patterson AFB, Ohio

Jordan, H. G., Bell Tele. Lubs., Murray Hill,
N. J.

Jorgensen, B., Ilybenvej 55, Virum, Denmark

Joseph, D., Moore School, 33rd & Walnut St..,
Philadelphia, Pa.

Joss, E, T., 215 Jefferson 3t., Huntington, 1.. 1.,
N. Y.

Juanillo, J. J., 50 Cayuga Dr., Peekskill, N. Y.

Judson, H. H., Jr., 2006—14 Ave,, N., Seattlc 2,
Wash,

Jurek, W. M., 7913 Ambherst St., Dallas 25, Tex

Justice, L. E., 2462 S. Barrington Ave., l.os
Angeles 64, Calif.

Justman, S., 3-D Crescent Rd., Greenbelt, Md.

Juviler, I'. H., 441 West End Ave., N. Y. 24,
N. Y.

Kaar, J. M., 6 Robert S. Dr., Menlo Pk., Calif.

Kabell, J., 3633 S. Court, Palo Alto, Calif.

Kadow, A, C., Kadow Acoustic Devices, Elgin,
I,

Kalakowsky, C. B., 55 Cragie St., Somerville,
Mass.

Kalman, J., 5240 N. Sheridan Rd., Chicage 40,
1.

Kaminoff, M., 1111—33 Ave., N. Seattle 2,
Wash.

Kampinsky, A., 1200 D. St., Belmar, N. }.

Kane, J. R., 238 N. Pine St., Apt. 212, Chicugo
44, II1.

Kang, Y. O., 343 Iolani Ave., Honolulu, T. H.

Kannenstine, F. M., 1922 W, Gray, Houston 19,

Tex.

Kant, M., 2090 Barnes Ave.,, Apt. 3H, Bron:
62, N. Y.

Kanter, J. 1., 1517 Paula Dr., Silver Spring,
Md.

Kaplan, M. N., 4045 Loma Alta Dr., San Diego
15, Calif.

Kardauskas, E., 24 E. Price St., Linden, N. J.

Karl, D. R., 5348 Blanco Way, Culver City,
Calif. .

Karmiol, Edwin D., 2065 Creston Ave., New
York 53, N. Y.

Karr, P. R., 5903 Beech Dr., Bethesda, Md.

Kasdorf, G. R., 15725 Brentwood Dr., Rt. 12,
Milwaukee 10, Wis.

Kaserman, F. S., 111 Carlisle Way, Norfolk 5,

Va.

Kassner, M. H.,, 4387 Erascliffe, Montreal, Que.,
Canada

Katahara, C., 183 Ku Dr., Wailukum Maui,
Hawaii

Katz, S., Fort Plains Rd., R.D. 4, Freehold,
N. J.

Kaylor, R. L., ¢/o Bell Tele, Labs., New York
14, N. Y.

Kazda, l.. F., University of Miechigan, Ann Ar-
bor, Mich,

Kearney, H. B., Jr.,, 958 Washington, Ave.,
Tyrone, Pa.

Kearny, Donald, H., 66-10 Grand Central Pkwy.,
Forest Hills, L. 1., N. Y.

Keary, H. F., 412 N. Bend Rd., Baltimore 29,
Md.

(Continued on page 784)
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Output vs. Input Voltage

18 _ -
[—_ [ [
! . |
A. Raytheon Voltage Stabilizer—No Load (Cold)
117 B. Raytheon Voltage Stabilizer—No Load (Hot)
C. Raytheon Voltage Stabilizer—Full Load (Cold)
D. Raytheon Voltage Stabilizer—Full Load (Hot)

116

OUTPUT VOLTS (RMS)
-3 -

114’_ I — -

113 | 1 PN 1 ]
90 109 110 120 130 140

INPUT VOLTS (RMS)

Why Raytheon Voltage Stabilizers
mean satisfied customers for you

When you incorporate a Raytheon Voltage Stabilizer in your
equipment, yvou help assure complete customer satisfaction—
for these important reasons:

1. Your equipment will operate as it was designed to, regard-
less of voltage variations of your customers’ electrical
source.

2. Since most components have maximum life when operating
at their designed voltage, a Raytheon Voltage Stabilizer
prolongs the life of components—and your equipment. A
plus feature is provided by the short-circuit protection
inherent in Raytheon Voltage Stabilizers.

3. Because Raytheon Voltage Stabilizers are superior to any
other static type stabilizer under virtually all operating
conditions, your equipment will work better and longer—
characteristics your customers really appreciate.

For full information see your electronic supply house
or write Dept. 6120

RAYTHEON MANUFACTURING COMPANY

Check these important
points of Raytheon
Voltage Stabilizer superiority

Raytheon Model VR-6113 (120
watts) chosen at random and com-
pared with a similarly rated com-
petitive model.

@ Guaranteed to deliver accurate
AC voltage within =% 9% (com-
petitive model 1%)

@ 149, lighter, 229, smaller

@ Three times more accurate no-
load to full-load regulation

® 179% less change in voltage output
as frequency varies

@ 28¢% closer regulation as tempera-
ture changes

Equipment Marketing Division, waitham 54, Mass.

PROCEEDINGS OF THE IRE September, 1955
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\_ for service and [ab, work

Weathtit ' B

PRINTED CIRCUIT

OSCILLOSCOPE KIT

FOR COLOR TV!

l Check the outstanding engineering design of \
this modern printed circuit Scope. Designed
for color TV work, ideal for critical Laboratory ap-
plications. Frequency response essentially flat from
5 cycles to 5 Mc down only 114 db at 3.58 Mc (TV
color burst sync frequency). Down only 5 db at 5
Mc. New sweep generator 20-500,000 cycles, 5
simes the range usually offered. Will sync wave form

display up to 5 Mc and better. Printed circuit boards )

stabilize performance specifications and cut assembly - [ 3 =a

time in half. Formerly available only in costly Lab
_-'~ 49 e

N ol shoo. .
o9 " 16 Ibs.

N,
type Scope. Features horizontal trace expansion for \\§
observation of pulse detail — retrace blanking am-
plifier — voltage regulated power supply — 3 step
frequeacy compensated vertical input— low ca- l
pacity nylon bushings on panel terminals — plus a Qk

)

host of other fine features. Combines peak perform-
ance and fine engineering features with low kit cost!

Heathbit TV
SWEEP GENERATOR KIT

ELECTRONIC SWEEP SYSTEM ~ : -

A new Heathkit sweep generator covering all / /
frequencies encountered in TV service work f

(color or monochrome). FM frequencies too! 4 Mc¢

—- 220 Mc on fundamentals, harmonics up to 880

Mc. Smoothly controllable all-electronic sweep sys-
tem. Nothing mechanical to vibrate or wear out. A SUBSIDER?OT AP AN YN
Crysaal controlled 4.5 Mc fixed marker and separate DAYSTROM, INC.

variable marker 19-60 Mc on fundamentals and 57- BENTON HARBOR 4, Mlcu' i

180 Mc on calibrated harmonics. Plug-in crystal in-
cluded. Blanking and phasing controls — automatic | WRITE FOR FREE CATALOG
constaat amplitude output circuit — efficient atten. |

ustion — maximum RF output well over .1 volt — ::-COMPLETE INFORMATION ol
vastly improved linearity. Easily your best buy in > r————

fweep generators.

Dnerneaced Tnswlation
BETTER CONNECTIONS

JONES BARRIER
TERMINAL STRIPS

Leakage path is increased —direct shorts from frayed
terminal wires prevented by bakelite barriers placed
between terminals. Binder screws and terminals brass,
nickel-plated. Insulation, black molded bakelite. Finest
construction. Add much to equipment's effect.

No, 2.142

Jones Means Proven Quality

No, 2-142.Y

Hlustrated: Screw Terminals—Screw and Solder Terminals—Screw Terminal above Panel
with Solder Terminal below. Every type of connection.

Six series meet every requirement: No. 140, 5-40 screws; No. 141, 6-32 screws; No.
142, 8-32 screws; No. 150, 10-32 screws; No. 151, 12-32 screws; No. 152, /4-28 screws.

Catalog No. 20 lists complete line of Barrier Strips, and other Jones Electrical Con-
necting Devices. Send for your copy.

HowARD B. JONES DIVISION®

CINCH MANUFACTURING CORPORATION

CHICAGO 24, ILLINOIS
SUBSIDIARY OF UNITED-CARR FASTENER CORP.

(2 Membership

(Cuntinued from tage 764)

Keigher, B. J., 103 Garden Rd., Red Bank 20,
N. J.

Keim, D. Y., 145 Chestout S, Garden City,
L.I,N. Y.

Keith, Walter S., 47-45—43 St., Woodside, I.. I.,
N. Y.

| Keithley, R. D., 4437 Spatz Ave., Ft. Wayne,.

Ind.
Kell, R. E., 4455 Genesee St., Luffalo 21, N. Y.
Kelleher, R. L., 66 Wickey Ave., Westbury,.

L.I,N. Y.

Keller, J. E., 3191 Acalanes Ave., Lafayette..
Calif.

Kellerman, D., 206-16—35 Ave, Bayside, I.. L.,
N. Y.

Kelley, G. G., Rt., 3, Kingston, Tenn.

| Kelley, J. J., Oak Pl, Ayrlawn, Bethesda, Md

Kelley, L. A., 3438—87 St., Jackson Hghts.,
L. I, N. Y.

Kelly, H. P., 988 Valley Rd., Watchburg, Plain
field, N. J.

Kelly, R. S., 120—25 St., Hermosa Beach, Calif.

Kelly, V., 99-1215 Aiea Hghts., Dr., Aiea,

Hawaii

Kelvin, William, 120 Hilldale Rd., Albertson,
L.I,N. Y.

Kenny, J. A., 27 Lion Lane, Westbury, L.I.,
N. Y.

Kent, J. S., 3332 Buchanan St., Mt. Rainicr,
Md,

Kenyon, F. R., 803 S. Virginia Ave., Marion,
.

Keppel, R. A., 7315 McCool Ave., l.os Angeles
45, Calif.

Kerby, G. A., 14 Dimitri Pl., Larchmont, N. Y.

Kessler, G. W., 2918 Windermere Rd., Schenec
tady, N. Y.

Kessler, S., 4705 Kansas Ave., N.W., Washing-
ton 11, D. C.

Kidd, Deane E., Box 197, Oceanport, N. J.

Kidd, G. B., 24 S. Cherrywood Ave., Dayton 3,
Ohio

Killion, R. H., 507 Salt Springs Rd., Syracuse,
N. Y.

Kim, Y. S., 121 Montfort St., Apt. 12A, DBoston
15, Mass.

Kime, Joseph M., 471 Greenwood Ave., Akron
20, Ohio

King, A. D., 142 Main St., Northampton, Mass.

King, A. M., 2901 Erie St., S.E., Washington

20, D. C.

King, R. E., 122—A Haddon Hills, Haddonfield.
N. J.

Kirkland, R. E., 6 Hawthorne St.,, Belmont 77,
Mass.

Kissel, M. M., Rt. 1, Mansfield, Ohio

Kiver, M. S., 900 Fairview Rd., Highland Pk.,
1.

Klamm, C. F., Jr., U.S. Naval Postgrad School,
Monterey, Calif.

Kleason, D. B., 580 S. Snelling Ave., Apt. 2.,
St. Paul 5, Mian,

Klein, M. M., 50 Cromwell P1., Sea Cliff, L. 1.,
N. Y.

Klein, S., 6468 Milton St., Philadelphia 19, Pa.

Klima, W. M., 6209 Wedgewood Rd., Bethesda,
Washington 14, D. C.

Kiine, A., 179 Ocean Pxwy., Brooklyn 18, N. Y.

Klinke, E. R., 1161 Greenhills Rd., Sacramnento,
Calif.

Kloga, P. J., 1533 N. Keating Ave., Chicago 51,
In.

Klug, S. H., 55 Hanson Pl,, Box 1165, Brooklyn
17, N. Y.

Knaul, J. E., Apt. 6, 10626 Wilshire Blvd., T.os
Angeles 24, Calif.

Knight, H. M., 264 I’'ark Ave., Arlington 74,
Mass,

Knight, S. 1., Jr., 3040 E, Exposition Ave., Den-
ver 9, Colo.

Knitel, Erich J. M., 2120 Prieur St., E., Mon
treal 12, P. Q., Canada

(Continued om page 80A4)
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leadership in semi-conductors
from

‘Transtieon

SILICON GERMANIUM

Teangilron Trangitron
SILICON POWER SUBMINIATURE GLASS
RECTIFIERS GERMANIUM DIODES

for J for
Bulletn § v Bulletin
TZ1321 i { TE-1319

Send #‘ Send

Trangitron Trangitron
MEDIUM POWER —ﬂ GOLD BONDED GERMANIUM
SILICON RECTIFIERS DIODES
Send Send
for \ All Transitror semi-conduc- for
Builetin) o ﬁ tors are produced to the most Bulletin
TE-1321 D rigid military and commercial TE-1300
; Trangitron specifications to assure long : Trangilron
| life and complete reliability.
] HIGH POWER They provide the trouble-free, MATCHED
b SILICON RECTIFIERS dependable performance that QUADS
j is 50 essential in modern com-
e \ lex electronic equipment SEI
for t < ' P e f‘ for
Bulletin < | Whether your requirements W Bulletin
TE-1321 C are for Germanium or Silicon, TE-1310
the solution can be found in
Trangitron Transitron’s diversified line Trangitron
of semi-conductors. A wide
SILICON BONDED variety of standard types, AUDIO
DIODES along with over 300 special TRANSISTORS
preg.,. are avialliable. Your -—
Send ! inquiries are invited. qg Send
o | IS
Bulletin : ! Bulletin
TE-1308 - TE-1320
Trangitron Trangitron
SILICON JUNCTION POWER n
DIOCES TRANSISTORS
Senc q . Send
for for
Bulletin Bulletin
TE-1322 TE-1320 C

o

Tra n,it'gon electronic corporation

melrose 76, massachusetts
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SINCE 1915 LEADERS IN AUTOMATIC CONTROL

PLOTTER MECHANISM

POTENTIOMETERS
wee . E-W
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©— | O !
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1 1
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! |
NETWORK BOXES “1 4 N-S -
HANDCRANKS  TRANSFER SERVO LES 00093070000000C [ 000800000050

SWITCH
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Continuous Distance and
Bearing Solutions with Unique
Plotter-Resolver System

Problem: Dectermine automatically and continuously the distance
and relative bearing of any two points on a map.

Ford Instrument’s Solution: A combination of two standard com-
ponents — a map plotter and an electrical resolver.

Result: Equipment can operate with maps up to a yard square —
whose scale varies over a wide range. This means real flexibility
because it does not restrict plotter just to maps —~ since photographs
— even sketches can be used.
Here's how it works: The plotter proper has a smooth unobstructed
glass top on which the map is placed. Under the glass there is a light
traveling on screws. The screws are driven horizontally (E-W) and
vertically (N-S) by servo motors actuated by a computing mech-
anism. The position of the light on the plotter is controlled by four
handeranks. Two of the handeranks are used to position the light
under the first point; a transfer switch is then thrown and the other
two handcranks used to position the light under the second point.
The map coordinates of the two points are algebraically added in
two network boxes, the resultant voltage from the network boxes
being the N-S and E-W distances between the two points. The
resolver converts these two distances into range and bearing, which
are indicated on two dials. Such a technigue results in astounding
accuracy. In a computer employing this principle, the maximum
range crror is on the order of one yard in a thousand, and the max-
imum bearing error is 10”. The average errors are about half the
maximum.

If you have a problem in any phase of automatic control. it will
pay vou to discuss it with Ford engineers.

Visit our Booth #15 at 1st Annual Trade Fair of Atomic Industry —
Sept. 26-29, Washington, D. C.

® FORD INSTRUMENT COMPANY

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

ENGINEERS

of unusual abilities can find o future ot FORD INSTRUMENT COMPANY. Write for information.

(Continued frem page 784)

Kuoll, D. W., 1849 Vests Wav, Sacramento 21,
Calit,

Knov, J. 1., Central Phitippine Univ,, loilo
City, . 1.

Knox, R. V., 123 Manhattan Ave., Hawthorne,
N.Y.

Knutson, 1. C., 1309 Slade Run Dr., Falls
Church, Va.

Koch, D. G., 24 N, Summit Ave., Chatham,

!

N. T

Koch, H. T., 149 Branch Brook Dr., Belleville,
N. T

Koch, J. F. A., 1 Maple Dr., Great Neck, L. L.,
N.Y.

.Koch, J. G., 10 Hligh Point Rd.,, Old Bridge,
N. J.

| Kocsan, E, S., 102 Midway Dr., Ferndale, Johns-
town, Pa.

Kodera, C. F., 7606 Stetson Ave., Los Angeles
45, Calif.

Koen, F, T., 34 Chestnut St., Danvers, Mass.

Koenig, J. G., Timken Roller Bearing Co., Can-
ton 6, Ohio

Koenreich, J. L., Trans-Arabian Pipe Line Co.,
Box 1318, Beirut, Lebanon

| Koeppel, B. W., Seismograph Service Corp., Box
1590, Tulsa 1, Okla.

Koepsel, W. W,, Southern Methodist Univ., Dal-
las, Tex,

Koerner, C. T., 1112 Cortez Dr., Glendale 7.
Calif.

Koerner, 1., 3256 E. Terra Alta Tucson, Ariz.

Koerner, L. F., Bell Tele. Labs.,, Murray Hill,
N.J.

Koesy, C. B., 1813 Moates Ave., Panama City,
Fla.

| Kofler, E. J., A C-S Comm. Hqrs., 12 AF, APO
12, ¢/o P. M,, New York, N. Y.

Kohler, E., Jr., 40 Greenhouse Dr., Dayton 9,

Ohio

Konkel, T. C., 3334 Campus St., Claremont,
Calif.

Konrad, L., 117 IFairmont Ave., PhMadelphia 23,
Pa,

| Korby, 1., 18900 Wisconsin Ave., Detroit 21,

I Mich. N

| Kosmaczewski, 1., 118 Cleremont Ave., Irving.
ton, N. J.

Kostyal, S. P., 9850 S. Central Pk., Fvergreen
Park 42, Il

Kotera, W. J., Wow, Omaha, Neb.

Kotlewski, J. P., 3222 Maple St., Toledo. Ohio

Kouchnerkavich, T. A., Civil Aero, Adminis., 17
& Constitution Aves., Wash. 25, D. C.

Kovach, L., Warren St., Whippany, N. J.

Kowitz, A. E., 4518 W. George St., Chicago 41.

1.

Kozitzky, W, J., 223 Jamaica Ave., Brooklyn 7,
N. Y.

Krainin, S., 105-30—66 Ave., Forest Hills,
L. I, N, Y.

Kramer, A, W,, 110 S, Dearborn St., Chicage
3, 11

Krantz, C. H., 953-D 19 St., Santa Monica,
Calif.

Krasnick, B., 10 Mangano Ct., Watertown, Mass.

Kraus, F. A., 7535 Beverly Rd., Philadelphia
38, Pa.

Krause, C. K., R.R. 2, Box 1277, Parsippany,
N. J.

| Kreider, P. A., 6909 S. Vanport Ave., Whittier,
Calif,

Krieger, H. C., Rt. 1, Osterbaut Lake, Grand
Junction, Mich.

Krivanich, M. A., 413 F. St., White Sands
Proving Gr., Las Cruces, N. Mex.

Krody, J. L., Rt. 2, Box 51, Bethel, Ohio

Krogh, R. A,, 4108 Via Largavista, Palos Ver-
des Estates, Calif.

Kruse, F. W., Jr., 2770 Ross Rd., Palo Alto.
Calif.

Ktistes, P. J., 100 Wash. St., Gloucester, Mass.

(Continued on page 83A4)
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MICROWAVE

SIGNAL GENERATORS
AND SIGNAL SOURCES

Rugged, compact, completely integrated units. Designed to save
engineering manhours in the laboratory and on the production
line. Operate simply with direct-reading continuously variabte
dials. No calibration charts.

Frequency is measured by direct-reading reaction-type wave-
meters that assure extreme accuracy. VSWR is exceptional—
Signal Generators 1.7 to 1; Signal Sources 1.7 to 1 when aiteny-
ated. Calibraticn accuracy is given special attention.

Consult Polarad on all your EHF problems.

SIGNAL GEMERATONS SIGRAL SDUMCES
Frequency Range Model Number Output Power Model Numbzr Po(vxsgggg;ut
12.4 to 17.5 KMC $G 1218" —10 DBM §S 1218 15 mw i
g _18.0 to 22.0 KMC SG 1822 —10 DBM SS 1822 10 mw
= 22—.0to 25.0 KMC SG 2225 —10 DBM S8 2225 10 mw
5 724.7 to 27.5 KMC SG 2427 —10 DBM S§ 2427 10 mw
27.27 to 30.0 KMC SG 2730 —10 DBM §S 2730 10 mw
—29.7 to 33.52 KMC SG 3033 -10 DBM SS 3033 10 mw
| 3352 t0 36.25 KMC SG 3336 —10 DBM S5 3336 9mw |
) 35.1 t039.7 KMC SG 3540 —10 DBM §§ 3540 5 mw
i —3;.1 ;42.6 KMC " External Source Power Measurement SS 3742- N -Approx. 3 mw
}——————————1 Rarge 410 to +30 DBM r
41.7 t9_50.0 KMC Accuracy with Correction: =2 DB r $S 4150 Approx. 3 mw |

Modulation:
o 1. Internal
1000 CPS Square Wave
2. External
a. Pulse
Pulse Width: 0.5 to 10 Microseconds
PRF: 50 to 10,000 PPS
Pulse Amplitude: 10 volts Pk to Pk Min.
Polarity: Positive
b. Sawtooth or Sinusoidal
Frequency: 50 to 1C,000 CPS
Amplitude: 15 Voits RMS Min.

For complete information write to your nearest Polarad
tepresentative or directly to the factory.

L

for extremely
high frequencies
12,400 to 50,000 mc

$S-1218

POLARAD MICRGWAVE SIGNAL SUURCES
12.4 T0 50.0 KMC

SPECIAL FEATURES OF
EHF SIGNAL GENERATORS

o Unigue power measurement system em-
ploys waveguide components of unusual
design — allows continuous and front
pane! monitoring.

o Attenuation is independent of power set
and frequency.

e 1000 cycles cps square wave modulation
and external fm or pulse modulation pro-
vided over entire frequency range.

AVAILABLE ON EQUIPMENT LEASE PLAN

FICLD MAINTENANCE SERVICE AVAILABLE
THROUGHOUT THE COUNTRY

1o W.V\:7.V»3 ELECTRONICS CORPORATION
& LS 43.20 34th STREET, LONG ISLAND CITY 1, N. Y,

'y A
OVvein pgurastt

REPRESENTATIVES - Albuquergue < Atlanta - Baltimore
Philadelphia « San Francisco » Syracuse - Washington, D.C. « Westbury -

PROCEEDINGS OF THE IRE September. 1955

. Bayonne e« Boston « Buffalo - Chicago - Dayton . Fort Worth - Los Angeles -«
winsten-Salem « Canada,

New York
Arnprior, Toronto—~Export: Rocke International Corporation
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You can get
| complete FM-AM
overage

100 KC to 216 MC

The Type 202-B FM-AM Signal Generator and the
Type 207-A Univerter provide complete FM-AM signal
coverage from 100 KC continuously through 216 MC

VHF i in two compact portable units.
TELEV SION P

216 MC

The Type 202-B FM-AM Signal Generator was designed

100 MC to meet the exacting requirements set forth by leading
PRICE: $975.00

F. O.B. Boonton, N. J.

H engineers throughout the country and has found wide-

BROADCASTING spread acceptance as the essential laboratory instru-

o ment for receiver development and research work.

TRANSPORTATION
PUBLIC SAFETY
INDUSTRIAL

FM-AM o
SIGNAL GENERATOR
Type 202-B

The Type 207-A Univerter was designed to
provide additional frequency coverage of

commonly used intermediate and radi
INTERNATIONAL y use te £ radio

BROADCASTING frequencies and enables the modulation
SPECIFICATIONS . ’ .
” i, e and attenuation calibration features
FREQUENCY RANGE: 54—216 MC = 0.5% -
of the 202-B to be utilized at these
FM MODULATION: 0—240 KC continuously variable. AMATEUR

FM DISTORTION: Less than 2% at 75 KC. lower frequencies.

AM MODULATION: 0—50%, continuously variable.
AM DISTORTION: Approximately 5%, ot 507, AM.

INTERNAL MODULATING FREQUENCIES: 50, 100, 400 cycles; 1,
5.7.5,10, 15 KC,

R. F. OUTPUT VOLTAGE: C.1 to 200,000 microvolts continvously
vanable from source impedance of 26.5 ohms.

POWER SUPPLY: 105—125 volts, 50/60 cycles (internally regulated)

UNIVERTER 7Type 207-A

(When used with 202-8)
SPECIFICATIONS

FREQUENCY RANGE: 100 KC—55 MC.

FREQUENCY RESPONSE: Flat within =1 db. over frequency range.

FM-AM MODULATION: See 202-8.

FM DISTORTION: No appreciable distortion at any level.

AM DISTORTION: No appreciable distortion at carrier levels below 0.05 volt and modvulation
of 50%.

RF QUTPUT VOLTAGE: 0.1 to 100.000 microvolts continvously variable from source impedance
of 26.5 ohms; also approximately 1.5 volts from 330 ohms into open circvit.

POWER SUPPLY: 90— 130 volts, 60 cycles (internally regulated).

AM
BROADCASTING

1 MC

AERONAUTICAL
MARITIME

RADIO
NAVIGATION

MOBILE

Write for CATALOG "'J*

" BOONTO

BOONTON-N-J-U-S-A:

PRICE: $345.00
F.O.B. Boonton, N. J.
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7\ Membership

(Continued from page 80.1)

Kuba, R, E., 19391 Votrobeck Dr., Detroit 19,
Mich,

Kubala, A, M., 7725 Lamphere St., Detroit 28,
Mich,

Kuczun, C. G., 17 Whittier Rd., Reading, Mass.

Kugler, F., 8106 MaCarthur Rd., Philadelphia
18, Pa,

Kuliback, I., 157 3 Ave,, Long Branch, N. 1.

Kunde, W. W, Jr., 1610 W. York Lane, Whea-
ton, Il

Kunst, A. F., 3451 W, 66 St., Chicago 29, Ill.

Kuykendall, J. H., 822 Mitchell Ave., Arlington
Hglts,, I

Kyburz, U. L., 4211 Crestview Dr., Rockford,
.

Kyne, T., 1998 Upland Way, Philadelphia 31,
Pa.

I.ahn, F. C., Box 156, Melbourne Beach, Fla.

Laing, J. T., Westinghouse Elec. Corp., Sharon,
Pa.

l.amb, F. X., Weston Elec. Instru. Corp., 614
Frelinghuysen Ave.,, Newark 5, N, J.

L.ambert, T. M., 1944 Diamond St., San Diego
9, Calif,

Lane, A, L., 706 Chilluin Rd., Hyattsville, Md.

Lane, E, F., 1810 N, 47 St., I’hoenix, Ariz.

Lane, F. A., 126 Essex Ave., Montclair, N, J.

l.angdon, G. G., Sao Paulo Tramway lLight &
Power Co. I.td., Caixa Postal 8026, Sao
Paulo, Brazil

Lapidos, R. W., 325—B Princeton Rd., Haddon-
field, N. J.

Lapp, R. 8., Lapp Insulator Co., lLeroy, N. Y.

Larsen, H, F., 8714 Melva, Downey, Calif.

I.arson, R. P., 808 N. Humphrey Ave., Oak
Pk. 111,

Lasby, R. O., PParkway Apts.,, Munn Ave., Had-
donfield, N. J.

lashier, 1. M., Emmanuel Missionary Coll.,
Berrien Springs, Mich.

laskin, H. J., 395 Belmont Ave., Brooklyn 7,
N. Y.

Latham, N. D., 2010 Narberth Ave., Haddon
Hghts.,, N. 1.

Lathrop, L. L., 1100 Monroe St., S.E., Albuquer
que, N. Mex.

Laube, O. T, 366 N. Pkwy., E. Orange, N. J.

L.auderdale, D. M., Univ, of Tex., Austin, Tex.

Lautenberger, 11, W., 23 Garfield Rd., Baldwin,

. I, N. Y.

Lautz, C. F., Jr., 887 Parkside Ave., Buffalo 16,
N. Y.

Lawrence, G. M., 124 Westwood Rd., Columbus
14, Ohio

Leahy, E. F., 1149 Greentree Rd., Pitts. 20, Pa,

Ieavitt, W. E., 5229 Janice Lane, Wash, 22,
D, C.

Lebert, A. W., Bell Tel. Labs.,, Mt. Ave.,, Mur-
ray Hill, N. J.

ILee, F. B., 1319 Powell St., San Fran, 11, Calif.

Lee, R. C., 1833 Shelby St., Seattle 5, Wash.

Leef, G. R., 54 Rector St., Millburn, N. T.

Le Grand, C., 5909 W. Colgate Ave., Los An-
geles 36, Calif.

Legrand, J. S., 348 Innes Rd. Wood-Ridge,

N. J.

Leinbach, H. 1., Jr., 2959 Tilden St, N.W,,
Wash, 8, D. C.

Leiphart, J. P. C., 4642 Cedar Ridge Dr., \Wash.
21, D. C.

Leming, J. G., 2499 So. Ave,, Niagara Falls,
N. Y.

Lemmond, C. Q., 1 River Rd., Schenectady 5,
N. Y.

Lenfest, G. C., Jr., 3458 Homestead, Wantagh,
L. I, N. Y.

Lenigan, T. E., Radio Dev. Dept.. Bell Tel.
Iabs., Whippany, N. J.

Lentz, J. J., Int'l Bus. Mach,, 612 \V. 115 St.,
N. Y. 27, N. Y.

Leonard, R. R., 52 Beacon St., Boston 8, Mass.

Leppert, M. L., 4012 First Pl,, S.\V,, Wash. 24,
D. C.

(Continued on fage 84A4)
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Size:
’2ll x 6" x 7”
16 V4 Pounds

MODEL $-15-A

TWO IDENTICAL
INDEPENDENT
OSCILLOSCOPES
WITH COMMON
TIME BASE

ANOTHER EXAMPLE OF qm/lzan_ PIONEERING

The WATERMAN TWIN POCKETSCOPE, model S-15-A, presents a
new concept in multiple trace oscilloscopy with independent vertical channels
each having a sensitivity of 10 millivolts rms/inch, and a response within
—2db from DC to 200 KC—a pulse rise time of 3 microseconds. These features
combined with the provisions for intensity modulating either, or both, traces,
results in greater flexibility. The sweep generator is operated either in the
repetitive or triggered mode from 0.5 cycles to 50 KC with synchronization
polarity optionzal. All attenuators and gain controls are of the non-frequency
discriminating type. Remember that portability has not been overlooked!
The amazing small size of the S-15-A tips the scales of opinicn heavily in its
favor. Imagine, all of these essential characteristics in an instrument weigh-
ing only 1614 lbs. You can carry it to any job, anywhere!

WATERMAN PRODUCTS CO., INC.

PHILADELPHIA 25, PA.
CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE

$-4-C SAR PULSESCOPE®

S-5-A LAB PULSESCOPE

S-6-A BROADBAND PULSESCOPE
$-11-A INCUSTRIAL POCKETSCOFE®
$-12-B JANized RAKSCOPE®
S-14-A HIGH GAIN POCKETSCOPE
$-14.8 WIDE BAND POCKETSCOPE
S$-15-A TWIN TUBE POCKETSCOPE
RAYONIC® Cathode Ray Tubes

and Other Associated Equipment

A
WATERMAN PRODUCLTS
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(Continued frem page 85A4)
lealie, C. B., 916 Robin Rd. Silver Spring, Md.
Leslie, F., Emerson Radio, 14 & Coles Sts,, ler.
sey City 2, N. J.
lessem, M., 2527 Ford Ave., Detroit 6. Mich
leuteritz, H. (', 51 Canterbury Rel. Rackville
Center, 1., 1., N, Y.
lev, G. N., 200 Carlton Ave.,, Westmoni. N. J.,
I l,e Van, J. D, 53 Ravmond &t., Nushna.
N. Hamp.
levenson, D. W., 1121 Main St, Wheeling,
W. Va.
| levenstein, M., 26 Hanscom 't
| L. I, N. Y.
Levine, A, M., 154 Tfozier Tert River Edge,
N.T.
Levinthal, I. ., 344 King Rd., W, Tthaca, N. Y
I.evitsky, J., 65 Rutgers Pl, River Edge, N. J.
levy, B., 34-—-58 90 St., Jackson Hghts,, I. 1.,
N.YL
Levy, l.. 535 Parkside Ave, Bklyn. 2o, N. Y.
Lewis, (., WCAU Inc., City Ave. At Moun
ment Rd., Philadelphia 31, DPa.
Lewis, M. B., 2202 64 St., Brooklyn. N. Y.
lewis, R. F., Product Dev. Co., Kearny, N. |.
liang, D., 315 Brierwood Ave.. Ann  Arbor.
Mich.
Libbey, W. M., 135 W. Broadway, Bangoer, Me
Libby, H. L., 1324 Stevens Dr., Richland, Wash.
Libby, R. L., Gilen Rd., Rome, N. Y.
Liepold, R. B., 350 ©Oakdale Ave,, Chicago 14,
1.
l.ang, E. T., 3226 Walbridge PlL. N.\WW., Wash
ington, D. C.

Oceanside.

{

FOR THE UTMOST
DEPENDABILITY
AND LONG LIFE
E. F. JOHNSON CO.
USES...

bAG

in the

Washing

Off. Bldg., Washiagton 25, D, (,
| N. Y.
and performance specifications. ton 28, D. C.

afayett Ave.,

Lindemann, 11, B., 15833 Park Grove Rd.. Balts
. .
A h o n 7 KH [L [H]WA']I‘ '][' Lindsay. J. C., Nottingham Rd., Rr. 2, Newark.
Del.
Lindsay, P. A., 18 Aspley Rd.. London S.W
R . linkletter, R. L., 1108 N
E. F. Johnson engineers chose CHICAGO “Sealed-in-Steel”’

more 28, Md.
18, England.
transformers for the Viking Kilowatt . . . modulation, fila-

Lang, J. M., Gen. Elec. Co., Schenectady, N. Y.
l.ange, W. \,, 8300 Gross Pt. Rd., Morton
lindley, P. L., Burroughs Research Center,

Paoli, I’a.

This superbly designed and engineered “Transmitter of Lindstrom, G., Limmegatam 25 .\, Iliukoping,

| Sweden

ments, screen voltage, bias filament, plate and matching

choke and filter chokes . . . eleven in all, including many

? Grove, Il
Lieherman, E., 48 Helen Ave., Plainview, 1. 1.,
‘ N. Y.
Light, L., Fed. Comm. Com., 7435 New [ost
Lindner, N. J., 332 W. 89 St.. New Yok 24.
B e o . .
Tomorrow” will meet the most rigid electrical, mechanical Link. 1. C. 7213 Ialleck St. S.E.
stock units.

Here is further proof of the rugged, trouble-free construc-
tion of CHICAGO transformers. Learn about the full line
of the world’s toughest transformers by writing for the
latest CHICAGO Catalog. It is available from your local
electronic parts distributor or from Chicago Standard
Transformer Corporation.

Bremnerton, Wash.

l.inton, T. B., 11561 Cand. l.a
Calif.

Lipin, B., 808 E. 73 St.. Kansas City, Mo.

Lipkin, I.., 3025 Richton Ave., Detroit 6, Mich.

Lippel, B., 401 Wes' End Ave, long Branch,
N. J.

Lisle, J., 729 Delaware Ave., Bethlehem, Pa.

Little, N. C., 8 College St., Brunswick, Me.

lLob, C. G., Gen. Elec. Co. Syracuse, N. Y.

l.ochanthi, B. N., 2552 Boulder Rd., Altadena,
Calif.

Lockhart, J. C., 306 Oreland Mill Rd., Oreland,
Pa.

Loewenthal, M., 186 Commonwealth Ave,, Boston
16, Mass.

Loftis, II. J., 2223 S. 11 St., Ironton, Ohio

Long, J. V., 4120 Fifth Ave., San Diego 3,
Calif.

Long, M. B., Bell Tel. Labs., 463 W. St., New

Garden Grove,

York 14, N. Y.
Tong, M. C., Dept. of the Naviy, Washington

%= CHICAGO STANDARD

. TRANSFORMER CORPORATION [ 25, . C. o
2 Looney, H. C., 103 Hilltop Rd., Silver Spring.
Roburn Agencies, Inc. ADDISON & ELSTON « CHICAGO 18, ILL. Md.

Looney, .. A., 50 Winans Dr., Yonkers, N. Y
Lorence, E. L., 521 Distel Pr,, Los Altos, Calif.
l (Continued on page 86A)

431 Greenwich St.,
New York 13, N. Y.
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IN TOP QUALITY CORES

e

R HIGHER FR

—

FROM 20 TO 300 MC.

—

Tvoes SE J axp W

OLENCES

!

(4 furn)

s 70 60 90 100 110 120 140

S % FRequEncY me

' GAaF. CARBONYL IRON POWDERS

PHYSICAL CONSTANTS w | J | s

| —1
Percent retained by 325 mesh screen. .. ................. trace trace I trace
Weight-average particle diameter |

(Rolter Analyzer) d—= xd;*/xd® microns). . ............ 3 9 3
Surface-average particle diameter (Fischer Sub-Sieve-Sizer)

d= »d?/zdi? (microns} . . . ...l 00000660000 2.5 4.5 2.5
Density of particles, g/cm?. ... ...ooiiiiiiinnrnnnnnnns 7.35 735 | 7.81
Apparent density, g/cm?. . ...t it i 2.6 2.8 | 3.0

= A ) | A

ANTARA. CHEMICALS

xam
mpo

Hikdires

A SALES DIVISION OF GENERAL ANILINE & FILM CORPORATION
435 HUDSON STREET * NEW YORK 14, N. V.

PROCEEDINGS OF THE IRE September, 1955

Three types of G A & F Garbonyl Iron Powders
are particularly satisfactory in cores designed
for use at the higher frequencies. To assure low
losses and good magnetic and iemperature
stability at 20 mc. to 300 mec., we invite you to
test Types SF, J and W. These powders are
microscopic, almost perfect spheres—ranging
from 3 to 9 microns in diameter—with the
same rigorous uniformity that characterizes

all G A & F Carbonyl Iron Powders.

Today, Carbonyl Iron Powders—a total of ten
types—are widcly used in the production of
cores for transformers and inductor coils—to
increase () values, to vary inductances, to
reduce coil size, to confine stray fields or to
increase the coupling factors.

We urge you to ask your core maker, your coil
winder, your industrial designer, how G A & F
Carbonyi iron Powders can increase the
efficiency and performance of the equipment
or product you make, while reducing both the
cost and the weight.

We offer you two books—one covering SF, ]
and W Powders only—the second covering the
other seven types. In hoth hooks, character-
istics and applications are given with diagrams,
performance charts and tables. For either or
both books, address Department 40.
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Specialists
in BROAD-

BAND Amplification

Standard adaptable amplifiers
delivered from stock...

Expert engineering service

for your particular

broad-band problems...
Development service on all
types of broad-band systems...
Ask for bulletin E-13

Here are a few typical I.F.l. amplifiers available:

M 200 Miniature i.f. Amplifiers

Model 500 Distributed Amplifier

Band Centers 300r60mc  Output Power
Band Width 2to10mc  Band Pass

Model 400 High Power Distributed TV 100 Broad-Band Amplifiers

Amplifier

Gain 50 db

Output Power 100w CW Band Pass 52-90 or 171-219 me
Band Pass 300 me

INSTRUMENTS FOR INDUSTRY, Inc.
159 GLEN COVE RD., MINEOLA, N.Y. = PHONE: PIONEER 2-5300

Representatives

G. € Moxon, 422 La Jolla Avenue, San Mateo, California
Hunter & Salsbury, Inc., 258 Herricks Road, Mineola, New York

kit *650
ALPHA METALS, INC.
61 Water St., Jersey City, N.J.

o

A

The ALT-2 is a linear staircase generator for differential

gain measurements of television systems or
units. Supplies composite video sng':al with

sync pulse, blanking level, and staircase amplitude. Steps
variable from 3 to 14. Stcp exponent 1.0 to 2.75. Internal

r-f modulates steps from 1.0 mc to 3.75 mec.

Modulating steps with studio 3.58 subcarrier permits
simultaneous differential phase and amplitude measure-
ments using a Wickes VDE-3A Vector Display Equipment

or a CPA-1 Color Phase Analyzer.

Write for descriptive literature.

.;enml purpose SOFT SOLDER

ITIS A TIMESAVER FOR DESIGNERS,
ENGINEERS AND PRODUCTION MEN

IN SOLVING FLUXING PROBLEMS

A FLUX for each of your soft soldering operations. This
Flux Kit contains a complete assortment of the most
useful Fluxes for ELECTRONIC ASSEMBLIES, PRINTED CIR-
CUITS, TINNING and HOT SOLDER DIPPING, STAINLESS
STEEL SOLDERING and ALUMINUM SOLDERING. It enables
a rapid determination of the proper Flux for a soldering
job. The Flux Kit is the result of thousands of customers’
service problems submitted to Alpha's Research Labora-
tory. Special Fluxes can be compounded to suit individual

needs at Alpha’s modern Research Laboratory.

NMIPILITTWID IE

ILINIEAIRITTY

MODEL ALT-2 |1I'IE§'ITIEIR

individual
adjustable

ENGINEERING AND CONSTRUCTION COMPANY

VY2TH STREET AND FERRY AVENUE

86A WIHEN WR!TING TO ADVERTISERS PLEASE MENTION.
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(Continued from page 84A4)

Lorenzen, 1. ., 3713 Bangor St., S.E., Wash-
ington 20, D. C.

lourie, N. M., 100 Memoria; Dr., Cambridge,
Mass.

Love, A. L., 58 Pinewoods Ave., Troy, N. Y.

Iove, C. E., 12763 Brooklake St., los Angeles
66, Calif.

Love, J. L., 235 Ilawthorne Ave., Iaddonfield,
N. T

Loveberg, A. G., Jr., 9135 Lemon Ave. lLa
Mesa, Calif.,

Iowe, D. M., 9209 Shirley Ct., l.a Mesa, Calif,

lowell, R., Bell Tel. Lab., Whippany, N. J.

Lowery, 11. R., 1424 12 Ave. S., Birmingham,
Ala,

Lowrie, R. W., 23 Antoinette Ave., Poughkeep-
sie, N. Y.

Lozo, K. G., Camp Asan, Sta, 8, Guam, M. I.

Lucas, I. G., 9331 lLenore Dr., Garden Grove,
Calif,

Luecker, G., American Embassy, Bierut {.ebanon,
Fgn. Ser., Washirgton, D. C.

Lukas, W., 115 Belvidere Rd., Glen Rock, N. J.

Lund, C. O., Destervoldgade 10-G;, Copenhagen
K, Denmark

Lundin, J. A., 5 Joval Ct., Brooklyn 29, N. Y.

Lundquist, G. A., 8012 Piney Branch Rd., Silver
Spring, Md,

Lundstrom, O. C., 305 Calle De Andalucia,
Ilollywood Riviera, Redondo Beach,

Calif.

Luntz, J. D., Nucleonics, 33¢ W, 42 St.,, New
York 36, N. Y.

Lurie, E. M., 226-38 Mentone Ave., lLaureltor
L.I,N. Y.

Lurye, T. R., 13524 Hoover Ave.,, Kew Gairdens,
I.. 1., N. Y.

l.use, J. ., 4 Potter Pk., Cambridge 38, Mass.

ILush, M. J., Old Rd. to Nine Acre Corner,
Concord, Mass.

Luster, E, W., 400 Wychwood Rd., \Westfield,
N.J.

Lyman, F., Jr.,, Cambridge Thermionic Corp..
445 Concord Ave., Cambridge 38, Mass

Lynn, P. R, 139 Central Ave., W. Caldwell.

N.J.

Lyon, D. 1., 941 Geranium, Baton Rouge, l.a.

I.yons, E. F., 2805 Crovden Ct., Oklahoma City
14, Okla.

l.yons, l.. H., 500 California Ave., Santa
Monica, Calif.

Lyons, R. C., 25 Woodland St., IHuntington.

I, N. Y.

MacCallum, J. M., Jr., 43 Meehan Dr., Dayton,

Ohio

Maclnnes, N. A., 424 B Whitman Dr., Had

donfield, N. J.

Mack, A,, 197 Queens Dr., Little Silver, N. I.

Mackey, C. L., Westernville, N. Y.

Macl.ean, W. D., Sperry Gyroscope Co., Great
Neck, L. I., N. Y.

MacMillan, T. S., 184 Highview Dr.,, West
Paterson, N. J.

MacNabb, V. C., 171 W, 73 St,, Indianapolis
20, Tnd.

Macnichol, E. F., Jr., Belfast Rd., Sparks, Md.

Magasiny, 1. P., 4522 “I)" St., Philadelphia 20,
Pa.

Maget, R., c/o Industries Electricos y Musicales
Odeon, Avda. Corrientes 485, Buenos
Aires, Argentina

Maginniss, I°. J., Analytical Div,, General Elec-
tric Co., Schenectady, N. Y.

Maglathlin, R. N., R.F.D., Coiasset, Mass.

Maguire, W. W,, 7418-88 D’l., Los Angeles 43,
Calif.

Malhaffey, GG, N., 4532 N. Chelsea I.a., Bethesda.
Md.

Mahren, A. A., 5602 187 St., I'lushing, L., 1.,
N. Y.

Maier, R, I1., 228 N, Oak Park Ave., Oak Park,
111,

(Continued on page 89A4)
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Here’s the Relay for g e e

Impulse relay

today’s high speed devices

Highly Sensitive
No Contact Bounce
Billions of Operations

e Announcement of the cLARE T'ype T High Frequency
Relay two years ago set off such a deluge of inquiries
for samples and information that it is only just now that
production facilities permit us to mention it again. ‘ N\ ® Shown above with dust-tight

Originally designed for use in an analog computer, / | cover removed
this relay is ideal for designs which eall for a highly I Keft sealy formotinting.
sensitive relay completely free from contact bounce and
capable of billions of operations at exiremely high speeds.

Pull-in time of this relay, for instance, is 120 micro-
seconds. With dropout time of 100 microseconds, the
relay follows up to 2500 cycles per second; aperiodic to
1000 cycles per second.

Manufacture of the cLARE Type T Relay, with its
high speed, no bounce and other unusual characteristics,
necessitated the development of entirely new techniques.
It is built to extremely close tolerances, with a high
degree of precision and fabricated under conditions of
utmost cleanliness.

~ AMPHENOL
OCTAL PLUG /
NO.86CPST/

SPECIFICATIONS [ Y T

32
MECHANICAL ELECTRICAL TYPICAL CHARACTERISTICS
Size: 1-15/16 in. dia. x 2-3/16 in. overall. Operate Ampere-Turns: 8 to 20. Coil Resistance: 135 ohms.
Weight: 5 oz. Release Ampere-Turns: 1 to 4 less than oper- Coil Induct u
H . oil inductance: .35 Hy.
Mounting: Equipped with plug, to fit standard Ll 'ampere - . ! g
8-pin octal socket. Nominal Ampere-Turns for High-Speed

Operation: 16 to 40, Operate Current: 10 to 12 ma.
Cover: Removable dust-tight cover. Speed of Operation: will follow 2500 cycles per
. ‘ second; aperiodic to 1000 cycles per second. Release Current: 8 to 10 ma.

?rntac.sF. A t I Operate Time: 100 to 180 microseconds. Nominal
ype: Form A (s.p.s.t., normally open) Release Time: 60 to 120 microseconds. ominal Current: 40 ma., steady state;

P : i 20 ma., average.
Material: Platinum-iridium Contact Bounce: None.

Contact Current Rating: 0.05 amp., max.
Contact Voltage Rating: 150 V., max.
. Dielectric Strength: 500 V., rms. Release Time: 100 microseconds.
Coil: Coil Resistance: up to 600 ohms.
Type: Single winding, bokbin-wound. Life Expectancy: 5 x 10° operations (determined Energizing Circuit: Coi! in plate circuit of
Wire: Heavy formex. by contact load). vacuum tube with 300 volt plate supply.

Gap: 0.0005 inch

Pressure: 30 grams, min. {Coil energized
with 50 ampere-turns)

Operate Time: 130 microseconds.

For full information on the CLARE Type T Relay
—or for consultation on any relay problem —see your
nearest CLARE Sales Engineer or write C. P. Clare & Co.,

3101 Pratt Blvd., Chicago 45, Illinois. In Canada:
Canadian Line Materials Lid., Toronto 13.

Cable Address: CLARELAY.

Send for Clare Bulletin Number 117
— FIRST IN THE INDUSTRIAL FIELD—’



NO |
GASKETS

advancement NO

in instrument

design CEMENTS

Microdot conx
combinations

CHICAGO The
NOV. 14-17 | “ORIGINAL”
1955 - iy "
Microdot cuts design time by multiplying
, MIL-M-10304 possibilitses...nirith tthe workd's smalltest.
lightest microminiature coax connectors
R EED and cables available at 50, 70 ar 93 ohms to
PANEL meet your rigorous-environmensal require-
ments. Write today for applizations data.

INSTRUMENT
’ Hermetically sealed

b) 1/3 BNC diameter
1/10 BNC weight!

glass-to-metal

A New World

at your fingertips

Just reach for your date pad and re-
serve four days to explore your new
world of production . . . altend the
Second International Automation Ex-
position at Chicago’s Navy Pier, No-

MIL 2%;" and 3%;" sizes. ua,
ma, amp, mv, volt, kv, AC rectifier
types for voltage, decibel and YU
measurement, manufactured to
MIL-M-10304. Standard ranges from
stock. Twelve page booklet on request.

marion electrical instrument co.

Y
vember 14-17, 1955, Grenier Field, Marclester, N.H., U.S.A RODO
— Monufacturers of Ruggedized and "'Regular’” 1826 FREMONT AVENUE
FOR THE VIS|T°R Panel Instruments ond Related Products SO. PASACENA CALIF..'
® Computer and Automatian applica-
tion clinics and special related sym-
posia.

copyright 1956 M.E.1. Co.

® Exhibits of lcading manufacturers
displaying the latest developments
in automation.

FOR THE EXHIBITOR —

® A show of proven merit for finding
new and exciting markets, and ex-
panding ‘old’ ones.

® For exhibitor information, and ¢ re-
port on the success of the First Auto-
mation Show, write to Richard Rim-
bach Associates at the address shown
or use the coupon below.

FOR VISITOR AND

EXHIBITOR —
to help you keep step in the
double-time march of production
progress — read INSTRUMENTS &
AUTOMATION, the world's leading
maguzine of measurement and au-
tomatic control (since 1928).

W s U Ny an TR N g Wy

/
1/
I

A1
N.R.K. MFG. & ENGINEERING CO.

Y 4 1 MI oW 4601 W. Addison St, Chicago 41, |||/-. SPring 7-?970
Wav West Coast Representativ

§ SECOND INTERNATIONAL or est Coast Representates J
. 82(;1'RodMATION EXPOSITION : AssembHBS. TUBERGEN ASSCTIATES, 2232 W. 11th St.. Los Angeles 6. Cal

idge A , Pittsburgh 12, Pa.
. g¢ Avenue, Piltsburgh 12, Po. - o Radar Components,
B O Send EXHIBITOR information. 3 e
8 O Send show visitor registration data. | and Preclsmn \
‘ 0O Send sample copy of the magazine ' Iﬂst[umems PR
. INSTRUMENTS & AUTOMATION.
i | manufactured and
2 Name Title : dGSIgHEd lO YOUI'
: Company 1 specifications.
' Address - .
| i 1 S
| | City Zone State '. I
\

A
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(Continued from page 8§6.1)

Main, W. F., Jr., 527 Galveston P, S KL
Washington, D, C.

Mains. M. C., Officers Mail Rm., Box 120, APO
323, San Francisco, Calif.

Majlinger, A., 43-18-49th St
L. I, N.Y.

Makar, R, T., 24 Sharia Said, Heliopolis, Cairo.
Egypt

Malkin, S., 248 S. Lincoln Ave., Elberon, N. I

Mallalieu, R. F., P. O. Box 151, Oxford, Pa.

Malta, S. V., 1135 Slocum St., Philadelphia 19,

Sunnyside .

Pa,

Mandel, M.,131 Stonehouse Rd., Glen Ridge,
N. J.

Manfredi, R. E., 2027 Cardiff Rd., Schenectady,
N. Y.

Mankoff, L. L., 7244 Spruce St., Upper Darby,
Pa.

Mann, A., 424 Compass St., Uniondale, L. I.,
N.Y.

Manning, ¥. W., 12 E. Circle La., Norris, Tenn.

Manoogian, H., Box 460, Doylestown, Pa.

Marantz, S. A., 104 Arlington Ave., Brooklyn
7, N. Y.

Marcus, J. A., 3011 Edwin Ave., Fort Lee, N. J.

Marcuvitz, N., 10 Garden St., Great Neck, L. L.,
N. Y.

Margolin, A. R., 3536 McLaughlin Ave, i.os
Angeles, Calif.

Margolin, B., 6 Ellsworth Ave.,, Cambridge 33,

Mass.

Marquez, J., Dr. J. M. Vertiz 16, Mexico, D.F.,
Mexico

Marolda, J., 2088 Ryer Ave., New York 57,
N.Y.

Marsh, C. O., Jr., 36 Conklin Ave,, lillsdale,
N. J.

Marsh, S. V., 5300 Vantage St.,, N. Hollywood,
Calif.

Marshall, A. R, 5 Wellington Ave., Watlham,
Mass.

Marshall, R., 1009 N. Ist Ave., Arcadia, Calif.

Marshall, T. A., 82 Daisy Ave, Floral Park,
L. I, N, Y.

Marteena, J. M., Agr.
Greensboro, N. C.

Martin, D, W., 1042 S. Waugh, Kokomo, Ind,

Martin, E. O., 100 Franklin St, Bldg. 5-A3,

Morristown, N, J.

H., B., 409 Preston lLa.,, High Park,

Hatboro, Pa.

Martin, J. F., Bell Tel. Labs.,, Whippany, N. J.

Martin, J. L., 17 Hawthorne St., Massapequa,

L.I,N. Y.

J. W, 23804 W. 54 St,

Wash.

Martin, S. J., 64 Forest St., Closter, N. J.

& Technical College,

Martin,

Martin, Edmonds,

Masnik, M., Jr., 309 louston Ave. Syracuse,
X. Y.

Mason, A, F., Jr., 113 E. Leona St, Uvalde,
‘Tex,

Mason, R. S., 383 Canterbury Dr., Box 311,
Ramsey, N. J.

Massa, F., 373 Atlantic Ave,, Cohasset, Mass.

Masucci, C., 208 Cottage Blvd., Hicksville, L. I.,
N. Y.

Mather, D. L., 114 Ardmore Pl, Syracuse 8,
N. Y.

Mathes, R. H., 2601 Gaither St., S. E., Hillcrest
Hts., Washington, D. C.

Mathison, W. W., 144 Coggeshall Ave., New.
port, R, I,

Matson, L. E., Jr., 416-B Park View Apts.,
Collingswood, N, J.

Matt, 8., 210 Eastwood Ave., Ithaca, N. Y.

Matthias, L. H., 1849 E. Fox la., Milwaukee
11, Wis.

Muaunldin, H. W., Jr., 2480 Berkley La., N. E,,
Atlanta, Ga.

Mavioides, J. G., 60 Crestview Rd., Waltham
54, Mass.

(Continued on page 90A4)

i EEDINGS OF THE IRE

September, 1955

Sub-miniature Assemblies

A . Minlature "‘/""" >
. P”" H' Solenoid Drive ~
o DAYSTROM INSTRUMENT has

produced tiny precision assem-
blies . . . to gigantic gun directors
|

I
Lol
&
K

(]

Minlature Gear

A nncR e and fire control systems — all

_— s within their modern 350,000 sq.
n‘% l_fs ‘ ft. plant.- When you combine
B e Daystrom’s team of skilled engi-
neers with efficient production
methods and modern facilities,
you'll understand how Daystrom
has been able to achieve mass
production of such products—on
time and at low cost—for every
branch of the Armed Forces and
industry.

[

Sub-miniature Circuits
—Transistorlzed Application

cewendlss . . . For the NAVY

Radar Fire Control Systems, Mine Detecting
Devices, Anti-Submarine Attack Directors,
Catapult Speed Indicators, Servo Control Sys-
tems, Torpedo Assemblies.

by .. . Forthe AIR FORCE

Capacitance Testers, All-Altitude Servo Indi-
cators, Transistorized Receivers, R F Switches,
Potentiometers.

il . . . For the ARMY

Mechanical Fire Control Systems, Fuzes,
Communication Systems and other instrumen-
tation for all branches of the Army.

Aadll. .. For INDUSTRY

B
X
§ Dummy

Director
Assembly

i | T Test Equipment, Computing Devices, Radar
e fh‘. Equipment, Nuctear Equipment, Gyro Mecha-
| nisms, Electronic and Eiectro-Mechanical
A ]-r; Devices.
Y- 5"
% , Arternate er'.a. For Our
N | I‘ Fire Control Facilities Report
w. L)

Antenna Drive
Housing

DAYSTROM
INSTRUMENT

ARCHBALD, PENNA.

Div. of Daystrom, Inc.

| Mark 36
; Director

R0



Subsidiary ot International Resistance Company

90A

simplify

custom

FILTER
installation

The 4200 Variable Filter and 4201
Program Equalizer are now available
in component form, as illustrated, for
the custom builder.

In addition to the flexibility of
installation, all the features and char.
acteristics of the standard models are
retained.

The high and low sections of either
model may be obtained separately.
Complete wiring instructions included.

Send for Bulletin TB-4

Model 4200 Variable Filter
(Send for Bulletin §)

Model 4201, Program Equalizer

(Send for Bulletin E)

Represeniatives in
Principal Cities

11423 VANOWEN STREET
NORTH HOLLYWOOD 6, CALIF.

WHEN WRITING TO ADVERTISERS PLEASE MENTION--PROCEEDINGS OF THE IRI
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(Continued from page §9.1)

Mayfield, S. A., 1417 Byrd Dr.,
14, Tex.

Mazel, I.. G., 72.36 112th St.,
. LLNVY.

McAllister, J. A., San TFranctsco Naval Ship
vard, San Francisco, Calif.

McAlpine, W. N., Radio Sec., Anaconda Mining
Co., Weed leights, Nev.

McAnally, D. (., 4416 Emerson St., Dallas,
Tex.

McAulay, W. H., Box 715, San Carlos, Calif.

McCann, J. G., 534 Erskine Dr., Pacitic Pal
sades, Calif.

McClamrock, J. M., 7637 S. Yakima, Tacot
Wash.

McCormack, T. L., 12 Rainbow Ave., Chelin:
ford, Mass

McCourt, A. R., 1333 Schley St., Butte, Mont.

McDermott, E., 6000 TLemmon Ave., Dallis 9,
Tex.

McDowell, H. I.., Free Acres, Emerson l.a.,
Berkeley Heights, N. J.

McElroy, W. J., 3502 Manor Dr.,
22, Minn.

McFarland, R. B.,
HL.

McGarvey, 11. J., 325 S. Main, Dubois, Pa.

McGinnis, S. E., 138 Fifth Ave., S. E., Oclwein,
lowa

Mcllenry, G. A.
Wash,

McKay, H. B., 1379 35 Ave., Sau Francisco
22, Calif.

McKay, W. M.,
Wasl.

McKee, G. R, Jr., 3630 Merrick Rd., Phil
delphia 29, Pa.

Mcl.aren, 1. M., 209 Cluiemont

Fort Worth

Forest Hills,

Minncapolis

7226 N. Hamilton, Chicago

, 100-- 27 Ave., Seaule 22,
2100 E. Galer St.,

Seattle 2,

Dearhorn

Mich.

McMullen, . D., 1128 Rughy Rd., Schene
tady 8 Y.

Mc¢Namara, F. T., 322 Thornton St., lHamden

14, Conn.

McPlherson, R. R, 813 E. Kingsley St., Ann
Arbor, Mich.

McWhortor, W. F., 3147 Bonham Dr., Indi
anapolis, Ind.

Meier, A. S., 691 Evergreen Ave., lamden

Conn.

Meier, W. M., 4305 Alan Dr,, Baltimore 29.
Md.

Mcier, W. [., Chatham FElectronics Corp.. 630

Mt. DPleasant Ave., Livingston, N. J.
Mekota, J. E., Jr., 211A Lexington St.,, Waver
ley 79, Mass.
Melton, G. H., 2300 Colston Dr., Silver Spriny.

Md.

Melvin, E. A,, 9620 Lorain Ave., Silver Spring.
Md.

Mendel, F. S., 870 Seward, 402, Dectroit 2,
Mich.

Menes, H., 515 Grandview Ave., Wyckoff, N. |

Menneken, C. K., Box 451, Pebble Beach. Calif

Merrill, H. M., 924 S. Serrano Ave., l.os
Angeles 6, Calif.

Messenheimer, A, D,
Hyattsville, Md.

Messinger, H. P., Inst. for Air Weapons Re
search, Museum of Science and Indus
try, Chicago 37, TIL

Meyer, A, W., 4630 Manordene Rd., Baltimore
29, Md.

Meyer, D. R., 8511 Winnetka Ave., Canoga
Park, Calif.

Meyer, M. A,, 19 Sherwood Rd., Natick, Mass.

Meyer, R. C., Jr., Box 486-A, Louise Dr., Mijll.
town, N. J.

Meyer, R. W., 65 Trudy Dr., Lodi, N. J.

Mezger, G., 175 W. 21 St., Huntington Station,
L. I,N. Y.

Michaud, R. E., Apt. 4, 934—14 St., Santa
Monica, Calif.

(Continued on page 934)

2005 Woodberry St..

etched and ’
lectro formed1

’},.eéas.cn>>/< %

Your deag ing
Quotation,

BUCKBEE
MEARS
COMPANY

Lindeke Building
SAINT PAUL 1, MINNESOTA

September, 1955



. » » from field-testing harvesters
to checking jet starter performance...
SANBORN OSCILLOGRAPHIC
RECORDING SYSTEMS

Rescarch

prove their versatility and

Development

FOR INTERNATIONAL HARVESTER'S
ENGINEERING TEST AND DEVELOPMENT DEPT.

A specially housed and shock-mounted Sanborn
2-channel recorder provides dynamic strain meas-
urement data on a field forage harvesting machine,
during actual field use. In the photographs, rotor
shaft torque and RPM are being recorded, one of
several uses International Harvester has found
for the Sanborn System in fleld testing their farm-
ing equipment.

AT ARCH GEAR WORKS, QUINCY, MASS....

A record of tooth regularity of various types of
precision gears is obtained on a single-chennel

Sanborn Model 141 System, used in comjunction .
Production

Testing

with a special gear checking instrument devised
by Arch Gear Works. The equipment permits vis-
val spot checking of gears, helps maintain a high
rate of acceptability and provides a permanent
record of tests often requited by customers.

AT G. E.’S AIRCRAFT GAS TURBINE DIV.. ..

Engineers record performance data such as tem-
Rescarch and

peratures, pressure, RPM and starting time af jet ; A
Production Testing

engine starters, using a modified Sanborn todel
67 System. Six channels of information are re-
corded in this four-channel unit, equipped with
three DC amplifiers, one Triplexer, a four-chunnel
DC Converter, two-channe! zero suppression net-
wark and two modified strain gage amplifiers. The
data also provides G. E. engineers with an indi-

cation of the performance of all production units.

hese typical applications indicate the scope

of uscfulness of standard and modified San-
born Recording Systems. Wherever accurate,
permanent, grapliic registration of electrical
phenomena in the 0-100 cps range is required,
the versatility and flexibility of Sanborn one-,
two-, four-. six- and eight-channel systems will
prove invaluable. A wide variety of reacily
interchangeable, plug-in preamplifiers enable
one basic system to meet many recording
requirements. Standard instrument features
include inkless recording in true rectangular
co-ordinates, high torque galvanometer move-
ment, time and code marking. and a cheice of
nine chart speeds.

CATALOG AND TECHNICAL DATA
AVAILABLE ON REQUEST

SANBORN
&:;-‘;7 COMPANY

INDUSTRIAL DIVISION
CAMBRIDGE 39, MASS.
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ACCURATE

LOW WEIGHT
SMALL SIZE
ECONOMICAL

HIGH RELIABILITY
HIGH PRECISION
HIGH QUALITY

FREQUENCIES

FREQUENCY STANDARD
240 to 800 Cycles

Type 50 C
+ .02% at — 65° to 85°C

Type R50C
+.002% at 15° to 35°C

2 3436

PRECISION FORK UNIT
240 to 800 Cycles

Type 50
*+ .02% at — 65° to 85°C

Type R 50
+.002% at 15° to 35°C

FREQUENCY STANDARD
200 to 4000 Cycles
Type 2003 C
=+ .02% at — 65° to 85°C
Tvype R2003C
+ .002% at 15° to 35°C

Type W 2003 C
=+ .005% at — 65° to 85°C

PRECISION FORK UNIT
200 to 4000 Cycles
Type 2003
=+ .02% at — 65° to 85°C
Type R 2003
=+ .002% at 15° to 35°C

Type W 2003
=+ .005% at — 65° to 85°C

FREQUENCY STANDARD
200 to 2000 Cycles
Sub-miniature Tube

Type 2007

=+ .02% at — 65° to 85°C
Type R 2007

=+ .002% at 15° to 35°C
Type W 2007

=+ .005% at — 65° to 85°C

FREQUENCY STANDARD
240 to 1000 Cycles
Transistorized

Type 2007 T

* .02% at — 65° to 85°C
Type R2007 T

+ .002% at 15° to 35°C

Type W 2007 T
*+.005% at — 65° to 85°C

FREQUENCY STANDARD
200 to 3000 Cycles

Type 2001-2
=+ .001% at 20° to 30°C

WHEN REQUESTING
INFORMATION
PLEASE SPECIFY
TYPE NUMBER

ACCESSORY UNITS
for Type 2001-2

L—for low frequencies,
multi-vibrator type, 40-200 cy.

D—for low frequencies,
counter type, 40-200 cy.

H—for high freqgs., up to 20 KC
M—Power Amplifier, 2W output
P—Power Supply.

American Time Products, Inc.

580 Fifth Avenue
OPERATING UNDER PATENTS OF WESTERN ELECTRIC TOMPANY

New York 36,N. Y.

WHEN WRITING TO ADVERTISERS PLEASE MENTION--PROCEEDINGS OF THE IRE
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! Q,-,j\ Membership

(Continued from page 90A4)

Mickelson, T. H., 137 Orchard Dr., N. Syra-
cuse, N. Y.

Milinowski, A. S., Ferris St., Peekskill, N. Y.

Millard, J. W., 311 Blvd,, Pompton PIlains, N. J.

Miller, C. E., 37945 Radde, Mt. Clemens, Mich.

Miller, F. P., 635 Jefferson St., Fairborn, Ohio

Miller, H. C., 250 W. Portola Ave., l.os Altos,
Calif.

Miller, L, A., 1641 A Waverly Way, Baltimore
12, Md.

Miller, R. A,, Bell Tel. Lab., Murray Hill, N. J.

Miller, R. L., 429 Manor Rd., Hatboro, 1’a.

Miller, W. F., Knollwood Rd., Whippany, N. }.

Miller, W. A., 465 E. Juniper, Oxnard, Calif.

Miller, W. B., 8138 Redfern Dr,, Houston 21,
Tex.

Mills, C. W., 1310 Poston Cir., Gastonia, N. C.

Mills, H. J., 470 DPiaget Ave. ‘D-11, Clifton,
N. J.

Mills, T\ L., Rt. 1, Box 1872, Bremerton, Wash.

Mino, H. R., Cruft Lab., Harvard Univ., Cam-
bridge, Mass.

Ming, D. L., 407 S. Cherry Wood Ave.,, W.
Covina, Calif,

Minter, J., Box 1, Boonton, N. J.

Mischler, W. D., Bell Tel. Labs., Murray Hill,
N. J.

Misey, J. J.,, Rm. 40, Civilian Billet T 2001,
Aberdeen Proving Ground, Md.
Mitchell, B. B., 5156 Tenth Ave., Los Angeles,

Calif.
Mitchell, F. A., Stromberg-Carlson Co., 100
Carlson Rd., Rochester 3, N. Y.
Mitchell, H. F., Jr.,, Remington Rand Inc., 315
4th Ave., New York, N.Y.

Mitchell, J. A., 377 Nott St., Wethersfield 9,
Conn.

Mitchell, W. R., 3309 Mocking Bird Lane,
Dallas, Tex.

Mitchell, W. T, 208 N. Parkway, DPospect
Heights, 111,

Mittlernan, W., 54 Frances St., Shrewsbury,
N. J.

Miyake, I., Univ. of Hawaii, Honolulu, T. H.

Mobley, M. C., 901 Nichols Dr., Laurel, Md.

Modry, J. F., 1841 Portsmouth Ave, West-
chester, Il

Moe, W. J., 1903 Tatum St., St. Paul, Minn.

Mohr, H. F,, 3 Fox Lane Apt. 1], Flushing,
L. I, N. Y.

Mound, L. 1., 49 Brook Ave., Little Silver, N, J.

Mooers, C. N., 40 Grozier Rd., Cambridge,
Mass.

Moun, R. F., Comdr.,, Electronics Officer, Bos-
ton Naval Shipyard, Boston 29, Mass.

Moons, A. G., 1218 Central Ave., Westfield,
N. J.

Moore, H. N., Lt. Col.,, 803 Ring Bldg., 1200
18 St., Washington 6, D. C.

Moore, M. H., 7700 Winnetka Ave., Winnetka,
Calif.

Moore, 8. F.,, Amer. Mach. & Foundry Co., 261
Madison Ave,, New York, N. Y.

Moore, W. E., 248 Southern Rd., San Diego,
Calif,

Moorhead, G. H., 56 N. Hillside Ave., Chatham,
N. J.

Moose, L. F., R.D. 2, Quakerstown, I’a.

More, C. C.,, 20 Harrison Ave. Erlton, N. J.

Morehouse, G. D., 2703 San Simeon Way,
Riverside, Calif.
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I,
A Worthy Project

T. A. HenteR, EpITOR, IRE STUDENT QQUARTERLY

CIFNS

During the past few months 1 have had an op-
portunity to visit a number of sections actively
participating in programs designed to be of service
to our student members. Generally, these programs
take the form of a student paper context, presen-
tation of outstanding student awards, field trips,
or carcer conferences. A recent innovation, under-
taken by the Los Angeles Section, provides a
student with the opportunity to discuss each area
of the electronics industry, its future and the out-
standing problems yet to be solved, with a repre-
sentative of the Professional Groups. My experi-
ence with our student program indicates that this
last type of program is by far the most cflective
and I wish to call it to vour attention.

On May 3, 1955, the lLos Angeles Section was
host to four engineering colleges in Southern Cali-
fornia with IRIZ Student Branches: California
Institute of Technology, California State DPoly-
technic, University of California, and the Uni-
versity of Southern California. Mr. John O’llal-
loran, Student Branch Co-ordinator for the los
Angeles Section supervised the preparations. The
student members, about 300 from the four col-
leges, were addressed by outstanding engineers,
cach representing one of the Professional Groups.
Twenty minutes were allowed each group in addi-
tion to the open discussion which followed. A social
hour concluded the afternoon program. Following
the afternoon program students were allowed to

discuss each group informally with the speakers in
private rooms set aside for this purpose. During a
dinner banquet following the conference Joseph
Pettit, Regional Director, gave a short talk on
IRE organization with emphasis on G activities.

My own opinion of this meeting is certainly not
as important as the opinion of the student hody of
the four schools. IFor this reason 1 have asked two
students, Ilerbert leach of California State Poly-
technic College, and Paul Rude of the University
of Southern California, to state their opinion of the
meeting, together with those opinions they felt
typified the views of the entire student body. Fol-

lowing are a few of their comments:

“On May 3 the los Angeles Section held a
joint meeting with its student branches. The
meeting was, we hope, the first of many. The
purposes of the meeting were to promote the
general  professional development of the stu-
dents through a better knowledge of the function
of the IRE, to acquaint the students with leaders
active in the IRIS Professional Groups and to
assist the students in selecting the phase of
electronics in which they might wish to work
after graduation.

“The lLos Angeles Section and its Student
Relations Committee deserve much credit for a
well-planned  and very interesting day. The
tallkks were presented in a manner so as to be of

interest primarily to the students present. It

September
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seemed that all of the speakers went out of their
way to talk to the students and this considera-
tion was quite effective.

“The afternoon session was sponsored by the
various Professional Groups. The session was
opened by a talk by Dr. Joseph Dettit of Stan-
ford University, in which he discussed the atti-
tude which the present IRE organization had
towards the Professional Groups and how they
have recently expanded. He and many of the
following speakers emphasized the use of the
Professional Groups by men in the field and the
value of these groups in aiding members to keep
abreast of the ever-changing electronics scene.
Other speakers during this session spoke on their
respective Professional Groups. These talks were
of particular value to the students in that they
dealt with basic philosophies in scientific and
engineering investigations.

“I‘ollowing dinner, recognition was paid to the
chairmen of the student groups and student
awards were presented to a student member
from each of the student branches by Dr. Pettit.
Following the presentation, Dr. Pettit spoke on
‘“What I Should Expect from the IRE,” giving a
clear picture of the organization.

“During the regular section evening meeting
Dr. Ernest Krause of Lockheed Missile Systems
and Mr. John Byrne of Motorola spoke. Dr.
Krause discussed the replacement of build and
test, trial and ecrror, experimental work in the
field of missiles. Mr. Byrne spoke on recent de-
velopments in the field of mobile communication
service.

“We feel, that as a whole, the meeting was
very successful. We have made an attempt to
contact some of the other students who attended

the day-long session, and they seem to be in

complete agreement with this opinion. Such
meetings should be continued and held once each
year. This type of meeting allows the student a
chance to obtain a clear idea as to the organiza-
tion and function of the 1R1Z. Also students can
meet with students from other colleges and
broaden their views as to the various curricula
and programs of the other student branches.
Possibly in future meetings the students will be
allowed to partake in the program itself. I'rom
the viewpoint of the Los Angeles Section the
day should have been a success. Attendance was
high and the response of the group was excellent.
The section should take this hint and plan to

continue such events.”

1 concur with both gentlemen and, based on my
experience as editor of the Student Quarterly, 1
would further suggest that a recent graduate of an
engineering college be invited to talk about his ex-
perience during his first year in industry. 1 have
found that the readers of the Student Quarterly are
most enthused about this type of material. I would
also like to point out that the above response is
truly typical of the many favorable comments
brought to my attention—Dby the students them-
selves—during the conference.

On the basis of the enthusiasm shown it seems
that the time and effort which went into making
the program possible have heen fully rewarded. As
I left Los Angeles I felt pride in the fact that the
IRE had members who would take the time to
provide the student with such an unusual service.
Any section wishing to undertake such a project
is invited to write to Mr. John O’Halloran or me
for a more complete description of the program.
You will find the pattern one which is worthy of
duplication.
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Frequency and Time Standards”

F. D. LEWISY, SENIOR MEMBER, IRE

The following is one of a planned series of papers written at the invitation of the IRE, in which
men of recognized standing review recent developments in, and the present status of, various
fields in which noteworthy progress has been made.—The Editor.

Summary—Improvements in astronomical time measurement
;echniques and in the definition of time have kept pace with develop-
nents in frequency standards. Quartz crystal frequency standards
ire described, including Essen rings, bars, GT-cut plates, and con-
toured AT-cut plates. Stable oscillator circuits for quartz-crystal fre-
juency standards are described, including the Meacham bridge-
stabilized circuit, the Gouriet-Clapp circuit, and the Lea quartz-
resonator-servo circuit. A discussion of the present status of atomic
and molecular frequency standards includes the ammonia absorption
cell, ammonia oscillator (MASER), and cesium atomic-beam ap-
paratus. Instrumentation for precision frequency measurement is
outlined, and a current listing of standard-frequency broadcast sta-
tions is included.

INTRODUCTION
MEASUREMENTS of frequency and time have

advanced in accuracy as the instrumentation

for these measurements has improved. With
each improvement in accuracy of measurement, new
problems of stability, precision, calibration, and inter-
pretation have become apparent. A review of the recent
advances in frequency and time measurcment tech-
nique is of interest to the radio engineer as an indication
of the progress which has been made and of the im-
provements to be expected in the near future.

TIME MEASUREMENT

The basis of frequency measurement is, axiomatically,
time measurement, and conversely, time measurement
can be based on frequency measurement. Before the dis-
covery of atomic or molecular frequency standards,
there were not available any alternatives to the calibra-
tion of frequency standards by means of astronomical
observations. In view of the present early stage in the
development of the atomic and molecular frequency
standards, it is not yet possible to state that these
atomic standards have been used to measure the con-
stancy of astronomical time. However, the groundwork
has been laid and soon it will be possible to calibrate
astronomical time measurements against spectral-line
frequencies. Further discussions of the spectral-line
frequency standards are given in another section of this
paper.

Accurate time is determined by astronomical obser-
vations at a designated observatory in each country
where suitable observatories exist. The U. S. Naval Ob-

* Original manuscript received by the IRE, June 24, 1935,
t General Radio Co., Cambridge 39, Mass.

servatory is the only observatory in the United States
regularly carrying out such measurements, and is thus
the source of all accurate time determirations in this
country. Time signals giving time as determined by the
Naval Observatory are broadcast by naval radio sta-
tions,! and in cooperation with the Bureau of Standards,
by stations WWV and WWVII which are operated by
the Burcau of Standards.

A number of observatories in other countries are co-
operating with agencies of their respective govern-
ments to furnish time measurements for radio trans-
mission, and many of these observatories provide time
measurcments of very high accuracy. International
comparison of time is carried on principally by means of
radio transmission. (See section below on Standard I're-
quency Broadcasts.)

The problems of time measurement, and even of the
definition of “time,” have been familiar to the astron-
omer since long before the days of Sir Isaac Newton.?
1t is nevertheless true that our modern scientific no-
tions of time are derived from the fact that time is the
independent variable of Newtonian mechanics. Minor
corrections, to take account of relativity, have enabled
the original Newtonian concept of time to survive, and
to provide a firm basis for astronomical time reckoning.
As the stability of time-keeping devices has improved,
it has become apparent that astronomers nced to agree
on a standard unit of time to use for astronomical cal-
culations, and also to provide a basis for checking any
variations in such time standards as the rotation of the
carth. Consequently, in 1950 an international confer-
ence on astronomy recommended that the term Ephem-
cris Time be used to denote uniform or Newtonian
time, and this term (Ephemeris Time) was adopted by
the International Astronomical Union in September,
1952, as defining uniform time related to the revolution
of the earth about the sun.!® At the present writing,* it
is impending that the International Committec on
Weights and Measures will adopt a definition of the sec-
ond, as a unit of time, as “the fraction 1/31,556,925.975

1 Circular No. 49, U. S. Naval Observatory, Washington, D. C.;
March 8, 1954.

2 Dirk Brouwer, “The accurate measurement of time,” Physics
Today, vol. 4, pp. 6-15; August, 1951.

3 Time Service Notice No. 1, U. S. Naval Observatory, Washing-
ton, D. C.; May 28, 1953.

1 E. C. Crittenden, “International weights and measures, 1954.”
Stignte, vol. 120, p. 1008; December 17, 1954
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of the tropical year 1900.” The adoption of this stand-
ard unit will serve to provide a time which may be used
for data of great precision, such as may be required in
frequency standardization.

In the preceding paragraph, the term Ephemeris
Time was defined as denoting time based on the orbit
of the earth around the sun. It is of interest to discuss
the kinds of time and their significance in terms of as-
tronomical phenomena. Ephemeris Time is determined
by measurement of the tropical year. The tropical year
is the time taken by the earth to make an orbit around
the sun from vernal equinox to vernal equinox. By
means of clocks, one can divide this tropical year into
smaller intervals for application to various problems.

The time which is commonly used as “standard” time
on the earth is determined by measuring the rotation of
the earth about its own axis, especially with respect to
the sun. Because of the ellipticity of the earth’s orbit
around the sun and the inclination of the earth’s equator
to the orbital plane, the length of an apparent solar
day varies with the position of the earth on the ecliptic.
In order to make the keeping of time independent of
the seasons, the apparent solar day has been replaced
by the “mean solar day,” the duration of which is the
average value of the apparent solar day over a period
of a year. Very precise time measurements require cor-
rections for the variation in longitude (apparent zenith)
of the observing station and other small corrections
known to astronomers.® Time determined by measuring
the rotation of the earth was designated by the Inter-
national Astronomical Union, September, 1952, as
Universal Time. By international agreement, Universal
Time is also defined as Greenwich Mean Time.

In order to provide a time measurement obtaining in
one operation simultaneous data on the rotation of the
earth and the rotation of a pair of bodies in space with a
substantially constant rotational speed, observations of
the moon and stars simultaneously have been under-
taken.® The data obtained from such observations pro-
vides information on both Ephemeris Time and Uni-
versal Time, and it is thus possible to obtain an accurate
difference term which enables precise conversion of one
to the other.

It is expected that the above-mentioned improve-
ments in observation techniques and method of com-
putation of time will enable absolute frequency based on
time measurements to be determined to approximately
+1X1079,

The frequency of WWYV, and of all standard fre-
quency broadcast stations, is presently computed with
respect to Universal Time (G.M.T.) which is mean
solar time, thus automatically limiting the absolute ac-
curacy to approximately +2X107% This accuracy

8 H. M. Smith, “The estimation of absolute frequency in 1950~
51,” Proc. IEE, vol. 99, pt. IV (Monographs), Monograph 39, pp.
273-278; December, 1952,

¢ \WW. Markowitz, “Photographic determination of the moon’s
position, and applications to the measurement of time, rotation of the
earth, and geodesy,” Astron. Jour., vol. 59, pp. 69-73; March, 1954.
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could be improved somewhat if corrections for short
term variations in the earth’s rotation were included in
the computations.

AsTRONOMICAL TIME MEASURING INSTRUMENTS

Time determination requires specialized apparatus
for the required astronomical observations. When visual
observation isemployed, the instrument most frequently
used is the meridian transit telescope, which is con-
structed and mounted in such a way that it can be di-
rected only at points along the meridian. The observer
then operates the mechanism for recording the times of
transit of the selected stars. Early designs of recording
mechanisms depended on the reaction time of the ob-
server to some extent. Improved designs have reduced
the variation in observation from this cause, but the
ultimate accuracy of measurement can only be reached
when the observation can be made independent of the
observer. Such independence from observer error can be
achieved by photographic means, as in the apparatus
described below.

ProtograrHIC ZENITH TUBE

The principal device used by the U. S. Naval Ob-
servatory for the routine determination of star transits
is the photographic zenith tube (P’ZT).” This device
consists of a telescope of a special design for photo-
graphing stars near the zenith. A vertical tube is
mounted above a mercury basin whiclh, when used as a
mirror, supplies automatically the vertical reference as
a normal to its surface. The vertical or zenith view of
this type of telescope minimizes the effects of atmos-
pheric refraction and thus reduces observational errors.
The upper end of the telescope tube supports the lens
and the holder for the photographic plate used to record
the positions of the stars. The plate holder is driven
horizontally by an electric motor at a rate which syn-
chronizes with the motion of the star images during
two periods of exposure of the plate. Between the ex-
posures, the carriage is rotated 180 degrees (images on
opposite sides of the center of the photographic plate)
thus providing simple and accurate geometrical deter-
mination of the meridian transit. The times at which the
plate is at particular positions during the exposures are
recorded on a chronograph driven by the crystal-con-
trolled clocks of the Observatory. The positions of the
stars are known, and it is thus possible to compute the
correct time. An outline of the steps involved in the de-
termination of time and transmission of time signals by
the U. S. Naval Observatory is shown in Fig. 1 (next
page). A photograph of a photographic zenith tube,
PZT No. 3, at the U. S. Naval Observatory, is shown
in Fig. 2 (page following).

Recent improvements in design of the plate carriage,
motor drive, and chronographic pick-up of PZT have
resulted in improved accuracy of time measurement.

TW. Markowitz, paper on Photographic Zenith Tube now in
preparation (U. S. Naval Observatory).
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Dual-ratiE Moox Position CAMERA

Recently developed apparatus for observation and
measurement of the position of the moon is now being
applied to the problem of the precise measurement of
time. The equipment and technique for obtaining a
photograph of the moon simultancously with that of the
necessary stars for the calculation of the moon's posi-
tion have been developed by W. Markowitz at the U. S.
Naval Observatory.® The apparatus, or camera, for use
on a refracting telescope comprises a special plate holder
with a synchronous motor driving a micrometer screw
to move the photographic plate at the sidereal rate cor-
responding to the moon’s declination. The clock drive
normally used to move the telescope tube is not used
during this observation, the moving plate-holder being
used instead. The image of the moon falls on a dark
filter (attenuator) with a transmission factor of 0.001.
This filter is a glass disk, with plane-parallel sides, 1.8
mm thick. Tilting of this disk about an axis paraliel to
its plane surfaces causes a translation of the image of
the moon. A second synchronous-motor-and-microm-
eter drive controls the speed of tilt of this disk to hold
the moon image fixed relative to the stars. A further
adjustnient enables selection of the axis about whigh-the

diclr #1te A ohranaoranh econtact recisters the instant

when photagraphed

Stor plote meosuring engine

Stor Cotolog

Official U. S. Navy photograph.

Steps involved in the determination of time and transmission of time signals.

at which the photographic plate and the filter disk are
parallel, i.e., the instant at which there is no relative
shift in position between moon image an¢ star images
on the photographic plate. This instant thus defines the
epoch of observation for time-measurement purposes.

A photograph of the dual-rate moon position camera
installed on the 12-inch refractor of the U. S. Naval Ob-
servatory is shown in Fig. 3 (opposite page).

With the development of a satisfactory moon-star
camera, it has now become fcasible to institute a pro-
gram of observation to chart the long-period variations
in the rotation of the earth, and to compare them di-
rectly with EEphemeris Time determined from the same
observations. (A group of photographic observations
of moon and star positions was obtained at Harvard
College Observatory, in 1911-17, and reduced at Prince-
ton, but using another method.f) An extended series of
such observations by several separated observatories is
expected to be able to provide a basis for the determina-
tion of absolute frequency to 1 part in 10°

FREQUENCY STANDARDS

As may be inferred from the preceding discussion, the
measurement of time Dby astronomical observation
eventuallyv reauires extremely stable clocks in order to



s
Official U. S Navy photograpl-.

IFig. 2-—Photographic zenith tube, PZT No. 3, Naval Observa-
tory, Washington, D. C.

provide means for subdividing a tropical year into
31,556,925.975 parts, each alike in duration. This ex-
treme requirement for clock stability will be partially
alleviated by the moon observation program which will
provide monthly time checks. Clocks of the highest
stability are necessary for scientific purposes such as the
measurement of the short-period variations in the
earth’s rotation and the standardization of frequency.

The first crystal-controlled clock was constructed by
W. A. Marrison and J. W. Horton in 1927.% Since that
date, many engineers and scientists have made impor-
tant improvements in the various components of the
crystal-controlled clock, resulting in the stability men-
tioned above, and in impressive reliability as a labora-
tory tool for daily use, a reliability infrequently sur-
passed by any other electronic devices. Since the crystal
clock is essentially a frequency standard with a cycle-
counting device attached,? we shall here consider the
various component parts of the crystal-controlled clock
as being frequency standards and associated items, for
it is as frequency standards that the radio engineer most
often meets these elements of the crystal clock.

8 J.W. Horton and W. A, Marrison, “Precision determination of
frequency,” Proc. IRE, vol. 16, p. 137; February, 1928.

2 W. AL Marrison, “The evolution of the quartz crystal clock,”
Bell Sys. Tech. Jour., vol. 27, pp. 510-588; July, 1948. Also published
as “Bell Telephone System Monograph B-1593,” Bell Tel. Lab., New

York City, and in Horological Journal, vol. S0, pp. 274 ff; May-
October, 1948.
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Courtesy Sky and Telescope

Fiz. 3—Moon position camera, attached to the 12-inch refractor

of the Naval Observatacry.

CRYSTAL-CONTROLLED "REQUENCY
STANDARD OSCILLATORS

In order to set forth the recent progress in frequency
standard apparatus, it seems expedient to consider in-
dividually the elements making up such equipment.
Most crystal-contrelled frequency standards comprise
(1) a control element, i.e., the quartz crystal unit, (2) a
negitive resistance element, i.e., the oscillator circuit
using vacuum tubes or transistors to supply the power,
(3) a thermostat or temperature-control device to keep
the control element and other circu’t elements at con-
stant temperature, (4) suitable frequency dividers or
other means for producing lower output frequencies,
which mav be used to operate (5) integrating devices,
such as clock indicators, to keep a record of the number
of cvcles in a given period for comparison with astro-
nomical time measurements. A\ suitable power supply
(6) is, of course, required. Item (5) is sometimes elim-
inated in a secondary frequency standard if adequate
reception is available from one or more of the standard
frequency broadcasts now being transmitted by various
agencies. Various other items of auxiliary equipment are
frequently associated with crystal-controlled frequency
standards for the purpose of calibration and standard-
ization of the standards themselves, ar for the use of the
standards in frequency and time measurement.

QuarTz CrysTtal CoNTROL ELEMENTS!®!?

Two outstanding properties of crystalline quartz
make it especially attractive as a control element for a
piezo-electric oscillator, namely, the possibility ot ob-
taining resonators of high Q value, and the exceedingly
good stability of the quartz itself insofar as aging effects
are concerned. Much of the frequency-standard work

R, AL Heising, “*Quartz Crystals for Llectrical Circuits.” D.
Van Nostrand Co., New York, N.Y., 1945.

P Vigoureax and C. F. Booth, “Quartz Vibrators,” His Majes-
ty's Stationcry Office, London, England, 1950.

2 1. P. Buchanan, “Handbook of Piezoelectric Crystals for Radio
llquipment Designers,” Wright Air Dev. Center (USAF) Tech.
Rep. 51-248, Wright-Patterson AF Base, Ohio; December, 1954.
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of recent years has been directed to the improvement of
Q and aging characteristics of crystals.®=15 The varia-
tion of frequency with temperature, an important mat-
ter for a stable oscillator, is a function of the shape of
the crystal element, its dimensions and its angle of cut
from the mother crystal. The pertinent properties of
various types of crystal resonators currently considered
suitable for use as frequency standards are considered
herewith,

RINGS AND Barks

Crystal resonators operating in extensional modes
offer some attractive propertics for use at low fre-
quencies. The choice of 4 suitable shape generally will
provide one or more nodes suitable for use as mounting
points, and the proper dimensioning, combined with 5
proper angle of cut, will produce a low coefficient of
frequency vs temperature usually over 2 relatively
narrow, specified temperature range. Such resonators at
frequencies of the order of 100 ke have been made in the
form of bars or rings.

IisseEx Ring!s

A ring-type resonator, developed by Essen of the
British National Physical Laboratory, has shown great
stability in frequency-standard use. This resonator
operates in the extensional mode with six half-wave-
length sectors alternately extending and contracting in
a direction along its circumference. The exciting voltage
is applied to electrodes concentric with the inner and
outer surfaces of the ring. Since the motion of the quartz
is mainly along the circumference, there is only a little
contraction and expansion of the surface of the ring
and hence only a small power loss caused by ultrasonic
radiation. An evacuated, sealed container has been used
to keep the aging rate low, and incidentally also elim-
inate any residual losses caused by radiation from the
ring or its mounting. The British-Post-Office Essen
rings are reported to have a Q of two million,'s while the
earlier pin-type mount produced a Q of one million.

The Essen ring requires a fairly sophisticated mount-
ing in order to take full advantage of its inherent high Q
value. The mounting problem is simplified to some ex-
tent by the existence of the six nodal planes, which are
zones of minimum vibration at 60 degrees angular sepa-
ration around the ring. The earliest mountings made by
Essen at N.P.L. employed pointed pins set into grooves
cut into three of these nodal planes. Although the pins
provided rugged support points, the rings seemed to
exhibit some small frequency instability which was

B3 J. P. Griffin, “High-stability 100-ke crystal units for frequency
standards,” Bell Lab. Rec., vol. 30, pp. 433-137; November, 1952,

AW Warner, “High-frequency crystal units for primary fre-
quency standards,” Proc. [RE, vol. 40, pp. 1030-1033; September,
1952,

L. Essen, “A new form of frequency and time standard,” Proc.
Phlys. Soc. (London), vol. 50, p. 413; 1938,

" I1. T. Mitchell and A. L. Dobbie, “100 Kc/s Oscillator of High
Precision Incorporating an Essen Type Quartz Ring,” paper pre-
sented at Congrés International de Chrononetrie, Paris, France;
October, 1954,
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thought to be ascribable to the pin mountings. Conse-
quently, a string or thread-type mounting was devised
at the British Post Office for the Essen-ring crystal
elements used in frequency standards designed there.
Fig.4isa photograph of the Post Office Essen Ring, and

Courtesy H. M. Postmaster General,

Fig. 4+—Photograph of 100 ke Z-cut quartz ring mounted on thread
suspension in crystal holder W6, with cover removed,

Fig. 5 shows a sketch of the string mounting. The string-
type mounting appears to have overcome the random
frequency shifting observed with the pin-type support,
but still leaves unsolved a few of the problems with re.-
spect to shipmen: or transportation of the finished
quartz ring. The large mass of the Essen-ring crystal
element imposes a requirement for relatively great
care in shipment, requiring the type of shipment and
handling normally reserved for delicate scientific in-
struments.

f' Tension _ - LEAF SPRING
I sk = _METAL SUPPORT
STRING #1 ~  OUTER ELECTRODE

t ler QUARTZ TSSILK STRING #2
EL'ENCNTRROCE ESSEN {NOTE: STRINGS ARE
RING NOT IN SAME PLANE)

(SECTION VIEW NOT TC SEALE)

Fig. 5—Sketch of cne of three string support points of Essen-
ring crystal element.

Long term drift of the Essen-ring crystal is very
small.'"-1¥ \'alues of drift rates of approximately 1 X 10-8
per month, or approximately 3 X10-10 per day, have
been observed for the Essen-ring oscillators at the U. S.
Naval Observatory,” with the expectation that lower
drift rates will be reached in the future. The lowest

"H. M. Smith, “The determination of time and frequency,”
Proc. IEE, vol. 98, part II, pp. 143-153 (plus discussion); April,
1951.

18 1.. Essen, “Frequency standardization,” Proc. IEE, vol. 98,
PP. 154-163 (plus discussion); April, 1951,
vdte communication.
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drift rates of two such oscillators reported by the British
Post Office are 0.25 and 0.4 X107° per day over periods
of several hundred days.!® The British Post Office radio
laboratory group considers that an Essen-ring oscillator
unit is satisfactory for delivery to a user only if its drift
rate is less than 5.0X107° per day averaged over 10
days. The excellent performance of the Essen ring with
respect to long-term stability is ascribable, in part, to
the fact that the frequency of oscillation of the ring is
a function of the mean diameter of the ring, and that
the loss, or acquisition, of a uniform layer of material
over the entire surface would thus produce only a sec-
ond-order change in the frequency. Careful processing
of the ring and use of the evacuated mounting have
further reduced the probability of changes in the crystal
frequency.

An Essen ring ground for a frequency of 100 kc has an
outside diameter of almost 2} inches (actually 61.26 mm
in one case). This dimension is an indication of the
difficulty of fabrication of such a crystal element, since
it is necessary to obtain a quartz crystal free from de-
fects with maximum dimensions large enough to allow
cutting the ring from it. Because of this drastic require-
ment for large pieces of high-grade raw quartz-crystal,
commercial Essen-ring frequency-standard units in-
tended for moderate-quantity production have not been
introduced.

Bars

Quartz bars vibrating in the extensional or longitu-
dinal mode are widely used in frequency-standard oscil-
lators. The attractive features of such bars include the
availability of one or more nodal planes for the attach-
ment of mountings, a large ratio of mass to surface for
the finished crystal, and only a moderate size require-
ment for the raw quartz blank. In addition, the process-
ing required is similar to that required for the more com-
monly used plates, i.e., plane lapping.

Frequency-standard crystals operating in the exten-
sional mode have}been used for many years. The
German Physikalishe Technische Reichsanstalt group
(Giebe, et al.) designed, constructed and operated for
many years a quartz-controlled frequency standard
using a 60-kc Y-cut bar.

A commercial frequency standard using a 50-kc
X-cut bar was produced by the General Radio Com-
pany, Cambridge, Massachusetts, in 1928.20

A new design of overtone-operated X-cut bar was
developed by Clapp? for use at 100 kc in the present
model of the General Radio Company frequency stand-
ard (since 1947). This quartz bar (Type 1190-A Quartz
Bar), shown in Fig. 6, operates at the second overtone,
having two half-wavelength extensional mode sections

20 L. M. Hull and J. K. Clapp, “A convenient method for referring
secondary frequency standards to a standard time interval,” Proc.
IRE, vol. 17, pp. 252-271; February, 1929.

# J. K. Clapp, “On the equivalent circuit and performance of
plated quartz bars,” Gen. Rad. Experimenter, vol. XXII; March-
April, 1948,
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operating in push-pull, i.e., the portion of the bar from
the center to one end extends as the portion from the
center to the other end contracts. A nylon-monofila-
ment string suspension is used to support the bar at the
two nodal planes, the filaments being maintained in
tension by coil springs. Adjustable baffles at the ends
of the bar are used to reflect ultrasonic radiation and
thus reduce damping and change in frequency caused by
changes in air pressure, as the mounting is not evacuated
or hermetically sealed. Plated electrodes are applied
directly to the surface of the bar on its sides, and are
interconnected for second-overtone excitation in the
extensional mode. The Q of this bar is approximately
170,000 in the mounting described.

Courtesy General Radio Company.

Fig. 6—Quartz bar for operation at 100 kc in second overtone mode.
Note the end baffles to reduce ultrasonic radiation losses, and
the string suspension at the two nodes.

Frequency stability of the commercial model bridge-
stabilized oscillator, with which this bar is supplied in
its temperature-controlled oven, reaches a value of ap-
proximately 0.5X1078 per day or better, after an aging
period of approximately one year. Many of these oscil-
lators demonstrate considerably better stability than
this figure. The long-term drift rate of the frequency
standard in use at the General Radio Company has been
approximately 5X10-7 per year since 1945, an aging
rate of 1.2X10~° per day averaged over 10 years.

Extensional-mode bars suitable for stable oscillator
use have been made by other crystal manufacturers.
Bars of the +5-degree X-cut, fundamental-mode longi-
tudinal-vibration type, which were wire monnted with
plated electrodes, have been used in a quartz-crystal-
controlled clock in Switzerland.?2 These bars, mounted in
evacuated glass envelopes, were supplied by Salford
Electrical Instruments (British General Electric Com-
pany). They gave stabilities of the order of 0.5X10-8
per day, or better, when used in a Gouriet-Clapp oscil-
lator circuit with automatic level control.

GT-CuTt PLATES

The GT-cut plate, originated by Mason,? has been
developed to a highly advanced state for use in fre-
quency standardization work.® This type of quartz

2 P. Chalande, “The realization of a group of piezo-electric time-
keepers,” La Suisse Horlogere (International Edition in English),
La Chaux-de-Fonds, Switzerland, pp. 41-44; October, 1952,

# \V. P. Mason, “A new quartz crystal plate, designated the GT,
which produces a very constant frequency over a wide temperature
range,” roc. IRE, vol. 28, pp. 220-223; May, 1940,
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plate can be made to have a temperature coefficient of
frequency which is less than 2 X107 per degree C., over
a refatively wide temperature range. For the plates used
as frequency standards, the temperature vs frequency
curve is reasonably flat between 0 degrees and 100 de-
grees (., with optimum flatness in the range from ap-
proximately 20 degrees to 90 degrees €. Thus, the GT-
cut plate can be made to serve as a stable element at
temperatures approximating room temperature, and
also at thermostatically controlled oven temperatures.

Early GT-cut plates were mounted on pressure-point
contacts.® 132 It is necessary to leave the edges of the
GT-cut plate unsupported because they are vibrating
with the greatest amplitude of any point on the crystal.
Consequently, centrally located mounting points are
desirable, the theoretical nodal point being at the
center of the rectangular plate. Actually, because of
couplings to other modes, the plates are not completely
at rest at the central point. In addition, the desirability
of keeping the attachment points small and flexible re-
quires the use of several support points, which are now
generally made in the form of thin wires attached to the
surface of the crystal plate near the center, along the
center line of the length of the plate.

Courtesy Bell Telephone Laboratories.

Fig. 7—100 kc G'T-cut plates (D168670) in evacuated mountings
as used in LORAN timer oscillators.

The use of GT-cut plates in frequency-standard oscil-
lators was given impetus by the LORAN development
during World War 11 which required stable oscillators
for timing the pulses used in this radio-navigation
system. Wire-mounted-silver-plated-electrode GT-cut
plates were manufactured in evacuated glass envelopes
for use in the LORAN timer oscillators. These crystals
were a development of the Bell Telephone laboratories,
and represent an achievement of considerable magni-
tude in making a erystal unit largely independent of
temperature, atmospheric changes, aging effects caused
by exposure to the air, and a fair amount of rough
handling in shipment. This crystal unit was designated
by the number D-168670 (shown in IFig. 7, above).

# C. F. Booth and F. J. M. Laver, “A standard of frequency and
its applications,” Jour. IEE, vol. 93, part 111, pp. 223-241 (with
discussion); July, 1946.

PROCEEDINGS OF TIHE IRE

September

Further refinement of this type of GT-cut plate has
produced excellent results.’® The improvements consist
of reduction in the diameter of the support wires and
their attachment points, improved methods of process-
ing the soldered connections, and careful annealing to
relieve strains. Final adjustment to frequency is ac-
complished by etching the edges. The electrodes are of
gold to take advantage of the inherently stable charac-
ter of this metal in this application. Twenty crystals
were constructed for the National Bureau of Standards
incorporating these improved design features, and are
now in use by the Bureau of Standards at Boulder,
Colorado, and at WWV,

The Q value of the D-168670 GT-cut crystals was ap-
proximately 140,000 and the frequency drift with time
was approximately 1 X108 per day in the LORAN os-
cillator. The Q value of the improved design is of the
order of magnitude of a million, with some values as
high as 4,000,000. The daily drift rate of the special
GT-cut crystals in use at the National Bureau of Stand-
ards is reported as low as 1 to 5 X107 per day, whereas
the drift rate of the earlier design was reported as 1 to 3
parts in 10° per day after one year of aging.1?25.26

The principal advantage of the GT-cut appears to lie
in its low temperature coefficient of frequency, and the
consequent ability to provide a stable frequency even in
the absence of precise temperature control. The Na-
tional Bureau of Standards has demonstrated that it is
possible to use a crystal resonator buried in the earth
as a reasonably accurate frequency reference without
further temperature control.?” Such a system has the
advantage that continuity of power supply is not nec-
essary in order to preserve continuity in measurement
of the aging curve of the crystal resonator, and that it is
thus possible to use such a crystal as an emergency
standard during a power failure.

It has been determined that GT-cut plates are sensi-
tive to the amplitude of the driving current within the
range of current experienced in the bridge-stabilized
oscillator circuits normally used with these plates.?s
Although some improvement has resulted from re-
design of the oscillator bridge networks to balance at
lower values of crystal current, the National Bureau of
Standards has incorporated into the group of crystals
used as frequency standards several crystals which are
used only as reference resonators; i.e., which are not
running continuously in oscillator circuits but are
measured in bridge circuits at low excitation current
levels.

% ]. M. Shaull, “Adjustment of high-precision frequency
and time standards,” Proc. IRE, vol. 38, pp. 6-15; January,
1950.

28 J. M. Shaull and J. H. Shoaf, “Precision quartz resonator fre-
quency standards,” Proc. IRE, vol. 42, pp. 1300-1306; August,
1954,

27, AL Pendleton, “Underearth quartz crystal resonators,”
Proc. IRE, vol. 41, pp. 1612--1614; November, 1953
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AT-Curt PLATES

The AT-cut quartz crystal plate was developed by
Lack, Willard, and Fair in 1934.28 Other investigators,
notably I. Koga, also published data on similar low-
temperature-cocfficient cuts. This type of plate vibrates
in the thickness-shear mode and may be made to have a
low temperature coefficient of frequency. It is possible
to orient the cut angle to produce an inflection point on
the frequen(‘y-vs-tcmpcraturc curve, that is, a zero tem-
perature coefficient of frequency, in the range of tem-
peratures normally used in temperature-controlled
ovens. Such a crystal cut has obvious applications as a
frequency standard.

Early efforts to use the AT-cut plates as standards®
were hampered by the difficulty of mounting the plate
in such a way as to achicve a mount which would not
influence the frequency of the crystal. Low aging drift is
almost impossible to attain unless a mount is used which
affects the frequency of the crystal to a minimum de-
gree. Booth of the British Post Office used nodal-plane
pin-mounted AT-cut plates, operating at 1000 ke, with
air-gap electrodes, in partially evacuated holders (air-
pressure 3 cm 11g).?* These crystals were operated at 50
degrees C. They gave drift rates averaging 2 to 5 X10~°
per day over the years 1941-1044. In view of the fact
that the nodal plane is in the center of the thin edges of
the AT-cut plate (1.65 mm thick), the difficulty in con-
structing a stable mounting by this method was con-
siderable.

The most promising recent development in the design
of AT-cut plates for frequency-standard use has been
carried out by Warner.?® Warner has shown that a circu-
lar AT-cut plate with one side plane and the other side
ground to spherical contour, operating at 5 mc in the
5th-overtone mode, can be made with a Q of approxi-
matelv 2,500,000. A photograph of this crystal unit in
an evacuated glass envelope is shown in Fig. 8. Warner
further reports a 1 mc crystal of similar design® with a
Q of 12108 These remarkably high Q values are as-
cribable to the use of the overtone mode and to the
spherical contouring, which “mismatches” the zones of
the crystal away from the exact center of the convex
side of the plate. The zones near the edge of the crystal
are thus rendered incapable of resonant vibration at the
excitation frequency and are consequently quiescent.
The edge of the contoured plate is thus made suitable
for the attachment of rugged mounting supports and

28 I, R. Lack, G.W. Willard, and 1. 1Z. Fair, “Some improvements
in quartz crystal circuit elements,” Bell Sys. Tech. Jour., vol. 13,
pp. 453-1463; July, 1934,

29 C. F. Booth, “The application and use of quartz crystals in
telecommunications,” Jour. IEE, vol. 88, part III, pp. 97-144
(with discussion); June, 1941.

30 A, \V. Warner, “lligh-frequency crystal units for primary fre-
q191ency standards,” Proc. IRE, vol. 40, pp. 1030-1033; September,
1952,

A A \W. Warner, “High-frequency crystal units for primary
frequency standards,” Proc. IRE, vol. 42, p. 1452; September, 1954,
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connecting leads to the electrodes. The use of a glass-
envelope evacuated mounting for this type of crystal
plate has resulted in the high Q value quoted above, and
in a low aging rate which is currently being verified at a
number of laboratories. Indications are that the aging
drift of this type of contoured AT-cut plate in an evacu-
ated mount will be as low as that of any previously de-
signed crystal units. ‘

Courtesy Bell Telephone Laboratories.

Fig. 8 -5 mc AT-cut contoured plate in evacuated glass
envelope, operating in Sth overtone mode.

The advantages of the overtone-mode contoured §
me-plate for commercially produced equipment are
centered in the relatively small size of the quartz blank
required, and the ease of getting a satisfactory mount-
ing. Careful processing is still necessary in order to at-
tain low rates of frequency drift with time, but the
ruggedness of the crystal unit and its small size have al-
ready suggested numerous applications.

Fundamental-mode AT-cut plates are capable of low
rates of frequency change with time if properly proc-
essed and mounted, and if used in applications, such as
high-stability circuits, where the constancy of the
crystal can be exploited. Lea has used a fundamental-
mode 5 mc plate in experimental oscillators of high sta-
bility,* and Sulzer has developed a 1 mc oscillator using
a fundamental-mode contoured AT-cut plate.s

OscirLLator CIRCUITS FOR FREQUENCY
STANDARDS

Resonant devices can be made to oscillate with good
frequency stability only if appropriate means are se-
lected for maintaining them in oscillation. Pendulum
clocks furnish elegant illustration of this requirement.

% N. Lea, “Quartz resonator servo—a new {requency standard,”
Marconi Rev., vol. 17, pp. 65-73; 3rd Quarter, 1954? v e

% “High-stability one-megacycle frequency standard,”

NBS
Tech. News Bull., vol. 38, pp. 162-163; November, 1951,
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The Shortt clock, representing a highly developed form
of the gravity pendulum clock using electrically sup-
plied impulses to maintain oscillation, gives stability
approaching that of crystal-controlled clocks. This
stability is achieved by a combination of a stable reso-
nator (free-pcn(lulum), and an “oscillator circujt” which
supplies a constant amount of power at the same point
in every cycle. Similar requirements hold for quartz-
crystal-controlled oscillators, each increase in stability
of crystal clements calling for improvements in oscillator
circuits.

The principal property susceptible to improvement js
the stability of the phase shift in the “negative resist-
ance” or amplifier element of the oscillator. There are
currently at least three distinct approaches to the oscil-
lator circuit problem, and possibly a great many more
as yet not known to the author of this review. The first
approach consists of the use of an amplifier with a posi-
tive feedback connection to provide regeneration and
also frequency control through incorporation of the
crystal element in this feedback path, with a negative
feedback connection to stabilize amplifier gain and phase
characteristics. The second approach comprises the use
of the most stable elements in the “optimum” simple
oscillator circuit with stabilization of the oscillator ac-
tive element by appropriate means. The third approach
adds to the second approach a servo-operated device for
adjusting the circuit elements to maintain the oscilla-
tion frequency at a value which gives a constant value of
impedance or phase shift in the crystal element,

BRIDGE-STABILIZED OscILLATORS

The oscillator circuit which has been most widely used
for frequency standard oscillators is the bridge-stabi-
lized circuit originated by Meacham.® In this circuit
[FFig. 9(a)], the feedback voltage which drives the am-
plifier is the unbalance voltage at the output terminals
of a bridge network which includes the crystal with asso-
ciated adjusting reactances, a resistor with a positive
temperature cocfficient of resistance, two linear-resistjve
arms and the necessary coupling circuits. The values of
the resistors are so chosen, with respect to the crystal
series resistance and the tungsten lamp resistance, that
the bridge is unbalanced at low levels of applied signal
in such a direction that positive feedback results from
the bridge-unbalance output signal. As the amplitude of
oscillation builds up, more current flows through the
bridge arms, causing the tungsten lamp to increase its
resistance and the bridge to approach the balance con-
dition. The ultimate amplitude of oscillation is reached
when the bridge unbalance signal becomes small enough
so that the transmission loss through the bridge network
equals the gain through the amplifier.

The excellence of the bridge-stabilized oscillator cir-
cuit stems from two important properties which are the

M L. A. Meacham, “The bridge stabilized oscillator,” Proc.

IRE, vol. 26, pp. 1278-1294; October, 1938,
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result of the use of the bridge network in the feedback
path. The first property is a function of the phase rela-
tionship of the input voltage of a bridge with respect to
its unbalanced output, or detector output, voltage.
Near the balance point of the Meacham bridge, incor-
porating the crystal resonator as one element, the slope
of the phase shift of output voltage vs input voltage is
greater than the slope of the phase shift of input voltage
Vs current through the crystal element alone. This im-
provement in slope enables design of oscillators in which
improvement in stability is accomplished by provision
of additional gain to make up for the loss involved in
the operation of the bridge network close to the balance
point. Improvement in frequency stability generally will
result from increase in amplifier gain since the voltage
gain goes up as the power of the number of stages,
whereas the amplifier phase shift instability generally
increases only directly with the number of stages.

N\
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Fig. 9—Oscillator circuits for frequency standards.

The second property of the bridge-stabilized oscil-
lator, one which is at once an asset and a liability, is the
amplitude stabilization property of the bridge network.
The tungsten lamp has been almost universally used as
the amplitude stabilizing device in the bridge because
of its simplicity, ruggedness, and low drift with time.
Some efforts have been made to use elements with nega-
tive temperature coefficients of resistance, such as ther-
mistors, but the tungsten lamp is, in general, the ac-
cepted element. The amplitude stabilization resulting
from the self-balancing bridge feedback network is ef-
fective, holding its amplitude setting well for long peri-
ods. However, the range of levels over which the bridge
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network can be made self-balancing, depends on the
characteristics of the lamp, and generally higher levels
are required than would be desirable for use with some
crystal elements.?

The above-described properties of the bridge-stabi-
lized oscillator are related to the general properties of
amplifiers with feedback connections. It has been
shown® that the performance of the bridge-stabilized
crystal oscillator can be analyzed by separating the
feedback circuit into a negative feedback path which
stabilizes the gain and phase shift of the amplifier and
a positive feedback pathincluding the crystal unit, which
determines the frequency of oscillation of the system.
From this analysis, it appears that it may be profitable
to explore further means for the stabilization of the am-
plifier circuits of oscillators.

Examples of the Meacham bridge-stabilized oscil-
lator are provided by the LORAN timer oscillator (U. S.
Navy, R. F. Oscillator Type 0-76/U),* the General
Radio Company commercial frequency standard Type
1100-A, and the British Post Office Essen-ring oscillator,
a photograph of which is shown in Fig. 10.

Courtesy H. M. Postinaster General.

Fig. 10—British Post Office precision frequency standard oscillator,
showing oven (center) containing 100 kc Essen ring. This oscil-
lator uses the bridge-stabilized circuit.

Because of unavoidable stray inductance and capaci-
tance, it has been generally found that the bridge-stabi-
lized oscillator circuit is most useful at frequencies of 1
mc or below. Frequency-standard oscillators designed
for operation at higher frequencies have, therefore, used
the circuits described below.

GOURIET-CLAPP OSCILLATOR

The Gouriet-Clapp crystal oscillator circuit, shown in
Fig. 9(b), has been used for many years in frequency
monitors for broadcasting and in other applications

% E. J. Post and H. F. Pit, “Alternate ways in the analysis of a
feedback oscillator and its application,” Proc. IRE, vol. 39, pp.
169-174; February, 1951.

® ] A. Pierce, A. A. McKenzie, and R. H. Woodward, “Loran,”
McGraw-Hill Book Co., New York, N. Y. (“Model UE-1 Oscillator,”
pp. 237-240, describes the Type 0-76/U Oscillator); 1948.
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where stable, simple oscillators are required. (This os-
cillator circuit is sometimes called a “modified Pierce”
or “modified Colpitts” circuit. U. S. Patent No. 2,012,-
497 was granted to J. K. Clapp for this crystal oscillator
circuit in 1935, the series capacitance and inductance
being adjusted to series resonance at the crystal series-
resonant frequency. A similar circuit was developed
independently by G. G. Gouriet of the B. B. C.) Recent
availability of stable high-frequency crystals (See sec-
tion on AT-Cut Plates, above) has prompted applica-
tion of the Gouriet-Clapp circuit to frequency-standard
oscillators in the megacycles/second range. An analysis
(See Appendix) of the Gouriet-Clapp circuit with re-
gard to the variations in frequency caused by changes
in various circuit elements shows that an oscillator sta-
bility of the order of 1 or 2 parts in 10° should be realiz-
able with this circuit using a crystal®® with Q=2.6 X108
Application of automatic-gain-control to this oscillator
circuit by controlling the grid bias of the vacuum tube
with an amplified delayed-AGC circuit stabilizes the
input impedance of the oscillator tube as well as the
gain and crystal current.

Application of this circuit to frequency-standard os-
cillators has been carried out by Felch and Israel,*” and
in considerably modified form, by lLea (See Servo-Con-
trolled Oscillators, below). The stability achieved has
been 3 X 10~° per day or better, using the 5 mc overtone-
mode AT-cut plate,®® by the former group. A photograph
of this 5 mc oscillator unit is shown in Fig. 11.

Courtesy Bell Telephone Laboratories.

Fig. 11—Photograph of USAF Type 0-269 (XW-1)/UR Oscillator,
using 5 mc overtone-mode contoured AT-cut plate (see Fig.

SERVO-CONTROLLED CRYSTAL OSCILLATORS

All of the oscillator circuits described above have
relied on the steep slope of phase-change with frequency
in the crystal element to provide corrections for the
drifts of phase in the oscillator circuit in order to main-
tain a constant frequency of oscillation. The bridge-
stabilized oscillator alone has provided an enhanced
phase-change system to assist the phase-vs-frequency

W E. P. Felch and J. O. I'racl, “A simple circuit for frequency
standards employing overtcue crystals,” Proc. IRE, vol. 43, pp.
596-603: May, 1955.
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slope of the crystal element. An oscillator circuit which
provides a somewhat different method of frequency con-
trol has been developed by Lea’? A simplified circuit
diagram of his servo-controlled oscillator is sho\\'n‘ in
I'ig. 9(c). It should be noted that the servomechanism
has been added to an oscillator circuit which, for pur-
poses of illustration, is similar to the Gouriet-Clapp os-
cillator of Iig. 9(b). The short-term or cycle-to-cycle
phase stability of the oscillator is thus dependent on .t‘he
Q of the crystal, which Q has been degraded to } of its
original value by the addition of Ry =R (crystal series
resistance). The phase “noise” or phase instability of
this circuit may thus be twice that of the Gouriet-Clapp
circuit using the same crystal unit. However, the long-
term stability (for any period longer than the correction
time of the servo control) is determined by the ability
of the servo system to maintain the oscillator frequency
at that value which appears to result in a constant value
of impedance in the crystal unit. A bridge circuit com-
prising the erystal (R, L, C) Ry, Ra, Rs; and ganged
modulating reactances + X and F X is provided by add-
ing Ry=R in series with the crystal, and adding R,
+.X, F.X and R; in parallel with the crystal branch. R,
should be equal to R;, but be large compared with R
(crystal) and Ry. A detector, comprising a sensitive AM
receiver, is provided with a phase-detector output ¢ir-
cuit synchronized with the modulation rate of + X and
+ X 1f the frequency applied to the crystal deviates
from the frequency of the crystal series resonance, the
voltage drop across the crystal arm of the bridge will
change both in magnitude and in phase. The modulat-
ing reactances, +X and FX, being modulated con-
tinuously at a fairly constant rate, will enable sensing
of the direction of phase change of the bridge unbalance
voltage (detector output) by scanning back and forth
through a small range of reactance unbalance in the
modulating arms, and using a phase-sensitive circuit
tuned to the modulation frequency at the output of the
detector. The output signal from this detector will then
be proportional to the magnitude of the deviation from
bridge balance, and will have a phase or sign which indi-
cates the direction of deviation of the applied frequency
from the crystal resonant frequency. The detector out-
put signal is then applied to a servo system to readjust
the oscillator circuit to reduce the frequency deviation
to a minimum. By increasing the gain of the detector
circuit, it is possible to reduce the magnitude of the
deviation required to operate the servo device until the
limiting signal-to-noise ratio is reached.

The servo system is thus used to correct for such in-
stability as may arise in the “negative resistance,” that
is, in the vacuum tube (or transistor) and associated re-
active elements. Instability is thought to arise from
such factors as cathode-interface impedance, space-
charge capacitance, changes in tube geometry with age,
transit time variation, and perhaps Miller-effect capac-
itance changes in addition. A delayed-automatic-gain-
control is used by Lea to stabilize level and grid input
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impedance. The correction time of the servo control
used is fairly short, a variable capacitor being driven
by a motor to effect the adjustment of the circuit react-
ance. In its present state of development,’ the servo-
controlled oscillator is stable to better than +3X1011,
and the average frequency to approximately +1Xx10-11,
for periods in excess of 10 seconds, the ultimate drift
rate for long periods thus being dependent only on the
constancy of the crvstal element except for the +3 X
10~ error of the circuit. This figure includes changes of
tubes, drift of the feedback circuit elements, and supply
voltage changes.

Further application of this servo-control principle has
produced comparable results using slightly different
circuit details. Lea makes use of 3 motor-driven vari-
able inductance as a single modulated reactance, dis-
pensing with the second modulated element, and de-
layed AGC. Sulzer®® has used a chopper to commutate
small capacitors in the modulated reactance positions,
and a limiter to control level. Both systems operate at a
modulation rate different from the power frequency in
order to avoid “hum” troubles.

TuNING Forks as FREQUENCY STANDARDS

Tuning forks have been used as frequency standards.?
The advantages of the tuning fork as a clock-driving
source derive mainly from the low frequency of oscilla-
tion of the fork and the simplified auxiliary apparatus
needed to drive the clock. Interest in small, lightweight,
frequency standards for airborne applications has kept
the tuning fork from being completely eclipsed. Several
manufacturers are producing hermetically-sealed tem-
perature-compensated tuning forks operating in the fre-
quency range of 400 to 1,000 cps, and also at 50-60 cps,
and at some frequencies above 1 kc. Performance of the
best of these tuning-fork units is comparable with that
of commercial-grade crystals as far as stability is con-
cerned. For example, one of these forks (at the River-
bank Laboratories, Geneva, Illinois), operating without
temperature control at room temperature in an ampli-
tude-stabilized oscillator circuit, has given stability of
the order of +1X10-%for several weeks. The Qrealizable
in a tuning fork is limited, and consequently, the in-
stantaneous phase stability of an oscillator circuit using
fork control has to be made as high as possible in order
to keep the frequency from fluctuating rapidly. With a
modern tuning-fork-controlled oscillator, it is possible to
realize a portable time and frequency standard with sta-
bility adequate for many purposes.

MICROWAVE SPECTRAL [LINES OF ATOMS AND
MOLECULES AS FREQUENCY STANDARDS

Much has been written of the many proposals for the
use of the constant properties of atoms and molecules
as standards of frequency. It will not be possible here to

% Private communication, February 1, 1955.
3 P. G. Sulzer (National Bureau of Standards), “High stability
bridge-balancing oscillator,” paper in preparation,
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give a complete description of the status of the various
projects in this field of endeavor, but the projects which
appear most promising will be covered briefly. Of the
many possible spectrum lines in the microwave region,
the 3,3 inversion-line of the ammonia molecule (N1l3)
and the transition (4,0 3,0) of the cesium atom seem
to be nearest to practical application. Both of these
spectrum lines have already been used as the bases of
frequency calibrating apparatus,*®and it is probable that
their use will result in the first frequency standards of
high precision with complete freedom from long-term
aging drift. If present theories of atomic structure are
rigorously correct, and there appears to be no reason for
suspecting otherwise, then the frequencies representing
the spectral lines should never change. We should, there-
fore, be able to use these invariant frequencies as fre-
quency standards without reference to astronomical
phenomena except for initial calibration. It is probable
that the first frequency and time standardization using
these spectral lines as standards will be done by using
them as calibration standards to measure the constancy
of the frequency of a conventional frequency standard
or of the oscillator of a quartz-crystal-controlled clock,
and thus enable accurate establishment of the time-
keeping rate of the clock for comparison with astronom-
ical time. As the perfection of atomic frequency stand-
ards progresses, it may prove feasible to use them as
standard-frequency oscillators for routine laboratory
nmeasurements.

The problem then resolves itself into the design of
equipment and the application of the information ob-
tained from the equipment. Since the techniques for the
two spectrum lines mentioned above are so widely dif-
ferent, they will be treated individually.

AMMONIA SrecTRUM LINE DEVELOPMENTS

It is probable that the earliest published reference to
the possibility of using microwave spectrum lines as
frequency-stabilizing elements is in a paper by Pound#
published in 1946, although other investigators had per-
ceived the possibility of using the microwave spectral
lines as frequency calibration points. Shortly after pub-
lication of Pound’s paper, a paper by Smith, de Que-
vedo, Carter and Bennett* confirmed the application of
Pound’s method of stabilization using the 3,3 line of
ammonia (NIl3) as the frequency reference. The stabi-
lized oscillator system comprised a reflex klystron, a
wave-guide hybrid system, a wave-guide resonator
filled with ammonia, and a “dc” feedback connection to
the klystron repeller electrode to close the loop. In ef-
fect, the ammonia was used as a resonant element to
provide a rapid change of phase of a reflected wave in a

4 H. Lyons, “Spectral lines as frequency standards,” Ann. N. Y.
Acad. Sci., vol. §5, pp. 831-871; November, 1952,

4 R.V. Pound, “Electronic stabilization of microwave oscillators,”
Rev. Sci. Instr., vol. 17, p. 490; November, 1946.

2 \V. \'. Smith, |. L. G. de Quevedo, R. L. Carter, and W. S.
Bennett, “Frequency stabilization of microwave oscillators by spec-
trum lines,” Jour. Appl. Phys., vol. 18, p. 1112; December, 1047.
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Pound-type discriminator, the rate of change of phase
with frequency being rapid enough to give an effective
Q estimated at 12,500.

The use of the 3,3 inversion line of ammonia at ap-
proximately 23,870 mc for this stabilization experiment
was the extension of many vears of investigation of this
particular spectrum line. Cleeton and Williams meas-
ured this ammonia absorption in 1934, and a number of
papers appeared immediately after World War []4446
giving further information which indicated that the 3,3
line of ammonia was a strong line (high absorption of
energy), and that it was not affected in frequency by
such variable factors as pressure, temperature, and mag-
netic field, although the apparent resolution or breadth
of the line depends on pressure and temperature.

The most accurate determination of the frequency of
the 3,3 inversion line of ammonia appears to be that by
Shimoda,*” who gives a value of 23,870,130.974+0.10+1
ke for this line. This figure includes terms of +0.10 ke
instrumental error, and 1 ke uncertainty concerning
the absolute value of the reference frequency standard.

SERVO-CONTROLLED AMMONIA OSCILLATORS

A method of oscillator stabilization using a control
loop and an ammonia absorption cell as a frequency-
stable element has been applied to frequency-standard
oscillators. Hershberger and Norton?® stabilized a klys-
tron oscillator at the ammonia-line frequency, and
also offset from this frequency by a known intermediate
frequency increment. Lyons!®® applied a similar ap-
proach to the stabilization of a crystal-controlled fre-
quency-standard oscillator, and thus to the control of a
clock by reference to the amnionia absorption-line fre-
quency. Fletcher and Cooke stabilized a klystron at
the ammonia-line frequency .5

The basic principles of such a servo-controlled oscil-
lator are shown in Fig. 12(a) (next page). An oscillator,
with a controllable frequency adjustment, supplies a
signal to a modulation system which adds modulation
to the signal, which is then referred to the ammonia-
filled absorption cell. The signal is modified by passage
through the cell, the maodification then being detected
and evaluated by the circuits of the servo control with

4 C. E. Cleeton and N. . Williams, “Electromagnetic waves of
1.1 cm wavelength and the absorption spectrum of ammonia,™ Phys.
Rev., vol. 45, pp. 234--237; February 15, 1934,

“ C. 1. Townes, “The ammonia spectrum and line shapes near
1.25 cm wavelength,” Phys. Rev., vol. 70, p. 665; November, 1946.

4 W, E. Good, “The inversion spectrum of ammonia,” Phys. Rev.,
vol. 69, p. 539; May, 19406.

% B. Bleaney and R. P. Penrose, “Ammonia spectrum in the 1 cm
wavelength region,” Nature, vol. 157, p. 339; Mav, 1946.

47 K. Shimoda “Atomic clocks and frequency standards on an
ammonia line,” Jour. Phys. Soc. Japan; Part 111, 1054.

4 \V. D. Hershberger and 1.. E. Norton, “Frequency stabilization
w;)ith microwave spectral lines,” RCA Rev., vol. 9, pp. 38-49; March,
1948.

49 11. Lyons, “The atomic clock, an atomic standard of frequency
and time,” NBS Tech. News Bull., vol. 33, pp. 17-24; February,
1049,

80 2 \V. IFletcher and S. P. Cooke, “The stabilization of a micro-
wave oscillator with an ammonia absorption line reference,” Cruft
Laboratory, Harvard University, Tech. Report No. 5; 1948, Tech.
Report No. 64; 1930.
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reference to the modulation system. The servo control
then supplies a correction to adjust the frequency of
the controlled oscillator to the desired value.
Hershberger and Norton*® swept the frequency of a
separate klystron local oscillator back and forth across
the frequency of the ammonia cell, and detected the
pulse resulting from the absorption peak. Simultane-
ously, they applied this FM signal to a mixer with a
signal from the controlled oscillator (a reflex klystron)
and amplified the beat-notes near zero-beat (pulses) re-
sulting from this interaction. The phase of the two sets
of pulses was compared, and a correction signal ob-
tained which was contrived to move the controlled os-
cillator pulse to coincidence with that from the ammonia
cell. A further arrangement was constructed which used
an offset, or intermediate-frequency, beat-note from
the controlled-oscillator part of the circuit to provide
the control pulses. By using a stabilized intermediate
frequency, a stable controlled frequency resulted.
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Fig. 12—S8ervo-controlled ammonia-absorption-cell
oscillator systems.

The atomic clock development program under Lyons
at the Bureau of Standards has explored the possibility
of stabilizing a crystal-controlled frequency standard
against the ammonia absorption cell.424* The ammonia-
stabilized clock uses a system of stabilization similar to
the one discussed above [see Fig. 12(b)], but resulting
in a lower output frequency which can be used to oper-
ate a clock mechanism for comparison with astronom-
ical time measurements. The controlled oscillator feeds
a frequency multiplier chain which eventually provides
output near the frequency of the ammonia line. At one
stage in the multiplier system, a frequency-modulated
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signal is added to that from the multiplier stage, and the
proper sideband signal selected to provide a harmonic
falling on the 23,870 mc frequency of the ammonia cell.
Thus it is possible to provide a frequency-modulated
signal derived from the frequency standard, sweeping
back and forth in the vicinity of the ammonia frequency,
with good short-term stability of the center (or carrier)
frequency. The intermediate-frequency frequency-mod-
ulated signal (that which was added to the multiplied
frequency of the controlled oscillator) is compared with
the appropriate harmonic of the controlled frequency-
standard oscillator, a signal pulse being produced each
time the swept intermediate-frequency signal passes a
given reference frequency. The I'M signal, at 23,870 mc
+ modulation, undergoes absorption each time it sweeps
past the ammonia absorption frequency in the cell,
this absorption being observed as a negative reference
pulse out of the detector at the receiving end of the
ammonia absorption cell. The servo circuits are oper-
ated by the phase or time difference between these two
pulses and are arranged to produce a correction of the
crystal oscillator frequency to keep the crystal-con-
trolled frequency standard locked to the ammonia line.
The result which is sought is to produce a clock with
no net long-term drift in its time-keeping rate, and with
good short term stability, or low acceleration. A clock
constructed on these principles gave a performance
estimated at +2 X108 for a period of the order of one
week. The average frequency or integrated time error
was not determined. A photograph of the first ammonia
clock built at the National Bureau of Standards (1948~
1949) is shown in Fig. 13 (opposite). The ammonia ab-
sorption cell is mounted in a coil around the large clock
indicator above the racks.

A different approach to the servo-control system
problem was used by Fletcher and Cooke.’® Their
modulation system used frequency modulation of the
controlled oscillator at a relatively high modulation
frequency but with a low modulation index. This modu-
lation produced two sidebands which were on either side
of the frequency range affected by the ammonia ab-
sorption line. An amplitude-modulation detector was
used at the output of the absorption cell. If the phase
of the carrier (23,870 mc) of the M oscillator became
shifted from its original phase by the action of the am-
monia absorption, amplitude modulation resulted upon
recombination with the unshifted sidebands.®* This am-
plitude modulation occurred at the modulation fre-
quency of the FM (“intermediate frequency”), the AM
signal being recovered by the AM detector at the re-
ceiving end of the absorption cell. This intermediate
frequency signal was then amplified and compared in
phase with the modulating signal, the output of the
phase comparison circuit being applied to the repeller
electrode of the controlled klystron oscillator as a dc
adjustment of the average frequency of oscillation.

8 M. G. Crosby, “Communication by phase modulation,” Proc.
IRE, vol. 27, pp. 126-136; February, 1939.
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Courtesy Annals of New York Academy of Sciences

Fig. 13—Photograph of first ammonia clock bui't at National
Bureau of Standards.

A stabilized oscillator using an ammonia absorption
cell modulated by a Stark-effect modulator was con-
structed by Townes® in 1951.

Difficulties in the Use of Ammonia Absorption to Stabilize
Oscillators

Certain basic difficulties beset the use of the ammonia
absorption technique for the stabilization of oscilla-
tors.452 The principal ditficulties of an inherent nature
(properties of molecules) are (1) the natural breadth of
the spectral line, (2) Doppler-effect brcadening, (3)
pressure broadening caused by collisions between mole-
cules, (4) broadening caused by collisiors with the walls
of the absorption cell, and (3) saturation effects. The
natural line breadth is related to the radiation from the
molecule and the amount of thermal radiation falling
on it. It is inherent and cannot be changed except by
choice of the molecule or atom to be used. The other
effects are usually much greater, in any case. Doppler-
effect broadening is proportional to the velocity of the
gas molecules parallel to the propagation direction of
the radio-frequency energy in the cell. It can be reduced
by cooling, but the ammonia freezes® out if cooled far
enough to provide much reduction. Pressure broadening
results because the energy absorption process is inter-
rupted if a molecule collides with another during the ab-
sorption, and has to start again with a new phase pos-
sible. This effect can amount to 15 mc bandwidth at a

52 C. H. Townes, “Atomic clocks and frequency stabilization on

microwave spectral lines,” Jour. Appl. Phys., vol. 22, pp. 1365-1372;
November, 1951.
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pressure of 1 mm of Hg, but it diminishes with pressure
reduction. Wall collisions cause broadening, but amount
to a relatively minor item, of approximately 15 kc
bandwidth maximum. Saturation effects result from the
possibility of all available molecules having already been
excited to the higher energy state. and those which are
emitting energy supplying enough quanta to re-excite
those which require excitation. The only energy then
absorbed at the inversion line frequency is that lost to
thermal radiation by collision and radiation damping
of the moledules. The power input level to the absorp-
tion cell at which saturation effects set in is proportional
to the square of the pressure in the cell, and hence is
conflicting with pressure broadening effects as far as the
selection of a pressure level for the cell is concerned.

In addition to the theoretical limitations set forth in
the preceding paragraph, the design and construction
of the microwave rf system for an ammonia-absorption-
cell stabilized oscillator is complicated by the difficulties
of working in the frequency range close to 23,870 mc.
The signal-to-noise ratio of the system is affected by the
noise in the detector, in particular, and could be im-
proved if the saturation effects did not limit the allow-
able power input. The design of a cell to hold the am-
monia gas is complicated by the necessity for maintain-
ing a low standing-wave ratio over the band of fre-
quencies used by the modulation system chosen. A
schematic showing the principal features of one design
of ammonia absorption cell is shown in Fig. 14 (next
page), and a photograph of an ammonia absorption cell
is shown in Fig. 15 (next page).

Further work on the solution of these problems ap-
pears unlikely in the future as a result of the success of
other approaches to the atomic-frequency-standard
problem, although experimental work on absorption
cells will undoubtedly continue.

AMMONIA OSCILLATOR

A completely different arrangement for the use of the
3,3 inversion-line of NHj as a frequency standard has
been devised by Townes, of the Department of Physics,
Columbia University, New York City. Ammonia gas
at room temperature contains molecules in various
energy states. Slightly less than half of the molecules
are in the upper-energy states, while the remaining mole-
cules are in the lower states. The lower-energy-state
molecules have an electric dipole moment which makes
it possible to accelerate them in a given direction by put-
ting them in an electric-field gradient. The molecules in
the upper states are accelerated in the opposite direction
along this same electric-field gradient. Thusa sorting or
selecting device may be constructed by setting up an
appropriately shaped transverse-electric-field gradient
in a region traversed by a stream of ammonia molecules,
the lower-energy-state molecules being diverged away

8 J. P. Gordon, H. J. Zeiger, and C. H. Townes, “Molecular micro-
wave oscillator and new hyperfine structure in the microwave spec-
trum of NHy,” Phys. Rev., vol. 95, pp. 282-284; July 1, 1954.
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Fig. 15—Photograph of ammonia absorption cell
for atomic clock.

from the axis, and the higher-energy-state molecules
converged by the focusing system. By this means, a
useful portion of the high-energy molecules in a given
stream may be sclected and focused at the end of the
electrode system.

Such a system is shown schematically in I'ig. 16, with
a resonant cavity to receive the focused high-energy
molecules through a waveguide-below-cutoff entrance
port. This device operates to produce oscillations at the
inversion-line frequency of the ammonia by the follow-
ing mechanism: the high-energy-state molecules which
enter the resonant cavity are acted upon by any radio-
frequency fields present in the cavity, and alsogthese
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Fig. 16—Ammonia oscillator (Townes).

emission of energy. Some of the molecules in the cavity
undergo transition to the lower state by emission of a
quantum of cnergy at 23,870 mc. When the rf field at
this frequency buikls up to a sufficient value, the transi-
tions are stimulated and the molecules then give up their
quanta in an ordered, coherent manner, thus providing
a source of power at 23,870 mc. The magnitude of the
power available is adequate to supply the losses in the
radio-frequency circuit, and to provide an additional
small amount of power for measurement purposes (esti-
mated 1078 to 10~2 watt).

The general class of devices of this sort has been
designated MASER, from the initials of the description
“microwave amplifier by stimulation of emitted radia-
tion.” In the case discussed above, the gain of the ampli-
fier is greater than the losses in the system, and hence
an oscillator is the result.

The exact frequency at which the oscillations are
produced depends on several factors, the two most sig-
nificant ones being the Q of the cavity and the tuning of
the-cavity relative to the inversion-line {requency. In

the firet evnerimental models of this device. detuninge
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Fig. 17—Cesium atomic-beam frequency-standard apparatus.

the cavity produced a “pulling” effect of approximately
+2,000 cycles. At the present time, the best method of
estimating the correct center frequency of the 3,3 inver-
sion line of ammonia appears to be setting to the mid-
point of the pulling range. Other methods may be de-
viced with better reproducibility of setting, such as the
use of the frequency at which oscillations are just ob-
servable when the Q of the system (cavity plus load) is
reduced to the point where self-oscillations are barely
possible.

Two of these oscillators are reported to have been
operated simultaneously, beating one against the other
in a receiver tuned to their frequency. The oscillators
were detuned to produce a 50-cps beat note, and the
instability was observed to be less than +0.1 cps.
Over a period of an hour, the average variation in the
beat-note was less than + 2.5 cps and the peak deviation
was less than 5 cps.

It is estimated that a fully engineered version of this
type of oscillator may reach a long-term stability of
+1X107'2 The absolute accuracy of the oscillation
frequency cannot now be specified, but it is apparent
that the oscillator may be set by simple methods to
within approximately +20 cps of the carrect frequency,
or £1X107% and that improvements in setting tech-
niques will improve this figure.

CESIUM ATOMIC-BEAM FREQUENCY STANDARD?0.54.55

Another atomic spectrum line which may he used for
frequency standardization is the lineat9,192.63197+ mc
which is observed in cesium of atomic weight 133 by
atomic-beam techniques. The atomic or molecular heam
apparatus for measuring nuclear magnetic moments by
resonant ahsorption was developed bv Rabi and co-
workers at Columbia University.® The original labo-

* J. R. Zachariasand J. G. Yates, “VIII, Atomic Beam Research;
A Cesium Clock,” Quarterly Progress Report, Research Laboratory
of Electronics, Mass. Inst. Tech., Cambridge, Mass., pp. 30-34;
October 15, 1954,

% N. F. Ramsey, “Nuclear NMoments,” John Wiley and Sons, Inc.,
New York, N. Y., ch. 3, sec. D, “Molecular Bearn Resonance Meth..
ods,” pp. 37-52 (An extensive bibliography is given on this general
type of molecular beam apparatus); 1953.

5 1. 1. Rabi, 5. Millman, P. Kusch, and J. R. Zacharias, “T'he
molecular beam resonance method for measuring nuclear magnetic
moments,” Phys. Rev., vol. 55, pp. 526-535; March 15, 1939.

ratory equipment gave a minimum indication upon the
absorption of a quantum of any frequency, whereas the
present models give a maximum indication upon the
absorption of a quantum at the desired frequency only.
The energy level difference corresponding to this fre-
quency in the cesium atom is associated with the spin
vector of the valence electron and its relation to the
nuclear magnetic moment of the atom, the two energy
levels corresponding to the case of the electron spin
vector being aligned with and in the same direction as
the nuclear magnetic moment, and the case in which the
spin vector is directly opposed to that of the nucleus.
When an atom of cesium is acted upon by a magnetic
field of exactly the correct frequency, the internal
structure of the atom can absorb a quantum of energy
corresponding to the transition described above. The
external evidence of this change in energy level is pro-
vided by a change in the magnetic moment of the atom.
The atomic-beam apparatus shown in Fig. 17 is designed
to enable detection of the changed magnetic moment of
the atoms, and hence to determine the correctness of the
frequency of the exciting field in the cavities. The width
of the resonance curve of the absorption line is inversely
proportional to the time the atom spends in the exciting
field, the time in this case, using the two-cavity excita-
tion method, being the time taken to traverse the path
from the entrance of the first cavity to the exit from the
second cavity.

The cesium-beam apparatus shown in the diagram
(Fig. 17) is typical of current designs. A stream or beam
of cesium atoms is emitted by the oven through a nozzle
which provides a ribbon-shaped beam of approximately
0.02-inch thickness, the emission of cesium being ap-
proximately 10~% grams per day. The atoms pass through
the inhomogeneous magnetic field between the pole-
pieces of the 4 magnet. Those atoms with the appro-
priate dipole moment are deflected by the magnetic
field gradient of the 4 magnet as indicated in the dia-
gram, and are turned back toward the axis of the ap-
paratus. The cesium atoms then traverse the first rf
cavity in which they are exposed to a magnetic field at
9,192+ mc which can produce the energy level change
desired in the atoms. The atoms then drift through the
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distance between tne cavities (50 to 100 cm) and then
through the second rf cavity. The radio-frequency mag-
netic field in the cavities is set to the same phase by
careful adjustment and is checked by means of a probe
inserted in the phasing waveguide connecting the two
cavities. The net effect of the use of two separate in-
phase cavities is similar to the effect obtained by using
a long cavity with zero phase-shift between the ends,
with the exception that, at frequencies slightly sepa-
rated from the center of the resonance curve, an inter-
ference pattern occurs which shows up as a large ampli-
tude ripple in the main absorption curve. This method
of excitation, originated by Ramsey,’ provides a
sharper peak at the center of the resonance curve than
is provided by the use of a single excitation field, reduc-
ing as it does the Doppler effect to a very small value.
The atoms which have absorbed (or emitted) a quantum
in the space between the magnets have then changed
their magnetic dipole moment and are deflected in the
opposite direction by the magnetic field gradient in the
B magnet, while those atoms which have not “flopped”
are deflected a second time, as before, and are not re-
focused on the detection device. The detection device
comprises a surface ionizer, of the hot wire type, which
is hit by the neutral atoms, and ionizes them. The
cesium ions thus formed are then accelerated and
focused by the appropriate electrodes and injected into
the seccondary-emission electron multiplier. The output
current of the electron multiplier collector electrode is
thus a measure of the number of atoms making the
transition, and hence of the resonance curve of the
transition.

Courtesy National Bureau of Standards.

Fig. 18—The National Bureau of Standards cesium atomic-
beam equipment.

Fig. 18 shows a photograph of the atomic-beam por-
tion of the cesium-beam frequency-standard apparatus
7 N. F. Ramsey, “A molecular beam resonance method with

separate oscillating fields,” Phys. Rev., vol. 78, pp. 695-699; June
15, 1950,
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constructed at the National Bureau of Standards.*®
The path length between the rf cavities is 50 cm. The
effective Q obtained was 30 million. The atomic beam
was horizontal in this apparatus. The excitation for the
rf system is supplied through the waveguide entering
the top of the container. Control of the ambient mag-
netic field affecting the equipment is provided by the
large coils surrounding the vacuum envelope. The
crystal-controlled excitation system is not shown in this
photograph.

Current practice makes use of a small amount of
frequency modulation of the exciting oscillator and ap-
propriate phase-sensitive circuits to control the average
frequency of the exciting oscillator. Hence the cesium-
beam apparatus is a form of servo-controlled oscillator
with a highly specialized form of absorption cell in
which the Doppler effect is very small, collision broad-
ening is absent, and which uses a very sensitive, low-
noise, detection circuit not heavily limited by satura-
tion or detector thermal noise level.

The excitation oscillator used in such a system must
be adequately stable in order to avoid spurious effects,
and the auxiliary equipment associated with the atomic-
beam apparatus requires careful design in order to pro-
vide the best stability and accuracy for the over-all fre-
quency-standard apparatus. The excitation system used
at the Bureau of Standards is crystai-controlled at a
relatively low frequency and uses a multiplier chain
to reach the operating frequency of the cesium beam.
Another suitable oscillator system has been constructed
at M.LI.T., using a Western Electric Tvpe 416-B micro-
wave triode working at approximately 3,064 mc and
tripling with crystal diodes.

The cesium-beam apparatus which has been run at
M.I.T. is reported to have a stability of +1X107? for
short periods, with the mean frequency showing less
drift than this value. Refinements in this apparatus are
expected to improve the over-all stability. A newer
projected design is also being undertaken in an effort to
improve the over-all performance by several orders of
magnitude.

A commercial model of the cesium-beam atomic fre-
quency standard is now being designed (by the Na-
tional Company, Malden, Massachusetts) and should
be available shortly.

FURTHER ATOMIC FREQUENCY STANDARDS

Although the spectrum lines of atoms and molecules
in the microwave frequency range are almost limitless
in number, only a few of these spectrum lines offer at-
tractions comparable with those of the lines described
above. Dicke is carrying out work at Princeton which
may result in the use of a line of the sodium spectrum
as a reference. Some frequency calibration measure-
ments on oxygen absorption lines are being carried out
at the National Bureau of Standards. However, at the
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TABLE I
PrINCIPAL CHARACTERISTICS OF STANDARD-FREQUENCY AND TIME-SIGNAL STATIONS
|
Stations Hawaii Johannesburg® Rugby Tokyo Torino Ucclez Washington
Call-sign WWVH ZUo MSF JJy IBF — WwWV
Service Experim’l Experim’l Experim'l Experim’l Experim’l Experim’l Regular
Carrier Power (kW) 2L 0.1 0.5 1 0.3 0.02 10t
Type of antenna Vertical Inverted Vertical Vertical Horizontal Vertical
dipole L dipole dipole dipole!s dipole
Number of simultane- 3 1 3 1 1 1 6
ous transmissions
Number of frequencies 3 1 3 3 1 1 6
used
Transmission
Days per week 7 7 7 7-212 110 7 7
Hours per day 22 24¢ 249 24 620 22 24
Standard frequencies
used
Carriers (mc) 5, 10, 15 5 2.5,5, 101 [2 513514101516 5 2. all
Modulations (cs) 1,2 440, 600 17 1,211,000 1,7 1,000 1,2 440, 1,000 None 1,2 440, 600
Duration of tone 4 in every = 5 in every 9 in every 5 in every e 4 in every
modulation 53 15 20 102 53
(minutes)
Accuracy of fre- +2 +28 +2 +2 +2 +1 +2
quencies (10-8)
Max. oscillator drift +2 +4 +0.5 +1 +4 — +1
(1078) per month
Max. value of steps of 1 2 2 2 2 — 1
frequency adjust-
ment (1078)
Duration of time sig- | continuous continuous 5 in every continuous 5 in every None continuous
nals in minutes 15 10
Accuracy of time in- +2X10°8 +2X1078 +2X10-8 +2X10-8 +2X10-® — +2X10-8
tervals +1 us +10us +1 us +1 us +1 us +1 us
Method of adjusting Steeringt Steeringt By steps of Adjusted to Steering* — Steering*
time signals 50 ms? mean of
| time signals

! Maximum values, reduced power is used on certain frequencies and on certain days,
4 No phase adjustment to the signals themselves,

and 600 cps alternately,
Africa), ¢ Interruptions for short periods,
15th to the 20th minutes of each hour,
13 From 0700 to 2300 U.T., 4 Mondays, * Wednesdays,

mum radiation: North-East and South-West, !® Tuesdays,
nately, * Transmission by the Belgian Royal Observatory.

present time it seems safe to assume that the spectrum
lines discussed above will be the first for which practical
application will be found as frequency standards.

STANDARD FREQUENCY BROADCASTS

Standardized radio frequencies are now broadcast by
a number of agencies in various nations,’”% and usually
include time signals. Table I, above, provided by the
International Radio Consultative Committee, through
the courtesy of 3. Decaux, International Radio Con-
sultative Committee Study Group VII, gives the prin-
cipal characteristics of standard-frequency and time-
signal stations. This table is correct as of August, 1954.

CHANGES IN WWYV TRANSMISSIONS?®

The presently used method of adjustment of the
frequency of WWV is a slight modification of the
method described in a previous reference,® namely,
that the frequency of the standard-frequency oscillator
is steered to keep Universal Time as determined by the

88 H. B. Law, “Standard frequency transmission equipment at
Rugby radio station,” Proc. IEE, vol. 102, part 3, pp. 166-173;
Marcz, 1955.

% U. S. Bureau of Standards Letter Circular LC 1009, and Supple-
ment; December 1, 1954.

7 100 cycles of 1,000 cps modulation pulses,
10 Transmission on 60 ks also,
¢ Transmissions on 4 and 8 mc too,
?* From 0800 to 1100 and from 1300 to 1600 U.T., 2! 440 and 100 cps alter-

% 5 cycles of 1,000 cps modulation pulses, 3 440
¥ Transmission by the Union Observatory (Union of South
8 In relation to W\VV, ® Interruption from the
! The Ist of the month, if necessary, 2 See carrier frequencies,
7 Interruptions during 20 ms, 18 Maxi-

U. S. Naval Observatory. which advises WWYV on regu-
lation of the oscillator. The slight modification is that
the frequency is readjusted by no more than 1X10-?
parts per day. The frequency of WWYV is measured by
the National Bureau of Standards at Boulder, Colorado,
and the correction data are supplied for the adjustment
of the transmitter. Tables of corrections to the broad-
cast time signals are furnished, as previously, by the
Time Service, U. S. Naval Observatory.

The transmitters at WWV are using single-sideband
transmission of tone modulation on some of the carrier
frequencies. The carrier is radiated continuously by one
transmitter unit, the sideband giving the tone modula-
tion being generated from the same frequency-standard
oscillator by appropriate frequency dividers, modula-
tors, and filters, and then radiated through a separate
antenna.

PRECISION FREQUENCY MEASURING EQuiPMENT

Extension of the frequency range and accuracy of
pregision frequency measuring equipment has, of ne-
cessity, been carried out to keep pace with the micro-
wave measurement field and the improved stable os-
cillators described above.
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PRECISION STANDARD-FREQUENCY CALIBRATORS

As was stated in the section of this paper devoted to
time standards, the exact calibration of a quartz-crystal-
controlled clock in terms of time is the only method
now available for establishing an accurate frequency
calibration of the oscillator driving the clock. The ac-
curacy of a frequency measurement carried out by com-
parison with astronomical time measurements has been
limited in the past by the errors in the measurements of
time, by the fluctuations in the rate of rotation of the
earth itself, and by the fluctuations in the rate of the
clock driven by the crystal-controlled oscillator.5.7:17.%
Clock stability having now been improved by a signifi-
cant amount, it is expected that the new methods of as-
tronomical observation (sece ual-Rate Moon Position
Camera, above) and improvements on the standard
methods of observation (improved photographic zenith
tube) will result in better data on the relative variations
of the variable factors.

In order to provide the high-stability clocks described
above, it has been found essential to maintain several
quartz-crystal clocks in a frequency-standard installa-
tion, and to intercompare these clocks to establish their
performance as to relative rate and acceleration, i.e.,
their rates relative to each other. Current practice for
such intercomparison in the United States appears to
favor the use of one frequency-standard oscillator
slightly off-set from the correct standard frequency to
produce beat-notes with the other correctly adjusted,
standard-frequency oscillators. Such a system then per-
mits measuring and recording of the relative frequencies
of the various oscillators by measuring and recording
the beat-note frequency. The precision of measurement
of such a system may then be increased by multiplying
the frequencies of the oscillators to be compared, and
using the beat-note measuring equipment as before. 92560
Beat frequency measuring equipment has been con-
structed using digital electronic counters to measure the
duration of a beat cycle between two standard oscilla-
tors, and to record this duration as a voltage produced
by a suitable resistance-bridge circuit.®.62

Other methods of measurement involving comparison
of frequencies have been devised. One system makes use
of a frequency-multiplier stage multiplying the fre-
quency, f1, of the oscillator to be measured, by 10, and
of a similar multiplier stage for multiplying the fre-
quency of the reference standard, f;, by 9. The two sig-
nals, 10f1 and 9f,, are then beat together, the beat-note
being at approximately the frequency of fi or f, but
containing 10 times the error of fi and 9 times the error
of fo. This processis then repeated except that the orig-
inal 9f; signal is used to heterodyne the 10th harmonic
of the first beat note. By continuing this process on to
the desired point, and subtracting out the original f,

50 J. M. Shaull, “High precision automatic frequency comparator
and recorder,” Tele-Tech, vol. 14, pp. 58 fi.; January, 1955.

8t J. M. Shaull, “Frequency multipliers and converters for meas-
urement and control,” Tele-Tech, vol. 14, pp. 86 ff.; April, 1935,

%2 ] McA. Steele, “The standard frequency monitor at the nation-
al physical laboratory,” Proc. IEE, vol. 102, part 3, pp. 155-165
(with discussion); March, 1955,
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frequency in the final beating process. the error fre-
quency can be multiplied sufficiently to increase the
sensitivity of indication of the frequency change to the
required degree. Recording may then Le accomplished
by utilizing commercially-available recording-tyvpe fre-
quency meters,2

An interesting variation on these methods makes use
of an off-set reference frequency produced by means of a
rotary phase-shifter capable of continuous rotation.
This phase-shifter is driven at a constant rate by a
synchronous-motor-drive operated by the frequency
standard, the input frequency from the reference stand-
ard thus being shifted by 1 cycle per second for each
revolution-per-second of the 360 degree phase shifter.
The unknown frequency is then heterodyned by this
shifted standard frequency, which has been multiplied
to the appropriate value, and the resulting beat note
recorded as above.%?

Although the methods of frequency measurement de-
scribed above are those most recently described, spark
chronographs and other electric time recorders are still
widely used, and integrating phase meters, similar to
the polyphase modulator device described by Marrison,?
are somcetimes uscd for comparing the relative frequen-
cies of frequency standard oscillators.

MiICROWAVE FREQUENCY MEASURING EQUIPMENT

Accurate measurements of frequencies in the micro-
wave range require apparatus for the generation of
standard frequencies and for comparison of these fre-
quencies with the unknown frequencies to be measured,
with appropriiate interpolating equipment to provide
accurate measurement over a continuous range of fre-
quencies. Apparatus for precision frequency measure-
ment in the microwave region generally includes (1)
frequency multipliers or harmonic generators to pro-
duce harmonics of known standard frequencies, and (2)
a receiver or detector for mixing the unknown signal
with the standard frequency in order to produce a beat
frequency, which is then measured by (3) an interpola-
tion system.'85-6 Application of frequency-scauning or
spectrum-analyzer techniques to the detector unit has
been used to improve ease of operation. Digital clec-
tronic counters have been applied to the problem of
measuring the beat-note for interpolation purposes.

The most effective way presently available for gen-
erating microwave harmonics of standard frequencies
appears to be by means of the use of crystal diodes as
harmonic generators.?% The driving power for a
crystal-diode harmonic generator is usually furnished
bya conventional negative-grid vacuum-tube frequency-
multiplier chain,® although klystrons are used at the
extreme end of the range.% Application of crystal-diode

# R. G. Talpey and Harold Goldberg, “A microwave frequency
standard,” Proc. IRE, vol. 35, pp. 965-969; September, 1947.

% C. G. Montgomery, Iid., “Technique of Microwave Measure-

mer;ts,” McGraw-Hill Book Co., New York. N. Y., pp. 343-375;
1947.
% L. J. Rueger and A, E. Wilson, “The microwave frequency
standard,” Radio-Electronic Engrg, pp. 5-ff.; March, 1953, ’
“F. D. Lewis, “Harmonic generation in_the U-H-F region by
means of germanium crystal diodes,” Gen. Rad. Experimenter, vol.
26, pp. 6-8; July, 1951.
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harmonic generators has produced some relatively sim-
ple calibrating equipment covering frequencies up to
10,000 mc. (Model 100, Presto Recording Corp., Para-
mus, New Jersey).

The use of locked-oscillators in frequency-multiplier
systems has been extended to the microwave range, one
piece of apparatus of this type designed specifically for
microwave measurement purposes now commercially
available (Model FM-4, Gertsch Products Inc., Los
Angeles, California).

FREQUENCY DIVIDERS

Although many frequency measurement systems re-
quire frequency multipliers to reach the microwave
region, it is also possible to use a microwave oscillator
as a source and to divide its frequency for the opera-
tion of auxiliary measuring equipment, such as inter-
polation systems, and clock mechanisms. The regen-
crative-modulator divider circuit®” appears to be well
suited to use with presently available microwave com-
ponents.®® Irequency divider systems operating at
lower frequencies can have a wider choice of circuits,
regenerative-modulator dividers,® multivibrators,?* and
counter-type dividers®® " being widely used.

DiCADE IFREQUENCY GENERATORS

Standard-frequency oscillators of extremely high
stability are usually constructed in such a manner that
their frequency of operation can be adjusted by rela-
tively small amounts only. Hence for measurement pur-
poses, it is desirable to be able to generate frequencies
controlled by the relerence standard oscillator in order
to provide known standard frequencies in the region in
which it is desired to make measurements.

The easiest solution to this problem requires only a
harmonic generator, or distorter, which can be tuned to
the harmonic desired. This solution is usually inade-
quate for general measurement purposes since only a
narrow range is covered at any one harmonic, and the
exact calibration of this range must be established dur-
ing the measurement. Furthermore, even though the
range covered is narrow, the harmonics of lower-fre-
quency stages of the system frequently interfere to
cause ambiguity and difficulty in identification of the
harmonic actually desired.

If the entire range of harmonics of a standard fre-
quency is available simultancously, it is usually possible
to count the intervals from a known reference point.
This system is widely used in commercial frequency-
standard apparatus.

e R, L. Miller,
generative l]’lO(llll.ltl()ll

8¢ 11, LLyons, “NMicrowave frequency dlwders
\01 Zl pp. 59-60; January, 1950.

9 R.\. Frank, “A computer-type decade frequency synthesizer,”

1()54 IRE, CoxveENTION RECORD, PArT 10, “Instrumentation and
Industrial Electronics,” p. 40; 1954.

70 R, \V. Stuart, “A high speed digital frequency divider of arbi-
trary scale,” 1954 IRE COVVI‘\'TIOV RECORD, PART 10, “Instrumen-
tation and Industrial Electronics,” p. 52; 1954,

1 G. K. Jensen and J. E. ’\lc(,eogh “Four-decade frequency
divider,” Electronics, vol. 28, pp. 154-155; April, 1955.

“Fractional frequency generation utilizing re-
Proc. IRE, vol. 27, pp. 446—457;]111)', 1039,
Jour. Appl. Phys.,
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As the maximum frequency range of measurements
has increased, techniques for improving the facility of
identification of a given harmonic frequency have been
developed. These techniques have taken the form of
tuned selective circuits of narrow bandwidth for select-
ing an individual harmonic,”? and of relatively complex
systems of harmonic generation, harmonic selection,
mixing, and filtering to generate a given frequency rela-
tively free from spurious components. Commercial
models of this type of standardized-decade-frequency
generator®™ have been produced having good rejection
of spurious beat notes and unwanted modulation com-

ponents.
|
| _1_
& O

Fig. 19--Case I.

APPENDIX
Case I (Fig. 19)

C, C=Shunt capacitive elements (assumed equal).
=Secries inductance to bring crystal to series reso-

nance when e; is 180 degrees out of phase with 1.

X =Crystal.

6C, 6C=O0utput and input capacitances of driving
and driven tubes (assumed equal).

{=Input current.

e, = Input voltage developed.

e; = Output voltage.

Crystal Parameters.™

Q:=2.6 X108,

R.=100 1,

L,=827h,

C.=0.000122 upuf,

f=35 mc.

Circutt Analysis (Assuming crystal operating at series
resonance). Let:

X =wl = 2X,

where X ; is reactance of L, X, is reactance of one capac-
itance, C. The resistance of L is assumed small enough
to be neglected.

B = w(C + 5C).
Then
i (1 = BXL) + jBR.
€y —
iB (2 — BX1) + jBR.
7 1
B — BR, + j(2 — BXy)
2 J, M, Shaull, “Wide range decade frequency generator,” Tele-
Tech, vol. 9, p. 36; November, 1950.
[ The I’lessey Co., Ltd., Hford (Essex), Iing.; A. Schomandl,
Munich, Germany; Rohde and Schwarz, Munich, Germany Tele-
funken, A. G., Berlin, Germany.

" ALV, Warner, “High-frequency crystal units for primary fre-
quency standards,” Proc. IRE, vol. 40, pp. 1030-1033; Sept. 1952.
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For e, 180 degrees out of phase with ¢

2
B =—
XL
@, X X
1 4R, 2
e2 XLZ
1 4R,
Numerical Values.
Let
123 X.? 100
i 4R. 3

(This value of transfer impedance is also satisfactory for
Case 11, thus enabling direct comparison.) Then:

XL =1155Q
L = 3.68 uh

If the Q of L is 230, which is reasonable for a coil of this
inductance at this frequency, then

Xi/Ry = 230 = 115.5/Ry,

which is negligible, as assumed above.
C 4 8C = 552 puf.
Assume 0.1 per cent change in L:
X, = 1155 X 1073 = 0.1155 Q.
This change in reactance must be balanced by a change
in crystal reactance to correct phase back to original
value. This requires a small change of frequency, Af.

For small changes of frequency close to the series reso-
nance frequency, the crystal reactance

w wo
e xf2-3)
wo w

where X, is reactance of crystal inductance, X, at
series-resonance frequency; Xo=2(5X10°%)X8.27=2.6
X 10%Q:

. Xo(f+Af L )
f f+ 4f.
it LR 2
Jf+an 0 G+
Neglecting higher order terms,
X = XOE{
f

X, o
X f

X, then must equal AX;

PROCEEDINGS OF THE IRE

September

Af  AX, 0.1155
f 2X, 2.6 X108

= 2 X 10719,

Assume 0.1 per cent change in each shuntcapacitance, C:

A
—}{ =2 X 10710,

(This is equivalent to 0.5 uuf in each tube capacitance.)
Assume 1 upf change in one tube capacitance:

Af

Fig. 20—Case II.

Case II (Fig. 20)

R, R=Shunt resistive elements, X =crystal, 8C,
d0C=output and input capacitances of driving and
driven tubes, assumed equal; 8L, 6L =compensating in-
ductances, ¢=input current, e;=input vcltage devel-
oped, and e; =output voltage.

Crystal Parameters. Same as Case I.

Circuit Analysis. e; will be in phase with < when crystal
is at series resonance if the shunt impedances are both
resistive. This occurs when

L = R%C
e R(R+ R))
i 2R+R.
2] R?
i 2R+R

Numerical Values. Let:

e R? 100
i 2R+R 3
Then:
R = 100 Q.
Assume:
C = 10 puf,
then

L = 0.1 ph = R2C.
Assume 0.1 per cent change in each shunt resistance, R:

A(2R2C)
— L —48X%x 10,
A
Y o x 100
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Assume 0.1 per cent change in each compensating
inductance, 8L:

A
7f= 1% 1071,

Assume 1 puf change in one tube capacitance, §C:

A
Tf =6 X 10710,

Recapitulation

On the assumption that these circuits operate so that
the crystal is at series resonance, and that the transfer
impedance e;/i is the same for both (100/3), there is
little to choose between them. Case 11 is less sensitive to
changes in circuit constants than Case [ by an order of
magnitude (2X10™!" vs 2X 10719, but Case I is less
sensitive to changes in tube capacitance by half an
order of magnitude (23X 10719 vs 6 X 10-19),

If over-all stability of 10-? is assumed to be about all
that can be reasonably expected, the frequency varia-
tions ascribed to the crystal coupling network and asso-
ciated tube capacitances therefore do not seem to pre-
sent a problem in either circuit. The next part of the
analysis is devoted to the remaining part of the closed
loop.

Loop Closure

Assume: Transconductance of
umho=10-3, Then:

tubes =g,, = 1,000

Gain of crystal-coupling-circuit portion
100

= — X107 = —

from grid of driving tube to grid of driven tube. Gain of
remainder of closed loop must therefore = 30.

Assume: Two tubes, coupled through simple parallel-
resonant circuit, transconductance of tubes =g, = 1,000
umho =10-3,

Gain = 30 = Rsg,, = 103 Ry
Rg = 30kQ = 3 X 10¢
where Rg=impedance of coupling network at resonance.

Assume: Interstage capacitance=20 uuf, coil reso-
nant with this capacitance.

Cs = 20 puf
Xg = 1,592 @ at §S mc
Lg = 50.7 uh
Qs = 189 at 5 mc
wg w
tan 0 = Qa(— = —),
w wg

where Rg, Cp and Lg are tuned-circuit parameters, Qg
is the storage factor at the resonant frequency fg
=wg/2m, and g is the phase angle of the coupling system.
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Assume: 1 upf change in one tube capacitance

Awg
— = 25X 1073

wg

tan 05 =10.943 (actual frequency f=w/27 assumed con-
stant). For crystal coupling network,

Wy )
tanf, = Qu| —— —),
) Wy

where Q, is the storage factor at the resonant frequency
fu=wu/2m, and 6, is the effective phase angle of the crys-
tal coupling network.

Case I
Q. =Q. =26 X108
A
—{ =2 X 107
f
Case Il
2.6 X 108
0= —
A
—{{ =6 X 107,

Recapitulation. Frequency shift from change in phase-
shift of the loop is more important than changes in the
crystal coupling network by three orders of magnitude
(6 X1077 vs 6 X10719). Case I is less sensitive than Case
I to changes in capacitance in the closing loop by a
half order of magnitude because a factor of three in ef-
fective Q, is sacrificed in Case Il to work the crystal in
and out of shunt resistive elements. Both circuits, how-
ever, are seriously limited by phase-shift in the closing
loop.

It was noted that the coupling circuit was tuned en-
tirely by the interstage capacitance, but this assump-
tion need not be made. If additional capacitance is
added at this point, the effect of a change in tube capac-
itance on the resonant frequency will be reduced, but
the storage factor, Qs and consequently the rate of
change of phase with frequency will be increased to the
same extent. The phase shift introduced by a given
change in tube capacitance will therefore remain the
same, whether or not additional shunt capacitance is
employed. If no extra capacitance is added the effect of
any change in inductance is a minimum, however, and
can be ignored.

It should be noted that in Case II there is zero phase
shift in the crystal coupling network, whereas in Case I
there is 180 degrees phase shift. Case II is thercfore
more readily adaptable to two-tube operation. A reason-
ably simple solution for Case 1 might be the use of a
cathode-coupled twin triode for one of the two tubes.

Coupling systems designed for lower rate of change
of phase shift might be worked out, but it would seem a
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more promising avenue of approach to eliminate the
network entirely by going to a single-tube circuit in
which the driven and driving tube for the crystal cou-
pling network were one and the same.

Single-Tube Version

To make a single-tube version, the reverse problem
exists regarding phase-shift in the Case 11 and Case |
circuits. Case 1 is more readily adaptable than Case 11
because of its 180 degree phase shift in the crystal
coupling network. To make the Case 11 circuit work it
would be necessary to go to some such expedient as use
of a cathode-coupled twin triode.

Since there is no additional gain provided elsewhere,
the gain {from the grid of the “driving” tube to the grid
of the “driven” tube must be unity (actually the same
grid), and this specification therefore determines the
transfer impedance of the crystal coupling network in
terms of the tube transconductance. Assume:

Transconductance = g, = 1,000 pmho = 1073

1 =1, = — gueg = — 1073¢, = — 1072 ¢,
Case 111
& = —10% = —_‘X:lﬁ,
1 4R,
XL =06329
L = 201 uh

C, C = 101 ppuf

Assume 0.1 per cent change in L:
Af
— =1X 10"
)

Assume 0.1 per cent change in each shunt capacitance,
C:
af
e 1 X 107

Assume 1 ppf change in one tube capacitance:

A
Y _6x 10
f

Case IV (Two-Tube Circuit)

€2 R?

— 103

i T IR+ R,
R = 2,050 @
5L = 42 uh = R?%C.

Assume 0.1 per cent change in each shunt resistance, R:

AQR®C) o

“x
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Assume 0.1 per cent change in each compensating in-
ductance, 6L

A
7f=5><10‘°.

Assume 1 puf change in one tube capacitance, 8C:

A
—j:= 3 X 107,
7

Recapitulation. In the single-tube version, Case I is
markedly superior to the Case 11 circuit. To obtain the
necessary gain, the impedance level of the crystal cou-
pling network of Case 11 becomes too high, and depend-
ence of frequency upon circuit parameters is substantial.
The worst variation comes from changes arising from
variations in tube capacitance, which are worse than
those in Case I by almost two orders of magnitude.

In the single-tube, Case I, oscillator (Case 111), how-
ever, the changes in frequency from this source are
still only 6X 1079, and it seems probable that sensible
circuit design could reduce tube capacitance variations
to about 0.1 puf, rather than 1 puf. Requirements of 0.1
per cent stability in circuit parameters are not unreason-
able, and it therefore seems feasible to construct an
oscillator of this type to yield circuit stability of 102,

The advantage of using dc control of effective g, for
amplitude control, rather than a thermal bridge, is in-
dicated by the sensitivity of the frequency to phase
shift in circuits other than the crystal coupling network.
Anything that reduces gain around the loop requires
increased gain elsewhere, and this gain can only be ob-
tained at the expense of great care in maintaining low
rate of change of phase shift. It seems probable that the
simple Case 11 circuit, using one oscillator tube and a
stable, amplified, delayed AVC system with semi-
starved operation of the oscillator tube will give not
only an inexpensive solution but, perhaps, the best one.
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Applicator (Applicator Electrodes), (Dielectric Heating
usage). Appropriately shaped conducting surfaces be-
tween which is established an alternating electric field
for the purpose of producing dieleciric heating.

Applicator Impedance, Loaded ( Dielectric Heating usage).
See Loaded Applicator Impedance.

Applicator Impedance, Unloaded (Dielectric Heating
usage). See Unloaded Applicator Impedance.

Autoregulation Induction Heater. An induction heater
in which a desired control is effected by the change in
characteristics of a magnetic charge as it is heated at or
near its Curie point.

Channel, Melting. See Melting Channel.

Charge. See Load (Induction and Dielectric Heating
usage).

Contactor, Load. See Load Switch (Load Contactor).

Converter, Mercury Arc, Pool Cathode. Sce Pool
Cathode Mercury Arc Converter.

Converter, Quenched Spark Gap. See Quenched Spark
Gap Converter.

Converter, Mercury Hydrogen Spark Gap. See Mercury
Hydrogen Spark Gap Converter.

Core Type Induction Heater or Furnace. A device in
which a charge is heated by induction and a magnetic
core links the inducing winding with the charge.

Coreless Type Induction Heater or Furnace. A device
in which a charge is heated by induction and no mag-
netic core material links the charge.

Note—>Mlagnetic material may be used elsewhere in
the assembly for flux guiding purposes.

Coupling (Induction Heating usage). The percentage of
the total magnetic flux produced by an inductor which
is effective in heating a load or charge.

Curie Point ( Induction Ileating usage). The temperature
in a ferromagnetic material above which the material
becomes substantially nonmagnetic.

Decalescent Point (of a metal). The temperature at
which there is a sudden absorption of heat as the metal
is raised in temperature.

Depth of Heating (Dieleciric Heating usage). The depth
below the surface of a material in which effective di-
electric heating can be confined when the applicator
electrodes are applied adjacent to one surface only.

Depth of Penetration (Induction Ileating usage). The
thickness of a layer extending inward from the surface of
a conductor, which has the same resistance todirect
current as the conductor as a whole has to alternating
current of a given frequency.

PROCEEDINGS OF THE IRE

September

Note—This term is useful only in cases where the
surface is substantially flat.

Dielectric Dissipation Factor. The cotangent of the
dielectric phase angle of a dielectric material.

Dielectric Heating. The heating of a nominally insulat-
ing material in an alternating electric field due to its
internal losses.

Dielectric Phase Angle. The angular difference in phase
between the sinusoidal alternating voltage applied to a
dielectric and the component of the resulting alternating
current having the same period as the voltage.

Dielectric Power Factor. The cosine of the dieleciric
phase angle.

Dielectric Strength. The maximum potential gradient
that a material can withstand without rupture.

Domestic Induction Heater. A cooking device in which
the utensil is heated by current, usually of commercial
line frequency, induced in it by a primary inductor asso-
ciated with it.

Dual Frequency Induction Heater or Furnace. A
heater in which the ckarge receives energy by induction,
simultaneously or successively, from a work coil or coils
operating at two different frequencies.

Efficiency, Over-all Electrical. See Owver-all Electrical
Efficiency (Induction and Dieleciric Heating usage).

Efficiency, Load Circuit. See Load Circuit Efficiency
(Induction and Dielectric Heating usage).

Field Strength Meter. A calibrated radio receiver for
measuring field strength.

Flux Guide (Induction IHealing usage). Magnetic ma-
terial to guide electromagnetic flux in desired pahts.

Note—The guides may be used either to direct flux
to preferred locations or to prevent the flux from spread-
ing beyond definite regions.

Gaseous Tube Generator. A power source comprising
a gas-filled electron tube oscillator, a power supply, and
associated control equipment.

Glue Line Heating (Dieleciric Heating usage). An ar-
rangement of electrodes designed to give preferential
heating to a thin film of material of relatively high loss
factor between alternate layers of relatively low loss
factor.

Heater Coil. See Load Coil (Induction I[leating usage).

Heating Pattern. The distribution of temperature in a
load or charge.

Heating Station. Location which includes work coil or
applicator and its associated production equipment.

High-Frequency Induction Heater or Furnace. A de-
vice for causing electric current flow in a charge to be
heated, the frequency of the current being higher than
that customarily distributed over commercial networks.
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Horizontal Ring Induction Furnace. A device for melt-
ing metal comprising an angular horizontally-placed
open trough or melting channel, a primary inductor
winding and a magnetic core which links the melting
channel with the primary winding.

Hysteresis Heater. An induction device in which a
charge or a muffle about the charge is heated principally
by hysteresis losses due to a magnetic flux which is pro-
duced in it.

Note—A distinction should be made between hyster-
ests heating and the enhanced induction heating in a
magnetic charge.

Induced Current (Induction Ileating usage). Current
in a conductor due to the application of a time-varying
electro magnetic field.

Induction-Conduction Heater. A heating device in
which electric current is conducted through but is re-
stricted by induction to a preferred path in a charge.

Induction Heating. The heating of a nominally conduct-
ing material in a varying electro magnetic field due to its
internal losses.

Induction Ring Heater. A form of core-type induction
heater adapted principally for heating electrically con-
ducting charges of ring or loop form, the core being open
or separable to facilitate linking the charge.

Interference (Induction or Dielectric Ileating usage).
The disturbance of any electric circuit carrying intelli-
gence, caused by the transfer of energy from an induc-
tion or dielectric heating equipment.

Load (Induction and Dielectric Ieating usage) (Charge).
The material to be heated.

Load Circuit (Induction and Dielectric Ileating usage).
The network including leads connected to the output
terminals of the generator.

Note—The load circuit consists of the coupling net-
work and the load material at the proper position for
heating.

Load Circuit Efficiency (Induction and Dielectric Ileat-
ing usage). The ratio of the power absorbed by the load
to the power delivered at the generator output termi-
nals.

Load Coil (Induction Heating usage). An electric con-
ductor which, when energized with alternating current,
is adapted to deliver energy by induction to a charge to
be heated.

Load Leads (Induction and Dielectric Ileating usage).
The connections or transmission line between the power
source or generator and load, load coil or applicator.

Load Matching (Induction and Dielectric Heating us-
age). The process of adjustment of the load circuit im-
pedance to produce the desired energy transfer from
the power source to the load.
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Load Matching Network (Induction and Dielectric
Heating usage). An electric network for accomplishing
load matching.

Load Matching Switch (Induction and Dielectric Heat-
ing usage). A switch in the load matching network to
alter its characteristics to compensate for some sud-
den change in the load characteristics, such as passing
through the Curie point.

Load Switch (Load Contactor). The switch or contactor
in an induction heating circuit which connects the high-
frequency gencrator or power source to the leater coil
or load circuit.

Load Transfer Switch. A switch to connect a generator
or power source optionally to one or another load circuit.

Loaded Applicator Impedance (Dielectric IHeating us-
age). The complex impedance measured at the point of
application with the load material at the proper posi-
tion for heating, at a specified frequency.

Low-Frequency Induction Heater or Furnace. A de-
vice for inducing current flow of commercial power line
frequency in a charge to be heated.

Magnetron. An electron tube characterized by the inter-
action of electrons with the eclectric field of a circuit
element in crossed steady electric and magnetic fields to
produce ac power output.

Melting Channel. The restricted portion of the charge
in a submerged resistor or horizental ring induction
furnace in which the induced currents are concentrated
to effect high energy absorption and melting of the
charge.

Mercury Arc Converter, Pool Cathode. See Pool Cathode
Mercury Arc Converter.

Mercury Hydrogen Spark Gap Converter. A spark gap
generator or power source which utilizes the oscillatory
discharge of a capacitor through an inductor and a spark
gap as a source of radio-frequency power. The spark gap
comprises a solid electrode and a pool of mercury in a
hydrogen atmosphere.

Motor Effect. The repulsion force exerted between ad-
jacent conductors carrying currents in opposite di-
rections.

Motor Field Induction Heater. An induction heater in
which the inducing winding typifies that of an induc-
tion motor of rotary or linear design.

Oscillator. A nonrotating device for producing alternat-
ing current, the output frequency of which is deter-
mined by the characteristics of the device.

Over-all Electrical Efficiency (Induction and Dielectric
Heating usage). The ratio of the power absorbed by the
load material to the total power drawn from the supply
lines.
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Pad Electrode. One of a pair of electrode plates be-
tween which a load is placed for dieleciric heating.

Pinch Effect. The result of an electromechanical force
that constricts, and sometimes momentarily ruptures, a
molten conductor carrying current at high density.

Pool Cathode Mercury Arc Converter. A\ frequency con-
verter using a mercury arc power converter.

Proximity Effect. The redistribution of current in a
conductor brought about by the presence of another
conductor.

Quenched Spark Gap Converter. .\ spark gap generator
or power source which utilizes the oscillatory discharge
of a capacitor through an inductor and a spark gap as a
source of radio frequency power. The spark gap com-
prises one or more closelyv-spaced gaps operating in se-
ries.

Radio Frequency Converter. A power source {or pro-
ducing electrical power at a frequency of 10 ke and
above.

Radio Frequency Generator— Electron Tube Type (-
dustrial and Dielectric Ileating usage). A power source
comprising an electron tube oscillator, an amplifier if
used, a power supply and associated control equipment.
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Recalescent Point (of a metal). The temperature at
which there is a sudden liberation of hea: as the metal is
lowered in temperature.

Rotary Generator (Induction Heating usage). An alter-
nating-current generator adapted to be rotated by a
motor or prime mover.

Shield. Material used to suppress the effect of an elec-
tric or magnetic field within or beyond definite regions.

Stirring Effect. The circulation in a molten charge due
to the combined forces of motor and pinch effects.

Submerged Resistor Induction Furnace. .\ device for
melting metal comprising a melting hearth, a depending
melting channel closed through the hearth, a primary in-
duction winding and a magnetic core which links the
melting channel and the primary winding.

Unloaded Applicator Impedance (Dielectric Heating
usage). The complex impedance measured at the point
of application, without the load material in position, at
a specified frequency.

Wave Heating. The heating of a material by energy ab-
sorption from a traveling electro magnetic wave.

Work Coil. See Load Coil (Induction Heating usage).

CT2EFT0
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INTRODUCTION

A set of definitions of basic waveguide terms pre-
pared by the Technical Committee on Antennas and
Waveguides was published as IRE Standards in De-
cember, 1953 (53 IRE 2. S1). The present Standards on
Waveguide Components, Definitions of Terms, repre-
sent an extension of the work of this committee from
1953 to 1955.

Waveguide component terms have not previously
been standardized by the IRE: however, with continu-
ing development in this field the need for such defini-
tions has become increasingly apparent. The present
list comprises only the more general, basic and estab-
lished terms. For example, Waveguide Transformer is
defined but the many specific types of waveguide trans-
former such as Double Stub Transformer, Quarter-11"azve
Sleeve Transformer, Probe Transformer, Fccentric Line
Transformer, and others are not defined.

As used in the following definitions, Waveguide is a
generic term which includes transmission line and wuni-
conductor waveguides as special cases. For specific defi-
nitions see 53 IRE 2. S1.

DEFINITIONS

Attenuator, Waveguide. A waveguide device for the
purpose of producing attenuation by any means, includ-
ing absorption and reflection.

Bend, Waveguide. .\ section of waveguide in which the
direction of the longitudinal axis is changed.

Butt Joint. :\ connection between two waveguides which
provides physical contact between the ends of the wave-
guides in order to maintain electrical continuity.
Cavity Resonator (in Waveguides). A resonator formed
by a volume of dielectric bounded by reflecting walls.

Cavity Resonator Frequency Meter. A\ cavity resonator
used to determine frequency of an electromagnetic wave.

* Reprints of this Standard, 55 IRE 2.S1, may be purchased while available from The Institute of Radio Engineers, 1 East 79 Street,
New York 21, N. Y., at §0.25 per copy. A 20 per cent discount will be allowed for 100 or more copies mailed to one address.
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Choke Joint. A connection between two waveguides
which provides effective electrical continuity without
metallic continuity at the inner walls of the waveguide.
Connector, Waveguide. A mechanical device for elec-
trically joining separable parts of a waveguide system.
Coupling Aperture (Coupling Hole, Coupling Slot).
Aperture in wall of waveguide or cavity resonator de-
signed to transfer energy to or from an external circuit.
Coupling Loop. A conducting loop projecting into a
waveguide or cavity resonator, designed to transfer
energy to or from an external circuit.
Coupling Probe. A probe projecting into a waveguide
or cavity resonator designed to transfer energy to or from
an external circuit.
Directional Coupler. A four-branch junction consisting
of two waveguides coupled together in a manner such
that a single traveling wave in either guide will induce
a single traveling wave in the other, direction of latter
wave being determined by direction of the former.
E-H Tuner. An E- II tee used {or impedance transforma-
tion having two arms terminated in adjustable plungers.
E-H Tee. A junction composed of a combination of E
and II-plane tee junctions having a common point of
intersection with the main guide.
E-plane Bend. For a rectangular uniconductor wave-
guide operating in the dominant mode, a bend in which
the longitudinal axis of the guide remains in a plane
parallel to the electric field vector throughout the bend.
E-plane Tee Junction. For a rectangular uniconductor
waveguide, a tee junction of which the electric field vec-
tor of the dominant wave of each arm is parallel to the
plane of the longitudinal axes of the guides.
H-plane Bend. For a rectangular uniconductor wave-
guide operating in the dominant mode, a bend in which
the longitudinal axis of the guide remains in a plane
parallel to the plane of the magnetic field vector
throughout the bend.
H-plane Tee Junction. For a rectangular uniconductor
waveguide, a tee junction of which the magnetic field
vector of the dominant wave of each arm is parallel to
the plane of the longitudinal axes of the guides.
Hybrid Junction. Waveguide arrangement with four
branches which, when branches are properly terminated,
has the property that energy can be transferred from
any one branch into only two of remaining three.
Note—In common usage, this energy is equally di-
vided between the two branches.
Hybrid Tee. A hybrid junction composed of an E-I{ Tee
with internal matching elements, which is reflectionless
for a wave propagating into the junction from any arm
when the other three arms are match terminated.
Iris (Diaphragm). In a waveguide, a conducting plate or
plates, of thickness small compared to a wavelength,
occupying a part of the cross section of the waveguide.
Note—When only a single mode can be supported an
iris acts substantially as a shunt admittance.
Line Stretcher. A section of waveguide whose physical
length is variable.
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Magic Tee. See Hybrid Tee.

Mode Filter. A selective device designed to pass energy
along a waveguide in one or more modes of propagation
and substantially reduce energy carried by other modes.
Mode Transducer (Mode Transformer). A device for
transforming an electromagnetic wave from one mode of
propagation to another.

Phase Shifter, Waveguide. A device for adjusting the
phase of a particular field component (or current or volt-
age) at output of device relative to the phase of that
field component (or current or voltage) at the input.
Plunger, Waveguide. [n a waveguide, a longitudinally
movable obstacle which reflects essentially all the inci-
dent energy.

Post, Waveguide. In a waveguide, a cylindrical rod
placed in a transverse plane of the waveguide and be-
having substantially as a shunt susceptance.
Resonator, Waveguide (Resonant Element). A wave-
guide device primarily intended for storing oscillating
electromagnetic energy.

Rotating Joint. A coupling for transmission of electro-
magnetic energy between two waveguide structures de-
signed to permit mechanical rotation of one structure.
Series Tee Junction. A tee junction having an equiva-
lent circuit in which the impedance of the branch guide
is predominantly in series with the impedance of the
main guide at the junction.

Shunt Tee Junction. A fee junction having an equiva-
lent circuit in which the impedance of the branch guide
is predominantly in parallel with the impedance of the
main guide at the junction.

Slug Tuner. A waveguide tuner containing one or more
longitudinally adjustable pieces of metal or dielectric.
Stub, Waveguide. An auxiliary section of waveguide
with an essentially nondissipative termination and
joined at some angle with the main section of waveguide.
Taper, Waveguide. A section of tapered waveguide.
Tapered Waveguide. A waveguide in which a physical
or electrical characteristic changes continuously with
distance along the axis of the guide.

Tee Junction. A junction of waveguides in which the
longitudinal guide axes forma T.

Note—The guide which continues through the junc-
tion is the main guide; the guide which terminates at a
junction is the branch guide.

Transformer, Waveguide. A device, usually fixed, added
to a waveguide for the purpose of impedance transfor-
mation.

Tuner, Waveguide. An adjustable device added to a
waveguide for the purpose of impedance transformation.
Tuning Probe. An essentially lossless probe of adjustable
penetration extending through the wall of the wave-
guide or cavity resonator.

Twist, Waveguide. A waveguide section in which there
is a progressive rotation of the cross section about the
longitudinal axis.

Wye Junction. A junction of waveguides such that the
longitudinal guide axes forma Y.
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High-Frequency Power Gain of Junction Transistors’
R. L. PRITCHARDT, SENIOR MEMBER, IRE

Summary—The purpose of this paper is three-fold. First, the sub-
ject of maximum available power gain at high frequencies is dis-
cussed briefly. Also, maximum gain for a four-terminal network
driven by a generator having a purely resistive internal impedance
is calculated in terms of small-signal parameters of the network.
Then a theoretical model of a junction transistor comprising the ideal
one-dimensional model plus a base impedance, which may be com-
plex and frequency-dependent as in the case of grown-junction tran-
sistors, is introduced for the network to obtain an expression for
maximum available power gain in terms of fundamental device
parameters. Experimental results, which are given for a number of
grown-junction transistors, tend to confirm the theoretical expres-
sion. Finally, an idealized model of a grown-junction transistor is
introduced, and theoretical power gain is calculated in terms of physi-
cal parameters. Such calculations show, for example, that 30 db of
gain should be available at 5 mc and that such transistors should be
capable of oscillating up to several hundred mc.

INTRODUCTION

HE SUBJECT of the high-frequency perform-
T ance of a junction transistor has received consider-

able attention during the past few years. Variation
of transistor parameters with frequency has been dis-
cussed in some detail,! and recently several writers have
presented equations for relating high-frequency power
gain to transistor parameters for transistors having
constant base-spreading resistance.? The purpose of the
present paper is three-fold. First, the different ways in
which power gain at high frequencies may be defined
is discussed briefly. Then an equation is presented for
calculating high-frequency power gain in terms of four-
pole parameters for a transistor which is conjugate-
matched at the output and which is driven by a gener-
ator having a purely resistive internal impedance. Sec-
ond, a new, different expression relating high-frequency
gain to fundamental device parameters is presented for
the case of junction transistors in which base-spreading
resistance is not constant at high frequencies, e.g., as in
grown-junction transistors. Results of measurements of

* Original manuscript received by the IRE, March 7, 1955; re-
vised manuscript received, June 20, 1955.

N ;r{ General Electric Research Laboratory, The Knolls, Schenectady,

! For example, J. M. Early, “Design theory of junction transis-
tors,” Bell Sys. Tech. Jour., vol. 32, pp. 1271-1312; November, 1953.

R. L. Pritchard, “Frequency variations of junction-transistor
parameters,” Proc. IRE, vol. 42, pp. 786-799; May, 1954. Presented
at Transistor Research Conference, State College, Pa.; July 6, 1953.

H. Johnson, RCA Laboratories, unpublished paper presented at
Transistor Research Conference, State College, Pa.; July 6, 1953.

2 R. L. Pritchard, “Frequency Response of Grounded-Base and
Grounded-Emitter Junction Transistors,” presented at AIEE Winter
Meeting, New York; January 22, 1954,

J. M. Early, “Pnip and npin junction transistor triodes,” Bell Sys.
Tech. Jour., vol. 33, p. 519; May, 1954,

L. J. Giacoletto, “The study and design of alloyed-junction tran-
sistors,” 1954 IRE CoNVENTION RECORD, Part 3, p. 102. Also, “Study
of p-n-p alloy junction-transistor from dc through medium frequen-
cies,” RCA Rev., vol. 15, p. 555; December, 1954.

H. Statz, E. A. Guillemin, and R. A. Pucel, “Design considera-
tions of junction transistors at higher frequencies,” Proc. IRE, vol.
42, p. 1627; November, 1954.

power gain for approximately 60 grown-junction tran-
sistors are shown which tend to confirm the validity of
this theoretical expression. Third, values of high-fre-
quency power gain are calculated for an idealized theo-
retical model of a grown-junction transistor triode, in
order to illustrate what upper limit exists on power gain
from such transistors. For example, calculations show
that 30 db of power gain should be available at 5 mc,
and that such transistors should be capable of oscillating
up to several hundred mec.

DErFINITION OF H1GH-FREQUENCY POWER GAIN

At high frequencies, there is no clear-cut interpreta-
tion for the maximum gain of a junction transistor, since
under proper terminations a transistor may oscillate.
Hence, maximum gain could be infinity. Accordingly,
in general, gain must be maximized subject to certain
constraints. One measure of power gain is the unilateral
power gain, or U function, proposed by Mason.® On the
other hand, J. G. Linvill has derived an expression for
the maximum gain available from a general linear four-
terminal network in terms of the series-parallel & param-
eters.! This expression yields a value of gain within 3
db of the maximum possible gain available, unless the
transistor would oscillate under proper terminations.
By an additional simple calculation, it is possible to de-
termine whether or not oscillations could be obtained,
i.e., whether or not the transistor is potentially unstable.

+ | FOUR- TERMINAL | / v
2 L
NETWORK k

Fig. 1—Four-terminal network with variable load admittance and
with generator having resistive internal impedance.

Alternatively, the writer has calculated the maximum
gain available from a four-terminal network when
driven by a generator having a purely resistive internal
impedance, as shown in Fig. 1. The importance of such a
calculation lies in the fact that experimental determina-
tion of high-frequency gain often is made as shown in
Fig. 1.* By employing this type of measurement, it is

S, J. Mason, “Power gain in feedback amplifiers,” TraNs. IRE,
vol. CT-1, pp. 20-25; June, 1954. Note, however, that Mason points
out that under certain conditions (of lossy coupling) a transistor can
yield more gain than that calculated from the U function (correspond-
ing to lossless coupling).

4 J. G. Linvill, “The Relationship of Transistor Parameters to Am-
plifier Performance,” presented at IRE-ATEE—University of Penn-
sylvania Conference on Transistor Circuits, Philadelphia, Pa., Febru-
ary 17, 1955.

& See, for example, J. 1. Pankove and C. W. Mueller, “A p-n-p
triode alloy-junction transistor for radio-frequency amplification,”
Proc. IRE, vol. 42, p. 390; February, 1954; RCA Rev., vol. 14, p.
596; December, 1953.
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often possible to avoid oscillations which otherwise
might result if an attempt is made to conjugate match
at both output and input terminals simultaneously.
The very important question of how much gain can be
obtained with a potentially unstable transistor (gain vs
stability question) is not considered in this paper. What
tsrequired here is a relationship between network param-
eters and network performance. For this purpose, (1),
based on the circuit of Fig. 1, is quite satisfactory (al-
though Linvill's result* is more general), and experi-
mental results can be obtained easily with the circuit of
IYig. 1. I'urthermore, as noted below, under certain con-
ditions (which are satisfied quite well by most junction
transistors in grounded-emitter operation at high fre-
quencies) the maximum gain available from the circuit
of Iig. 1 will be within a few db of the maximum gain
available from the transistor under any conditions of
termination.

The maximum available power gain for the circuit of
IFig. 1is given by the equation (see Appendix A):

Gav = l ray '2/[27’115'22(1 + pn) — Hr]. b >0, (1)
where

ri = Re (]111), 8o = Re (]122),

fe ()
DR @

i = Im (J1ahy). (4)

I, = Re (hhy), (2)

and

bm =

with
r = Im (1]11),

Here Re and Im denote real and imaginary part, re-
spectively,

Physically, parameter p,, of (3) may be identified as
the ratio of generator resistance Rym required for maxi-
mum gain, with conjugate matching at output circuit, to
short-circuit input resistance ry;: i.c., Pm=(Rym/r11).

It should be emphasized that (1) is valid only for
pn>0. or the conditions that viekl pn=0, the circuit
leterminant vanishes; this corresponds to the condition
or oscillations in the circuit shown in Ilig. 1. Infinite
zain, i.e., oscillations, also may be obtained for other
values of p,, c.g., if the denominator of (1) vanishes.
“onsequently, since the parameter /1, in (3) above may
e positive for a junction transistor,® under proper con-
litions a transistor may oscillate in the circuit shown in
“ig. 1, even with a purely resistive generator impedance.

A few additional remarks concerning (1) and (3) may
e in order. Iirst, note that at low frequencies all reac-

¢ Generally, I, is positive for grounded-emitter operation and is
egative for grounded-base.
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tive terms vanish, and (1), together with (3}, reduces to
the exact equation for calculating maximum gain of a
purely resistive four-terminal network.? Second, note
that at high frequencies, calculations for (3) may be
simplified somewhat by neglecting terms involving the
reactive part x;; of the short-circuit input impedance
hii. Physically, this would correspond to tuning out the
short-circuit input reactance, i.e., to adding in series with
R, a reactance—xy;. Since the actual input reactance of
the transistor may be quite different from xy,, this would
not correspond to conjugate matching at the input.
W. N. Coffey of this Laboratory has considered the re-
sulting gain expression in some detail and has pointed
out that® the value of gain obtained from (1) by setting
ru=0in (3) also represents the maximum gain avail-
able with a variable complex generator impedance Z,
and a variable load conductance G, with the open-
circuit output susceptance b, tuned out, i.e., In(¥Vy) =
—by. Finally, it might be noted that if the short-circuit
input reactance xp, is equal to zero or can be tuned out
and if (I1,/rugs) is small relative to unity, then p,, mayv
be replaced by the first two terms of its series expansion,
and (1) reduces to the expression given by Linvill.

H1GH-FREQUENCY POWER GAIN IN TERMS OF
FUNDAMENTAL TRANSISTOR PARAMETERS

In order to calculate available gain for a given tran-
sistor, it is necessary merely to substitute measured
values of the four complex % parameters into the ap-
propriate equation by which gain is to be defined. How-
ever, by considering an appropriate model of a junction
transistor, it is possible to relate the J parameters to
certain fundamental device parameters of the transistor
and hence to obtain an expression for high-frequency
gain in terms of these fundamental parameters. The
model comprises the usual ideal one-dimensional tran-
sistor in series with a base im pedance z,’ [Fig. 2(a), next
page]. For most fused-junction transistors, 2, is real and
is the base spreading resistance n’. However, for grown-
junction transistors, in general, the distributed nature ol
the transistor parameters in the transverse direction of
the base region must be taken into account. Results of
a theoretical analysis® of a two-dimensional (distrib-
uted) model have shown that under simplifying condi-
tions, such a transistor may be represented by the model

" Equations for calculating low-frequency maximum power gain
have been given, in different form, by R. L. Wallace, Jr., and W' ].
Pietenpol, “Some circuit properties and applications of n-p-n tran-
sistors,” Bell Sys. Tech. Jour., vol. 30, pp. 546-549; July, 1951,
P'roc. IRE, vol. 39, pp. 759-761; July, 1951, Seealso H. E. Hollmann,
“Transistortheorie und Transistorschaltungen,” Arch. elekt. Uber-
tragung, vol. 7, p. 326; July, 1953.

8 \W. N. Coffey, Personal communications and unpublished mem-
orandum.

® R. L. Pritchard and W. N. Coffey, “Sinall-signal parameters of
grown-junction transistors at high frequencies,” 1954 IR, CONVEN-
110N RECORD, Part 3, pp. 90-98. Also, R. .. Pritchard, “Theory
of grown-junction transistor at high frequencies,” presented at
Semiconductor Device Research Conference, Minncapolis, Minn.,
June 29, 1954; planned for publication.



1955

shown in Fig. 2(a), in which case 2, may be complex and
frequency dependent at high frequencies. Hence, the
two-dimensional distributed model actually may be
represented by the ideal one-dimensional model plus a
complex base impedance.

The h parameters for the i{deal transistor have been
described previously in general terms in some detail.!

?C
r—J——-‘
e | T 1 ¢ R , |
D_LE ]bt_c J b 1_—'?}5{,,:‘1

(a) GROUNDED — BASE {b) GROUNDED —EMITTER

Fig. 2—Ideal transistor plus base impedance; (a) Grounded-base
operation, (b) Grounded-emitter operation.

However, in order to obtain a relatively simple expres-
sion for maximum gain, certain assumptions can be
made, consistent with what may be expected in commer-
cially available transistors under practical operating
conditions. For example, the emitter-efiiciency term «y
in the expression for current-amplification factor can
be assumed to equal unity at all frequencies. Moreover,
this assumption will be valid for practical transistors at
not too high nor too low values of d¢ emitter cur-
rent. 10

Under such assumptions, fairly simple analytical ex-
pressions can be obtained for the % parameters for fre-
quencies up to approximately twice the a-cutoff fre-
(quency. For example, see the equivalent circuit in Ap-
pendix B. Unfortunately, however, for grounded-base
operation a relatively simple expression for gain does not
result, although numerical calculations can be carried
out fairly easily. Furthermore, if the subject of stability
is investigated with the help of Linvill's gain-stability
criterion,* it is found that the grounded-base configura-
tion may be unstable at frequencies up to approximately
the a-cutoff frequency.

On the other hand, if the grounded-emitter configura-
tion is considered, a relatively simple, compact expres-
sion can be obtained for maximum gain. Furthermore,
when Linvill's criterion is applied to this case, it is

10 At low emitter current, entitter-base harrier capacity causes a
decrease in v. On the other hand, at high emitter currents, y may de-
crease because of high-level injection effects. High-level injection was
discussed first by W. M. Webster, “On the variation of junction
transistor current-amplification factor with emitter current,” pre-
sented at Transistor Research Conference, State College, Pa., July
7, 1953; Proc. IRE, vol. 42, pp. 914-920; June, 1954. Sce also E. S.
Rittner, “Extension of the theory of the junction transistor,” Phys.
Rev., vol. 94, pp. 1161-1171; Jun: 1, 1954,
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found that stable maximum gain can be obtained down
to much lower frequencies.

For grounded-emitter operation, the k parameters of
the transistor model which are shown in Fig. (2b) are

as follows:
Ty O
], (s)

' 1)
[ho] = [z" et
][22'(!)

1121' ()

where £'¢9 denotes the grounded-emitter & parameter for
the theoretical model. Note that the base impedance
%' appears only in one parameter, viz., in ;. General
expressions for the grounded-emitter %'(Y parameters
are given in Appendix B.

For calculating available power gain, the following
simplifying assumptions will be made:

1. Emitter efficiency y =1 at all frequencies. This can
be achieved in practice at not too high nor too low
dc emitter currents.!®

2. Limiting case of low frequencies is excluded, e.g.,
low-frequency interterminal conductances are neg-
lected. This is equivalent to assuming (1 —ap) =0.
As a result of this assumption, the gain calculated
according to the expression given below will be too
high at low frequencies. Low-frequency gain can
be calculated separately using completely different
parameters, i.c., the low-frequency parameters,
in order to determine when the high-frequency re-
sult becomes inapplicable.”

3. The effect of the base impedance is the dominant
part of the input resistance ry, i.e., 7 >>r./, where
r/=(kT/q.l.) is the Shockley, et al., emitter resist-
ance. This will be true at larger values of dc emitter
current.

4. The collector-base diffusion capacity C; is much
smaller than the collector-base barrier capacity
C.. This will be true for not too large values of dc
emitter current density. Hence, high-frequency
output conductance g is predominantly due to the
effect of collector-base barrier capacity C.. Also, it
follows that the feedback due to C. is much larger
than that due to Early effect at high frequencies,
i.e., in the expression for 7;;9 (see Appendix B),
o <K0.8w,.Ccr./, where p, is the Early feedback
factor."

(Consideration of the assumptions shows that, in general,
gain will be decreased at low emitter currents and at
high emitter currents. Actually, assumptions 1, 3,
and 4 may be removed at only a slight expense in com-
plexity. This is done below for the case of the grown-
junction transistor.

Under the above assumptions and over a limited fre-

quency range,'? with (w/w,) <2, where w./27 is the a-

.M. Early, “Effects of space-charge layer widening in junction

transistors,” Proc. IRE, vol. 40, p. 1403; November, 1952.
2 Under the assumption that (1 —ap) =0, (6) are valid down to

zero frequency. However, in a practical transistor with (1 —aq) 70,
(6) will be valid for (1 —an<(w/we) <2.
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cutoff frequency, the following approximate expressions
may be obtained for the parameters required in calcu-
lating gain (see Appendix B):

7 = I{C (Zb,), g22 = 0-8 wcccv ]
I by [2 = (1.2 w/w)7?, ,
and?®? I

€c w ,;2 (
y +(c(“)({_w (0)

R (1 T3 )] J

where C. is the emitter-base barrier capacity. As a con-
sequence of assumptions 3 and 4 above,

1. ce w/we)?
" +< >|:( /we)
m 12

Srllwccc

Ce
1.2 )l 14+ — 1. 7
+ 1.2(wCor )( + sc):l & @)

For a transistor having a constant base spreading re-
sistance 7/, e.g., a normal fused-junction transistor,
ru=nr’', and (xn/ru)<1. Then (6) and (7) may be sub-
stituted in (1) to vield the now familiar expression,?

: ().22( w, ) 1 ( I )
Yowr \n/C) 252 \n/C.

0.05-0.1 < (w/w;) < 2. (8)

1{0(11121121) = = I:

g2z

GrowxN-JUNCTION TRANSISTOR

On the other hand, for the distributed model of the
transistor, e.g., a grown-junction transistor with a base
contact that approximates a line contact, analysis® indi-
cates that under the assumptions described above,

ru = [Rur!/2.4w/w.J'1%, provided
R c 172
[M:l > 2, 9

Te

where R, is the transverse base resistance of the tran-
sistor. (For a tetrode transistor, R, would be the base-
base resistance.)

If this inequality is not satisfied, the grown-junction
transistor behaves like a fused-junction transistor with

13 This result is completeonly for assumption 2 that (1 —ao} =0.1In
a practical transistor, a considerably more important contribution to
I1,, especially at 10\\ er frequencies, arises from the factor (1 —ao).
The contribution in this case is

Il —a
i, = {4 =) [(weCere’) + 0.6pec], (w/we)?2>> 0.6(1 — ao)?
(“’/“’c)2
It should be emphasized that this term, which is positive, may be
sufﬁmentlv larze in magnitude to satisfy the conditions required for
infinite gain, i.e., oscillations, in (1) and (3). Since this term de-
creases with increasing frequency, such oscillations are most likely
to occur at moderately low frequencies relative to f.. Accordingly, it is
desirable to limit the validity of the equations given below for gain
from a theoretical model of a junction transistor to frequencies
greater than perhaps 0.05 w;—0.1w, (although perfectly stable gain
may be obtainable at lower frequencies). Linvill’s stability criterion
applied to the theoretical model, yields the result that stable gain
can be obtained for (w/w:) >0. 4(r, /).

PROCEEDINGS OF THE IRE

September

a simple base-spreading resistance r,’ = R;/3." This will
be true in general at low and medium frequencies. Ac-
cordingly it is convenient to substitute this frequency-
independent value of r,’ for R, (which is not generally
known for a triode) in (9); this yields:

ra = [ry'r/0.8(w/w) /2 [74/ (w/we)/rd 112 > 1.

In this case, (x;;/r1) being= —1, is not negligible, and
the expression for p,, of (3) becomes a bit cumbersome.
Hence, in order to obtain a simple expression for gain, it
is convenient to assume that p,, can be approximated by
unity in (3).15 In this particular case, the resulting ex-
pression for gain hbecomes identical with that calculated
from Linvill's expression (since II,/rigs s negligible'?).

Substitution of (9a) together with (6) in (1) and (2),
with p, =1, yields,

0.2 w!/?

- 3

3/2 C (rb r;’)”'

[rs/ (w/we)/rd 12 > 1.

Comparison of this result (applicable for grown-junction
transistors) with (8) (applicable for fused-junction tran-
sistors) shows that the available power gain at high fre-
quencies still is dependent upon the same parameters,
viz., medium-frequency base-spreading resistance r,/,
collector-base capacity C., and a-cutoff frequency w./2w.
Note, however, that the dependence is different for the
distributed model (grown-junction transistor), e.g.,
gain at a given frequency is proportional to the square
root of the a-cutoff frequency, and gain varies with fre-
quency at the rate of 15 db per decade rather than at 20
dDb per decade. Note also that for the distributed model,
gain varies inversely as r/12, i.e., gain is directly pro-
portional to the square root of dc emitter current .. Al-
though this can be confirmed in practice, variation of
gain with I, also can result from second-order effects,
e.g., when one or more of assumptions 1, 3, or 4 above
is not strictly valid, or when r,” varies with I."

(9a)

0.05-0.1 < (w/w,) < 2.

ay

(10)

Second-Order Effects

In view of the theoretical dependence of gain upon dc
emitter current I, for the distributed-model transistor, it
might be of interest to remove several of the restrictions
imposed above in order to calculate what might be called
second-order correction terms. In particular, if the effect
of emitter capacity is taken into account for low I, and

4 See Pritchard and Coffey, reference 9, p. 93. Actually, this sub-
stitution is valid only for very small dc base current. \WWhen a substan-
tial transverse base current exists, e.g., as at higher values of dc emit-
ter current /,, a grown- junction trlode behaves like an mternd]ly
bldsed tetrode trarmstor (ibid., p. 95), and r/ decreases with increas-
ing I,. However, even in this case, the value of 37, may be taken asa
measure of the cffective transverse base resistance.

16 Actually, if the more complete expression (3) for pn is considered
for the theoretical model, as it should be when comparing experi-
mental results for gain determined with a purely resistive generator
impedance, the following results may be obtained:

If H, and H; terms are negligible, then p.= /2, and actual gain
will be approximately 0.8 db less than that calculated by setting
pm=1.If the II terms are not negligible, oscillations may be obtained;
see reference 13.
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if the effect of collector-base diffusion admittance is
taken into account at high emitter current density, the
more complete expression for gain becomes

0.2 w!!? 1 (11

T @ Clrir)VE (14 Ca/Co) V1 + 08w Cr’
In this equation, Cr=(C.+C,) is the sum of emitter-
base and collector-base barrier capacities, and C; is the
(frequency-independent) collector-base diffusion capac-
ity, due to the effect of space-charge-layer widening
and the charge stored in the base region by the dc emit-
ter current I.. In particular, Cy is directly proportional
to I, and to Early’s space-charge-layer widening factor,
which in turn is a function of the nature of the collector

junction.'® [Furthermore, it should be noted that the
ratio of Cy/C. is an indication of injection level.!” High-

1 See R. L. Pritchard, “Collector-base impedance of a junction
transistor,” Proc. IRE, vol. 41, p. 1060; August, 1953; also R. L.
Pritchard (reference 1); pp. 798-799. Explicitly,

Ca = (Iew/Dy) (0w/dE.),

where w is the base thickness, (9w/dE,) is the rate of change of base
thickness with collector voltage, and D, is the diffusion constant for
minority carriers in the base. Alternatively, that part of the output
conductance g which is due to stoiecl charge may be written as 0.8
wcCa=g.g/(1 —Bo), where g5 is that part of the Earlyv collector-base
conductance g. due to the transport function 8, and 8o is the low-
frequency value of 8. If emitter efficiency v is completely negligible,
as assumed here, g.g/(1 —8o) =g./(1 —a): this value can be obtained
easily from low-frequency parameter measurements. However, in a
practical transistor, with ao close to unity, g.g/(1 — 80 may not equal
g¢/(1 —a), even though v is negligible at A hﬁer frequencies.

17 R. L. Pritchard, reference 1, p. 799. Note, however, that high-
level injection effects were discussed first by \Webster (op. cit.).

level injection occurs when the injected minority-
carrier charge density is comparable with the majority-
carrier charge density normally present in the base. For
Ca/C.=1, these two charge densities are approximately
equal.

The expression given above is substantially complete
except for the decrease of current gain at large values of
dc emitter current, due to high-level injection effects.
However, if it is assumed that the current gain is not
adversely affected unless high-level injection is fairly
substantial, then (11) will be valid up to approxi-
mately C,/C.=~1.'% In this case, it might be noted that
if the term involving Cr is negligible, a maximum power
gain with respect to dc emitter current, with all other
parameters held constant, occurs for C;/C,=1.

Experimental Results

In an attempt to check the validity of (10), power
gain and small-signal parameter measurements were
made for a large number of grown-junction transistors
originating from a number of different sources. Results
for a dc emitter current I, =1 ma are shown in Fig. 3 in
which each point corresponds to a different transistor.
For each point, the ordinate value represents the maxi-
mum power gain available at a frequency of 5 mc from

'8 Note that if internal tetrode biasing occurs, as it will for large
values of I,, the active cross-section area of the transistor is reduced
while C. remains fixed. Hence, high-level injection may occur for
values of (Ca/Ce) considerably less than unity.
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a particular transistor in a grounded-emitter configura-
tion, driven by a generator having a variable but purely
resistive internal impedance, while the value of the
abscissa is calculated from measured values of f., 7,” and
Ca for that transistor. The solid line in Fig. 3 represents
an “average curve” about which the experimental points
appear to group themselves.

An arbitrary selection of transistors was employed
for these measurements, although certain types of units
specifically were excluded. The latter included transist-
ors having poor low-frequency characteristics, transist-
ors having alpha-cutoff frequencies <2.5 mc [in view of
the 5 me measuring {requency and of the restriction on
(10)], transistors with emitter efficiencies y appreciably
different from unity at high frequencies (“slow-drool”
type of alpha-frequency behavior),’® and transistors
having a large emitter-base overlap capacity.?

The dotted line shown in Fig. 3 represents the theo-
retical result calculated from (10) for I.=1 ma
(re’ =25). Note that the solid line drawn through the ex-
perimental results lies about 3.5 db below the dotted
line. Also note that no single point approaches the theo-
retical dotted curve more closely than about 1 db.18

The same experimental results also have been plotted
as a function of the older parameter (f./ry’Cas) derived
for transistors having constant base-spreading resist-
ance, as shown in I¥ig. 4. Although there definitely is a
correlation between (4 and this parameter, as indicated

¥ R. L. Pritchard, reference I, p. 788.

20 In such cases, a-cutofi frequency would be quite dependent
upon dc emitter current, and the short-circuit input impedance would
be largely capacitive-reactive in nature, See R. I, Pritchard, “LEffect
of base-contact overlap and parasitic capacities on small-signal
parameters of junction transistors,” Proc. IRE, vol. 43, p. 39;
January, 1955,

by the solid line, the relationship is not according to
theory, as shown by the dotted line calculated from (8).
Also note that a large number of experimiental points lie
above dotted curve in Fig. 4, i.e., for a large number
of transistors (mostly those having lower gain) meas-
ured gain exceeded theoretical gain as calculated from
equation (8).

Variation of available power gain also has been meas-
ured as a function of frequency, of dc emitter current,
and of de collector voltage for a smaller number of
transistors. In general, the experimental results are in
agreement with the theory. FFor example, ¢ varied as
w ' tow™ 7, Also, gain increased with increasing emitter
current at first and attained a maximun with respect to
I.ata moderate value of 7, (of the order of 1-10 ma for
the transistors measured). Finally, G increased with in-
creasing collector voltage until collector-breakdown
voltage was approached.®

DESIGN CRITERIA FOR DISTRIBUTED MODEL

Since the high-frequency power gain of a distributed
model (grown-junction) transistor deperds upon the
same circuit parameters as does the constant-r,” model
(fused-junction) transistor, the same general design cri-
teria that have been described previously? also may be
applied to the grown-junction transistor. However,
since the nature of the dependences is different for the
two types of models, a few remarks together with nu-
merical examples concerning optimum design for high-
frequency performance may be of some interest.

3 The increase of G with increasing collector voltage is due to
an increase in fo as base width is reduced by space-charge-layer
widening and to a decrease in C..

2 See, for example, Early, reference 2.
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[n addition to the different manner in which base
spreading resistance influences gain in the grown-junc-
tion transistor [cf. (10) and (8) ], this type of transistor
also may have a graded collector-base junction, resutt-
ing in potentially lower collector-base capacitance than
in the fused-junction transistor. (Generally a rather
abrupt emitter-base junction is preferred in order to
vield good high-frequency emitter efficiency.) The value
of the collector-junction gradient represents one addi-
tional parameter for the design of high-frequency grown-
junction transistors. In general, however, the gradient
will be a function of majority-carrier concentration in
the base, i.e., of base resistivity. For example, in one
case which has been considered for computation and has
been termed proportionately graded, the majority-carrier
concentration (N,— N,) is assumed to vary with posi-
tion x through the base region as shown in I9ig. 5. Con-
sequently, the concentration gradient A =2N;/ws,
where NV, is the maximum value of (N, — N,) in the base,
and wp would be the base width in the absence of a col-
lector depletion layer.

A (No~Ng)
Np
S
ST
BASE IDEPLETION COLLECTOR
REG I ON LAYER REGION

Fig. § —Variation of majority-carrier concentration through base re-
zion of an #-p-n transistor having proportionately graded collector
junction and abrupt emitter junction.

In order to calculate theoretical gain for a physical
model of a grown-junction transistor, the circuit param-
eters of (10) may be related to the various physical
parameters such as base dimensions, base resistivity,
etc. All of these calculations are straightforward and
will not be repeated here because of space limitations.
I{ this is done, the following expression results for the
tirst-order gain of a theoretical distributed-model tran-
sistor having substantially constant majority-carrier
concentration N, in the base:

G 0.5q.'*/eoer\ [(d/ )12 12
e N

. [(M"“p'vb)w'ﬂ : (12)

wl/?
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A corresponding expression for the constant-r,’-model
transistor could be obtained from (8) rather than (10).
Such a result already has been given by Giacoletto.”
In (12), q. is the electronic charge, € is the free-space
dielectric constant (8.85 X 10712 {d/meter), €, is the rela-
tive dielectric constant of the semiconductor {(e.g., &=
16 for Ge), d is the base depth, h is the transverse height
of thé base (for a tetrode transistor, & would be the base-
base dimension), Sis the base cross-section area (S=dh),
a and g, are respectively the mobilities of clectrons and
holes in the p-type base region (which are functions of
)2 and x, is the width of the collector-base-junction
depletion layer.®

With the help of (12), plus consideration of second-
order effects. the variation of theoretical gain with each
of the physical parameters for the distributed-model
transistor could be discussed in detail. A few of the more
pertinent results are as follows:

1. For a fixed bias and fixed cross-section geometry
(of conventional values), the theoretical gain is essen-
tially independent of base width and base resistivity
(within suitable limitations) and is essentially constant
to within 3-6 db, depending upon the nature of the col-
lector-base junction.

2. For a fixed cross-section area S, theoretical gain is
directly proportional to the square root of the ratio d/h
of base depth to base height. Hence, for maximum gain,
a long thin cross-section geometry should be employed
with a line-type of base contact on the long side (dimen-
sion d) of the base. However, in practice, in order to
obtain a good line contact, d/k probably would be
limited to a moderate value, e.g., 2-5.

3. As cross-section area is reduced, first-order gain is
increased directly. However, the second-order term
C./C. increases owing to an increased current density in
the base region, while the second-order term involving
w.Crr.” decreases owing to a decrease in total barrier
capacity. Reduction in cross-section area represents the
most significant method of increasing gain over any ap-
preciable range.

% L. J. Giacoletto, “Comparative high-frequency operation of
junction transistors made of different semiconductor materials,”
RC:1 Rev., vol. 16, p. 37, Eq. (2); March, 1955. Note that because of
the differences between this equation and (12) above, Giacoletto’s
semiconductor figure of merit (u.pp/e?) is not directly applicable to
the case of high-frequency grown-junction transistors. The corre-
sponding figure of merit for a high-frequency grown-junction transis-
tor having a line-tvpe of base contact, with a linearly graded collector
junction is [(uaup)/?/&2/3]. Note that in this case the comparison be-
tween silicon and germanium is much less unfavorable than in the
case of the fused-junction transistor. (Ratio of figure of merit of
germanium to that of silicon is 2.9 for case of grown-junction and is
10.7 for case of fused-junction.)

2% See, for example, M. B. Prince, “Drift mobilities in semiconduc-
tors, 1. Germanium,” Phys. Rev., vol. 92, pp. 681-687; November 1,
1053; Part 11. Silicon, Phys. Rev., vol. 93, pp. 1204-1206; March 15,
1954,

% For an essentially abrupt collector-base junction with collector
resistivity very much less than the base resistivity, xm = (2eoerE.
/geNw)'2, just as in the case of the fused-junction transistor. For the
proportionally graded junction shown in Fig. 5, %, =(6eoerEcwo/

geNo)13,
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A few numerical values of gain which have been cal-
culated for various physical parameters® are shown be-
low in Table I. Values of gain are quoted at 5 me, but

TABLE I

THEORETICAL POWER GAIN, DISTRIBUTED-MODEL TRANSISTOR
E.=4.5v;f=5 mc.

Second-

First-

c—b hp :n wo d h e order order
junction ™" mils (1073 inches) ma gain gain
cm db

prop. gr. 1 0.39 10 10 i 18.9 18.2
prop. gr. 8 0.39 10 10 i 18.7 17.7
abrupt 1 0.39 10 10 1 14.5 14.0
prop. gr. 1 0.39 10 2.5 1 27.9 26.9
prop. gr. 1 0.39 10 2.5 4 30.9 28 .1
abrupt 1 0.39 10 2.5 4 26.5 25.0
prop. gr. 1 0.2 10 2.5 4 7

31.8 30.

gain at other frequencies may be calculated from these
values by adding or subtracting 4.5 db per octave change
in frequency. Note, however, that the results are valid
at high frequencies only if (w/w.) <2. Also, it should be
emphasized that these numerical values were calculated
{or a conventional grown-junction triode, as distinguished
from a p-n-i-p or m-p-i-n transistor? or from a “drift
transistor.”?’

CONCLUSIONS

The subject of maximum gain available from a junc-
tion transistor at high frequencies has been discussed
briefly. A theoretical expression has been presented for
calculating maximum gain available from a transistor
driven by a generator having a purely resistive internal
impedance in terms of the four-pole small-signal param-
eters of the transistor. Under certain conditions, this
expression reduces to that given by Linvill for the maxi-
mum possible gain available from a transistor.

The four-pole parameters of a theoretical model of a
junction transistor then were substituted in this ex-
pression to obtain a simple concise result for evaluating
high-frequency power gain in terms of three funda-
mental transistor parameters, viz., a-cutoff {requency,
medium-frequency base spreading resistance, and col-
lector-base capacity. Two different expressions are
given, one for the fused-junction type of transistor, for
which a constant base spreading resistance is valid, and
one for the grown-junction type of transistor, for which
base spreading resistance becomes complex and fre-
quency-dependent at high frequencies. Experimental
results given for approximately 60 grown-junction tran-
sistors tend to confirm the validity of this second result,
which is new.

2 [ these calculations, dc base current is assumed to be negligible
so that no internal tetrode hiasing exists (see reference 14). Also for
calculation of emitter-base barrier capacitance, a fixed value of total
emitter-base potential (built-in potential plus applied voltage) of
0.25 v was assutned. Actually, this potential depends upon injection
level and upon emitter resistivity, but the dependence is slight, e.g.,
see Early, reference 1, p. 1286.

21 . Kromer, “Zur Theorie des Diffusions- und des Drifttransis-
tors,” Arch. clekt. Ubertragung, vol. 8, pp. 223-228, 363-369;:49-50:;
Mav. August, November, 1954.
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By further relating the three fundamental high-
frequency transistor parameters to physical parameters,
such as base resistivity and geometry, an expression has
been presented for calculating typical available power
gains for the grown-junction type of transistor. It has
been emphasized that the most significant method of
increasing high-frequency power gain over any appre-
ciable range is to employ a rectangular cross section
with small transverse dimension and to reduce total
cross-section area. For square cross-section area of 100
mil?, gains of the order of 15-18 db should be available
at 5 me. Gain at other frequencies can be calculated by
addition or subtraction of 4.5 db per octave frequency
change. By reducing cross-section area to, say, 25 mil?
and by employing rectangular cross section with a line
type of contact along the longer cross section dimension,
30 db of gain should be available at 5 mc, and it should
be possible to obtain oscillations from such triode tran-
sistors up to several hundred mc.

ArpENDIX A
CALCULATION OF MAXIMUM AVAILABLE POWER GAIN

Available power gain for a quadripole in a circuit as
shown in Fig. 1 in general is given by the equation?®

Gav = = (13)

|(s + Z ) Uz + Vi) — huzha |2
where R, and G are the real components of the gener-
ator and load immittances Z, and Y, respectively. (For
this calculation, Z,=R,.) By separating the complex
four-pole parameters k;; into real and imaginary parts,
hiy=ra+ jxlly has = goo + jbzz
hahoy = I, + jII; YV.=GL+ jBy,

and by defining dimensionless variables

c=1+4 (R/r), y=1+ (Gi/gn), 2z =1+ (Br/bn),

A = ruga, B = xy1bas, C = 211822, D = ryba.

Eq. (13) may be written in the form

_ 4l = D - 1

av Y2 + r?

where X =(Axy— Bz—1I1I,) and V=(Cy+Dxz—1II).
In order to maximize available power gain, (14) may

be differentiated with respect to each of the three vari-

ables x, ¥, z, corresponding to varying Ry, G, and B,

respectively, and the results may be set equal to zero.
This yields the following three equations:

(14)

2(x — )[AXy + D¥z] = X2+ V2,
2y — N[AXx+CY] = X*+ 17, (15)
BX = DYu.
A solution to the last two equations of (15) is
X =2(y — NAx, Y = 2(y — 1)C, (16)

28 For example, R. L. Pritchard, “Small-signal parameters for
transistors,” Elec. Engrg., vol. 73, p. 903; October, 1954
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valid for any x, i.e., for any R,. Physically, the conditions
expressed by (16) correspond to setting the load admit-
tance equal to the complex conjugate of the transistor
output admittance, for any arbitrary R,, i.e.,

All,x + CH;
- AZ&;‘J + C‘J
DIllix — B,
D*x? + B2
Substituting (16) and (17) in the first part of (15),
then yields a fourth-degree equation in x which can be

factored into two quadratic equations. One of these
yields no real solution for x; the other is

Ax? — 24+ A, — C*+ Cll; = 0.

(Gr/gn) = (y — 1)

(17)
—(Br/b) = (1 — 2)

(18)

Alternatively, (16) and (17) may be substituted directly
back into (14) to obtain an expression for Ggy as a func-
tion of x alone. This expression then may be maximized
with respect to x. This is a far simpler procedure and
leads to the same result (18). Eq. (18) may be solved for

(x—1)2=(R,/ri)?=1—=(11,/A)+(C/A)2+(CH/A?), (19)

which is (3) in slightly different form.

Then, substitution of (16) and the first part of (17)
back into (14), plus manipulation of the result with the
help of (16), yields

Gay = | ha |2/ (2:Ax — H,),

where x is given by (19). This is (1) in slightly different
form.

ApPPENDIX B

h-PARAMETER REPRESENTATION OF JUNCTION
TRANSISTOR IN GROUNDED-EMITTER
CONFIGURATION

The grounded-emitter 49 parameters for an ideal one-
dimensional transistor may be calculated by conven-
tional transformation from the grounded-emitter ad-
mittance or ¥ parameters. The latter parameters can be
calculated in terms of the grounded-base y parameters!
from the relation

por=|_ >~

—(y12‘+ yzz)]
—(y21 + y22) ’

Yoz

(20)
where

¥ = (yn 4+ yvie 4+ yu + y2o).
Then,?*
1 v Jo o / v
[h©] = [ /s (312 + y22)/ys ] 1)
—(yn+ yzz)/)’: ()'uyzz - y12y2l)/y>:
It should be noted that emitter-base and collector-base

barrier capacities C,, C. are included here in y;; and ys,,
respectively.

% See for example, J. S. Brown and F. D. Bennett, “The applica-
tion of matrices to vacuum-tube circuits,” Proc. IRE, vol. 36, p.
852; July, 1948.

R. L. Pritchard, reference 28, p. 905.
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Each 249 parameter can be calculated in terms of base
thickness, diffusion constants, etc., if desired. However,
it may be of more practical interest here to express each
k9 parameter in terms of appropriate low-frequency
parameters and a single frequency variable, namely.,
w/w,, or (radian) frequency w relative to a-cutoff fre-
quency «.. Thus, for the special case of unity emitter
efficiency v,"° the current-amplification factor o=g3,
where

B = Bo sech (juwrp)'?, (22)

is the transport factor. In (22), 8, is the low-frequency
value of 8, and

™D = 2.43/(05, (23)

where w./27 is the a-cutoff frequency. In this special
case,’°

Yz = yel(l - B)(l + ,uec) + jw(Ce + Cc)y (24)

where

¥ = (1/7) [(jurp)? coth (urp) 2] (25)

is the emitter-base diffusion admittance, and r,’= (kT
/ql) is the Shockley, et al, cmitter resistance; pe
is the voltage-feedback factor described by Early, and
C., C. are, respectively, emitter-base and collector-base
barrier capacities. Similarly,3

(ym + yzz) = #ec)'el(l - B) + ]“"Cc ]

—(yau + y22) = ¥/(B — pe) — juCe :

(ynyz22 — y2yn) = y¢ {jw(Cc + peC.) L (20)

ch oy _ a2
+m[()’en)(1 B)J}

where g is the low-frequency collector-base Early con-
ductance (for y=1).

In general, p, is very small and may be neglected
relative to unity and to 8. In this case, expressions for
the A parameters of the ideal transistor may be ob-
tained as follows:

|
J

k@ = {3/(1 = B)[1 + €]}, (27)
1112(() = [,uec + jwcc/yt,(l - B) J/[l + e]v (28)
ha® = [8/(1 = B)][1 — juCo/y/8]/[1 + €], (29)

1122(‘) = []‘O)CC_
(1-=8

8es 1t
+m()’. r/)(1 +5)]/ [14 €] (30)

3 If emitter efficiency is not unity, a diffusion admittance term
of the form g(1 +jwr,)"/* described by Shockley must be added to the
right-hand side of (24) and to y,; in calculating 4(9)y. See W. Shockley,
“The theory of p-n junctions in semiconductors and p-n junction
transistors,” Bell Sys. Tech. Jour., vol. 28, pp. 449-450; July, 1949.

3 In deriving the third of these results, use was made of the
identity tanh Z = coth Z(1 —sech?Z).
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where

[t +e) = [1 + o +C)/y/0 =B8] G
Alternatively, for hat® at high frequencies it is useful to
express the second term involving the space-charge-
layer widening factor in terms of the collector-base
diffusion capacitance Cy due to charge stored in the bhase
by dc emitter current.!® The relation for the theoretical

model is simply

gea/(1 — Bo) = (wLa/1.2). (32)

However, it should be pointed out that for a practical
transistor, the factors g.s and Bo in general will not corre-
spond to measured collector-base conductance g. and
current-amplification factor ao respectively ¢ The
difference arises from the fact that although emitter
efficiency y may be essentially equal to unity without
modifying the high-frequency behavior of the transistor,
if By is close to unity, (1 —7s)#=0 may be comparable
with (1 —8o). In this case, in (30) for e, g5/ (1 —B)
should be replaced by g./(1—av) for low frequencies:
however, at high frequencies, (30) as given is correct.
Since in general it is not casy to differentiate between
gep and g, use of (32) is recommended for high frequen-
cies. (It might be pointed out that if C4KC., then at
high frequencies the second term in (30) for ha'® will be
negligible compared to the term involving C..)

It is especially important to note that all of the A
parameters for the ideal transistor can be calculated
completely in terms of four low-frequency parameters
7', Meey £epy Bo, plus two barrier capacitances C,, C,, and
two normalized functions of frequency, y/r.” and (8/84).
Each of the latter two functions depends only upon the
B-cutoff frequency w./2w. Curves of these two normal-
ized functions of frequency have been presented earlier
for a fairly wide range of frequencies.t# At low fre-
quencies, cach of the hyperbolic functions may be repre-
sented approximately by scries expansions. Thus,

(8/80) =~ [(1 — x3/4) — jl.2x]/(1 + x¥),
vrd = [(1 4 x3/4) + j0.8x]/[1 + 00627,

(33)
(34)

where
x = w/w,

is the ratio of frequency to a-cutoff frequency. These
expansions are accurate to order &7 and are vahid up to
approximately x¥=2, to an accuracy of approximately
10-20 per cent. (Somewhat less accurate series expan-
sions have been given by Early.!)

\ith the help of these series expansions, approximate
expressions may be obtained for each hii'¢ parameter
in a straightforward manner. For example, if low-
{requency effects are neglected, so that (1—@80)=0,
particularly simple results are obtained:

2 R. L. Pritchard, “Frequency variations of current-amplilica-
tion factor for junction transistors,” PRroc. IRE, vol. 40, p. 1480;

November, 1952.
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e = [(r//6)+ (@erd /i1.20) )/ [14¢l, (35)
1200 = [ eet0.8wCor/ (14+j270) |/ [14-¢]. (36
Jio O = [—1/64(1/j1.22)

— 080 Coar/(147x/0) ] [1+¢], (37)
T30 = [0.8w,Co(1473) +0.80.C u(140.2x) )/ [1+€],  (38)
[14e]= [140.80(CAHCHr/(1+x/6}]. (39)

From these cquations, together with the matrix (5),
the parameters required for calculating Gay according to
(1) and (3) can be evaluated readily. For example, for
g2 = Re(h0(®), from (38), to the first approximation,
[sec assumptions 1-4 following (5)] g2=0.8 ..,
whercas to the second approximation,

g =~ [0.80(Cc+ Ca)]/[1 + 08w (C. + COr'].

Alternatively, the theoretical tramsistor can be repre-
sented by an equivalent circuit if desired. The basic
circuit for A-parameter representation is shown in Fig.
6(a).2 This two-generator circuit also can be converted
to a one-generator circuit by incorporating cither shunt
or series feedback. An approximate circuit employing

shunt feedback, which is valid if | k.| <1 and if
| o) < ha!, is shown in Fig. 6(b).
hy,
to—r 1 e S
I + ‘ | 12
€ hizez hai "'] ha2 €,
= {
—o— - S - - 5-

(o) BASIC CIRCUIT

Y12 = (hiz/ by )
I e e
ha) ‘IEJ_ l }hzz')ﬂz €,

2
& -

ro— —
i ﬁ

€ by

I <

{b) APPROXIMATE CIRCUIT

Fig. 6—Equivalent circnits for representation of a network by small-
signal series-parallel & parameters; (a) Basic *wo-generator cir-
cuit, (b) Approximate one-generator circuit.

For grounded-emitter operation of the transistor, the
elements of the approximate equivalent circuit shown
in Fig. 6(b) assure reasonable and well-behaved values.
For example, for frequencies less than approximately
twice w,, relatively simple two-terminal networks for
each of the clements can be constructed from the ex-
pressions given above for 29 in (35) to (38). These net-
works can be simplified further and reduced to simple
components by neglecting certain terms with a loss of
accuracy of approximately 20 per cent. Further simpli-
fication also results if it is assumed that g, is negligible
at high frequencies. The resulting circuit for high

3 The equivalent circuits described here also have been given by
the writer in “Frequency response of theoretical models of junction
transistors,” Trans. IRE, vol. C'T-2, No. 2, pp. 183-191; June, 1955.
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frequencies is shown in Iig. 7; the base impedance 2’
also has been included in accordance with the model
shown in Fig. 2(b).% In this circuit, the frequency
variation of the current-generator constant hn‘ has
been taken into account by employing a simple pi net-
work in the output circuit and by replacing hn‘® by a
constant ao/(1—ap) (low-frequency value of hy'®),
independent of frequency. As a consequence of this
modification, the limiting low-frequency representation
of I22(® also can be obtained from this circuit. To obtain
the low-frequency representation for Iy and hy,, addi-
tional resistances r./ /(1 —aq) and r.//u..{1 —ao) should
he shunted across the input capacitance 1.2/w.r.” and
across C., respectively.

Ce

b zlb bl-__——“__ S <
cy—{ l—— = v——'vvvq—--o
o { L.Z/wccc - e
b

1.2 a C 1.2

=<, | Jo_y; ™ Le Ehes

We fe ‘[ (|-a°)Ib | I-a, %"ccd
. N U S S
€

‘
Fig. 7 Approximate high-frequency equivalent circuit for theoretical
model of junction transistor; grounded-emitter operation.

On the other hand, for grounded-base operation. usc
of the shunt-feedback circuit shown in Fig. 6(b) leads
to negative values for the admittance (fizz—y12): this is
not especially desirable. A series feedback circuit could
be emploved (e.g., see that given by Early" for low
frequencies). However, for high frequencies in grounded-
hase operation, feedback is predominantly due to the
effect of the base impedance, and /s of the inherent
transistor is negligible. Consequently, the basic circuit

# Note the similarity between this circuit of Fig. 7 and the hybrid-
pi equivalent circuit of Giacoletto-]Johnson. (See for example, Giaco-
letto, reference 2, or C. . Mueller, and ]J.I. Pankove, “A p-n-p triode
alloy junction transistor for radio frequency amplification,” RCA Rev.,
vol. 14, p. 594; December, 1953, also Proc. IRE, vol. 42, p. 389;
February, 1954) The principal difference is that in the equivalent
circuit above, the current generator in the output circuit is proportion-
al to the actual input current to the over-all transistor, whereas in the
Giacoletto- Johnson circuit, the current generator is proportional to a
voltage at a point (b’) inside the equivalent circuit which is not ac-
cessible in practice. Also, in the latter circuit, the current generator is
shown to be independent of frequency, whereas in theory, the output
current should lag the b’ —e voltage by an appreciable phase angle,
e.g., 22 degrees at the a-cutoff frequency.
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[Fig. 6(a)] may be employed directly for the ideal
transistor, and at high frequencies, e, simply may be
neglected.

By combining the circuit of Fig. 6(a), sans voltage
generator, with the model shown in Iig. 2(a), and by
substituting appropriate low-frequency expansions for
the grounded-base k;; parameters of the ideal transistor,
the circuit shown in Fig. 8 has been synthesized.® In
this circuit, as in IFig. 7, a simple pi network has heen
used in the output circuit. IHowever, in this case, al-
though the resulting current-generator “constant” can
be made independent of frequency with respect to am-
plitude, it is necessary to include a frequency-dependent
phase shift, i.e.,, a constant time delay, between the
input current and current applied in the pi network.
To complete the circuit for low frequencies, the voltage
generator u..e2 and a collector-base conductance g. must
be added.!

[P 0.8

2 .
we Te agie e—jO.Z(w/wc)

bb

Iig. 8—Approximate high-frequency equivalent circuit for theoretical
model of junction transistor; grounded-base operation.
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% Note the simplicity of this approximate circuit relative to the
more exact circuits employing RC transmission lines (Pritchard,
reference 16, Fig. 1; reference 1, Fig. 13, 16. Also, |. Zawels, “Physi-
cal theory of new circuit representation for junction transistors,”
Jour. Appl. Phys., vol. 25, p. 978; Nugust, 1954). A simplified equiva-
lent circuit incorporating a time delay (delay line) between inpnut
and impressed-output currents also was presented by W. F. Chow and
J. J. Suran, “Transient analysis of junction transistor amplifiers.”
Proc. IRE, vol. 41, pp. 1126-1127; September, 1953,
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1.00. Introduction. The technique for introduction of a
test signal into a loop antenna (see “Standards on Radio
Receivers—Nethods of Testing Amplitude-Modulation
Broadcast Receivers—1948,” Section 4.01.03, for ex-
ample) has long been employed with receivers using air-
core loop antennas. These antennas are normally of a
more or less flat or “pancake” construction and, in gen-
eral, lend themselves to the method described in the
standard without ambiguity. When this method is ex-
tended to loop antennas wound on cores of high per-
meability in which the length-to-diameter ratio is high,
it tends to break down. When the test loop and this
tyvpe of antenna are coaxial, it is usually not feasible to

assign a spacing between these two for calibration
purposes. Moreover, the use of the induction field to
simulate the actual radiation field received by the
loop is a satisfactory procedure only if the loop is im-
mersed in a reasonably uniform field. This is substan-
tially the situation with flat air core loops using the
aforementioned technique but is net approximated
satisfactorily when the relatively long ferrite core loop
antenna is employed. This present standard describes
a modification of the existing techniques which allows
for the measurement of a receiver employing a ferrite-
core loop antenna with the same precision as that ob-
tained in the measurement of air-core loop antennas.

* Reprints of this Standard, 55 IRE 17.51, 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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Fig. 1—Field configuration when air loop practice is followed with
ferrite core loop antenna.

2.00. Apparatus Required.

2.01. Radiating Test Loop. The test loop employed can
be identical to the one described in “Standards on Radio
Receivers— Methods of Testing Amplitude-Modulation
Broadcast Receivers—1948,” Section 5.00. It should be
observed, however, that the calibration relations of that
section and Section 4.01.03.01 of the same standard refer
to the field directed along the axis of the loop. Although
this is not the field that is to be employed in this stand-
ard, the same loop design is implied.

2.02. Shielded Room (Screen Room). The relations pre-
sented for the field due to the loop assume free space
conditions. Measurements generally are made in a
screen room, and the precaution of Section 5.02 of the
“Standards on Radio Receivers—NMlethods of Testing
Amplitude-Modulation Broadcast Receivers—1948” ap-
plies. If there is any doubt concerning the validity of
the measurements due to the proximity of fixed large
metal objects, the field within the screen room can be
compared with the field at the same distance in free
space and a suitable correction factor applied to the
screen room field. This correction is explained more fully
in Section 3.03.

2.03. Other Equipment. The standard signal generators
and receiver output measuring devices required for any
particular test should have the characteristics specified
in Section 3.00 of “Standards on Radio Receivers—
Methods of Testing Amplitude-Modulation Broadcast
Receivers—1948.”

3.00. Method of Measurement. This new standard de-
scribes a method of introducing a known signal into a
ferrite-core loop antenna and therefore replaces Section
4.01.03 of “Standards on Radio Receivers—Methods of
Testing Amplitude-Modulation Broadcast Receivers—
1948,” when a receiver employing such an antenna is
being measured. The remainder of the test procedures
specified in Section 4.00 of that standard still apply.
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Fig. 2—Field configuration suitable for ferrite
core loop antennas.

3.01. Orientation of Radiating Loop and Receiver under
Test. Fig. 1 shows the magnetic field that would exist
at a ferrite-core loop antenna if the orientation of radi-
ating loop and receiver loop normally used with receiv-
ers employing air loop antennas were used (this figure
and subsequent ones do not demonstrate the effect on
the magnetic field configuration of the presence of the
high-permeability ferrite rod). Notice that the field is
not constant over the length of the rod; and since the
length of the ferrite rod is generally significant com-
pared to the spacing between radiating loop and rod, it
is difficult, in general, to assign a value to the effective
field at the antenna.

The recommended orientation is as shown in Fig. 2.
The axis of the ferrite rod is placed normal to the plane
of the test loop with the center of the rod in the plane of
the test loop. The antenna rod is now located in a sub-
stantially constant field to which an effective value can
be assigned.

3.02. Calibration of Effective Field. The significant com-
ponent of field near the radiating test loop is a magnetic
field that varies inversely as the cube of the distance
from the loop. The receiving loop is essentially respon-
sive to a magnetic field, and the magnitude of the field
can be calculated in terms of the test loop parameters,
the current in the test loop, and the spacing between the
radiating and receiving loops. This can also be expressed
in terms of the equivalent electric radiation field in
volts per meter that would be accompanied by a mag-
netic field of the calculated value. The relation between
the observed current in the coil and the equivalent elec-
tric field intensity is, to a close approximation, given by
the formula:
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30mn1a,?
E=—1,
28

where E=cquivalent electric field intensity in volts per
meter at the receiving loop antenna, n#;=number of
turns of radiating loop L, a,=radius of radiating loop
L in meters, x =distance in meters between the center of
radiating loop L and the axis of the ferrite rod receiving
loop, Iy =current in radiating loop L in amperes. If the
loop is constructed as described in Section 5.01 of the
“Standards on Radio Receivers—Methods of Testing
Amplitude-Modulation Broadcast Receivers—1948,”
and a spacing of 24 inches (x) between the axes of the
radiating test and receiving loops is employed, the
above equation can be reduced to a simple relationship
between the indicated output voltage of the signal
generator (V) and the effective electric field strength in
volts per meter as follows:

E = 0.05V.

In other words, the field in db below one volt per
meter is 26 db below the signal generator output in db
below one volt.!

! This relation is approximate in that it assumes the loop is a
point source. For greater accuracy nonuniformity of field over length

of ferrite rod must be taken into account. The 26-db value appears to
be sufficiently accurate for normal measurement purposes.
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3.03. Effect of Screen Room. The equation relating ef-
fective electric field intensity to signal generator output
is derived assuming that the induction field of the radi-
ating loop varies inversely as the cube of the distance
from the loop as occurs in free space. If the screen room
is not sufficiently large, reflections from its walls will
tend to modify the field from its ideal value. It is useful
to set up a receiver, radiating loop, and signal generator
in “free space” (as far from large metal objects as pos-
sible) in the manner prescribed in this standard, and
adjusted to a frequency that can be used outside the
screen room without undue interference. The signal
generator output required to produce a suitable refer-
ence output from the receiver is recorded. The entire
set-up is then transferred to the screen room, and the
signal generator output readjusted, if necessary, to
produce the same reference output from the receiver.
This change in signal generator output is a measure of
the distortion of the field configuration due to the screen
room. The correction should be used to modify the rela-
tion between effective field strength and signal gen-
erator output given in Section 3.02. Since the calibra-
tion in general is not independent of frequency, it
should be made at or near the frequency of interest. If
the locations of the instruments within the screen room
are modified, a new calibration may be required.

A Microwave Phase Contour Plotter*
J. S, AJIOKA$

Summary—A simple, easily built rf phase contour plotting device
is described. This phase plotter differs from the conventional plotter
in that two field-sampling probes are used instead of one. Instead of a
fixed reference signal taken directly from the source, a phase refer-
ence is taken from the field itself. This technique offers several prac-
tical advantages over conventional methods.

HIZ MEASUREMENT of phase in the field of
Tmi(‘rm\'uvc raciators is important in the design
of antenna components and in the study of the
ceffects of objects placed in the field. The determination
of equiphase contours and the location of phase centers
of feeds for reflectors and lenses are of much value in the
design of such antennas. Phase measurements are also
important in the study of the effects of weatherizing
covers and radomes.
This paper describes a simple, inexpensive, casily
made device for manual phase contour plotting, with
primary application to locating the phase centers of

* Original manuscript received by the IRE, January 25, 1955;
revised manuscript received, June 6, 1955. This work was performed
at the U. S. Navy Electronics Lab., San Diego 52, Calif.

t Hughes Res. Labs.. Hughes Aircraft Co.. Culver Citv. Calif.

primary radiators. It has some advantages over the
conventional phase contour plotting apparatus and is
comparable in accuracy. This device is not intended to
replace some of the rather complex and expensive auto-
matic phase plotters' now in existence, but rather to
afford a design for a simple inexpensive phase plotter
that can be built in a relatively short time.

In the conventional method for measuring phase, a
sample of energy from the field is picked up by a probe
and compared in phase with a reference signal which
comes directly from the source.? The phase of one signal
is varied with respect to the other to produce an inter-
ference resulting in a maximum or minimum. The
amount of phase shift is a measure of the difference in
phase between the field sample and the reference. A
slotted line with the reference signal inserted through
the traveling probe is often used as the phase shifter
and mixer.

' R. M. Barrett and M. H. Barnes, “Automatic antenna wave-
front plotter,” Electronics, vol. 25, pp. 120-125; January, 1952.

254 Silver, “Microwave Antenna Theory and Design,” McGraw-
HiN' Ronlr Ca Ine Nour Varle NIV AL 1E. 1040
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The conventional phase measuring apparatus has
several practical disadvantages which are as follows:

1. The necessary rf rotating joints or flexible cables
complicate the rf plumbing; and unless much care is
taken, may cause phase shift with movement.

2. If there is a wide variation in the amplitude of the
field whose phase is to be measured, the minima readings
in the mixer cannot all be made sharp by a simple inter-
ference procedure.?

3. All components in the rf system must be well
matched or false minima can occur.?

4, Phase contour plot, usually not direct, must be
plotted from data taken from phase shifter readings.

5. The accuracy is impaired by small changes in fre-
quency during the time for making a complete plot.2

A method using two field-sampling probes instead of
one eliminates the above disadvantages. Instead of a
fixed reference directly from source, a phase reference
is taken from the field itself. Fig. 1 is a photograph of
this phase plotter. The stand in the background is an
instrument for projecting the horn onto plotting paper.

Fig. 1—Phase contour plotter in operation.

The device (See Iig. 2) is described as follows:

Two probes spaced a fixed distance apart are con-
nected respectively to the £ and /I arms of a magic tee
where their signals are mixed. A detector is placed on
one of the remaining arms and a matched load is placed
on the other. The connection is such that in-phase sig-

3 With somewhat more complication, this difficulty can be elimi-
nated. See F. .. Vernon, Jr., “Application of the microwave homo-
dyne,” Traxs. IRE, vol. AP-4, pp. 110-116; Deceinber, 1952 and
J. Bacon, “An antomatic X-baud phase plotter,” Proc. NEC,
Chicago, Hl.; October, 1954.
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nals from the probes will destructively interfere at the
detector to give a minimum. Since the probes are close
enough together so that they are usually in a field of ap-
proximately the same strength, the minimum is sharp.
Since the magic tee with the detector is an integral part
of the two-probe combination, there is only an audio
cable that need be flexible.
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Fig. 2—Sketch of phase contour plotter.

To plot equiphase contours, the probe assembly is
placed in the field of the radiator whose phase fronts are
to be plotted. The probe assembly is placed over a flat
surface on which the phase contour is plotted. The flat
surface is 1 inch plate glass covered with heavy paper.

A
® /
PHASE ¢
8 A, NToys
r

o ?

‘B, v
4
’

SIGNAL STRENGTM AT DETECTOR AS
'Anoaz B 1S ROTATED ABOUT PROBE

Fig. 3—Diagram illustrating the procedure of
plotting phase contours.

(See Fig. 3). The tack under probe 4 is pushed into the
surface (paper) and the probe assembly is rotated about
probe A and the positions of minimum readings are
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marked by pushing tack “B” into the paper. These B-
tack points (marked by x's) are points of equal phase.
The tack is lifted from point A and the probe assembly
is rotated about one of the B-tack points. Since the cen-
ter of phase is somewhere in the region of the aperture
of the radiating element under test, there will, in general,
be no ambiguity as to which of the B-points are on the
same phase contour as point 4. Of course, there would
be no ambiguity if the probe spacing were less than a
wavelength but the sensitivity would be decreased.
These B-points are labeled By and Byin the figure. As the
assembly is rotated about point 4,, the null-points B,
and B, only are considered and the center of rotation is
then moved to either B, or By {say B,) and point 4, on
the same phase front as 4, is found. This process of al-
ternately rotating about probe 4 (circles) and probe B
(x's) is repeated to plot a complete equiphase contour.

If the electrical line length from probe 4 to the de-
tector is equal to that from probe B to the detector as
was intended, the 4 and B points will be in phase.
Otherwise, the points A (circles) and the points B (x's)
are two different sets of equiphase points. 1f curves are
drawn through points A and through points B, the
normal separation between the curves will be the differ-
ence in electrical lengths of the lines from the two
probes. This difference in line lengths can be calibrated
by picking a fixed point in the ficld, rotating about probe
4 and establishing a null-point for probe B. Then place
probe B at fixed point, rotate about probe B and estab-
lish a null-point for probe A. Distance between these
nuil-points will be twice the difference in line lengths.

Since the path lengths from the probes to the detector
are made to be as nearly identical as possible, the phase
front plotter is quite insensitive to variations of fre-
quency.

If the phase fronts are smooth, there is no ambiguity
as to which points are on the same contour; but if there
is a sudden phase change as would occur over a mini-
mum in the amplitude pattern of the radiator under test,
care must be taken so that a true phase contour would
be followed. l7or this reason, amplitude patterns are
also taken with a single probe with a center of rotation
about the approximate center of phase of the radiating
element. A deep minimum in the amplitude pattern
will give warning that a sudden change in phase is to
be expected. A typical amplitude and phase plot of such
a situation is given in Iig. 4. Fig. 4 is an amplitude
(dashed lines) and phase (solid lines) plot of an E-plane
horn with a septum. This horn was chosen as an example
because of the deep minima in its amplitude pattern.
If the minimum were infinitely deep, the phase change
would be a sudden step of 180 degrees. In general, the
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minima are not infinitely deep and the phase contour is
like that of Fig. 4. To plot points about the region of
rapid phase change, a partial curve is drawn in the
smooth phase region and points on this curve are used
as reference points for establishing points closer than
the probe spacing. Thus, we creep up to the region near
the amplitude minimum and finally we span the ampli-
tude minimum to establish points on thie phase contour
on the other side of the amplitude minimum. With a
little more complexity a probe assembly could be made
so that the probe spacing could be varied. Once the
probe spacing is changed, it is kept unvaried during a
set of measurements. This eliminates the difficulty of
the above procedure. Such a variable spacing probe
assembly has not been made but a fixed spacing of ap-
proximately one and one-half wavelengths was chosen
to give sharp minima readings. The probes for each
polarization were of conventional design.
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Fig. 4—Phase and amplitude plot of horn with septum.

One obvious disadvantage of the above procedure is
the possibility of cumulative errors, but in the applica-
tion to locating the phase centers of primary feedgethis
is not serious because only groups of three points on the
phase contour are necessary for location of thé phase
center. However, the simplicity, inexpensiveness, and
ease of operation make this phase plotter a practical
laboratory tool.
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The Application of Dielectric Tuning to
Panoramic Receiver Design”

T. W. BUTLER, Jr.f, AssocIATE, IRE, W. J. LINDSAYY, ASSOCIATE, IRE, AND
L. W. ORRY, ASSOCIATE, IRE

Summary—This paper describes a method of utilizing the voltage
tuning characteristics of ferroelectric capacitors in a wide range,
superheterodyne, dielectric-tuned, panoramic receiver. Continuous
tuning over a 2:1 frequency band is obtained in frequency ranges up
to 110 mc. Some of the problems encountered in this application are
described, and a method of optimizing the parameters of specific
materials is discussed. No detailed technical discussion is presented.
The application of these capacitors to various types of circuitry is
briefly indicated.

INTRODUCTION

ERROELECTRIC tuning techniques utilize the
Fnonlinear electrical characteristics of certain types

of ferroelectric materials. Barium-strontium ti-
tanate materials constitute the major class of dielectrics
that are presently being applied to ferroelectric tuning
devices. The use of capacitors constructed from these
materials as the basic tuning elements in panoramic
receiver front ends is the subject of this paper.

It should be noted, however, that ferroelectric tuning
techniques are being applied to sweep generators,
spectrum analyzers, search receivers, and other equip-
ments where wide-range, rapid-scan devices are useful.

This paper describes a method of utilizing the voltage
tuning characteristics of ferroelectric capacitors in a
wide-range superheterodyne, dielectric-tuned, pano-
ramic receiver. This receiver employs titanate ceramic
capacitors as tuning elements in the rf, mixer, and local
oscillator tank circuits. The capacity of the tuning ele-
ments is varied by changing the electric field applied to
the capacitor.

The receiver described is incorporated in a rather
complete laboratory test unit which was designed
specifically for testing dielectric-tuned receiver front
end assemblies. This unit consists of an assemblage of
power supplies, a display oscilloscope, and control
panels. The essential components of this test unit are
indicated in the block diagram of Fig. 1. The receiver
front-end assemblies are plug-in units containing the
electrical electrically tunable stages, i.e., the rf, mixer
and local oscillator stages.

CHARACTERISTICS OF CAPACITORS

The ceramic capacitors used as the tuning elements
in the front end assemblies are of the barium-strontium
titanate class. These were developed in the Department

* Original manuscript received by the IRE, April 25, 1955; re-
vised manuscript received, June 8, 1955. This work was sponsored
237262e U. S. Army Signal Corps under Contract No. DA-36-039 sc-

T!:Zlectronic Defense group, Engrg. Res. Inst., Univ. of Mich.,
Ann Arbor, Mich.

of Electrical Engineering Laboratories at the University
of Michigan. A commercially made body material is
used, but methods of plating, connecting, and potting
capacitors are still laboratory processes.

To obtain the maximum tuning range with good re-
ceiver stability and sensitivity, the capacitor body
material should have the {ollowing characteristics:

1. Alarge changein dielectric constant, e, with applied
field,

2. A small temperature coefficient of € over a wide
temperature range, and

3. Low loss over the desired frequency range.

BIAS AND SWEEP
VOLTAGE SUPPLIES

DISPLAY SCOPE
OUMONT 304 -AR

D — T

1 F. STRIP AND DETECTOR

FE (FRONT END) UNIT
UNDER TEST

H-P 608 D
SIGNAL GENERATOR

H-P REGULATED

POWER SUPPLY

Fig. 1—Block diagram of wide-range dielectric tuned
panoramic receiver.

Materials which exhibit large changes in dielectric con-
stant with applied field also exhibit large changes in
dielectric constant with changes in temperature. Con-
versely, materials which have a small temperature
coefficient of dielectric constant over a wide tempera-
ture range generally lack field sensitivity and are not
suitable for dielectric tuning. It has not been possible to
obtain body material for the capacitors which possess
all three of the desirable characteristics.

Fig. 2 (next page) shows an e-T-FE surface for a typical
ferroelectric ceramic material of rather high dielectric
constant. Ordinate of surface gives the dielectric con-
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Fig. 2—e-T-E surface for acrovox 11i-Q 41.

stant, with abscissae of temperature and de electric field.
Small circles indicate points of zero temperature co-
efficient. Surface representation gives a very clear dis-
play of the characteristics of the material, and its use
in the design of the tuning clements is illustrated by the
following numerical example.

Consider the design of the rf amplifier tank circuit
which is to be tunable from 50 to 100 mc. Assuming a
value of 160 uuf for the total tank capacitance at 50 me,
gives 40 uuf for the total capacitance at 100 mc. If the
fixed shunt capacitance representing the tube, wiring
and strays is 10 uuf, the tunable element must vary
from 150 uuf to 30 uuf. This element will be a pair of
ceramic capacitors connected in series, each having a
value of 300 uuf at zero applied field.

The capacitance variation as the electric field is ap-
plied may be obtained from the contour curves of Fig.
2. Consider the curve for 30 degrees (. It is noted that
a 5:1 variation in dielectric constant is obtained when
the applied field varies from zero to 30.5 kv/cm. If the
material is 0.05 cm thick, the required field is furnished
by an applied voltage of 1,525 volts.

Effect of a temperature chage on tuning may be cal-
culated by noting dielectric constant at 20 degrees C.
is almost identical with that at 30 degrees C. with zero
applied field. Therefore, lower frequency will still be
50 mc. At a field of 30.5 kv/cm, dielectric constant is
lowered about 4 per cent below its value at 30 degrees C.
The minimum capacitance value at 20 degrees (. will

therefore be 28.8 wuf, giving an upper frequency of

30 4+ 10 2
fa = { e »--—} - 100 = 101.5 mc.
288 + 10

This does not imply a tracking error of 1.5 mc since
the oscillator circuit will also experience a similar
temperature-induced change. It does, however, repre-
sent an increase in the tuning range of 3 per cent, so
that as the equipment warms up from 20 degrees C. 10
30 degrees C., the tuning range will shrink by this
amount.

The effect of capacitor tolerance may be disposed of
by noting that an increase of 10 per cent in the zero
field capacitance due to a larger electrode area is ac-
companied by an increase of 10 per cent in the capaci-
tance at all fields, and can therefore be compensated
throughout the tuning range by an appropriate de-
crease (9.1 per cent) in the tuning inductance. To insure
that all capacitors of the receiver have approximately
the same tuning characteristic, i.e., the same e-7T-J
surface, they may all be cut from the same wafer of
ceramic material. The ceramic materials now available
are sufficiently homogeneous that variations in tuning
characteristic are less than 1 per cent between samples
cut from the same wafer of the material.

€-T-E surfaces have been obtained for a number of
materials suitable for electric tuning. A survey of these
surfaces is of great assistance in selecting the best
available material for a particular set of conditions.
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l.ow loss is an important factor ir electric tuning, and
tests show that this is not entirely a property of the
ceramic material. The type and qualitv of metal used for
clectrodes, and its thickness and uniformity, all have
important effects on the loss. Capacitors for the tuning
units were made with 0.020-inch cubes of ceramic hav-
ing ene mil thick clectrode plating exten:ling to the
edges of the ceramic faces. Fig. 3 shows typical capaci-
tors made in this manner. A\ plastic coating over the
dielectric seals out moisture, preventing excessive losses
and possible electrical breakdown.

T

Fig. 3—Typical subminiature ferroelectric capacitor.
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it I 1
sonaL ! o i
L5 "1 O  FRONT END ASSEMBLY |
N : UNDER INVESTIGATION !
[ ]

I REGULATED POWER SU2PLY
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Fig. 4—Block diagram of receiver.

RECEIVER DESIGN

The receiver is a single conversion superheterodyne
type with a tuned rf stage, tuned mixer, and local
oscillator in the tunable front end unit, and a 20 mc IF
strip driving a crystal detector (Fig. 4). The three tuned
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circuits in the front-end unit are tuned by changing the
dc bias voltage on the tuning capacitors. The receiver is
swept by applying a superimposed 60 cps alternating
voltage to the tuning capacitors. The dc bias voltage
may be varied from 0 to 1,000 volts, and the ac sweep
voltage may be varied from 0 to 1,000 volts rms. No
power is absorbed from the dc bias supply in sweeping
the receiver over the maximum range. The reactive
power absorbed from the ac sweep voltage supply is
generally less than 0.1 volt-amperes. The three tuned
circuits are tracked by suitable adjustments of the d¢
bias and the ac sweep voltages. The IF strip is of the
synchronous-tuned type! with a 3 db bandwidth of ap-
proximately 100 kec. The output of the crystal detector
feeds the vertical input of the DulMont 304-AR oscil-
loscope. The horizontal input of the scope is fed a sample
of the 60 cycle sweep voltage applied to the oscillator.
This results in a panoramic display on the oscilloscope.

Fig. 6—Interior view of a front-end unit.

FronT-ExD UNITS

Exterior and interior views of one of the early FE
(Front-End) units are shown in Figs. 5 and 6. The three
sets of tuning capacitors can be seen in Fig. 6. A sche-

! The individual stages of a synchronous-tuned IF strip are single
tuned and all stages are tuned to the same frequency.
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Fig. 7—Schematic of receiver front-end unit.

matic of one of the later FE units is shown in Fig. 7.
The circuit design is conventional in some respects, but
requires some precautions. The principal points of dif-
ference in circuitry occur in the tuned circuits and in
the method of connecting the bias and sweep voltages.
Capacitances to ground are kept as low as possible to
reduce the effect of shunt circuit capacitance on the
tuning range. This also dictates use of tubes with low
shunt capacitance. The 6CB6 tube has good noise char-
acteristics, and has performed very well in the frequency
ranges considered.

A pentode mixer is used to keep the circuitry simple,
and still provide good signal-to-noise ratio. Link cou-
pling is used to obtain oscillator injection. This method
of injection reduces the possibility of spurious responses
due to oscillator harmonics.

The Q of the tank circuits used is lower than ordi-
narily encountered in receiver design. This is due to the
relatively low Q of the capacitors. High g, tubes must
be used to obtain satisfactory results. The oscillator
circuit is quite critical with respect to the gn of the tube,
requiring at least 7,000 to 8,000 pmhos to oscillate
satisfactorily. The triode-connected 6A116 has given
good results as the oscillator tube. The 6]4 triode has
also performed satisfactorily.

The bias and sweep voltages are decoupled from the

of circuits to avoid increases in rf loading and stray
capacitance. Pairs of scries-connected capacitors are
used in all the tank circuits. This affords smaller mini-
mum capacitance and at the same time supplies a con-
venient de block for the bias voltage. The rf ground end
of the rf and mixer coils, and the feedback point of the
oscillator coil, are connected to the chassis. This permits
a single connection to be used for the bias and sweep
voltages, which aids in keeping stray capacitances to a
minimum.

It was pointed out in an earlier section that it is de-
sirable to use titanate materials which have a small
temperature coefficient of dielectric constant over a wide
temperature range. lf the receiver is to be used over an
extended temperature range, methods of temperature
compensation will be required to maintain receiver
tuning range and sensitivity. It has been found that for
laboratory operation temperature compensation was
not necessary.

REsuLTS

To date, two working units, Models FE-2 and FE-3
have been built and tested. FE-2 tunes from 28 to 60
mc, while FE-3 tunes from 55 to 110 mc.

The sensitivity of the units may be defined as that
signal level at the input of the receiver which will pro-
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(a) Marker signals at 28, 30, 40, 50, and 60 mc.

=5} S

(b) Local spectrum using short wire antenna.

Fig. 8—Oscillograms showing response of FE-2.

duce a “pip” on the scope twice the apparent average
height of the interual noise of the receiver.? The sensi-
tivity of both units under the swept conditions listed is
5(£ 1) microvelts into 50 ohms. When tured to a fixed
frequency, the sensitivity goes up to approximately 1.5
microvolts. The internal noise generated in the receiver
is a function of the sweep width, and of other factors,
the exact nature of which are not vet known. The over-
all bandwidth of this system is approximately that of
the IF strip, or approximately 100 kc. The half-power
point resolutio of the receiver is approximately 150 kc.
The reliability of the receiver depends primarily upon
the reliability of the tuning capacitors. Recently, ex-
cellent results have been obtained in this respect. Im-
provements in the niethods of manufacturing the capac-
itors from the commercially available body materials
have resulted in capacitors that are expected to give
continuous operation over long periods® with few
failures.

Fig. 8 shows two osciilograms taken with FE-2 in
operation. In the upper picture, marker signals of 20
microvolts at 28, 30, 40, 40 and 60 mc indicate the
frequency spectrum. The lower picture shows the local
strong signal spectrum with a short piece of wire used
as an antenna. Fig. 9 shows a similar display for FE-3.

2 J. B, L. Foot, “Wideband VHF panoramic receiver,” Wireless
World, vol. 59, p. 392; September, 1953.

3 At this writing the reliable life of capacitors under operating
conditions cannot be evaluated since life-test results are incomplete.
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(a) Marker sicnals at 55, 65, 75, 85, 95,
105, and 110 mc.

(b) Local spectrum (Detroit) with high gain
discone anteuna.

Fig. 9—Oscillograins showing response of FE-3.

The upper picture contains markers at 55, 65, 75, 85,
95, 105, 110 mc. The lower picture was made with a
high-gain anteuna oriented toward two TV stations,
30 miles distant. At tke lower end of the spectrum are
the audio and video signals of the two TV channels,
while in the higher regions numerous FM radio stations
may be observed. The frequency scale distortion noted
in the upper picture is due to the nounlinear character-
istic of the tuning capacitors.

Work is presently being dore to extend the tuning
range to higher frequencies. Preliminary tests on a
higher frequency FE unit indicate that attaining the
200 mc region is feasikle. This requires different types
of circuits than thosc used in FE-2 and FE-3. At fre-
quencies nmiuch above 100 mc the most satisfactory
oscillator circuit is the ultra-audion.t Oscillators of this
type have been built and tested up through 400 mc with
tuning ratios of 1.5:1. There are two major problems in
connection with extension of the frequency range.

1. Itisdifficult to manufacture capacitors with capac-
itances low enough to be useful in high-frequency
circuits.

2. Rf losses in the dielectric increase with frequency,
resulting in lowered Q of the tuned circuits.

Although the receiver described in this paper uses a
relatively slow scan rate (60 cps), these are applications
for which a faster scan rate may be desirable. Faster

4 J. F. Reintjes and G. T. Coate, “Principles of Radar,” 3rd ed.,
McGraw-Hill Book Co., Inc,, N, Y., N, Y., p. 706; 1952.
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scan rates are readily obtainable with dielectric tuned
oscillators and have been reported up to 500 ke for small
deviations.’ To judge from the relaxation measurcments
on several samples of titanate ceramics, the upper
practical limit of sweeping in a panoramic receiver ap-
pears at present to be about 100 ke.

CONCLUSION
There are many applications in the field of instru-

mentation in which dielectric tuned tank circuits could

s M. Apstein and H. H. Wieder, “Capacitor-modulated wide
range FM system,” Electronics, vol. 26, p. 190; October, 1953.
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be used to advantage, i.c., sweep generators and
spectrum analyzers. Dielectric-tuned, wide-range, vhf
swept osciltators which may be suitable for use in the
instrumentation field are under development at the
present time.

The results achieved to date are very good considering
the characteristics of the capacitor body material being
used in the tuning elements. It is possible that the
present difficulty of dielectric tuning—i.e., obtaining a
large tuning ratio while maintaining a small tempera-
ture coefficient—may be considerably reduced through
the development of new materials and manufacturing
techniques.

Note on the Design of Wide-Band
L.ow-Noise Ampliﬁers*

D. WEIGHTONT

Summary—The case is considered of a grounded cathode ampli-
fier fed from a finite source impedance in which the requirements of
minimum noise factor conflict with those of adequate bandwidth.
Equalization, either by feedback or by the use of complementary net-
works, provides one means of dealing with this problem, and involves
modification of some circuit parameters for minimum noise factor.
Design criteria are developed for amplifiers based on this procedure,
including equalization of both input and tube coupling circuits. Some
measurements on an experimental amplifier are reported.

INTRODUCTION

GHE PRINCIPLES of design of low-noise ampli-
Tﬁers in which bandwidth is not a limiting factor
are well-known as a result of the early work of a
number of authors, notably North! and Herold.? In the
case where the requirements of minimum noise factor
conflict with those of adequate bandwidth there is,
however, no clearly established procedure, although a
number of devices to increase bandwidth have been dis-
cussed by Ilerold,? Lebenbaum? and others. In the
narrow-band case, the input circuit of a grounded cath-
ode amplifier is normally designed for minimum noise
factor by choice of the optimum transformation of
source impedance as described, for example, by Wall-
man® or Houlding.s The value of this optimum source

* Original manuscript received by the IRE, January 7, 1955;
revised manuscript received, June 17, 1955.

t Pye, Ltd. Radio Works, Cambridge, England.

t B, J. Thompson, D. O. North, and W. A. Harris, “Fluctuations
in space-charge-limited currents at moderately high frequencies,”
RCA Rev., vols. 4 and S, pp. 269-285: January, 1940-July, 1941.

2 . W. Herold, “An analysis of the signal-to-noise ratio of ultra
high frequency receivers,” RCA Rev., vol. 6, pp. 302-331, 1942.

s M. T Lebenbaum, “Design factors in low noise figure input
circuits,” Proc. IRE, vol. 38, pp. 75-80; January, 1950.

« H. Wallman, A. B. Macnee, and C. P. Gadsden, “A low-noise
amplifier,” PROC. IRE, vol. 36, pp. 700-708; June, 1948.

5 N. Houlding, “Noise factor of conventional V.H.F. amplifiers,”
Wireless Eng., vol. 30, pp. 281-306; November, December, 1953.

impedance depends only on the circut losses, the transit
time damping and the equivalent noise resistance of the
tube, and the maximum bandwidth available in thesc
conditions is therefore fixed by the tube input and
stray capacitances. If a greater bandwidth is required
there are a number of alternatives open to the designer.
but in most cases some sacrifice in noise factor is in-
volved. A detailed discussion of these alternatives is to
be found in Twiss and Beers.®

The use of feedback affords one of the most attractive
solutions to this problem largely for incidental reasons.
It allows some freedom in modifying the input imped-
ance of the amplifier without appreciably degrading
the noise factor and tends to minimize the cffect of
variations in source impedance. The effect of feedback
on single frequency noise factor has been dealt with by
arris? and more recently by Beers,® who also discusses
specific cases based on the work of Macnee. These au-
thors show that, provided the feedback network does not
itself significantly load the input circuit, the effect on
single-frequency noise factor is small. The effect on the
average noise factor over a wide pass band may, how-
ever, be large, since the spectral distribution of noise is
changed, and a new value of optimum source impedance
has to be found. The problem is similar to that of an
amplifier in which the restricted bandwidth of the input
circuit is corrected by an equalizing network inserted
at some later stage. The latter arrangement has received
some attention in relation to video armplifiers fed from a

¢ R. Q. Twiss and Y. Beers, “Vacuum Tube Amplifiers,” M.L'T
Rad. Lab. Ser., No. 18, McGraw-Hill Book Co., Inc., New York
N. Y., ch. 13; 1948.

74V, A. Harris, “Fluctuations in vacuum-tube amplifiers and in
put systems,” RC.A Rez., vol. 6, pp. 114-124; July, 1941,

8 Y. Beers, “Microwave Receivers,” M.L.T. Rad. Lab. Ser., No
23, McGraw-Hill Book Co., New York, N. Y, p. 88; 1948
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constant current source (see, for example, Barco®) but
as far as the author is aware it has not received quantita-
tive treatment for the casce of a source of constant avail-
able power.

The purpose of the present note is to develop design
criteria and performance data for minimum-noise equal-
ized amplifiers and to present the results in a form di-
rectly useful to the engineer. The discussion is limited
to the grounded cathode circuit fed from a source of
finite impedance, but applies equally to pentodes or
triodes which mav be cither neutralized or cascode
stabilized.

InruT CIRCUIT

The simplest arrangement of input circuit for a band-
pass amplifier is shown in Fig. 1, where the total capaci-
tance to ground is tuned by a shunt inductor. Writing g,
the source conductance, gs the conductance representing
circuit losses, g, the transit time conductance, and g, the
total shunt susceptance, then the transfer function of
the input circuit is of the form

e/ (g + gi + g+ Jgs),

and the correcting network must therefore have the
form

flw) = (g + ga+ g0 + jen (1)

if the amplifier is to be distortionless.

I't is shown in Appendix A that the noise factor of the
first stage of an amplifier which is followed by a cor-
recting network of this form is given by

4
N=1+4+ {I\'g, + g4+ 3- r,.1rzB'~'C'~’} /g,,

+ ra(gs + 8 + 84)*/8e (2)

where A is the excess noise temperature assigned to the
transit time loading, B is the over-all noise bandwicdth
of the amplifier in cycles per second and 7, is the equiva-
lent noise resistance of the first tube. Eq. (2) will be
recognized as the expression for single-frequency noise
factor at band center with an additional term in the
first bracket. It follows that the bandwidth limitation
may be taken into account by supposing an additional
noise source equal to that of a conductance 4/3 r,w*B*C?
to be in shunt with the input circuit.

In a wide-band amplifier g and g, will generally be
small compared with g,, and the expression for noise
factor may be approximated

9 A, . Barco, “An iconoscope preamplitier,” RC: Rev., vol. 4,
pp- 89-107; July, 1930.

4
N=1+4 (I\'g, + _; r,.7r'~’B"’("-'>/g, + 7ngs. (3)

In video amplifiers or intermediate frequency ampli-
fiers in which the center frequency is sufficiently low,
the bandwidth term predominates over the induced grid
noise and the expression may be further approximated

N =14 4,72 BC/3g, + 7.8, (4)
from which the optimum source impedance is seen to be
r. optimum = +/3/2xBC, (3)

and the minimum noise factor,

Y minimum = 1 4 2.32r,7BC. (6)

It will be observed that under these conditions the
optimum source impedance is independent of the
equivalent noise resistance of the tube. Substituting
from (5) into the transfer function of the input circuit,
we obtain the result that the response falls by a factor of
2 at the edge of the band. The best noise factor is there-
fore obtained when the coupling of the source is ad-
justed to give an input circuit response which falls by
6 db at the edges of the desired band.

It is interesting to compare the performance of an
amplifier designed on this basis with that of one in which
the input circuit is damped by the source to a point
where it is substantially flat over the desired band so
that no compensation or feedback is necessary. For the
sake of comparison substantially flat may be inter-
preted as dropping by 1 db at the limits of the over-all
noise bandwidth. In this condition, #BCr,=.25S.

Rearranging (4),

& 4rB
147, wBC- {-—-— + C}

N ,
3¢s

N

14+ 4.35#BCrs.

Comparing this result with (6), it is seen that the incre-
mental noise is improved by a factor of nearly 2 by the
use of the correct source impedance combined with com-
pensation. When the induced grid noise is not negligible
as when the bandwidth is smaller or the center fre-
quncy higher, the improvement effected in noise factor
will be less.

Tuse CoupLiNG CIRCUITS

The discussion has so far neglected the noise sources
associated with the second and subsequent stages. The
contributions to the total noise from these sources be-
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come of increasing importance as the bandwidth is
made wider, and for minimum noise factor it is evi-
dently desirable to achicve the greatest possible gain—
bandwidth product for each stage. The noise relations
in double-tuned circuits have been studied in this con-
nection by tlerold.? For optimum performance multiple
circuit couplings tend to become critical of adjustment
and difficult to handle in practice, and the case of an
undamped circuit compensated by feedback is worthy
of attention on the score of simplicity. The arrangement
corresponds closely to the video amplifier described by
Barco,® but the equations differ when the amplifier con-
tains more than one circuit to be compensated. Integra-
tion of the noise over the band then involves cross prod-
ucts and the equations tend to become too complex
to be useful to the designer. In most cases, however,
the noise sources in the first two stages are the only ones
of importance and the solution in this instance is de-
rived in Appendix A.

Inspection of the expressions for noise factor given
by (19) and (20) shows that the damping on the circuits
ga and gg should be as small as possible for the best noise
factor. In the wide-band case an approximation may be
made similar to that discussed above for the input cir-
cuit and (19) then simplifies to

4
N=1+r {Kg, + wﬂBﬂczR,} +gR, ()

where

1 12
R:=r+— {Kgu Sl f,.nr?B?Cl?}
g 5

and

N T S }
Ry = ri+ —4Kgn + — ram?BCy*p .
e\ 3

The contribution from the second tube appears in
terms in both g, and 1/g, and will in general modify the
optimum value of source impedance. However, the ef-
fect will be small unless the stage gain is very low, and
the source impedance given by (5) may usually be used
with negligible rise in noise factor. Substituting for g,
from (5) in (7), and neglecting the induced grid noise
terms, we obtain

N_1+47rBC{ +<7ch12 } ®
- V3 " .73g> Ty

Comparing this with (6), it appears that for the pur-
poses of calculating noise the effective voltage gain of
the first stage is

13g
7I'BC1

9

When the input circuit is not equalized but is made
sufficiently flat over the required frequency band by re-
ducing the source impedance, then the term in 1/g, in
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(7) will be small compared with the term in g,. The ef-
fective voltage gain of the first stage is then obtained
from the coefficient of 7, in the term in g, and will be

.87¢
7I'BC1

(10)

Comparing (9) and (10), it appears that the effective
stage gain does not vary greatly for widely varying
values of source impedance. The expressions are in a
form permitting direct comparison with the perform-
ance of other types of coupling circuit,'®-'* for example,
they compare favorably with the corresponding formula
for a two-circuit coupler having unequal Qs.

Eq. (8) illustrates a feature of wide-band amplifiers
which has not been emphasized in the literature. The
criterion for low-noise factor in the first tube is a low
value of the product r,C, whereas in the second stage
the contribution to the noise depends on r, Gy This may
have an important bearing on the selection of suitable
tubes for these positions in a low-noise amplifier.

MATCHING TO THE SOURCE

In narrow-band amplifiers the optimumn source im-
pedance is generally lower than the input impedance of
the amplifier if the latter is largely determined by transit
time damping. In the wide-band case the discrepancy
will be greater, but the use of a feedback network to
equalize the response of the input circuit suggests the
possibility of also obtaining a match by this means. To
satisfy the matching requirement and at the same time
equalize with sufficient accuracy over the desired band
it would theoretically be necessary to provide a rather
complex feedback network. In the simplest case of a
resistor connected back to the input circuit from a point
in the amplifier where the gain is sufficiently high there
are two parameters at the disposal of the designer, the
feedback factor at band center and the group time de-
lay round the loop. If the first of these is chosen to
match the input impedance to the source, the second
may be adjusted for a first-order equalization, but the
frequency band over which such equalization is ade-
quate will then be fixed. The result is, however, reason-
ably good for a source impedance chosen in accordance
with (5), and it is shown in Appendix B that a maxi-
mally flat condition may then be obtainred in which the
response falls by } db at the limits of the design band-
width. If the induced grid noise is significant so that the
circuit to be equalized falls by less than 6 db at the band
limits, then the matching condition may evidently be
satisfied with an even better over-all response.

PracrticaL ASPECTS

The construction of wide-band amplifiers in accord-
ance with the above principles presents two major

10 I1. A. Wheeler, “Wide-band amplifiers for television,” Proc.
IRE, vol. 27, pp. 429-438; July, 1939.

1 D. Weighton, “Performance of coupled and staggered circuits in
wide band amplifiers,” Wireless Eng., vol. 21, pp.468; October, 1944.
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Fig. 2—Experimental amplifier showing ac connections only.

practical difficulties. The first is the familiar one of
avoiding the effects of anode-grid capacitance in a
grounded cathode triode, and the second the design of
practical networks for compensation of the input and
tube coupling circuits. An experimenta! amplifier has
been constructed which offers one approach to the solu-
tion of these two problems. Compensation is by feed-
back rather than by complementary networks, since
the response is then less critically dependent on the
source impedance. In order to avoid appreciable damp-
ing on the input circuit by the feedback network itself,
it is desirable that this should be taken from a point in
the amplifier where the voltage gain is high. A similar
remark applies to the circuit coupling the first and
second tubes. However, since a compromise has to be
effected and the input circuit is evidently the more im-
portant from the noise point of view, the arrangement
in Fig. 2 (above) was tried and found to be reasonably
satisfactory. Feedback for compensation of the second
circuit is over only one stage via the resistor R, in shunt
with a resonant circuit of which the plate-grid capaci-
tance of the tube forms the major portion of the tuning
capacitance. The arrangement can readily be adjusted
for a maximally flat response without the addition of
damping across the circuit. Feedback for the input cir-
cuit is over three stages allowing the recsistor Rs to be
large compared with the source impedance. In one ex-
ample for a bandwidth of 16 mc the optimum source in-
pedance was found to be about 500 ohms and R: was
18,000 ohms having no measurable effect on the single-
frequency noise factor.

Inductive neutralization is employed throughout,
since it affords the simplest circuit arrangement. The
ease of neutralization in the first stage is greatly helped
by the low voltage gain between grid and plate of the
first tube. Since the feedback resistor R, is generally
small compared with the plate impedance of the second
tube, the input impedance of this stage at band center
approximates to the reciprocal of the slope of the tube,
and the voltage gain of the first stage is therefore one
when the slopes of the two tubes are equal. In this re-
spect the arrangement resembles the cascode. It differs
in that the gain of the first stage rises on either side of
band center. It is, however, sufficiently low at all times
to ensure stability, and neutralization has been found
to be very noncritical,

EXPERIMENTAL RESULTS

No detailed experimental investigation has been un-
dertaken, but the noise factor of one amplifier of the
kind described above has been measured for a range of
source impedance, adjusting the feedback in each case
to maintain a flat response, and the results are shown in
Fig. 3. The first two tubes were 6] 6s with the two halves
operated in parallel and the main parameters as follows:

Total shunt capacitance of input circuit 25pF.
Total shunt capacitance of coupling circuit 15pF.
Slope of the first tube 10,000 micromhos.

Equivalent noise resistance 300 ohms.
Transit time damping 20,000 ohms.
Total noise bandwidth 15 me.
Band center frequency 35 mc.

SOURCE IMPEDAMCE.
Fig. 3

Calculation of the anticipated performance illus-
trates the use of the equations and provides a check on
the experimental results. The effective voltage gain of
the first stage is first estimated from (9) and yields a
figure of 10.3 times. The noise contribution from the
second stage may therefore be neglected and the opti-
mum source impedance derived from (3). Allowing a
noise temperature ratio of 5 for the induced grid noise,
the terms are

1/kg. = 4,000 ohms,
and
3/4r,m*B*C? = 1,800 ohms,

giving a total shunt resistance of 1,240 ohms. The opti-
mum source impedance is therefore the geometric mean
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of 1,240 ohms and the equivalent noise resistance 300
ohms, i.c., 610 ohms, and the corresponding noise factor

N

It
-
X
\

N = 1.98.

The measured values show reasonably good agreement
with these calculated figures.

CONCLUSIONS

Consideration of the noise relationships in grounded
cathode wide-band amplifiers in which the input and
tube coupling circuits are equalized by feedback reveals
two points of interest to the design engineer.

1. The optimum source resistance may be selected by
considering the usual narrow-band equation for noise
factor with the addition of a hypothetical noise source
equivalent to a conductance 4 r.mw2B2C?/3 in shunt with
the input. In the case of very large bandwidth or low
mean frequency where this hypothetical source pre-
dominates over induced grid noise, the optimum condi-
tion is one in which the circuit falls by 6 db at the edges
of the desired frequency band.

2. The equalized tube coupling circuit hasan cffective
gain-bandwidth for noise calculations which compares
favorably with that of multiple circuit networks.

There appears to be no major practical difficulty in
constructing amplifiers of this kind which approximate
closely to the theoretical limits at least for bandwidths
up to about 20 mc.

APPENDIX A

Fig. 1 shows the essential features of an amplifier in
._which the input and first stage coupling circuits are fol-
owed by their appropriate correcting networks. From
the transfer functions of the two circuits it is readily
shown that the correcting networks have the form

f(‘*’) = (g. + ga+ gz) +jg:
filw) = (gar + gn) + jga=1. (11

Neglecting any correlation between induced grid
noise and shot noise, the equivalent mean-square noise
voltage per cycle at the grid of the first fube is found to
be

0 = kT(g + ga+ Kg/{ (g + ga+ g0 + g5}
+ 4kTr,,

(12)

where K7 is the noise temperature assigned to the
transit time conductance, and 7, is the equivalent noise
resistance of the tube.

The mean square noise voltage per cycle at the grid
of the second tube due to the sources in the second cir-
cuit is given by

2)12=4k1‘(gd1+ Kgu)/ { (g11+gdl)2+g112} +4k1‘rnl- (]5)
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Now the mean noise power per cycle at the output of
the amplifier is proportional to

gt| f) |2 4 02| J@) [ [ @ 1

where g is the transconductance of the first tube. Sub-
stituting for #* and v;% from (12) and (13), this expression
becomes

4kT [g2(g, + ga+ Kgo) + (rag® + gar + Kga) - f(w) |2
+ 1 | fl@) |2 | Al 2] (15)

Substituting for f(w) and fi(w) from (1) and (13) yicelds
an expression containing terms in g ga?, g2t and
terms independent of frequency. To fird the total noise
this function must be integrated over the band accepted
by the remainder of the amplifier, and the integrand
should properly be modified in those regions where the
over-all amplitude response is not flat. In practice it is
usually sufficient to estimate the noise bandwidth and
to integrate within these limits assuming a flat response.

If wo is the angular frequency at the band center, then

9 a0 = Wo :
gt = wiC?{—— =),
Wy w

p = (01 — w2)/2wy

(14)

and writing

where w; and w. define the limits of the noise bandwidth

f gt do = (w2 — w)wo’C2pA (4 — /301 — ).
w1

Provided p is less than about 0.25, a very good approxi-
mation is given by

w2 4
f gl dw = (wy — wi) —; Prg(?
wy N

4
(g — @) — 7 BC?

1
3 (10)

where B is the noise bandwidth.
The remaining terms may be integrated in a similar
manner, giving

w3 4
f gzlz'dw = (w‘.! - w1)'—z~ _n,zlg‘zcl‘_! (17)
wy

<

w2 16
f gl galtde = (w2 — w1) o BCC3 (18)
o 5

Using these relations in the integration of (15) and di-
viding by the noise originating in the source gives the
noise factor:

4
N=14r (g(, + K, + ?wa?czR,>

+ rx(ga + 8d + gt)QRv) (19)

where
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1 - 9
R:=ra +—,,|:gd1 + Agn + rm {(gdl + gu)?

g

12
R —

S

1
Ry =7+ ‘,, [ga: + /\-gn + 7.1 {(g.u + gn)"’
g

+ ! 1r'-’B'-’('12( ]
3 f (20}

When the noise sources in the second stage are omitted,
R.,=R, =1,
and inserting these values in (19) gives the noise factor
of the first stage alone.
AvrENDIN B

Fig. 4 shows an input circuit with current feedback
via a resistor R; the amplifier having a gain of —4
and a time delay 7. The analvsis is carried out for the
low-pass case but applies equally to a band-pass ampli-
fier if 7"is the group delay.

SRR | Sy
F A w

Fig. 4
The effective admittance due to feedback is of the
form

1
(L deem),

and the total admittance of the circuit is therefore
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1 1
V=—+4juC+—(1+ deiT).
7, R

When the matching condition is satisfied and R is large
compared with 7,,

1
¥ = juC + — (1 + e7ioT).

s

Separating real and imaginary terms and taking the

modulus gives
2 sin wY)
w(Crg

Expanding in powers of w and equating the coethcient of
w? to zero, we obtain

7 = (v/2 — 1)Cr,.

V2,2 = 2(1 + coswT) + wﬂ('ﬂr,ﬁ(l -

This is the condition for first-order equalization. If 7,
is chosen in accordance with criterion (5), then

wCry = /3

at the limits of the band and hence
V3(vVZI-1
41°.

wT

= .715 or

Substituting these values in the expression for transfer
admittance, we obtain

72, 2 —
| ¥]we =

+.23.

When w=0, [ YI‘-’r.2=4, and the response at the edge of
the band is therefore down in the ratio v/4/4.23 =.945,
or about } db.
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CORRECTION

H. A\ Haus and F. N. H. Robinson, authors of the
paper, ‘“Fhe Minimum Noise Figure of Microwave Beam
Amplifiers,” which appceared on pages 981-991 of the
August, 1955 issue of the PROCEEDINGS or THE IRI,
have brought the following corrections to the attention
of the editors,

1. Eq. 3 should read

g = (111 ePrs 4 q2e*iﬁp3)e‘ “1Bez

2. Paragraph above Eq. 27 should read

The determinant of Pis det P= 41 and so (25) . ..

3. Delete this sentence, which follows Eq. 54:

The equality sign applies when A,,=0, which will be
the case if the amplifier presents a match to the output
transmission line.

4. Eq. 61 should read
G(2) = Ge 072,

where 8.C and x; have their usual meaning.?
5. The integral expression below Iiq. 61 should read

!
f g WeCriands,
0

6. Immediately below this integral expression, change
lower case ¢ to capital C.

7. In Eq. 76 insert an equality sign betwecen closed
paren. and E,.

8. Two lines below Eq. 84, e2=¢* should read ¢ =e*.
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Wide-Range Electronic Tuning of Microwave Cavities”

F. R. ARAMS{t, SENIOR MEMBER, IRE, AND H. K. JENNY{, SENIOR MEMBEE, IRE

Summary—Methods for electronically tuning microwave cavities
using the principles of space-charge tuning and of spiral-beam elec-
tronic tuning in the presence of a low-pressure gas are described. The
use of a low-pressure gas permits tuning over frequency ranges sev-
eral times larger than those obtainable in vacuum.

An S-band cavity was tuned over a frequency range from 3,280
to 4,350 mc, and from 3,280 to 2,540 mc, or +30 per cent. An X-band
cavity was tuned over a frequency range from 9,170 to 10,800 mc,
or 18 per cent. These values are compared to measurements made in
vacuum.

A semi-quantitative theory for electronic tuning in gas atmos-
pheres is presented. Limitations of the method are given.

INTRODUCTION

< LECTRONIC tuning of microwave resonant ele-
ments is necessary for many applications in which
frequency must be varied rapidly. For example,
frequency-modulated oscillators may use electronically
tuned microwave resonant cavities. Although earlier
electronic-tuning techniques limited the tuning range
of microwave cavities to a few per cent, the use of a
low-pressure gas atmosphere has been found to permit
the tuning of microwave cavities over frequency ranges
several times larger than those obtainable when corre-
sponding techniques are used in vacuum.

Two principal methods are used for the electronic
tuning of microwave cavities in vacuum. The first
method, spiral-beam tuning,'* involves the projection
of an electron beam into the resonant structure in a
direction perpendicular to the oscillating electric field
and parallel to a constant magnetic field, as in Fig.
1(a). The second method, space-charge tuning,®% in-
volves rotation of a cloud of electrons in a plane per-
pendicular to a constant magnetic field and in the same
plane as the oscillating electric field, as in Fig. 1(b).

Both methods of tuning involve the interaction of
rotating electrons with the radio-frequency electric field.
Although this article describes the effects of this inter-
action in terms of changes in resonant frequency, the
process is fundamentally an electronic means for chang-
ing capacitance. The various tuning methods described,
therefore, are applicable not only to resonant elements
but also to any other microwave network involving elec-
tric fields, i.e., capacitances. This paper discusses theo-

* Original manuscript received by the IRE, February 2, 19355;
revised manuscript received, June 6, 1935.

t Radio Corporation of America, Tube Division, Harrison, N. J.

1 L. P. Smith and C. Shulman, “Frequency modulation and con-
trol by electron beams,” Proc. IRE, vol. 35, pp. 644-657; July, 1947,

2 A Baios, Jr., and D. S. Saxon, “An Electronic Modulator for
C\W Magnetrons,” M.L.T. Rad. Lab. Rep. 748; June 26, 1945.

3 J. P. Blewett and S. Ramo, “High frequency behavior of a
space charge rotating in a magnetic field,” Phys. Rev., vol. 57, pp.
635-641; 1940: and Jour. Appl. Phys. vol. 12, pp. 856-859; 1941.

4\, k., Lamb, Jr., and M. Phillips, “Space-charge frequency
dependence of a magnetron cavity,” Jour. Appl. Phys., vol. 18, pp.
230-238; February, 1947,

s 1. W. Welch, Jr., G. R. Black, G. R. Brewer, and G. Hok, Final
Report, “Theoretical Study, Design and Construction of CW
Magnetrons for Frequency Modulation,” Contract W-36-039-SC-
32215, Univ. of Michigan, Engrg. Res. Inst., May 27, 1949.

retical aspects and experimental results for spiral-heam
tuning and space-charge tuning in gas atmospheres and
compares these results to those obtained when the same
tuning methods are used in vacuum.

HOT
FILAMENT -

A AOTATING
ELECTRON
cLouD

a

b

Fig. 1—(a) Schematic representation of resonant cavity using spiral-
beam tuning. (b) Schematic representation of resonant cavity
using space-charge tuning.

THEORETICAL ASPECTS
Spiral-Beam Tuning

In spiral-beam tuning, an electron beam is introduced
into the concentrated electric-field region of a cavity,
as shown schematically in I'ig. 1(a). The magnetic field,
which is parallel to the electron stream, causes the
electrons to precess, i.e. to describe helical orbits. The
electrons, therefore, exchange energy with the radio-
frequency electric field, I, inducing a reactive current
in the cavity walls and thereby having a tuning effect
on the cavity. The period of rotation oi the electrons is
determined by the magnetic field in accordance with the
formula wc=([e|/m)B,, where w, is the angular f{re-
quency of rotation in radians per second, ]e[ and m are
the charge and mass, respectively, of an electron, and
B, is the magnetic-field density in webers per square
meter. Depending on the value of w, and the combina-
tion of angular frequency, w, of the rf field, geometry,
and electron entrance velocity, zo, the electron beam
behaves as an electronically variable admittance, with
or without a dissipative component. This admittance is
either inductive or capacitive, i.e., can either raise or
lower the resonant frequency of the circuit electroni-
cally. This relation has been analyzed by Smith and
Shulman! and by Baios and Saxon.?

Smith and Shulman begin their analysis with the elec-
tronic equations of motion:

ma‘3=—Eole|e"“"—B,Iely (1)
mji=+B,|ela'c (2)
mt =10 3)

where x, y, and z are the three Cartesian co-ordinates, ¢
is time in seconds. Eq e¢i*! represents the electric-field in-
tensity varying at an angular radio frequency w(=2mxf),
B, is the constant magnetic-field density, and the dots
above the symbols x, y, and z, denote first and second
derivatives with respect to time. In this paper, a dis-
tinction is made between w, the resonant angular fre-
quency of the tuned cavity, and we, the resonant angular

frequency of the untuned cavity, such that w =wo+Aw.
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For the initial conditions, Smith and Shulman as-
sumed that when { =fp,x=2=0,%=v,=9=0, and 2 =v,.
Thus, they obtained for the x-component of velocity:

| el

Tw w w
v, = — E, {( e + )ei(wc—-w)(l—lo)
m o — w? 2w,
We — W
+ ( )e—i(w+wc)(l—lo) — 1} eiet, (4)
2w,

If the frequency change is restricted so that the frac-
tion (w,—w)/w is considerably less than unity, an ex-
pression for electron admittance as a function of the
transit angle, 8, is obtained, as shown in Fig. 2. The
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Fig. 2—Electronic admittance as a function of transit angle, 6.

transit angle, 8, in radians, is equal to (w. —wo)7, where 7
is the electron transit time in seconds. Typical electron
trajectories appear in Fig. 2 for several values of 6,
when cavity is excited in the TEj; mode. When the
electron enters the ri-field region, it is accelerated by the
tf field toward one ridge (Fig. 7) and then begins to
describe a circular path due to influence of the dc mag-
netic field. The length of time required for an electron to
describe a complete circle is independent of the rf field,
and is a function of the magnetic field only. Angular
velocity of the electron, w,, is a constant equal to B, e| /
m. If the angular frequency, w, of the rf field is some-
what greater than w,, the time of one complete revolu-
tion is somewhat more than the time of ore rf cycle so
that the electron will lag somewhat behind the field.
At the end of each succeeding revolution, the electron
has gained more energy and has increased its radius of
rotation, but it continues to fall further behind the rf
field until its rotation is in quadrature with the field.
Beyond this point, as the electron continues to rotate, it
begins to give up some of its rotational energy to the rf
field, and its radius of rotation decreases.

Arams and Jenny: Electronic
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If the electron leaves the interaction space when its
radius of rotation is zero #=27n;n=1,2,3, . - ), the
electron beam can be represented by a pure susceptance;
this condition represents {frequency modulation. If the
electron leaves the interaction space at any other point
(87 2mn), the beam has rotational energy (which is dissi-
pated as heat) and can be represented by a susceptance
plus a dissipative component; this condition represents
a combination of amplitude and frequency modulation.
In the special case where w =w,, the electron rotation is
in phase with the rf field; as a result, the radius of rota-
tion will increase without limit until the electron strikes
the ridge; this condition represents amplitude modula-
tion.

Even though the susceptance decreases with increas-
ing transit angle, 8, (for §>7) as shown in Fig. 2, it is
not inversely proportional to transit time, 7, because 7
is a variable dependent on the electron entrance velocity
%o. Since

1 m L®

—

7 |el T2

Vo=

by substituting for V, in the expression for electronic
admittance shown in Fig. 2, the curves shown in Fig. 3,
in a three-dimensional plot, are obtained. These curves
indicate that for a given value of magnetic field the
electronic susceptance increases continuously with
transit time.

(&)

FREQUENCY CHANGE PER UNIT BEAM CURRENT

Fig. 3—Three-dimensional plot of theoretical frequency shift in
spiral-beam tuning as a function of magnetic-held parameter,
we/ws, and transit time, wor.

In the experimental work described in this article, the
experimental frequency shifts were large enough so that
the restriction of frequency change w.—w<w was no
longer valid. Therefore, new expressions for electronic
admittance are shown in (7) and (8).

Spiral-Beam Tuning in a Gas Atmosphere

The electron is shot into the tuning cavity with a
kinetic energy vp, which is several times the ionization
potential of the gas (15.7 volts for argon A +). After
traveling a mean free path which can be calculated
statistically, the electron experiences inelastic collisions
with gas molecules, thereby producing ionization elec-
trons. These then begin to spiral in phase with the rf
field (as the primary electrons did when they entered the
cavity), and thereby contribute to the electronic sus-
ceptance. Because the primary electrons are slowed

Radio Histo
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down by the collisions and the ionization electrons have
very low drift velocity, the time during which the elec-
trons interact with the rf field is substantially increased.
Therefore, we can expect an increase in electronic re-
actance, over that obtainable with spiral-beam tuning
in vacuum, due to two factors: (1) more electrons, and
(2) increased interaction time, i.c., transit time.

More Ilectrons. An electron having an entrance
velocity of 100 volts can produce as many as six ioniza-
tion electrons in argon. The probability of an electron
colliding with a gas molecule in a given distance in the
z-direction is substantially increased by the magnetic
field because of the spiral-beam helical motion of elec-
trons in the (transverse) xy plane. Hence, a given mean
free path may be divided by a factor, K, to obtain an
equivalent mean free path which allows for increased
path length due to the transverse helical electron mo-
tion. The value of the factor K is derived as follows:

The length, S, of the helical path of the clectron in
spiral-beam tuning for one spiral may be expressed as

V2 e—1)
S=2f
0
2|e| Ew\* 1
. ——) Sln"’—2 (we—w)t 40y di.(5)

m (“’c2 - “’2)

If the clectron moves in the (transverse) xy-plane in a
spiral path without motion in the (axial) z-direction,
i.e., vy is taken to be zero, (5) can be easily integrated
and the length of the path between adjacent points of
minimum radius obtained:

1 1

| F

S =8— ’ we\ 2 » W, . (6)
m o w? (—) -1 (—) o
w w

The axial distance, I, for one complete helical path, is
given by

Yo

= Vol = -
fe—1
The value of the factor K is approximately equal to
che sum of the two path lengths (added linearly) divided
bvl:

S+

N ~—.

!

The equivalent mean free path, therefore, is a func-
tion of both the rf electric field and the electron-beam
velocity.

Fig. 4 shows K as a function of beam voltage, 17, for
an S-band cavity fed from a local oscillator having an
output of 50 milliwatts and for an X-band cavity fed
from a 200-watt source. For the X-band cavity, K is
about 10 for a 10-volt electron beam; therefore, for this
case the helical electron motion increases the probability
of ionizing collisions approximately tenfold.

Increased Interaction Time. The decrease in axial
drift velocity, i.e., increase in transit time, of the entire
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spiraling electron cloud due to collisions and the low
axial drift velocity of the ionization electrons cause an
increase in interaction time. The equation given by
Smith and Shulman for the electronic admittance of the
spiraling electron cloud may be solved in terms of transit
time, 7, for the electronic conductance

€ [0; 1

e~ cos (e —
mo 20? \((wr — W) | cos (w w)7]

-+ m l1 — COs (w,,. +w)r]} 5 (7)

and for the electronic susceptance

If,=‘—e Ly 1

m 5(1'2 l(wc — w)? [(wt

— w)t — sin (w, — w)T|

— |(we + @)t — sin (w, + w)‘r} . (8)

9
(wc + w)'
| -

3201. i)cBAND P

z — =1l
s t wo !
z5 CAVITY LENGTH 1192 CM e

161

83 wei-w2
—-2Z
88
D 12T
a° SUSCEPTANCE
) -pMm (242
37 et e o) CONDUCTANCE
;: [l (ZfLE)
zo [ &)
SRS S A WY SR S

2

L A AN, Vs S SEpsenp ey APl B g

T
o 2 8 10 2 14 16 8

4
TRANSIT TIME (1=3125x10"* MICROSECONDS)

507 338 243 182,
64 40.3 274 209 16
Vo vOLTS

Fig. 5—Electronic admittance of spiral beam as a function
of transit time.

Eqgs. (7) and (8) are plotted in Fig. 5 in terms of normal-
ized expressions

m  2d?
(P
l e | Io
and
m  2d*
B— —
| [ | [o

for a frequency of 4,000 megacycles per second and a
ratio of w./we equal to 1.1. The second term of (4), which
1s neglected by Smith and Shulman, is not neglected in
these expressions.
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As shown in IFig. 5, the susceptance increases in an
essentially linear manner with transit time while the
conductance oscillates about a mean value. Therefore,
even if a slow-moving electron does leave the interaction
space with some rotational energy, the dissipative ef-
fect (AM) is very small in comparison to the reactive
effect (FM). Thus, for a given frequency change, it be-
comes less and less important to maintain the transit
angle, 8, equal to 2mn as the value of 7 increases.

EXPERIMENTAL RESULTS
Test Cavities
All tests reported in this article were made in ridge-
waveguide resonant cavities having a length equal to
one-half the guide wavelength. Fig. 6 shows the im-
portant dimensions of the cavities used for the S- and
X-band tests.
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CAVITY DIMENSIONS IN INCHES

S—BAND X-BAND
A 1.300 660
8 1.%00 .835
C .700
] .130 100
L .800 .660
w .100 200

Fig. 6—Ridge-waveguide resonant cavity used for S- and X-
band tests.

In the S-band cavity, two coaxial feed lines which are
coupled into the cavity by means of inductive loops
allow both transmission-type and reaction-type meas-
urements. The X-band spiral-beam cavity is shown
in Fig. 7. The gun consists of a tetrode having 0.200-
inch by 0.050-inch rectangular apertures. The indirectly
heated oxide cathode operates at a temperature of 830
degrees C. and a heater voltage and current of 6.3 volts
and 2 amperes, respectively.
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The X-band cavity, which is coupled to 1-inch by 3-
inch waveguide through slots, has the following elec-
trical values in the absence of the electron beam:
J0=9,600 mc; Q¢=1,760; Q,=380. Vacuum-tight ce-
ramic windows and mica windows are used in the wave-
wuide to separate the cavity from the atmosphere.

RECTANGULAR

R IDE COUPLING IRIS

RIDGES TO
CONCENTRATE RF
ELECTRIC FIELD

IN THE BEAM REGION

ELECTRON GUN

Fig. 7—X-band cavity using spiral-beam tuning.

Test Arrangements

Fig. 8 illustrates the setup used at low power levels
to measure frequency changes in the X-band cavity by
the reaction method. For the work at S-band, a simpler,
transmission-type arrangement was used. An arrange-
ment similar to that shown in Fig. 9 was used for tuning
measurements at high power levels and for gas-break-

down tests.
r SWEEP VOLTAGE

KLYSTRON
SIGNAL
|Source

VARIABLE
AT TENUATOR
WAVEMETER

MATCHED LOAD

AMPLIFIER

SCOPt

CAVITY

Fig. 8 —Test setup used to measure frequency changes at low power
levels in the X-band cavity.
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Fig. 9—Test setup used at high power levels and for gas-break-
down tests.
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”~ B(LLGWS MANOME TER — BELLOWS
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il

TO
DIF FUSION GAS BOTTLES
Pump DOUBLE - RANGE
McLEOD GAUGE

Fig. 10—Glass system used for exhaust and for gas-
pressure nmeasurements.

A special glass system, shown schematically in IFig.
10, provided the facilities required for exhaust, for filling
the test cavities with gas, and for measuring the gas
pressure over a wide range. The double-range MclLeod
gauge is designed and constructed to measure pressure
continuously from 5 mm to about 0.2 microns of Hg.
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Fig. 11—Frequency change as a function of magnetic-field
parameter for spiral-beam tuning in vacuum.

Spiral-Beam Tuning in Vacuum

IFig. 11 shows the frequency change as a function of
magnetic-field density with electron-beam current held
constant for both S-band and X-band cavities using
spiral-beam tuning in vacuum, At S-band (3,250 mc), a
maximum {requency change of +30 mc (0.9 per cent)
was obtained with a beam current of 2 milliamperes.
(The plus and minus signs refer to settings of magnetic
field for w./ws<1 and >1, respectively.) The tuning
rate was 15 mc/ma at 2 ma.

For a special test in the S-band cavity, a second elec-
tron gun was installed opposite the gun shown in Fig. 7,
and two electron beams were shot into the cavity from
opposite directions. As expected, the frequency devia-
tion obtained was the same when cach of the two guns
was operated at onc-half the current of the single gun
used in the initial test. A maximum frequency change of
+175 mc (£5.5 per cent) was obtained with a total
beam current of 20 milliamperes. This frequency change
represents a tuning rate of 8.8 mc/ma at 20 ma.

At X-band (10,000 mc), a maximum frequency
change of + 3500 mc (£5 per cent) was obtained with a
beam current of 14 ma. The tuning rate was 35 mc/ma
at 14 ma. Although higher values of deviation can be ob-
tained by the use of higher beam currents, the tuning
rate decreases with increasing beam current, as shown in
Fig. 12.

Spiral-Beam Tuning in GGas Atmosphere

Tests made in S-band and X-band cavities filled with
low-pressure air showed that substantially larger fre-
quency deviations could be obtained in low-pressure
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Fig. 12—Tuning rate as a function of beam current for spiral-
beam tuning in vacuum.
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Fig. 13—Frequency change as a function of magnetic-field density
for spiral-beam tuning in gas atmospheres, and comparison to
results with vacuum.

values of beam current and a probable air pressure of
about 10 microns of Hg (not measured). In general, the
curves obtained in air are similar to those obtained in
vacuum, although there is some beam loading at mag-
netic-field values at which no loading would exist in
vacuum.

Iig. 14 shows curves of wavelength versus beam cur-
rent obtained in a spiral-beam S-band cavity filled with
argon at various pressures. Two values of magnetic
field were used: w./wo=0.86 for the two upper curves,
and w./wy=1/0.86=1.16 for the lower curves. At a pres-
sure of argon equal to 46 microns Hg and with a gun-
cathode current of less than 1 milliampere, the fre-
quency change was almost — 30 per cent when the mag-
netic field was set for w./wo=0.86 and 430 per cent for
w./we=1.16. The cavity was actually tuned from 2,540

tl 13 st he f g
air than in vacuum. Fig. shows the requency,?SO megacylces per second. It should be noted that

tion as a function of magnetic field for extreme

e curves obtained for values of w./wo equal to 0.86 and
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Fig. 14—Frequency as a function of gun-cathode current for a spiral-

beam S-band cavity filled with argon at various pressures for

two fixed values of magnetic field.

1.16 are svmmetrical. Although no measurements were
made of the dissipative component, qualitatively it was
found to be approximately proportional to pressure and
low at pressures up to 46 microns of Ig. The tuning
rate at a pressure of 46 microns of 11gis 760 mc/ma at
1 ma and 2,850 mc¢/ma at 0.1 ma. The tuning rate is
shown in IFig. 15 as a function of heam current. A similar
curve for spiral-beam tuning in vacuum is also shown
for comparison.

The frequency change in an X-band cavity filled
with argon is shown in curve 3 of IFig. 13 as a function of
magnetic field for a constant beam current. Fig. 16
shows the frequency change at X-band as a function of
the beam current for different values of pressure and
fixed magnetic field (@.,/wo=10.86). In all tests in which
the cavities were filled with low-pressure air or argon,
the limit on the frequency range obtained was deter-
mined by the test equipment rather than the test cavity.
Therefore, frequency changes larger than those meas-
ured are obtainable.

The data shown in Figs. 11 through 16 were measured
using a low-power tunable klystron oscillator having a
power output of only a few hundred milliwatts as a sig-
nal source.

COMPARISON OF THEORY AND IEXPERIMENT FOR
SpirAL-BEAaM TuNiNG 1N Gas

In order to compare theory and experiment, we need
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to derive an expression for frequency change that is us-

able with the large values of frequency deviation ob-

served with spiral-beam tuning in gas atmospheres. Eq.

(8) for electronic susceptance, can he approximated by

the first term, so that

e 1
B, | | _°_<_T_), (9)
m 2d* \w, — w

The resonant frequency may be determined by the ap-
plication of the condition B =B,+B.=0, and by the
use of the expression B.22(C,Aw for circuit susceptance.
Then, since w=wo+Aw,

Vi e I
(wc_wo) +

Ao = — — —

1%

The positive sign may be eliminated by substitution of
the condition Aw=0 when 7=0, so that the fractional
frequency change becomes
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Aw 1 — w./w,
Wo B 2

LU Tl de
: T 7 . (1
(I = w/wp)? m wo?d2C,
This expression is usable for large values of Aw, and
reduces, for the case of small frequency deviations, to
Aw 1

IoT

wp 1 — w./wy m 4wo?d?C, ‘

el

(12)

Curves of frequency change versus transit time are
shown in Fig. 17 for values of we/woequal to 1.1 and 0.9.
The dashed lines in Fig. 17 represent (12). The error
introduced by this approximation is appreciable for the
physical conditions chosen even at a deviation of 10
per cent.
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Fig. 17—Theoretically calculated frequency change as a function of
transit time for spiral-beam tuning. Dashed lines represent the
approximation Ax<lew.

When physical constants and dimensions for the S-
band cavity are substituted in (1 1), and a value of 0.86
is used for w./wo,

Aw Y

—_ = 0.07[/‘/1 + 333 —— — 1].

wo VvV
For a typical value of Lo/ V, equal to 10x10-¢ (for
example, I,=100 microamperes: V, =100 volts), the
calculated frequency change, Aw/wo is 0.0117 per cent.
This value is representative of the frequency deviation
obtainable in vacuum for this current and voltage, but
does not agree with the measured Aw for gas-filled cavi-
ties because the measured value of cavity current, I,
substituted in (13) is essentially a measure of primary
electron flow alone. Eq. (13), therefore, should be rewrit-
ten with an additional term as follows:

(13)

- —007[1/1+33;< 7°‘+> ’ii‘;> 1] (14)
wo Vi, v, ’

where Vyis used asa measure of the average transit time
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of the primary electrons, % is the number of ionization
electrons produced per primary clectron {and is a func-
tion of V,) and V, is used as a measure of the average
transit time of the ionization electrons.

Because the ionization electrons have very low initial
velocities and there are more of them than primary clec-
trons, the term in (14) involving Vyis much smaller than
the term involving V, and can be neglected.

For an S-band spiral-beam cavity filled with argon
at a pressure of 46 microns of Hg, the frequency change
for a beam current, Iy, of 100 microamperes is calcu-
lated as follows: The curves in Fig. 14 indicate that the
measured value of beam voltage, Vo, for a beam current
of 100 microamperes and a pressure of 46 microns of
Hg is approximately 55 volts. Because about 10 ions,
/em/mm Ilg are created in argon for each primary elec-
tron having a velocity from 50 to 100 volts,® at a pres-
sure of 46 microns of Hg approximafely one ion is
created for two centimeters traversed by a primary
electron. This value must be multiplied by the factor K
to allow for the decrease in mean free path due to the
spiral motion of the primary electron. For a value of
K equal to 2 (from Fig. 4) and a cavity length, L, of
about 2 centimeters, the number of created ionization
electrons, #, for each primary electron s approximately
2. If it is assumed that the ionization electrons are at
room temperature, their thermal velocity, V,=K7/2 l el
is equal to 0.013 volt. By substitution in (12) a fre-
quency deviation of 1.6 per cent is obtained. Although
this value does not agree with the measured value of 8
per cent, it comes much closer than the value of 0.0117
per cent originally calculated.

Space-Charge Tuning

Phase shifts in a coaxial line using a rotating space
charge in vacuum have been measured by Blewett and
Ramo.* The problem of a rotating space charge in a
nonoscillating magnetron has heen investigated by
Lamb and Phillipst and by Welch, ef ql $

In the method of space-charge tuning shown in Fig.
1(b), a thin heated filament is placed between the two
ridges parallel to a constant magnetic field, and a dc
voltage is applied between the filament (which serves as
the cathode) and the ridges (which serve as the anode).
Space-charge tuning can be considered as closely anal-
ogous to spiral-beam tuning, particularly when the
cathode is extremely small. In space-charge tuning, how-
ever, two modifications are: (1) 25=0, and (2) adc field
is superimposed on the interaction space.

The dissipative component can be expected to be
greater for space-charge tuning than for spiral beam
tuning because the dc field attracts the electrons to the
anode and sweeps them out of the interaction space
while they possess rotational energy originating from
the rf field. One therefore would not expect that there

* A. Von Engel and M. Steenbeck, “Elektrische Gasentladungen,”
J. Springer, Berlin, Germany; 1932,
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exists a condition for zero dissipative component (pure
FM) as in spiral beam tuning.

The test cavity used in the measurement of space-
charge tuning was similar to the spiral-beam cavity
shown in Fig. 7 except that a fine tungsten wire, mounted
midway between the ridges, is substituted for the electron
gun. The external dc magnetic field is parallel to the
filament. All measurements were made at frequencies
near 4,000 megacycles.

Curves 1 and 2 in Fig. 18 show the change in fre-
quency obtained in a space-charge cavity in vacuum as
a function of anode current for two values of w./we. A
maximum deviation of +130 mc (+4 per cent) at
3,280 mc was measured. The dissipative component was
found to increase rapidly in proportion to frequency de-
viation. Curves 3 and 4 show frequency change for
space-charge tuning in argon as a function of anode cur-
rent for two values of w./wy. In argon frequency devia-
tions of the order of 412 per cent were obtained. Curves
3 and 3a in Fig. 18 taken with different values of heater
power show that space-charge tuning is very sensitive to
filament temperature.
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Fig. 18—Frequency change as a function of anode current for space-
charge tuning for vacuum and gas atmosphere.

In space-charge tuning, rf absorption increases rap-
idly in proportion to frequency deviation. Electrons
absorb energy from the rf and dc electric fields, spiral
in increasingly larger orbits, and finally strike the anode,
thereby dissipating energy in the anode in the form of
heat. This loading and the sensitivity to filament tem-
perature mentioned above are serious disadvantages of
the space-charge tuning method both in vacuum and in
gas. The use of an interaction space which is free of
electrostatic fields and the separation of the electron-
emitting means from the microwave portion of the de-
vice combine to make the spiral-beam tuning technique
superior to the space-charge tuning method for both
vacuum and gas atmosphere.
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LIMITATIONS

Any tuning method which employs a gas atmosphere
is subject to limitation by gas breakdown.” The break-
down point is that point at which cumulative ionization
is initiated by the rf energy stored in the cavity. Beyond
this point, the dc voltages have no control over the
cavity frequency. The operating rf power level, there-
fore, must be kept below the power level necessary for
initiating breakdown.

The presence of the magnetic field enhances
breakdown. As w. approaches w,, the angular momen-
tum of the electron continues to increase and the rota-
tional energy becomes greater than the ionization poten-
tial for the gas used. For example, if the electronic maxi-
mum rotational energy, V., is given by

1 m
2 |el

Vo = (15)

2,2
We™r “maxy

and the maximum radius, 7max Of the spiral beam is

2]€0|e[_1. 1

m w? we\ 2 ]
<w0>

then for the conditions f=3,000 mc, w./we=1.1, and
E,=300 volts/centimeter (corresponding to 50 milli-
watts input power to the cavity from the signal gen-
erator), a value of V, equal to 20.6 volts is obtained.
This value exceeds the ionization potential of argon. It
must be concluded from this and from other tests that
gas tuning can be used only in applications where the
power level is of the order of one watt or less.

The magnitude of the conductance component was not
measured during the frequency-deviation measure-
ments. [However, it has been observed qualitatively that
the loading is not severe for spiral-beam tuning at gas
pressures up to about 47 microns of Hg.

Gas pressure can be expected to decrease with the life
of the tube. This decrease in pressure can be reduced to
some extent by inclusion of a large glass bulb in the tube
to serve as a gas reservoir, or by the use of hydrogen
reservoir or a metallic vapor.

Modulation due to plasma oscillations or noise was not
investigated.

Tmax =

(16)

CONCLUSIONS

The energy interaction of electrons and radio-fre-
quency electric fields in resonant structures, such as
microwave cavities, provides a means for producing
electronically-controlled amplitude modulation and/or
frequency modulation (tuning).®

Spiral-beam tuning in vacuum has been successfully
applied to obtain cavity-tuned magnetron frequency

7 B. Lax, W. P. Allis, and S. C. Brown, “Effect of magnetic field
on the breakdown of gases at microwave frequencies,” Jour. Appl.
Phys., vol. 21, pp. 1297-1304; December, 1950.

8 F. Arams, “Microwave applications of gas discharges,” Eler-
tronics, vol. 27, pp. 168-172; November, 1954.
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changes of the order of 1 per cent.®!® No indication has
been observed that this value can be substantially ex-
ceeded in vacuum in self-excited oscillators where a
substantial fraction (such as 50 per cent) of the total
energy is stored in the tuning cavity. However, it can
be expected that more tuning range is obtainable in am-
plifier-type devices where a smaller fraction of the en-
crgy would be stored in the tuning cavity.

When a gas atmosphere is used with spiral-beam tun-
ing, frequency deviations of one or two orders of mag-
nitude larger can be obtained with beam currents (driv-
ing power) one or two orders of magnitude smaller than
those used in vacuum, The reasons for the improvement
n tuning in a gas atmosphere are that one beam electron
frecs several ionization clectrons as a result of ionizing
collisions and that the ionization electrons interact
with the electric field for a longer time due to their very
low drift velocity.

Frequency changes of +30 per cent have been meas-
ured in gas atmospheres. These values did not necessar-
ily represent maximum or optimum values, but rather
limitations in test equipment. IFig. 19 shows gas pressure
and beam current required for a given frequency devia-
tion at both S- and X-band for the operating point
w./we=0.86.
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Fig. 19--Summary of results of frequency change as a function
of gas pressure.

Space-charge tuning produces a tuning characteristic
similar to that of spiral-beam tuning. Irequency devia-
tions for both vacuum and gas atmosphere are in the
same order of magnitude as those obtained with spiral-
beam tuning. However, loading is far greater and the
tuning is sensitive to filament temperature. In addition,
cath-
ode is not in the interaction space has certain advan-

tages. The spiral-beam modulation technique, therefore,
is superior,

*H. K. Jenny, “N 7000 me developmental magnetron for fre-
quency modulation,” RCA Rev., vol. 13, pp. 202-223; June, 1952.

10 1.8, Donal, Jr., “Modulation of continnous-wave magnetrons,”

Advances in Electronics, vol. 4, Academic Press, New York, N. Y.,
pp. 188--256: 1952.

as in all microwave tubes, the device in which the
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[.1sT oF SyMBOLS

B, =circuit susceptance in mhos

B, =electronic susceptance of spiraling electron cloud
in mhos

B.=magnetic field density in webers per square
meter in g-direction

Co=-c ridge capacitance in farads

d =separation of ridges in meters

le| =electronic charge in coulombs

E,=rf electric field intensity in velts per meter =
Fgeiet

;. =electronic

conductance of spiraling electron
cloud in mhos
i=v—1
Iy =heam current in amperes
K =factor by which mecan free path is reduced due to
spiraling motion of electrons.
I =axial distance for one complete helical path in
meters
L =cavity length in meters
m = eclectronic mass in kilograms
n=number of secondaryv electrons produced per
primary electron
Q. =loaded cavity Q
Q¢ =1nternal cavity Q
Fmax = Maximum radius of spiral beam in meters
s=length of helical path of electron in spiral-beam
tuning in meters
{=time in scconds
T =temperature in degrees Kelvin
oo =electron entrance velocity in meters per second
(=V2kVy/m)
v, = x-component of velocity
17, =electronic maximum rotational energy expressed
in volts
=Dheam voltage in volts

yr=Cartesian co-ordinates

3

6 =electron transit angle in radians
7 =clectron transit time in secoads
=angular frequency of rf field in radians per see-
ond (= 2xf)
=angular frequency of rotation of electron in
radians per second (= 27f,)
wo=resonant angular frequency of untuned cavity
in radians per second (=2nf)
w,./we=magnetic-field parameter
. =first derivative with respect to time
. =sccond derivative with respect to time
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The Resolution of Signals in White,
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Summary—The resolution of two signals of known shapes
Fi(?) and Fx(t) in white Gaussian noise is treated as a problem in
statistical decision theory. The observer must decide which of the
signals is present with a minimum probability of error. The optimum
system for this decision is specified in terms of filters matched to the
two signals, the outputs of which are compared. The error probability
is exhibited as a function of the cross-correlation of the two signals
and of the signal-to-noise ratio. If the phases of the two signals are
unknown, as in radar, and if the signals are of equal strength and
equal a priori probability, the optimum system consists of filters
matched to each of the signals, each followed by a detector. The ob-
server then bases his decision upon which of the detectors has the
larger output. The probability of error is computed for this case also.

[. INTRODUCTION
THE PROBLEM of resolution can be considered

from two points of view. The first is that of, for

example, astronomy, in which one studies the
ability of a particular instrument to produce a response
which the observer can identify as the result of two
sources of a certain nature rather than of one such
source. Thus the resolving power of a telescope is de-
fined in terms of the smallest angular separation of two
stars, the image of which can be identified as that of two
stars rather than one. Similarly, considering a conven-
tional A-scope presentation in radar, one can ask how
close two targets can be in range hefore their echo pips
so blend as to appear to be one.

From the second point of view one studies the nature
of the phenomenon rather than the instrument used to
observe it. One imagines a situation in which one of two
(or more) similar sources is present, and one asks an
observer to identify which of them it is, permitting him
to use the best system which he can design for the pur-
pose. His observations will in general suffer interference
of a statistical nature which prevents an unambiguous
selection. The optimum instrument for this purpose will
thus depend on the characteristics of the sources as
well as on the statistical properties of the interference.

It is from the latter standpoint that we wish to study
narrow-band, pulsed electrical signals such as those
encountered in radar or in communications. The inter-
ference will be taken as white Gaussian noise of power NV
per unit of frequency. The problem will be treated by
the methods of statistical decision theory by imagining
that one of a class of signals is presented immersed in
noise, the observer being asked to identify which
member of the class it is. The observer will make this
decision by picking that member of the class having

* Original manuscript received by the IRE, April 2, 1955; revised
manuscript received, June 9, 1955.
t Westinghouse Res. Labs., East Pittsburgh, Pa.

the largest a posteriori probability calculated on the
basis of the received signal x (/).

In order best to understand the influence of the
noise, we shall assume that one of two signals, Fi(t) and
Fa(#), is present, the form of each being known exactly.
The optimum system for deciding between the two will
be derived, and the probability of error P, per decision
will be calculated. The probability of error can be used
as a measure of the ambiguity of the signals; that is, it
measures the extent to which the similarity of two sig-
nals causes one to be mistaken for the other when they
are observed in the presence of noise.

The resolution of narrow-band, pulsed signals hasheen
discussed by Woodward,! who considered the problem
of determining simultaneously the range and velocity
of a radar target by measuring the delay in time and the
Doppler shift in frequency of a returning echo. One asks
how close two such signals can be in frequency and in
time of arrival before it becomes difficult to tell them
apart. Woodward pointed out that their ambiguity de-
pends on the quantity N given by

\ = B/E

T T
= ;f L ia (1) \'ldl = %f | 12(2) |2dt
0 0

B =3 ) (1

T
f w1 (D) u*(f)ewtdt
0

where u,(t), uo(t) are the complex envelopes of the sig-
nals, w is the difference in the carrier frequencies {2, and
Q. of the two signals (resulting e.g. from a Doppler
shift), and 7" is the time of observation. That is, the
signals are taken as

Ft) = Rlu(t)ew:
1"2(l) = Rl 1!2([)8“’" (2)

and they are assumed to be of equal encrgies (propor-
tional to E) and of small bandwidth compared with the
carrier frequencies. The quantity N may be called the
relative cross-correlation of the two signals. Woodward!
asserts that if the quantity X is small, the signals can be
easily distinguished, while if X is close to unity it will be
difficult to distinguish them. He discusses the form of
N for various types of signals, such as trains of pulses,
frequency-modulated signals, etc.

Clearly, if there were no noise present, one could dis-
tinguish two such signals, let them differ by ever so

' . M. Woodward, “Probability and Information Theory, with
Application to Radar,” McGraw-Hill Book Co., Inc.,, New York,
N. Y., p. 115; 1953.
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little, by passing the input through two parallel filters,
one matched to Fy(¢} and the other matched to Fy(8).
The filter giving the larger output would then determine
which of the two signals had been received. (By a filter
matched to a given signal we mean that filter which
gives the maximum output for this signal among the class
of all signals having the same energy 2. Its admittance
is proportional to the complex conjugate of the Fourier
transform of the given signal.?)

The effect of noise on the ambiguity of two such sig-
nals will be evaluated by the decision-theoretic approach
mentioned above. In Section II it will be assumed that
each of the signals Fi(f) and F,(¢) is known exactly.
Then it turns out that the decision between them can
be based on the output of a single filter, which is
matched to the difference of the signals, Fa(1)y = Fi (1),
In Section III the phases of the received signals are
assumed to be completely unknown, as for instance in
radar. Then one compares the outputs of detectors fol-
lowing parallel filters, one matched to Fi(#), the other
matched to Fy(¢). The probability of error P,, which we
define as a measure of the ambiguity of the signals, is
calculated in each section under the assumption that
the signals are of equal energy £ and cqual a priori
probability. P, turns out to be a function of the relative
cross-correlation N and of the signal-to-noise ratio
p=1I/2N. The ambiguity of signals of random phase is
a minimum when A =0, i.c., when each pair is orthogonal
in the sense that the integral of their product taken over
the observation interval vanishes. Thus the advantage
of coding into a set of orthogonal signals in communica-
tion is indicated.

The application of decision-theoretic methods to this
type of situation is not, of course, restricted to the sim-
ple cases treated here. One could imagine that the signal
amplitudes are unknown, so that one is asked to dis-
tinguish between two classes of signals of the forms
Afi(t) and Ayf(f), in which fi(ty and fo(f) are known
(except perhaps for a random phase), but in which the
amplitudes are described by a priori probability dis-
tributions P(A,) and P(4,). In this case these a priori
distributions would be used in computing, on the basis
of the received signal x(f), the a posteriori probability
distributions of the two classes of signals, and the
optimum decision procedure would be accordingly
modified. In another situation, the observer may have
to decide among the possibilities that either one, both,
or ncither of the two signals is present, the a priori
probabilities of these alternatives being given. The
optimum system would then consist of two parallel
filters, each matched to one of the signals (and each
followed by a lincar detector if the signal phases are
unknown). The output of each filter would be provided
with a bias level appropriately chosen in terms of the
a priort probabilities, and the decision would be made

? J. H. Van Vleck and D. Middleton, “A theoretical comparison
of the visual, aural, and meter reception of pulsed signals in the
presence of noise,” Jour. A ppl. Phys., vol. 17, p. 940; November, 1946.
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by comparing the two outputs with their respective bias
levels. Choices among larger numbers of signals can be
similarly systematized by statistical decision theory.?

II. AMBIGUITY OF SIGNALS OF KNOWN SHAPE

One of two signals of known waveforms Fi () and
Fy(¢) is received in white Gaussian noise n{t), the power
of which is N per unit of frequency over an input band
of width IV which includes and is much larger than the
signal bandwidth. (If F,, F,, and # are taken as voltages
then the quantities of power and energy are determined
with respect to dissipation in a resistance of 1 ohm.)
The a priori probabilities that Fy and F, are sent are ¢
and (1—¢) respectively. The signals are observed over
a period of time 0<¢< T long enough to contain them
in their entirety. Let x(f) be the received signal, includ-
ing the noise. Then the observer must decide between
case I: x(f) = Fi() +#(t) and case 11: x(t) = Fo(8) +n(t).
He will pick that case for which he computes the larger
a posteriori probability.

Let the a posteriori probabilities of cases I and I1 be
prand p; respectively. Since T>>1/1V, these will be given!

1 T
p1= Kfexp — ¥ fo [x(8) — F1(t) ]2t

It

T
p2=K(1 —{)exp — i f [2(t) — Fa(0) e, (3)
NJy
where K is that number which makes pr+p.=1. The
observer decides for case 1 if p;> ps, and for case I1 if
p1<p2. This decision can as well he based on the
a posteriori likelihood ratio, given by

1—¢

2 T
A= po/py = mn;f [F2(t) — ()] (0t
Ny

1 T
.m—xf{mmhwmma )

All the factors in this expression are given except the
first exponential, which is a monotonic function of its
argument. Hence the decision can be based on a meas-
urement of the quantity G given by

6= [ s ~ Rl (5)

This is the cross-correlation of the received signal x(f)
with the difference of the two signals in question. The
observer picks case I or case 11 accordingly as G is less
than or greater than a G, given by

§
2 1-¢

+1 [ Aror-Foka  ©

The quantity G is the output at time T of a filter having
an impulse response K (1) given by

3 D. Middleton, “Modern statistical approaches to reception in
communication theory,” TRANS. IRE, vol. PGIT-4, p. 119; Septem-
ber, 1954.
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K(r) =FT —7) —F(T — 1), 0<7<T
K(r) =0, T <0, > T, (7

since neither of the signals is assumed to last more than
T seconds. The admittance Y(w) of this filter is given by

Y(w) = f K(r)eiordr = e [3*(w) — &*(w)], (8)

where ®;(w) and ®,(w) are Fourier transforms of Fi(¢)
and F,(¢) respectively.

Since the noise n(t) is Gaussian, the quantity G is also
Gaussian distributed, for it is the result of a linear opera-
tion on x(¢). Thus one can easily calculate the probabil-
ity of error. In case I it is just the probability that G> Go
when x(2) is F,(f) +n(t). The average error probability
is then obtained by weighting the error probabilities in
the two cases in accordance with the a priori probabili-
ties ¢ and (1—Y¢).

I.et us assume that the two signals are of equal
a priori probabilities and equal energies £, where

E = f [Fi(2) J2dt = f [Fa(2) J2at. (9)

Then Go=0, and the error probabilities are equal in
both cases. Hence the average probability of error P, is
just the probability G>0 when x(t)=F()+n(). In
this case mean G and variance ¢% of G are given by*

G= fT [Fa(t) — Fu(n) J2(t)dt

= fT [Fo(t) — Fi(t)|Fi(t)dt = — (E — B)

fo T[Fg(t) — Fy(1) ] [Fa(s) — Fi(s) [n(§) n(s)dtds

N opT
Pl [Fo(t) — Fi(1)]?dt = N(E — B),

0

(10)

where

T

B= f Fu(OFa(0)dt (11)
0

is the cross-correlation of the two signals. (10) used

7

_____ N
n(f)n(s) = ) 8(t — s) (12)

as the autocorrelation function of the noise, since this
corresponds to the assumption of wideband white noise
of power N per unit of frequency in the limit 1V>>1/T.
The probability that G>0 is then given by

G — G
——dG

2q?

127 (210'2)_”'~’f exp —
0

11 — a(/p(T = N)],

4 The bar in x(f) refers to an ensemble average rather than to a
time average, so that x(¢) = Fi(¢) is a function of time.

(13)
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where ®(x) is the standard error-function integral,

defined by

2 z
&(x) = ——_f e ?di, d(x) =1, (14)
\/’"' 0
and \ and p are given by
N\ = B/E, p= E/2N. (15)

In Fig. 1 we have plotted the error probability P, as
a function of X\ for various values of the “signal-to-
noise ratio” p. The ambiguity of two such signals can
be defined by means of the error probability P,. IFor
fixed ambiguity one obtains a curve of the signal-to-
noisc ratio p versus the relative cross-correlation A

60 —
50 + p=Signol-to-noise rotio
40 ;

30|

o

Probability of Error, P,
n

- —
-1.0 -0.6 o] 06 1.0
Relotive Cross-Correlotion A

Fig. 1—Ambiguity of known signals.

which describes the effect of noise on the ambiguity of
the signals. Such curves are in Fig. 2 (on following
page) for error probabilities of 1, 5, and 10 per cent.
One can show by means of the Schwarz inequality that
|| <1, so that the minimum ambiguity occurs when
A= —1, i.e.,, when F,(f)= —F,(¢) and the two signals
are 180 degrees out of phase.

111. NarrOoW-BAND SigNaLs OF UNKNOWN PPHASE

In radar systems in which the ranges of the targets
are unknown a priori and in which no attempt is made
to make successively transmitted pulses coherent, in-
formation regarding the carrier (radio-frequency) phase
is lost, and one may assume it to be a uniformly dis-
tributed random variable. The same may be true in
many communication systems in which coherent de-
tection cannot be used. It is of interest to determine the
ambiguity of signals in such situations.

Let us assume that the signals Fi(f), Fy(#) can be
written as

Fi(t) = fu(t) cos [Qut + ¢u(t) — &),

where the Q; are the carrier frequencies and the f(f) and
¥:(t) are the amplitude and phase modulations respec-
tively, both the latter being of bandwidth small com-
pared with the Q.. @, — @ =w<KQ:. The carrier phases ¢
are random variables distributed uniformly over their

i=1,2  (16)
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ranges 0 to 2x. The noise is assumed to be Gaussian of
power NV per unit bandwidth over a range of {frequencies
containing both signals. Again the observer is asked to
choose between two cases: (1) x(t) = F,(t) +n(f) and (I1)
x(t) = Fo(f) +n(t); his choice is to be made in accordance
with the a posteriori probabilities of the two cases.
CURVE 421632

50— — =
ao|
30|
2_5|

n
(=]

E/2N
5 5

p=

B | _ .
10 -0.5 0 0.5 0
Relotive Cross—Correlotion A

Fig. 2-——Ambiguity of known signals: fixed error probability.

If the phases @1, @2 were known, the a posteriori
probabilities would be given by (3). But since these
phases are unknown, we must average the exponential
factors over the distribution of the phases. This has
been done by Peterson, Birdsall, and 17ox® using a repre-
sentation in terms of a sampling plan, but one can sim-
ply substitute (16) into (3), multiply by d¢./27 and
integrate over 0<¢; <2m, ¢=1, 2, using thenarrow-
band character of the signals to discard all but the video-
frequency parts of the terms in the exponential. The a
posteriori likelihood ratio upon which the decision is to
be based then becomes

1 —¢ <1«:1 — EN To(2Ry/.N)
A= = , 17
pofi=— ey >10(2R1/N) (17)
where (i=1, 2)
.
=t LT (18)
[}
and
RE=X2+713 (19)
with

P W. W. Peterson, T. G. Birdsall, and W. C. Fox, “The theory of
signal detectability,” TraNs. IRE, vol. PGI'I™-4, p. 171; September,
1954. See Section 4.5.
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X, = f 2(0)f(0) cos |92 + Pilt) )de
]

T
v, = f (Of(0) sin [24 + . 0]dL (20)

Io(x) is the modified Bessel function of order zero.

The observer picks case I if A<1 and case Il if
A>1. Ile could as well use the logarithm of the likeli-
hood ratio, basing the decision on the quantity G’ given
by

G’ = In Io(2R:/N) — In I4(2Ry/ V). (21)

It can be shown® that R, is the output at time 7 of a
linear detector following a filter having the impulse re-
sponse K,(r) given by

Ki(r) = fi(T — 1) cos [Ql(’[‘ — )4 (T — 'r)],
0<r<T

Ki(r) =0, r <0, r>T. (22)

A filter similarly matched to Fq(¢) will yield, when fol-
lowed by a linear detector, the quantity Rs. By using
detectors having the characteristic In [,(2R/N), the
receiver can form the quantity G’ of (21). There is then
a quantity Go" depending on Ei, IZ;, and ¢ with which ¢’
is compared for purposes of making a decision. Of course
the detector characteristic required here is identical
with that for optimum detection of pulsed signals in
noise.®

If, however, the signals are of ecqual a priori probabili-
ties and equal encrgies E; = E,= I, as we shall assume
henceforth, one sees from (17) that one can simply use
alinear detector (or any detector having a characteristic
monotonic in R) at the output of cach matched filter.
One then will decide for case I if Ry > R, and for case 11
il R:>R;. Again the ambiguity of the two signals in
noise will depend on the probability P, of making an
error in such a decision. We shall now calculate this
probability as a function of the quantities A and p de-
fined in (1) and (15). The error probahility P, is the
probability, given x(¢) = Fi(f) +n(¢), that R;> Ry, thatis

1’, =3 f (IRI I)(Rlv Rg)({Rz, (2‘;)
0

R’y

where p(R;, R:) is the joint probability density for
measuring R; at the output of the first and R, at the out-
put of the second filter-detector combination, when the
input to both is x(t) = F, (1) +n(¢).

To determine the joint probability density function
P (R, R2) one fixes the phase of Fi(¢) at ¢, =¢, obtaining
the conditional density function p(Ry, Rs; ¢). This will
turn out to be independent of ¢, so that it equals
P(Ry, R»), since ¢ is completely random. The quantities

¢ 1. Middleton, “Statistical criteria for the detection of pulsed
carriers in noise,” Jour. Appl. Phys., vol. 24, p. 371; April, 1953.
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X, Vi of (20) are Gaussian distributed, since they
are linear combinations of Gaussian variables. The
means, variances, and cross-correlations of these varia-
bles are given in the following equations. For simplicity
of writing it has been assumed that there is amplitude
modulation only, though the same derivation could be
carried through for the general case by replacing 2t by
Qi +y¢s:t) everywhere.

E cos ¢

T
X, = f [£1(£) ]2 cos Qut cos (it — ¢)dt
0

Esin ¢

T
Y, = f [fl(l)]2 sin Q3¢ cos (2 — ¢)dt
0
.
Xe = [ R cos ut cos (ut — gyar
0

= %f fl(l)fz(t) Ccos [(Qz - Sll)t + d)]dl

€1 Cos ¢ — ¢38in ¢ = Bcos (¢ +¢)

T
T.= f F1(8) f2(t) sin Qqf cos (! — ¢)dt
0

%frfl(t)fz(l) sin [(Q2 — Q)¢+ ¢ |dt

= ¢, sin ¢ + ¢o cos ¢ = Bsin (¢ 4 ¢), (24)
where
T
€ = %f Si()fo(t) cos (R — )t dt = Bceosy
T
[ %f f}([)fz([) Sil] (Qg — Sl;)t (ﬂ =B sin l//
) (25)

Bz = 612 + 622.

The fact that the signals are of narrow bandwidths
compared with the carrier frequencies has enabled us to
simplify the above integrals by keeping only the slowly
varying parts of the integrands.

Because the signal energies are equal, the variances of
the X; and Y; are all equal to o2, which is given by

f ! fT 1(8)1(s)f1(£) f1(s) cos Q¢ cos Qs dids

N T
N 7_[ [£1()]2 cos? Qutdl = NE/2, (26)
0
where we have used (12). The cross-correlations are
(N —X)( N —T) = (Xa— X)(Ys—TFa) =0 (27)

(1 — X)(X2— Xo) = (V1 — Y)(V2 — Vo)

f TfT (D n(s)f1(f) f2(s) cos Qyf cos Qps dids

AY o
> f S8 f2(D) cos Qut cos ot dt = N¢y/2 = ky, (28)
2 Jy
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(X1 — X)(Vs—Ta) = — (Na= X)(1'1 — T0)

T AT
f f () 1n(s) f1(1) f2(s) cos it sin Qg5 dids
0o Yo

N

T
-‘Z—f fl(f)fz(f) CcOos 91[ sin Qgt dl = AYEQ/Q = kg. (29)
0

The joint distribution of the Xy, Y3, X3, 1% is now the
exponential of a quadratic form, the cocfficients of the
terms of which form a matrix which is the inverse of the
correlation matrix of the four variables.” Taking the
variables in the above order, the correlation matrix

||¢.~,~| and its inverse H,ui;[ are
(02 0 ki ks
[0 o —k k,l
“¢.’:‘l. = 'kx b, o2 0l
ke k0 0%
ot 0 —k —k
1 0 o’ ky —k
l|wssl} = pi \ b ok o 0 (30)

—ky —ky 0 02J

where A =o*— k12— ky?2. Thus the joint probability may
be written

p(Xy, ¥y, Xo, V)= (dr20) " exp —(2:4) 7 {o?[(X1—X0)?
+ (=Y ) (V= X2+ (1= T2)?|
— 2k (X1 = X)) (Xe— X))+ (V= V) (V2T |
— 2k (X =X (Vo= Vo) — (X = Xo) (V=T ]}, 31)

If one now uses the above expressions for the means,
making the substitutions

X: = R;cos 8, Y1 = R, sin 6,

X, = Ry cos 0y, 1, = R; sin 05,

0 = 6 — ¢, 0, =0 — ¢ —

by = ucosy, ky=using, p= NB/2, (32)

one finds the joint probability of the new variables R;,
Rz, 01/, 02/ to l)e8

P(Rlv Rﬁv 01/, 02/; d))
R:R, e

g
= e EW expq — — (R + Ry?
4r24 p{ gq Pt R

.“Rsz

2R
cos (0, — 6y) + Trl cos 01'} , (33

where the factor R, R, comes from the Jacobian of the

7 8. O. Rice, “The mathematical analysis of random noise,” Bell
Sys. Tech. Jour., vol. 23, p. 282; July, 1944; and vol. 24, p. 46;
January, 1945,

8 This derivation is formally similar to one given by D. Middleton
for a different problem, “Some general results in the theory of noise
through non-linear devices,” Quart. Appl. Math., vol, 5, p. 445;
January, 1948, section 5. His eq. (5.12) can be reduced to our (33) by
making the proper identification of symbols.
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transformation to the new variables. Note that this
expression is independent of ¢. In order to find the joint
distribution of the magnitudes R; and R,, we integrate
6.’ and 6,’ over their ranges 0 to 2w, The result is

Rle o?
PR, Ry) = —— e Fi¥exp | = - (R + Ra?)

M Io(,U.R]Rz/A)Io(ZR]/N)

The error probability P, is the probability that
R; >Ry, ie., (23):

Po=(1—2Y)e

34)

f dxf dy xy e @D (22+/p(1 =A%) [o(Axy), (35)
0 z

where we have introduced the notation

A = B/E, p = E/2N, 2* = o?R?/A, y* = ¢*Ry?/A  (36)

and changed variables in the double integral. In carry-
ing out the derivation with the inclusion of the phase
modulations y(t) one finds that the quantities B, E,
and X\ are just those given by (1), with «.(t) =f:(¢) exp
1:(t). The integral can be reduced by transformations
outlined in the Appendix. The result is

P. = Q(Vp(1 — vT =29, Vo(l + v/T =A%)

~ Se*lo(p)), (37)
where the function Q(«, §) is given by
Qa, B) = f t e (Brad 3] (n1)dt. (38)
8

It has been tabulated by Marcum.?
If both X and pA are small, it is convenient to use the
series expansion

© (1—y/T=AB\"
1’s=%e—’[lo(p>\)+22<—\/x >In(p)\):|. (39)

na=]

For large signal-to-noise ratios, p>>1, and for 1 -AK1,
(37) reduces to (13), so that in this region the loss of
phase information introduces only a very small increase
in the probability of error. [See Appendix, (62).] In Fig.
3 we have plotted P, versus A for a number of values of
p, while in I'ig. 4 are given curves of p versus A for vari-
ous values of P,. By comparing these curves with those
of Figs. 1 and 2 one can assess the increase in ambiguity
arising when the carrier phases become uncertain. Thus
it is the quantity XA, along with the signal-to-noise ratio
p, which again determines the ambiguity of the signals,
so that Woodward’s contention! that the ambiguity of
narrow-band signals depends on the relative cross-
correlation \ is borne out, provided one takes account of
the noise as we have done here.

* J. I. Marcum, “Table of Q Functions,” Rand Corporation Report
RM-339; January 1, 1950.
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Fig. 3—Ambiguity of signals of unknown phase.
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Fig. 4—Ambiguity of signals of unknown phase:
fixed error probability, P,.

I1V. CoxcLusIiON

The probability of error in deciding which of two
signals, F\(f) or Fy(t), was sent has been computed as a
function of the signal-to-noise ratio p=E/2.N and of the
relative cross-correlation A\ of the signals, where A is
given by (1). It has been shown that as X\ approaches
unity, an ever higher signal-to-noise ratio is required to
keep the error probability to a pre-assigned value <0.5.

These results have a bearing upon the accuracy with
which parameters of a received signal, such as its carrier
frequency or its time of arrival, can be measured when
noise is present.!® Consider for example the measurement
of frequency. This could be accomplished by use of a
large number of filters of amplitude characteristic

10 Cf. D. Slepian, “Estimation of signal parameters in the presence
of noise,” TrRaNs. IRE, vol. PGIT-3, p. 68; March, 1954,
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matching the pulse envelope, the pass-frequencies
spaced more or less uniformly over the band of expected
signal carrier frequencies. That filter yielding the maxi-
mum output would determine the signal frequency to
an accuracy given by the frequency spacing between
adjacent filters. Now there would be little point to
placing the filters so close together that the noise would
introduce a large probability of error in the decision as to
which filter output was the largest. 1f one considers the
filters pairwise, the results of this paper enable one to
determine the probability that an adjacent filter, of
pass frequency Qiy1, say, will have a larger output than
that of pass frequency Q:, when the frequency of the
signal wasreally Q.. By setting a limit to this probability
P, one can determine the overlap A as a function of the
expected signal-to-noise ratio p, using the curves of
Figs. 2 or 4.

Suppose for example that onc expects pulses of Gaus-
sian envelope u(t) given by

(i) = A exp [— 3ot — 37)%),

where « is roughly the bandwidth of the pulse. If we
assume that the observation time is long compared with
o', the relative cross-correlation A is given by (1) to be

(41)

(40)

A =" lda

when the time of arrival of the pulses is the same, but
when the frequency separation (corresponding to the
difference of the pass frequencies of adjacent matched
filters) is Q41— Qi =w. If we use for simplicity the results
of Section 1I, which assume the signals completely
known, we find that the dependence of signal-to-noise
ratio upon A for fixed error probability P. is given by

p(1 —N) = &, (42)
where £ is a constant such that
P.=3[1 — &) (43)
Now for \ near unity, (41) is, approximately,
0 = 2av/— In A2 2a/T— X (44)
so that
w 22 2ka//p. (45)

This implies that the minimum resolvable frequency
difference, i.e., the minimum reasonable difference be-
tween the pass frequencies of adjacent filters, is propor-
tional to the signal bandwidth and inversely propor-
tional to the square root of the signal-to-noise ratio.
This essentially is the limitation upon the accuracy with
which the frequency of such a signal can be determined.
Of course, to make better use of such a system one
should use the outputs of all the filters of the array, com-
puting from them the a posteriori probability distribu-
tion of the input signal frequency. The width of this
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distribution would indicate the expected error in a fre-
quency determination by this means.

APPENDIX

In order to evaluate the integral of (35), we start
with the definition (38) of the function Q(e, 8). By in-
tegration by parts'! one can show, fora<B,

Ol §) = =@ #8012 3" (a/B)"T(af).

n=0

(46)

Now we use the integral representation of the modified
Bessel functions I,(x):

1 r
I.(x) = E;f cos nf e* «©*4dp. (47
0

Substituting into (46) and interchanging the order of
summation and integration we get

1 2r o0
Q(a, B) = P —(a +8 )”f B 038 > (a/B)™ cos nb db
T 0

n=0

1
= — g

27
.f“.--_l: («f/f) cosb
o 1 — 2(a/B) cosb + (a/B)?

eaﬁ cos 8,40

(x <B). (48)

Now (35) can be written using (38) as
P.= (1 —A)e?

. f xe== 0 2L (2x/p(1 — A2))Q(Ax, x)dx. (49)
0
Substituting from (48) for Q(Ax, x), we get
(1—=2)¢% p2* 1 —Nhcosh
Po=—— f — b
27 o 1 —2xcosf -+ A

: f 202 03 0T (22xy/p(1 — N))dx.  (50)
0

Now we use the formula

ebl4a’

f xe—'z To(bx)dx = (51)
0

(from which one can show that Q(a, 0) =1). (50) then
becomes, with a?=1—X\cos 8, b= 2/ p(1 =22,

(1 — N)e2 [2, do
. 1 — 2xcosf + At

L

4r

[ p(1—2%) ]
-exp E— - 1.
1 — Acosf

We now make the change of variable given by

(52)

1 ] 1. Marcum, 4 Statistical Theory of Targe! Detection by Pulsed
Radar, Math. App., Rand Corp. Report RM-753; 1948.
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A+ coso
cos ) = ——— (53)
1+ ANcos¢o
where the range 0 <8 <2 corresponds to 0 <¢ <2, ob-
taining after some labor

\/1 . )\2 e—pf21r ep)\ cos ¢d¢
0

P,=—— .
4 1 —Acos¢

(54)

Now in (48) let us put o/f=p, whereupon we can
break up the integral as follows:

! ( +t1")/"j‘2’r 8 cos 8,]f [1+ - ]
,B)=— e (= 2 gaB cos 8] R —
e 8) 4 0 1—2u cos 0+ u?

=1 g (a+h [[0((,5)
1_'“'.3 Ix eaﬂ cos Ode
el e :
2 o 1—2ucosf+u?

ead cos Od()

g 0 _1 ;_2yc()s(;+y2

wn
o
Nl

so that

1 2r

= (1 = w7 [20(ar, Bete+12 — To(aB)).  (56)
Thus we can evaluate (54) by putting
2 _ Y ] e
a= Vot = Va(l = VI =),
8= var/i = Vol + vI— X, (57)
whereupon (54) becomes
po - (LT (S
47 o 1 —2ucosf 4+ u®
=1 ¢*[20(a, B)el= 812 — Io(aB)]
= Qa, B) — 3 e7*1o(pN) (58)
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which was to be proved. The series expansion of (39)
comes directly from (46).

When o and B are large, one can obtain an asymptotic
evaluation of Q(a, B) by using the asymptotic form of
the function Io(x):'°

x

To(x) =2 (59)

\/27rx'

Putting this into the integral (38), and noticing that
most of the contribution to the integral comes from the
region in which y~ae, one obtains

o v
, = = e~ (r—a) /24
e, B) f Vinay y

8

1 « )
~ ___f e~ (y—a) I'Q]y
2nJ 5

o)
/2
Now for 1 —AK1, one can write a and 8 approximately
as
a=+/p(1=+v(T=N/2), B=Vp(1++(1=N)/2).

In addition, the second term of (58) becomes negligible,
so that one finally obtains the approximate result

P31 — o(vp(1 = N].

Comparison of the curves of Figs. 1 and 3 shows that
this is a good approximation when p>10,A>0.5.

(60)

(61)

(62)
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Automatic Gain Control of Transistor Ampliﬁers*

W. F. CHOWY, sENIOR MEMBER, IRE,

Summary—Since transistor small signal parameters are func-
tions of the dc emitter current (/,) and of the dc collector voltage
(V.), gain control can be achieved by varying either I, or V.. The
gain decreases with decreasing I. or V..

Using the series-parallel representation, the parameter most
sensitive to I.-variations is hy;;, whereas V.-variations affect h,. and
2, considerably. In common emitter configuration changes of hy are
also important. A study of the dependance of the h;;on the dc operat-
ing point explains the nature of gain variations with 7, and V..

Satisfactory AGC circuits have been built using either I.- or
V.-control. The control power required is very small if 7. or V. are
controlled indirectly by varying the base current. Since I, or V. are
decreased considerably in the presence of strong input signals, the
problem of distortion must be given serious consideration. Due to the
variation of transistor driving point impedances, AGC may result in
changes of the bandpass characteristic of tuned amplifiers.

The gain of transistor converters and oscillator-converters can be
controlled by conventional or special techniques.

1. INTRODUCTION

r 1115 POSSIBILITY of controlling the gain of
amplifiers is very important in many electronic
systems. Methods gain control in

vacuum tube amplifier circuits are well-known. These

methods are based on the fact that the transconduct-
ance, and consequently, the amplification of a vacuum
tube are functions of its grid bias.

Automatic gain control circuits using transistors have
been described by Blecher,! Barton,? Stern and Raper.?+#

Blecher discusses circuits using the common base con-

achieving

figuration. The other papers describe broadcast receiv-
ers employing AGC.

The purpose of this paper is to review the theoretical
aspects of transistor gain control and some of the prin-
ciples useful in the design of transistor AGC circuits.
The investigations leading to this paper were mainly
concerned with the gain control of amplifiers designed
to operate in the 100 ke to 2 me frequency range, but it
is believed that the conclusions can be considered valid
for amplifiers designed for different frequencies.

* Original manuscript received by the IRE, March 23, 1955; re-
vised manuscript received, June 15, 1955. The first part of this paper
has been presented as “Principles of Automatic Gain Control of
Transistor Amplifiers,” at the [RE-ATEE-UP Conference on Transis-
tor Circuits, Philadelphia, February 17, 1955; the second part has
heen presented as “Automatic Gain Control of Transistor Ampli-
fiers,” at the Radio Fall Meeting of the RETMA, Syracuse, October
18, 1951, Parts of this paper will be incorporated in a thesis being
prepared for presentation to the Elec. Engrg. Dept., Syracuse Uni-
versity.

+ Electronics Lab., General Electric Co., Syracuse, N. Y.

I F. IL. Blecher, “Automatic gain control of junction transistor
amplifiers,” Proc. ! EC, vol. 9, pp. 131-137; 1953.

2 L. . Barton, “An experimental transistor personal broadcast
receiver,” Proc. IRE, vol. 42, pp. 1062-1066; July, 1954

3 A. P. Stern and J. A. A. Raper, “Transistor AM broadcast re-
ceivers,” 1954 IRE Convention Record, part 7, “Broadcasting and
Television,” pp. 8-14.

« A, P. Sternand |. A, A. Raper, “Transistor broadcast receivers,”
Elec. Eng., vol. 73, pp. 1107 1112; December, 1954,
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11, TRANSISTOR BEHAVIOR ANXD DC
OPERATING POINT

Small Signal Parameters and Cain

Using the series-parallel representation, the behavior
of the transistor is described by:

1':1 = [lll[l + lllzl':-_g

1
I = horly + fraaFs. ( )

The small signal parameters h;; vary with the fre-
quency®® and are, of course, different for the three
transistor configurations (common base, emitter and
collector). I the transistor (Fig. 1) is terminated by a

g u 12

TRANSISTOR
TEG EIT TE,

(n]

Schematic representation of a transister amplitier.

A

Fig. 1

source impedance Z¢(Ze= Re+7Ye) and a load admit-
tance Yi(V,=GL+jBy), the transducer gain ¢ of the
transistor can be expressed as:

ARG L] By 12
G -

T T+ Za) (s + Vo) — s [* 2)

The gain G of (2) is defined as the ratio of the power de-
livered to the load to the available power of the source
connected to the input terminals of the transistor.

Gain control of the transistor is possible becanse, as
will be shown in the following discussion, the parameters
h:; depend on the de operating point, i.e.. on the de
emitter current (/,) and the dc collector-voltage (1%).
Therefore, there are two basic methods of transistor
gain control:

1. Emitter current or [ control
2. Collector voltage or V-control.

The two methods apply in different regions of the
collector plane: I control applies at “normal” values of
V, (several volts) and small values of I,, whereas V-
control involves “normal” values of I, (order of milli-
ampere) and small values of 1.

The h;; being frequency dependent and complex and
the functions h;; = F(I.,17,) rather involved, an exact an-
alytic treatment of the gain as a function of the de
operating point using (2 is hardly practical, especially

5 J, M. Farly, “Desigu theory of junction transistors,” Bell Svs.
Tech. Jour., vol. 32, pp. 1271-1312; November, 1953. .

¢ ). 1. Pritchard, “Frequency variation of junction transistor
parameters,” PrROC. IRE, vol. 42, pp. 786-799; May, 1954,
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at higher frequencies. The effect of I, and V. on gain and
other performance characteristics of transistor ampli-
fiers can, however, be described qualitatively by an-
alyzing the theoretical properties and observing the ex-
perimental behavior of the k;; as functions of I, and V..

In the following discussion, k;; , designate the h-param-
eters of the common base transistor configuration
whereas h; o refer to the common emaitter circuit. Where-
ever it is necessary to distinguish between collector-to-
base and collector-to-emitter voltages, the former is
designated by Vg and the latter by V..

Common Base Parameters: Theory

The common base small signal admittance para-
meters of the transistor have been calculated by Early®
in terms of the physical properties of the device. Early
has solved thc one-dimensional diffusion equation ap-
proximately valid for an “ideal” transistor and has
added to the ideal model several circuit elements repre-
senting the deviation of a “real” transistor from the
ideal one.

In the case of gain controlled amplifiers I, may be
reduced to a few microamperes and Vg to a few milli-
volts (Vs may change sign). Consequently, I, may be
of the order of magnitude of the emitter or collector re-
verse currents and Vg is not necessarily larger than
kT /q. Early’s solution of the diffusion equation can be
written to include terms which may be of importance
at small values of I, and V. The resulting admittance
parameters are transformed into series-parallel para-
meters k;;/, yielding an equivalent circuit of the “ideal”
transistor. The ideal model is assumed to have unity
emitter efficiency and collector multiplication and can
be completed by adding the “base spreading impedance”
2’ and collector barrier capacitance Cp (Fig. 2). (Prit-
chard and Coffey” have shown that the base spreading
“resistance” is complex for rate grown n-p-n transistors.)

“IDEAL™ TRANSISTOR

==, - N 1,1
I, | Ma2Ves u e Ic
— + | -—
h h
T T
i
Yeb Yeb
] S
cb
O & O

Fig. 2—“Real” transistor.

The collector-to-base leakage resistance is negligible
at medium and high frequencies under consideration.

At higher frequencies 1y’ is small as compared to the
feedback due to z,’ and the parameters £, , of the com-
mon base transistor are related to those of the “ideal”
transistor k;;/ by the following approximate relations:

7 R. L. Pritchard and W. N. Coffey, “Small signal parameters of
grown-junction transistors at high frequencies,” 1954 IRE Conven-

tigngRecord, part 3, “Electron Devices and Component Parts,” pp.
89-98.
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e = by + 25'(1 + F’) 3)
hu.b S (]122' +ijb)Zb' (4)
hayy = — a = hy' (3
hosp = hao +jwcb- (())

Writing out the k;; explicitly, the k;; 5 can be written
as functions of I, and V.

tanh sw/L 1

- "1 — 7
as tanh w/L I,+ I,,o+ o ( cosh sw/l,) ™

1 49 1
Iz = {[al' -2 (— I+ Ico)] 5
L V. \cosh w/L

-tanh sw/L + ijb} Y (8)

Iy =

1
harp = — ———— 9
e cosh sw/L ©)

) [ Iy 1 oJw ( 1 41 )]
=la — — 1.+ I.
e L V. \cosh w/L °)
-tanh sw/L + jwC,.

(10)

I, is the emitter reverse current, the collector being
biased at V.; I is the collector reverse current with
open emitter and I’ is a quantity having the dimension
of a current. For p-n-p transistors:

7. — ,_q?fp,",_(ga"b— 1 + cosh w/L) (11)
© L sinh w/L
Dppn
T, = qDp (1 _ cchb) tanh w/L (12)
Dopa
I = q__p_P eaVeh, (13)
/5

The symbols used in (7) to (13) are those of Early and
have the following significance:

a=q/kT (approximately 40 at room temperature);
D, =diffusion constant for holes;
pn»=equilibrium concentration of holes in n-type base
region;
L =diffusion length of holes;
w = base-layer thickness;
s=(14jwr)!?, r being the lifetime of holes in the
base region.

Eq. (7) shows that /1, has a component which is in-
versely proportional to (1,4 7e) and a component pro-
portional to (1+hs1 ). Due to the decrease of @ = —ha
with decreasing I, at low values of I, (1+#h313) in-
creases under the same conditions. Consequently, with
decreasing I,, hi1 b increases. ki1 is, however, hardly
affected by changes in V.

According to (8) and (10), the depensdence of ki,
and kg5 on the dc parameters is rather complicated.
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Both /s and ks have a component varying linearly
with I, and all components are sensitive to variations
V., due to the fact that both dw/d V4 and Cb increase
with decreasing Vs The major portion of /i, and
has » in practical transistors is due to Cp and, C» being
independent of I,; the variation of these parameters
with I, is not as strong as their variation with Ve.

In (9) ka1 is independent of I, and Ve, but it 1s well
known that kg1 ,= —a does decrease at low values of
I8 and in the neighborhood of zero V.

In the case of transistors with small base layer thick-
ness the dependence of ;5 on Ve is particularly com-
plicated because of the nonnegligible variation of the
base layer thickness with Ve.*

The variation of the h-parameters with I, can be
summarized schematically by the following qualitative
relationships:

e = A, m—i— 2y (1 — o) (14)
hus,o = [As(ad e + Too) + Aalsy’ (15)
ha1p = — « (16)
hoo.p 22 Aa(ood « + Ieo) + A a7

The A; are complex constants and «p is the low fre-
quency value of a. Ay is usually the prevailing term in
(15) and (17) and consequently, the parameter most
sensitive to I, variations is 1. Therefore, one can
state that, in terms of small signal parameter variations,
emitter current type gain control is due principally to
variations of hii .

In the case of varying Ve, both dw/d Ve and C are
functions of V.5 In general:

o WV (18)
aVcb - 1¥ ¢cb
Cb = sz,;b_”. (19)

The magnitude of the exponents m and n depends on
the nature of the collector junction. IFor graded junc-
tions m =2 and n =1, whereas for step junctions m=n
=1. Both cases are idealized: in practice the exponents
will be close to 3.

The h-parameters for varying Vg can be written in
first approximation as:

M & Bi+ 2'(1 — o) (20)
Bia.p =2 [Bee®Ver 4+ BsVey ™ + BV ]z (21)
e = —a (22)
an,p = Bae®et + BsVey™™ + BiVew ™. (23)

3\, M. Webster, “On the variation of junction-transistor cur-
rent-amplification factor with emitter current,” Proc. IRE, vol. 42,
pp. 914-920; June, 1954.

9 D. Haneman, “Expression for the “a-cut-off frequency in junc-
tion-transistors,” Proc. IRE, vol. 42, pp. 1808-1809; December,
1954,

10 1. M. Early, “Effects of space-charge layer widening in junction-
transistors,” Proc. IRE, vol. 40, pp. 1401-1406; November, 1952.
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These expressions show that ki and ks are the
parameters most sensitive to variations of V. There-
fore, in terms of small signal parameter variation, col-
lector voltage type gain control is due principally to varia-
tions of hia p and hae p.

Common Base Parameters: Experimental Results

The common base k-parameters of a typical General
Electric rate grown n-p-n transistor (Type 2N78) were
measured as functions of I, and V. at one megacycle.

s is considered as the parallel connection of a re-
sistance r11,, and a (negative) capacitance Cy, (Fig. 3).
Both resistive and reactive components of 5 increase
if I,is decreasing. The phase angle of k11, decreases as
I. is decreasing and reverses itself (Cu s becomes posi-
tive) at a small value of I, (this part of the curve is not
shown in Fig. 3). The phase reversal is due to the fact
that at low values of I, the first component of 11 in
(7) is prevailing and this component is capacitive.
k115 depends only to a very moderate extent on 1e.

1 —

—  — +]uC
h b b

B

COMMON BASE CIRCUIT 3
@
: 1 Ime -wolg
s O—O Vep * Sv 5
z | , ‘ 3
= a—a I, *imo o
a / / @
Z 100 | . o
- ! 1 Y Tz 3
p——r b z
| =
| <
/ S
30 1 !
/ l ‘
/ |
/
ob—— 4+ 111 _ 1 e
1} o3 1 3 J 3 0

EMITTER CURRENT (mo} OR COLLECTOR—TO ~BASE VOLTAGE (v}

Fig. 3—Components of hu,s as functions of emitter current and
collector-to-base voltage.

Ine.» (Fig. 4, next page) does not vary strongly with
I,, small measured variation due mainly to I.- de-
pendence of z,’. The variation of Iz, with Ve is con-
siderable, as can be expected. k2 increases if Vg is
decreasing but its phase remains unaffected, 2’ being
independent of V!

Variation of ke (Fig. 5, next page) with I, and Ve
is analogous to hp as can be expected from the
similarity of (8) and (10). Effect of I, is small, where-
as that of V. is considerable. Both components of
Bae b (gaz. and Cazp) increase if V' 1s decreasing. The
slope Cu versus Vg is comparable to that of Iz s
versus Vg and is close to (—1/2).

11 Measurements of the phases of b, and Fus,. involved consider-
able errors and the corresponding curves may not be representative.
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Fig. 43—l as a function of emitter current and
collector-to-hase voltage.
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Fig. S—Components of hy as functions of emitter current and
collector-to-base voltage.

The magnitude of hay p = —a decreases with decreas-
ing I, (IFig. 6) in the region of small values of I1.(1.,<0.3
ma). g1 p also decreases slightly with decreasing V.

The reduction of Jigy p at 1 mc with decreasing 1, or
e is due hoth to the decrease of the low frequency
value of Jayp as well as to the decrease of the Nav 4 — (or
a—) cutoll frequency. The latter manifests itself in the
notable increase of the phase angle of 7y, .

Common FEmitter Parameters

The approximate relationships between common
emitter parameters 7;, , and common hase parameters
I are:

PROCEEDINGS OF TIII IRE

September

——— =50

|
° S S U U .
COMMON BASE CIRCUIT |
» e
;- | feoime j o
= 8 — -30° I
[ o—0 Yep© 6v <
° 'Y
w ‘ a1t I, cimo ©
S w
> { )
[ } -20° <
x
a
>~
| i o ST
., == = = _Y_,o.
. l — = —Jo
0l .03 all 3 I 3 10

EMITTER CURRENT {ma) OR COLLECTOR —~ TO— BASE VOLTAGE (v )

Fig. 6—hayp as function of emitter current and collector-to-
base voltage.
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EMITTER - TO— BASE VOLTAGE IN MILLIVOLTS

COLLECTOR-TO-EMITTER VOLTAGE IN VOLTS

Fig. 7—Lmitter-to-base versus collector-th-emittoer voltage at
constant emitter current.

M 22 /(1 4 hey ) (24)
Moo 22 it phas o/ (1 + hary) — by (25)
Moty 22— Joye/(1 + haa,y) (26)
hag, e =2 Dag /(1 + Ty ). (27)
With exception of /i, .
Voseel 22 | hivu/(1 ~ a) | (28)

where 1/(1 —«) decreases strongly with decreasing 7
or 1.

In Iigs. 8 to 11, the hy;,, are plotted as functions of 7,
and Ve,. Ve, has been chosen as independent variable
rather than V., for the common emitter case., By sub-
tracting the emitter-to-hase voltage from 17, one ob-
tains 1o, (IFig. 7).

Both resistive and reactive components of Ay, in-
crease as [, is decreasing (Fig. 8). The effect of 1 ee
variation is negligible until V,, reaches values of ap-
proximately 100 mv. In this region, the collector diode
is forward biased and ki1, decreases as Vee is decreased.

. increases if I, is decreasing (I'ig. 9) due to the
increase of hyy p in (25). 7y, also increases with Vee, the
variation being largest in the region of forward binsed
collector junction.

o

World Radio Histo



1953
10,000 T — T o E— jlo.ooo
' ' :
—_— s — ¢ )uw(C
M Tue e
fil,e |

30004\ . \

/
/
4/

bid
(=]
~ \ B
.
P s S > g
a 00— C, ¢ =4 S
H - e
o /J - F
o
z o &
. - 5
= 100 l -~ 3
- z
& COMMON EMITTER -
r CIRCUIT >
f*ime ©
30 130
‘/ O—=0 Vgq* 6v
——1b8 Iq * Imo
10 £ 0
-0t .03 .t 3 ! 3 10

EMITTER CURRENT(ma) OR COLLECTOR —TO— EMITTER VOLTAGE {V)

Fig. 8—Components of ki . as functions of emitter current
and collector-to-emitter voltage.

T — 1 D 1_'_Y—ﬁ90‘
I | comMMmON EMITTER
CIRCUIT |
f=1mc
| | H75°
O——0O Vgg* 6+

1, * 1ma

! | 60°
.
~
r3

.
5 o
F

w 03— —as° C
g o
.: “w
k4 '3
[ s
3 z
2o 30°

l < ’ ’

I'd
> ¢the, /| .

.ooa& IJ - H1s

| —o |

|
.OO'L- — 1 ..IL ! _L _L o
ol 03 - 1 3 | 3 10

EMITTER CURRENT (ma)OR COLLECTOR-TO-~EMITTER VOLTAGE {v)
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ha1,=2a/(1 —a) is, of course, more sensitive to varia-
tions of I, and V. than hy = —a (I'ig. 10). The varia-
tion of /iy . is qualitatively similar to ke, (Fig. 11).

The measured curves show that in common emitter
configuration, just as in the case of the common base
stage, emitter current type gain control is achieved by
varying hii,., whereas if collector voltage type gain
control is used, /s, and /i, are mainly responsible
for gain variation. In common emitter configuration,
however, the variation of /g1 ., which is in the numer-
ator of (2), helps the gain control process considerably.

The Gain as Function of I, and V..
Considering (2) for the gain and the dependence of the
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h-parameters on I, it is easy to see that in the case of I,-
control, at small values of /., the gain is approximately
proportional to 1/| /|2 Due to the nature of the varia-
tion of ki with I, this means that the gain will be re-
duced by almost 20 db per decade decrease of 7.,

In the case of 1-control the variation of /i3 and ha is
most important. The exponent (—3) leads to a gain
variation of approximately 10 db per decade variation
of V. at low values of 17,.

The actual dependence of the transducer gain of a
General Electric rate grown n-p-n transistor on 7, and
Ve has been measured at 500 ke (Figs. 12 and 13). The
terminations were resistive: R¢=35002 and Ry =35,000 (.
The curves show that considerable control action occurs
in the region of small values of I, and V.. (By reducing I,
and 17 beyond the values shown on the diagram, gain
reductions exceeding 35 db per stage can be achieved.)
The agreement with the theoretical gain variation is
satisfactory: gain decrease of 15 to 18 db per decade
decrease in I, is measured in the case of I,-control,
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whereas for V.-control the gain decrease per decade of
V. is 12 to 15 db. The higher value applies to the com-
mon emitter circuit, due to the previously mentioned
fact that /.. is more sensitive to I, and V, variations
than hg .

The gain does not vary appreciably at values of I,
exceeding 500 pa and at values of V. exceeding 1 v.
This enables the design of amplifiers with “delayed”
AGC. By selecting an appropriate “no signal” operating
point, reasonable delay characteristics can be obtained
using either gain control principle.

Although the characteristics discussed were those of a
General Electric rate-grown transistor, other transistor
types exhibit similar gain control properties.

III. CircuiT CONSIDERATIONS
Methods of Gain Control

In practical AGC circuits the variation of I, or Ve
must be performed economically, with a minimum ex-
penditure of control power. The following consideration
illustrates the problem. Figs. 12 and 13 show that for
adequate gain in the presence of small signals, I, must
be of the order of 500 ua and V. at least 1 v. With in-
creasing signal level, in the case of I,-control, I, must

PROCEEDINGS OF THE IRL

September
RF CONTROLLED AU0K0
T
e AMPLIFIER AMPLIFIER DETECTOR SRR

AMPLIFED

AGC SIONAL AGC SIGNAL

AGC SIGNAL
AMPLIFIER

Fig. 14—AGC systemn with additional amplifier in feedback loop.

o +Es
© é
NPN
SIGNAL SIGNAL
INPUT ( ( ouTPUT
Vage O——9@

I. Control of tuned amplifier with AGC voltage applied to base.

{b) %

SIGNAL
mruro_’(_"

Vage O— —4'

O+ E,

@-ReGAIN CONTROL RESISTOF

—l‘——OSIGNAL

ouTPLT

Fig. 15—Indirect V,-control of tuned amplifier with AGC
voltage applied to base.

be decreased to 20 pa or less, whereas if V.-control is
used, V, must be reduced to 30 mv or less. If I, or V.are
controlled directly, the dc control power required to
achieve this reduction of I, or V. is considerable.

The necessary dc power for direct control is not al-
ways available from detectors or other sources of AGC
power and, consequently, in some cases (especially with
a diode detector), if direct control of I, or V. is desired,
an additional dc amplifier must be inserted in the feed-
back loop to deliver this control power (Fig. 14) unless
detection is performed at very high level.

Control power can, however, be saved and the con-
trol power requirements on the detector (or any other
control source) reduced by using the controlled tran-
sistor amplifier simultaneously as a dc amplifier of the
control signal.

An example for the case of I,<ontrol is shown in
IFig. 15(a). I, is varied indirectly by applying an appro-
priate control potential to the base. The transistor
shown is n-p-n and, consequently, with increasing signal
level, a decreasing positive voltage is required as AGC
signal. This will result in a decrease of I,. (I'or a p-n-p
transistor, a decreasing negative vcltage is needed.) The
transistor amplifies the dc¢ control signal and moderate
variations of the base current will result in appreciable
variations of I,.

A similar procedure can be applied in case of V.-con-
trol (Fig. 15(b)). The AGC voltage isapplied to the base.
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Fig. 17—Two stage IF amplifier followed by detector with
V. type AGC.

With increasing signal level, the AGC voltage acts to
increase the emitter current I, and the collector current
I. of the controlled stage. Due to the increased voltage
drop developed by I. across the resistor R inserted in
the collector lead, V. decreases and results in a reduction
of gain. The controlled stage being n-p-n, an increasing
positive control voltage is needed to reduce the gain
(increasing negative for p-n-p transistor).

The necessary control power is often smaller in the
case of V.- than in the case of I,-control, since very
small variations of I, will cause large variations of V.,
provided the gain control resistance Rissufficiently high.

Detector

The control voltage (with required polarity and sense
of variation) can be obtained in many ways. Diode de-
tectors produce positive or negative control voltages
increasing with increasing signal level and by using ap-
propriate biasing arrangements control voltages decreas-
ing with increasing signal level can be easily produced.

In many cases (e.g., in broadcast receivers), tran-
sistor detectors delivering ample control power can be
used. A possible arrangement is shown in Fig. 16. A
positive voltage increasing with increasing signal level
will appear at A. The potential at B will be decreasing
with increasing signal level. Both points can be used as
control signal sources. (With p-n-p detectors, the con-
trol voltage will be negative.)

AGC Circuits

Making use of the principles described in the previous
paragraphs many, more or less different, AGC circuits
can be designed. Blecher' and Barton? have described
circuits based on I,-control. Stern and Raper’4 use
Ve-control in a broadcast receiver.

Chow and Stern: Automatic Cain Control of Transistor Amplifiers
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A V.-controlled circuit is shown in Fig. 17. The dia-
gram represents a two-stage IF amplifier followed by a
transistor detector. The first IF stage is V,-controlled.
The gain control characteristic of this amplifier is
shown in Fig. 18.

Fig. 19 shows other possible circuits. Fig. 19(a) repre-
sents an I ,-controlled system, the performance of which
is comparable to the one of Fig. 17. The circuit of Fig.
19(b) operates in a similar manner, but uses a p-n-p
amplifier and a n-p-n detector. In the arrangement of
Fig. 19(c), the collector voltage of the amplifier stage is
controlled directly by the AGC voltage. Obviously,
many other variations are possible.

The methods described can be applied to control the
gain of several stages simultaneously. Desirable differ-
ential delays between the AGC action of different stages
can be achieved, by either operating the controlled
stages at different quiescent (“no signal”) operating
points or by designing different feedback networks for
the controlled stages, or by deriving the control signal
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for one controlled stage from another controlled stage.
Fig. 18 also shows the gain characteristic of a Ve
controlled 1F amplifier two stages of which were con-
trolled. The circuit was that of Fig. 17 with an addi-
tional controlled 1F stage preceding the IF amplifier.

Distortion

Both principles of gain control (/. and 1) involve
the reduction of the signal handling capability of the
controlled stage at high signal levels (i.e., at reduced
gain). I,-control is achieved by decreasing I, in presence
of strong signals and, therefore, at small values of I,
the permissible input current swing is reduced. If, on
the other hand, the gain is decreased in the presence of
strong signals by reducing V., the output voltage swing
of the controlled stage is strongly limited.

In other words, the AGC performance of most tran-
sistors can be compared to that of sharp-cutoff vacuum
tubes. Some transistors do, however, exhibit an a which
starts to decrease at relatively large values of I, or V..
With such transistors, in common emitter configuration,
the distortion problem is less serious.

In amplitude modulated systems, the controlled
stages must be low-level stages to prevent distortion
(or, even worse, the suppression) of the modulation en-
velope. (This does not apply, of course, to frequency-
modulated systems.) In broadcast receivers, for in-
stance, this limitation implies that AGC must not be
applied to the last [I7 stage, and if more than one stage
is controlled, suitable staggering of delays will be neces-
sary. Controlled stages should be designed to handle
only a fraction of a microwatt signal power. By careful
design, adequate performance with tolerable distortion
can be obtained. I.-controlled stages can handle some-
what more signal power than V.-controlled stages.

DISTORTION (%)
e —
[

(%]

05

INPUT VOLTAGE (mV)

Fig. 20—Harmonic distortion as a function of input voltage.

Fig. 20 shows the distortion measured at the detector
output of the amplifier of Fig. 17. High distortion at
very low input signal levels is due to detector nonlinear-
ity. The distortion is minimum at intermediate input
levels and increases at high input levels as a result of

AGC.
Bandwidth and Tuning

It has been seen that from the point of view of AGC
the variation of 1 and kg, and consequently that of in-
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put and output impedances is very important. The driv-
ing point impedances of a gain controlled stage vary
with the signal level. This implies changes in the band-
pass characteristics of tuned amplifiers:

1. Variation of the resistive component of the driving
point impedances means variable damping of the
interstage tuned circuits and consequently varia-
tion of bandwidth and selectivity.

2. Variation of the reactive component of the driving
point impedances means detuning, i.e., a shift of
the center frequency of the tuned amplifier.

In the case of emitter current control, resistive com-
ponent of input impedance rises with decreasing I..
Variation of the output impedance is less pronounced,
but it also increases. If a parallel-parallel interstage
tuning arrangement is used (Fig. 21{a)), with increasing
signal level, that is with decreasing [., the bandwidth
will decrease. The parallel-series tuning arrangement
(Fig. 21(b)) is more desirable. The parallel output im-
pedance of the first stage tends to decrease the band-
width in the presence of large signals, but this is over-
come by the increasing input impedance of the second
stage which is in series with the tuned circuit. The com-
bined effect is a moderate increase in bandwidth.

bl 254050000

(@)

11_ —
L

(b)

Fig. 21(;1)-—‘I’aral‘lel-pamllel coupling circuit. (b) Parallel-series
coupling circuit. (The circuits are drawn ac-wise.)

The situation is different in the case of collector volt-
age control. The input impedance is hardly at all af-
fected by variations of V. and the output impedance de-
creases if V. is reduced. Consequently, the parallel ar-
rangement leads to increasing bandwidth in the pres-
ence of strong signals. IVig. 22 (opposite page) shows the
audio response of a V.-controlled receiver as a function
of the input signal. The increasing bandwidth at strong
signal levels results in an “automatic tone control”
feature, permitting taking advantage of the radiated
spectrum of local transmitters.

In cases where it is desired to keep the bandwidth
rigorously constant, it is necessary to place the desired
selectivity into tuned circuits not adjoining controlled
stages. Keeping the bandwidth of variable center fre-
quency amplifiers constant is a particularly difficult
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problem, and can often be achieved only by using stabi-
lizing resistors and thereby sacrificing gain.

In the case of the I,-controlled common emitter stage
both input and output capacitances decrcase in the pres-
ence of strong signals and result in an upward shift of
the center frequency, The common base circuit usually
shifts in the downward direction, because its input im-
pedance is inductive and the inductive component in-
creases with decreasing /..
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Fig. 22—Audio response of controlled IF amplifier-detector.

[n the case of V.-control the variation of the output
capacitance is important; it increases with decreasing
collector voltage and results in a downward shift of the
center frequency.

An obvious method of center frequency stabilization
is the use of a large external tuning capacitance, thereby
reducing the effect of transistor reactances as tuning
elements. If this is unsatisfactory, stabilizing resistances
can be used; an uneconomical solution because of the
loss in gain. In some cases it is advantageous to design
the controlled stages as wideband amplifiers and to
provide the selectivity by tuned circuits which are not
associated with controlled stages.

Gain Control of Converters

Converter stages have special properties distinguish-
ing them from linear amplifiers and special techniques
can be used to control their gain.

Conventional I,- or T'.-control will also be effective in
the case of converters. The gain of converters? having
a maximum at a certain value of 7, (Fig. 23), the gain
can be reduced not only by decreasing I,, but also by
increasing it beyond the maximum. A further possibility
of gain control exists due to the dependence of the con-
verter gain on the injected oscillator voltage.

It is possible to perform with a single junction tran-
sistor both functions of oscillation and conversion simul-
taneously (Fig. 24). Such a circuit has optimum gain at

1 J. Zawels, “The transistor as a mixer,” Proc, IRE, vol. 12, pp.
542--548; March, 1954,
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a certain value of 7,. Increasing or decreasing of I, will
result in reduction of gain and both methods can be
used to obtain efficient automatic gain control.

IV. ConcLusION

Automatic gain control of transistor amplifiers is pos-
sible due to the dependence of the gain on the dc¢ operat-
ing point. AGC circuits with satisfactory performance
have been built using either collector voltage or emitter
current control. Efficient use can be made of the avail-
able control power if the controlled transistor is operated
as a dc amplifier of the control signal.

No transistors are as yet available which have been
designed specifically for AGC use. With present tran-
sistors, AGC involves problems of distortion, bandwidth
and center frequency variation. In many applications
these problems can be solved by appropriate design.
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Two Network Theorems for Analytical Determination
of Optimum-Response Physically Realizable
Network Characteristics”

S. S. L. CHANGH,

Summary—By a technique combining variational methods, con-
tour integration, and the concept of analytic extension, two network
theorems are derived which form the basis of a procedure for deter-
mining the physically realizable network characteristic which is the
best compromise between conflicting requirements in the sense of
least mean-square error or some other criterion of approximation
selected by the designer and written into the variational problem.
Both the specifications and the criterion for compromise may include
functions which are given as curves versus frequency rather than
explicit functions of frequency.

The Wiener-Kolmogoroff theory of smoothing and prediction
and the vestigial sideband filter with linear phase shift are included
as illustrative application problems. For the former an alternative
derivation in the frequency domain as well as a simpler procedure for
numerical computations are given. For the latter a criterion for
selecting the constant slope of the phase characteristic is derived in
addition to providing the procedure for computing the optimum re-
sponse filter.

I. INTRODUCTION

N RECENT years, the primary emphasis of net-
I work synthesis appears to have heen on the assem-

bling of circuit clements to meet or approximate pre-
scribed, physically-realizable attenuation and phase
characteristic as functions of frequency. One may ask a
rather basic question: “Are the prescribed characteris-
tics best suited to the job for which the network is as-
signed?” I the answer to the above question is uncer-
tain, then it would appear rather meaningless to try to
fit the prescribed characteristics to one-tenth of a deci-
bel or one degree. Many present-day problems contain
conflicting requirements so that a network character-
istic selected by qualitative judgment alone, even at its
best, belongs to the uncertain category.

This paper describes an analytical method for ob-
taining a physically realizable network characteristic
which is the best compromise towards meeting various
desired but conflicting requirements. The “best” com-
promise may be based on a root-mean-square error cri-
terion or other criterion of approximation as selected by
the designer and introduced in the formulation of the
minimization problem. The procedure is based on two
network theorems which will be stated and proved in
this paper.

One noteworthy point about this procedure is that
while the derived network characteristic is physically
realizable, it is in general not of the minimum phase

* Original manuscript received by the IRE, March 16, 1955;
revised manuscript received, June 6, 1953.

1 Dept. of Elec. Engrg., New York University, NewiHgek=83,
Y V7

SENIOR MEMBER, IRE

type.! In other words, in selecting the best character-
istic, the possibilities of using phase corrective networks
are already taken into account. Thus the solution ar-
rived at by this procedure gives the best final result in-
cluding the phase corrective networks. One obvious by-
product of this procedure is that the proper phase cor-
rective networks to be used are already prescribed in
the specification of network characteristics and no labor-
ious trial and error procedure is required.

Two examples are given to illustrate the mechanics of
this method:

1. Wiener's Prediction Nelwork??

The problem of predicting the instantaneous value
with least mean-square error is shown to be analytically
equivalent to designing for a nonrealizable network
function which is simultaneously e for the signal and
zero for the noise. Wiener's prediction filter emerges as
the best compromise.

Besides giving an alternative derivation, the present
procedure also provides a simpler method for numerical
computations of the prediction filter network function
from arbitrary signal and noise power spectra. The new
method does not require transforming back and forth
between the frequency and time domains.

2. Vestigial Sideband Filter

In some cases of vestigial sideband transmission, not-
ably television, the over-all (transmitter and receiver)
filter response is required to have linear phase shift
characteristic besides conforming to certain amplitude
characteristic. (See Fig. 1, page 1130, for example.) It
does not matter if the slope of the phase characteristic
is larger or smaller. In terms of time delay, a constant
time delay is not objectionable, but deviation from the
constant time delay is to he minimized.

The above problem can be formulated into a weighted
mean-square error minimization problem in which a
designer may assign arbitrary weights to frequency
ranges which he wishes to emphasize or de-emphasize.
Such emphasis may be due to signal power spectrum or

' H. W. Bode, “Network Analysis and Feedback Amplifier De-
si_gqn,” D. Van Nostrand Co., Inc., New York, N. Y., pp. 301-336;
19435.

2 Norbert \Viener, “The Extrapoclation, Interpolation and
Smoothing of Stationary Time Series,” John Wiley & Sons, New
York, N. Y.; 1949.

311, W. Bode and C. E. Shannon, “A simplified derivation of

linear least square smoothing and prediction theory,” Proc. IRE,
il 2Q s ATT AME. Al 1QEN
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other considerations. The designer may select any slope
for the phase characteristic. However, as a guide to
such selection, it will be proven in general that the over-
all error of the optimum filter decreases with increasing
value of the assigned slope of the phase characteristic.
This error reduction consideration is to be balanced
against the increased complexity of the filters when a
larger slope of the phase characteristic is used.

Once the minimization problem is formulated, a de-
signer may follow a definite procedure to calculate the
optimum response network function. An equation for
the over-all error is also given which allows a designer
to determine the error before the calculation of the
optimum response network function is completed.

II. DEFINITION OF TERMS

To describe the same terminal pairs of the same net-
work, two entirely different network functions may be
used. One may define the network function as the ratio
of the input to the output, or as the logarithm of this
ratio, or as the ratio of output to the input. The latter
definition will be used throughout this paper. For pass-
ive as well as stable active linear networks, all the poles
of the network function are in the left-half p-plane
(p =0+jw), excluding the imaginary axis. The above
condition will be the basis for the analysis. While it may
appear to be more restrictive than Bode’s definition of
physically realizable network functions, the restriction
is due to a more definite definition rather than on the
type of networks to be analyzed.

Some of the functions involved in the two theorems
are defined only along the positive half of the real fre-
quency axis. For instance, the desired phase and ampli-
tude characteristics and the weighting factors may be
given as curves versus frequency, rather than explicit
expressions of frequency. As the required numerical
computations of the design procedure being proposed
in this paper are done entirely along the real frequency
axis, specifications of the above type are entirely ade-
quate for actual design work. However, in the theorems
and derivations these functions are considered as de-
fined over the entire complex plane and are analytic
except at isolated singularities. The implied extension
follows from a well-known mathematical theorem which
states that if an analytic function is defined for the
entire imaginary axis, then that function is completely
determined over the complex plane. In theory at least,
its value can be calculated for any arbitrary complex
value of p by means of analytic extension.

Some explanatory remarks are due here on the choice
of notations. In the literature the network function
((jw) is usually expressed as a function of p or jw along
the real frequency axis while the spectral densities S(w)
and N(w) are usually given as curves or real functions of
w. It appears desirable to the writer to comply with the
conventional usage in both cases so that practically in-
clined readers will not find the design procedure con-
fusing.

Chang: Optimum-Response Physically Realizable Network Characteristics
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The independent variable p=0+jw is used outside
the real frequency axis and the functions G(jw), S(w),
and N(w) etc., become G(p), S(—jp), and N(—jp) etc.,
respectively. One should note that S(—jp) and N(—jp)
etc., are actually even and real functions of p since
S(w) and N(w) are even functions of w.

Throughout LHI> and RHP denote interior of the
left-half p-plane and right-half p-plane, respectively.

In the following sections examples of application will
be taken up first to illustrate the nature of the problems
and the manner in which the two theorems will be ap-
plied. The derivations of the two theorems will follow
the examples. This sequence is probably preferred by
practically inclined readers. Theoretically inclined
readers may find it more convenient to read Sections V
and VI ahead of Sections I11 and IV.

I1I. THE PREDICTION IPROBLEM IN
I’RESENCE OF NOISE

A filter is to be designed such that when a desired
signal s(¢) plus a disturbing signal n(¢) is the input, the
output so(t) +n0(t) is closest to s(¢+7) in the least mean-
square error sense. The spectral densities of s({) and
n(t) are known and s(¢) and n(¢) are not correlated. The
time interval 7 is the forecast time.

The problem is simply to minimize the following in-
tegral, which represents the averaged value of the in-
stantaneous error squared:

1 T
I'= lim — [so() + no(t) — st 4 7)]2dt. (1)
T—w 2T -T
Since n(t) is not correlated with s(t), no(t) is not corre-
lated with both so(¢) and s(¢+7), and (1) becomes:

1 T
I=1lim— | {[so(t) — s(t+ 7)]2 + no(t)?}dt. (2)
T—ew 2T T

By a method similar to that used by Phillips,4 (2) can

be written in terms of frequency functions, as

1 0
I=- f { | G(w) — e |25 (w) + | G(jw) |2N (@) }dw. (3)
0

In (3), G(jw) is the response function of the filter; S(w)
and N(w) are spectral densities of the desired signal and
disturbing signal respectively.

To apply the minimization theorem, the integrand
may be written as:

S(w
Fo = =2 6(Ge) — em][G(—ju) — ]
N(w) . .
+ TG(Jw)G(—Jw)- 4

Let C(p) be defined as the following function:®

4 H. M. James, N. B. Nichols, and R. S. Phillips, “Theory of
Servomechanisms,” McGraw-Iill Book Co., Inc., New York, N. Y.,
pp. 278-279; 1947.

5 In general, C(jw) is defined as the functional derivative dFe
/oG (—jw).
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(”z‘fp‘) c(p).

S(=Jp) .
D Gp) — e] +

C(p) =
The Minimization Theorem which will be derived later
states that if a network function G,(p) minimizes the
integral of (3), the corresponding C(p) will not have any
poles in the LHP including the imaginary axis, and vice
versa. This condition can be used to determine G.(p)
completely. Let Yi(p) and Y_(p) be defined such that
Vi(p)- Y_(p) =S(—jp)+N(—jp) and all the poles and
zeros of 1.(p) are in the LHI, and all the poles and
zeros of Y_(p) are in the RHDP.

Dividing (5) by 1_(p), there results
WC(p) | S(=jper
=Gu(p)Y(p). (6)
v.(p)  Y-(p) P )
Let
S(=jple
Bp) = 2o
P v

In general, ¢(p) has poles in both the LHIP and R,
It will be shown later that ¢(p) can be expressed as the
sum of two components ¢;(p) and ¢s(p) such that all
the poles of ¢1(p) are in the LHI and all the poles of
¢2(p) arc in the RHP. Since all the poles of C(p)/Y_(p)
are in the RHI and all the poles of G.{(p) Yi(p) are in
the LHP it follows from (6) that

e(p) ‘
Yi(p)

If S(w) and N(w) are given as explicit functions of w,
é1(p) can be determined by writing ¢(p) into partial
{raction form and retaining only the terms with poles in
the LHP. llowever, in most actual cases, S(w) and
N(w) are given as curves versus w for real values of w
only. Then the gain and phase of the optimum response
network function for real values of w can be calculated
as follows: let a(w) and B(w) be the gain and phase
respectively of Vi(jw). As both S(w) and N(w) are posi-
tive and are even functions of w, it follows that —B(w)
is the phase of Y_(Jw) and that I Y+(jw)| =| Y_(jw)l
=vS(w) + N(w). The gain a(w) can be calculated as:

a(w) = § log, [S(e) + N(w)]. (8)

Since all the poles and zeros of YV (jw) are in the LI1P,
B(w) can be determined from a(w) by the well-known
Bode’s equations. Let 8(w.) be the phase at an arbitrary
frequency w.. It can be calculated as

Gn(p) = )

1 ® da | ul
Blwe) = ,—f — log coth —— du. 9)
7 J o du 2

In (9) and subscquent equations, #=log (w/w:). From
(8) and (9) ¢(jw) can be calculated. The real component

of ¢(jw) is

S(w
(w) - cos [wr + Bw) |.

— 10
VS (w) + V() o

Aw) =
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The imaginary component of ¢(ju) is:

S(w
Ble) = — (w)

\/bm o) sin [or + B(w) |-

(11)

Presently one has only a set of numerical values of the
real and imaginary components of ¢(jw) instead of an
explicit expression of ¢(jw) in terms of w. Apparently
¢1(jw) cannot be determined by the partial fraction
method. 1t will be shown later in the Separation Theo-
rem that the real and imaginary components of ¢,(jw)
can be calculated as below: Let AYMw,) and BY(w.) for
any arbitrary frequency w, be defined by the following
equations.

1 © dlwB
A w,) = — f [w—(w)] log coth l “l du (12)
TWe o —oo du 2
* dd(w) | 2
BYw.) = —f log coth ~du, (13)
T w du 2
then:
. 1 J
1(jw) = o [A1(w) + A(w)] + 5 [BYw) + B(w)]. (14)

Let a5 and 8¢ be the gain and phase of ¢1(jw) in nepers
and radians respectively as calculated from the values
of ¢,(jw) obtained by (14). From (7) the gain and phase
of Gu(jw) are a;—a and B — B respectively.

3
[\ d
; Rw)
0 "
T~ ANA)
'ej(c(,/Q ~
6@1\"\‘
Q@ ~

Fig. 1—Idealized response.

IV. THE VESTIGIAL SIDEBAND FILTER PROBLEM

The vestigial sideband filter is designed for a given
amplitude response characteristic and a linear phase
characteristic as shown in Fig. 1. Tlowever, as this is
not strictly realizable, the vector difference between the
actual network response ((jw) and the desired response
is G(jw)— R(w)e~i®+®, From various engincering con-
siderations, it is desirable to minimize a more general
weighted square error integral

] =f W (w) [G(jw) — R(w)et—iteta ]

[G(—jw) — R(w)ei®+ |dw (15)
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instead of a straight square error integral which will be
obtained by setting W (w)=1. The function W(w) will
be called the spectral emphasis function. It is even and
real and is determined by the following considerations:
In the passband I (w) may be the product of the signal
spectral density and a weighting factor to take into
account, for instance, that the picture detail may be con-
sidered more important than slow variations in lumi-
nous level in a television. While W(w) at high frequencies
is still smaller than W(w) at low frequencies, it is not
reduced to the same ratio as the spectral density. In the
attenuation band, TV (w) determines the attenuation to
a large extent. The larger 1V (w) is, the larger will be the
minimum value of the attenuation.

The optimum response network function G, (p) can
be obtained Dby an analysis which is exactly parallel to
that of the preceding section. From the Minimization
Theorem,

é:1(p)
Vi(p)
where 1.,.(p) V_(p) = W(—jp), and ¢(p) =¢1(p) +¢=(p)
=Y. (p)f(p). All the poles and zeros of Y, (p) are in the
LITP, and all the poles of ¢i(p) are in the LIIP. The

function f(p) is the analytic extension of f(jw) which is
defined as follows:

J(jw) = R(w)e—itbwta)
f(]w) = R(w)ei(blea)

Gn(p) = (16)

It

forw >0
forw <0

and either R(w) is assumed to vanish at w=0 or a =0,
so that there is no discontinuity at w =0. In case R(w) is
known only numerically, following the same reasoning
as in the prediction filter case, a similar procedure for
determining G, (jw) is obtained:
1. Calculate ¢ and B as in (8) and (9), with the func-
tion S(w)+ NV (w) replaced by 1 (w).
2. Calculate 4 (w) and B(w) as follows:

A(w) = VT (w)R(w) cos (B(w) — bw — a) (17)
B(w) VI (w)R(w) sin (B(w) — bw — a). (18)

The remaining steps are the same as (12), (13) and
(14) etc., of the prediction filter case.

As G, (Jw) is not expected to be appreciably affected
by minor variations of 1V (w), W(w) may be written as a
real algebraic function of w?, or ¥V,(jw) may be written
as an algebraic function of jw directly. The first step of
the numerical computations will be saved in this case.

[t is usually desirable to be able to calculate the mini-
mum value of mean-square error before the optimum
response network function is completely determined,
and to know in advance what effect of change in the
specified phase slope b would have on the minimum
value of mean-square error. The following equations
will be derived in Appendix [:

It

1 a0
Inpm = 7]; [A(w) — 4Y(w) |*dw
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Ii

1 0
o [BY(w) — B(w)]%dw (19)

[ fo " (w)dw]’

[ | " V(@) R@w) cos (8(w)

— bw — a)(]w:r. (20)

Il in
b

al"“”l’—‘o

Ii

Ii

In (19) two alternatives for calculating I, are given.
AY(w) and B'(w) are calculated from (12) and (13).
Since BY(w) is the simpler one to calculate, the latter
form is recommended. Eq. (20) gives a valuable crite-
rion for choosing b, as values of 4 (w) can be readily cal-
culated from the given functions. It means the follow-
ing:

1. The approximation improves with increasing value
of the phase slope b.

2. As a larger value of & means a more complicated
filter construction, it is not desirable to make b unduly
large. Eq. (20) predicts a case of “diminishing returns”
as follows: With a small value of b, the argument of the
cosine factor varies over a relatively small angle as w
varies over the range ws to w; for which R(w) has sub-
stantial value. Therefore, 4 (w) is of substantially the
same sign and the magnitude of [§A4 (w)dw is large. An
increase in b tends to reduce Inin substantially. For a
large value of b, the argument of the cosine factor in-
creases many times 27 radians as w increases from w,
to wy. Therefore, 4 (w) has many sign reversals and the
magnitude of [¢A4 (w)dw is small. A further increase in
b will have very little effect in reducing Inin. As a good
compromise the value of & should he such that in addi-
tion to overcoming the upward phase slope of V,(jw),
adequate amount of downward slope is provided to
cause a few sign reversals of 4 (w), depending on the de-
gree of approximation required.

V. DERIVATION OF THE VMINIMIZATION THEOREM FOR
THE Two Srecrar. CAsEs

It will be shown rigorously that for the two illus-
trative cases, the previous procedure leads to network
functions for which the respective error integrals have
absolute minimum values. For both cases the error
integrals can be written as:

r= [T in@ege - 96— - f=jo),

+ Wi(w)G(jw)G(—jw) | dw (21)

where W (w) and TVy(w) are positive real for real values
of w, and are even functions of w. Let w?* and w?™ he the
leading terms of TV(w) and T (w) respectively at the
vicinity of w—«, where n and m may be positive or
negative integers.

For the prediction filter case, if n is 0 or positive, and
G(jw) is restricted to physically realizable functions, the
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integral I does not converge at all. In other words, if
the signal power does not diminish as frequency ap-
proaches infinity, no prediction is possible. If # is a
minus integer, and k is the larger one (or the less nega-
tive one) of m and n, I converges if the leading term of
G(jw) is (1/w)**! or higher power of 1/w. I does not con-
verge otherwise.

IFor the vestigial sideband filter case Wa(w)=0, and
f(jw) vanishes for w larger than w;. The necessary and
sufficient condition for I to converge is simply that the
leading term of G(jw) is (1/w)*! or higher power of
1/w in the vicinity of w— . For both cases, only the
network functions for which 7 is convergent need to be
considered, and these are the admissible ones in the
sense of condition ¢ of the more general theorem. (See
Appendix 11.)

Let Gm(jw) be the network function which minimizes
I, and G(jw) be any other admissible network function.
The difference function II(jw) is defined by the following
equation:

G(jw) = Gu(jw) + H(jw).
Substituting (22) into (21) there results:

(22)

I= f {IV1(0) | GalGw) — (Go) |24 Wa(w) | GulGw) |2} d
+ f w(”/’l(w)—I—I'Vz(w)H H(jw) |2dw

+ [ @Gt
—Wi(w)f(jw) } (= jw)dw
+ f w{ (177 1(0) + W 5(w) ]G m(— jw)

— Wi(w)f(—jw) } H(jw)dew.

Since the second integral is positive definite, it follows
that the necessary and sufficient condition for G.(jw) to
be the minimizing network function is that the sum of
the last two integrals vanish. Combining these two
terms, and using p as the independent variable, there
results

[ 7 tmi=ip) + wa=iplen
’ — Wi(=7p)f(P)} H(—=p)dp = 0. (23)

Since both G,.(p) and G(p) are of the order (1/p)** as
p— o, II(p) is also of the order (1/p)**! as a result of
(22). The convergence at w= # «, and the vanishing of
the integral along the large semicircle on LHP can be
verified easily. The path of integration of (23) may be
extended from +4jo through a large semicircle to
—j o, enclosing the LHP, and there results:

f {0 1(=7p) + Wa(—7p) |Gm(p)
= W(—jp)f(p)} H(—=p)dp = 0. (24)
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Let C(p) denote the expression inside the curved bracket
in (24):

C(p)=[Wi(—=jp)+Wa(—jp) 1Gn(p) = Wi(—7p)(p). (25)

Since II(p) does not have any poles in the RHP in-
cluding the imaginary axis, it follows that H(—p) does
not have any poles in the LHI’ including the imaginary
axis. A sufficient condition for satisfying (24) is that C
does not have any poles in the LHT including the imag-
inary axis. This is also the necessary condition due to
the arbitrariness of II(—p). If C(p) has poles in the
LHP, a function II(—p) can be found such that the
sum of residues does not vanish, and the condition em-
bodied in (24) will be violated.

VI. SEPARATION THEOREM

In carrying out the minimization calculations, usually
there is required the separation of a function ¢(jw) into
two portions

¢(jw) = ¢1(jw) + ¢=(jw), (26)

such that all the poles of ¢,(p) are in the LHP, and all
the poles of ¢(p) are in the RHP. ¢(p) does not have
any poles on the imaginary axis.

In most problems ¢ (jw) is not expressed as an explicit
function of w, but with its amplitude and phase specified
as curves versus w for real positive values of w. One well-
known method of separation is by means of the IFouricer
transform. Let ¥(¢) be the inverse transform of ¢ (jw).
Generally ¥(¢) does not vanish for ¢ <0. Let ¥(¢) be cut
into two halves, ¥(¢) and ¥,(t), such that for ¢<0:
Wi(t) =0 and Wo(¢) =¥ (£); and for £>0: ¥(t) =¥ (/) and
W,y (t) =0. Then ¢,(jw) and ¢:(jw) are obtained as Fourier
transforms of ¥,(t) and ¥,(¢). The disadvantage of this
method is that W(¢) is rather insensitive to ¢(jw). Within
reasonably expected accuracies of numerical computa-
tions, the result is not likely to be accurate enough for
filter design work.

The separation theorem is an extension of Bode's re-
lationships between real and imaginary components of
physically realizable network functions. It may be
stated as follows:

“If a function ¢(jw) is bounded and is of the order of
1/w as w approaches o, and

¢(—jw) = ¢*(jw)
where ¢* denotes the complex conjugate value of ¢,

then two functions ¢.(jw) and ¢2(jw) can be found such
that ¢(jw) =¢:1(jw) +¢2(jw), and that both ¢:(jw) and
¢2(jw) satisfy the same conditions as ¢(jw) for real
values of w, and that all the poles of ¢:(p) are in the
LI and all the poles of ¢2(p) are in the RHP ¢;(jw)
and ¢(jw) can be calculated as:

$1(jw) = 3[e(jw) + ¢'(jw) ]
$2(jw) = $[é(jw) — ¢'(jw) ],

where the ‘complementary function’ ¢'(jw) is defined
such that along the real frequency axis its real and

@7

(28)
(29)
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imaginary components 4'(w) and B'(w) are related to
the real and imaginary components A (w) and B(w) of
the function ¢(jw) by the following equations:

1 * d(wB) ] u[
AW w,) = — f log coth du  (30)
TWed —w AU 2
1 © dA | ul
BYw,) = -—f — log coth du (31)
T J o du 2

where u =log, (w/w.).”

The proof of the existence part of the theorem is sim-
ple. If ¢:(p) is defined as having the same poles and
residues as ¢(p) in the L11P, but none whatsoever in the
RHDP, and ¢:(p) is defined as having the same poles and
residues as ¢(p) in the RIP but none whatsoever in the
LI P, then all the conditions of the first sentence of the
theorem are satisfied.

To prove (28) to (31), let real functions 4,(w), 4:(w),
AYw), Byi(w), Ba(w) and B'(w) be defined by the follow-
ing equations:

$1(jw) = A1(w) + jBr(w) (32)

$2(jw) = Ax(w) — jBa(w) (33)

AYw) = Ay(w) — A2(w) 34

BY(w) = Bi(w) + Bi(w). (35)
By definition, from (26), (32), and (33)

Aw) = A1(w) + Aow) (36)

B(w) = By(w) — Ba(w). (37)

Solving for 41, As, By and B, from (34) to (37) leads to
(28) and (29) directly. To prove (30) and (31), let the
functions ¢3( jw) and ¢4(jw) be defined such that

$3(jw) = ¢:1(jw) + ¢2(—jw) = A(w) + jBYw) (38)
$i(jw) = ¢1(jw) — ¢ —jw) = A'(w) + jB(w). (39)

The second equality signs in (38) and (39) follow from
(32) to (37). As all the poles of ¢:1(p) and ¢2(—p) are in
the L11P, it follows that all the poles of ¢3(p) and ¢4(p)
are in the LHP. By means of contour integration en-
closing the RHP, one can easily prove that 4'(w) and
B(w) are related by Bode equations, and that 4 (w) and
B!'(w) are related by Bode equations. There is no limita-
tion on the zero locations since 4 (w) and B!(w) are real
and imaginary components of the function ¢s(jw) itself
rather than of the logarithm of ¢;(jw).
The following corollaries are easily verified:

1. “The complementary function of the complemen-
tary function is the function itself, provided that
the function has no poles on the imaginary axis.”

2. “If all the poles of a network function are in the
LI P, excluding the imaginary axis, then the func-
tion is self-complementary.”

CONCLUSION

A method for determining the optimum-response
network function from conflicting requirements has
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been shown and illustrated by application to two actual
examples: the prediction filter and the vestigial side-
band filter with linear phase shift. The method is also
applicable to cases where the desired performance is
given as curves rather than explicit functions of w, and
the actual calculations involve evaluation of real inte-
grals only along the real frequency axis.

The network theorems are proved rigorously for the
special cases and are also stated in terms much more
general than the two illustrative cases require, and can
be expected to have wider applications (sce Appendix
II). Exact mathematical requirements such as con-
tinuity, etc., on the minimization function F has not
been determined for the general case, but as most actual
physical functions are continuous and have continuous
derivatives, the problem rarely arises in application.
However, such conditions as location of poles, conver-
gence at infinity, etc., which are pertinent to engineering
problems have been explicitly stated.

ArpENDIX [

DERIVATION OF FORMULAS RELATING TO THE MINIMUM
VALUE OF ERROR FOR THE VESTIGAL SIDEBAND
FiLTER PROBLEM

Minimum Value of the Error Integral
From (16) and the definition of ¢(p) one obtains:

: : ¢1(iw)  $(jw) $a2(jw)
Gljo) = f(jo) = - = = = =~ (40)
Vi(jw)  Yi(jw) Vi(jw)
The complex conjugate of the above equation is:
é2(— iw) $2(—jw)
Gu(—jo) — f(—jw) = — ——— = — ————. (40a)
Vi(—jw) V_(jw)
Substituting (40) and (40a) in (15), there results:
ain = [ 8u(j)o(— jodd. (41)
0
From (18), (41) can be written as
Imin = f [A22(w) + B22(w)]dw. (42)
0

Eq. (42) can be further simplified. Let the integral J
be defined as:

J = f " 6a(jw)de. (43)
Since ¢o( —jw) =¢h*(jw), J can be written as
r=f 0” [6:2(w) + $2**(j) Jde
= Zf:Ag?(w)dw - Zf:Bz?(w)dw. (44)

As all the poles of ¢2(p) are in the RIIP, and ¢s(p) is
of the order of 1/p as p approaches infinity, it can be
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casily shown that J=0 as a result of contour integra-
tion. Combining (42) and (44), there results

2 f " B(w)de.

0

Inin = 2[00/122(0))(10) = (45)
0

Effect of Time Delay or Slope of Phase Characteristics on
Minimum Error

Differentiating (15), one obtains

af ® ) ) _

P Zf (@) { R(w)e= i« [G(— jw) — R(w)ei@rta)]
4 0

— R(w)ei@r o [G(jw) — R(w)e i@ |} (jw)dw. (46)
Substituting (40) and (40a) in (46), the latter becomes

almin
ab

- f " (61— j) ) — b1(j)ba(— o) ) ds. (47)

Iiq. (47) can be rewritten into the following form:
almin
ab

- [ stioed=jaGade. 4
The integrand of (48) is anlaytic and without singulari-
ties in the RHP. However, the integration over the
large semicircular path does not vanish. In general, the
amplitude of the desired response R(w) is nonvanishing
only in the limited range of w. Thercfore both 4 (w) and
B(w) are nonvanishing in the same range only. I'rom
Bode's equation, one obtains, as w,— .

2w, [+ A B.,
BYw.) = — f — dw = 49y
T Jy w— w? we
1
AYw,) = 0( ) (50)
w2
2 w
B, = — ——f A(w)dw. (51
K 0

The real constant B, is defined in (49). From (28) and
(29), the limits of ¢(jw) and ¢:(jw) arc found to be
jBo/2w and —(jB./2w) respectively as w approaches
infinity along the real frequency axis. Since ¢y and ¢ are
analytic, the results hold true for all large values of p.
Therefore, by contour integration:

® T
f silj)x(—jo)a)do = = Bt = 0. (5)
From (48) and (52), onc obtains (20).

Arpenpix 11

GENERAL FORMULATION OF THE
MiNIMIZATION THEOREM

While in most applications the minimization formu-
lation is quite simple, it may be desirable to state the
theorem in a relatively general form. It is:
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If the integral along the real frequency axis (or the
imaginary p-axis)

= f Fo(w, G, Ge - - - G, G1*, Go¥, - - 'Gn*)d“) (53)
0

is stationary with respect to infinitesimal variations
of Gi(p), Go(p) - - - etc., and corrclated infinitesimal
variations of (%, (5o* - etc., uader the following
conditions, where (.* is the shorthand notation for
GrL(—p): (1) the integrals along the real frequency
axis

I,' = f F,'(O),Gl,Gz e Gl*,(;g* 010 O )dw = 1\’,' (54)
0

1=1,2,3---m

are fixed in value, that is, K;'s are constants; (2)
Gi(p), Go(p) - - - ete., are physically realizable net-
work functions in the sense that they are real func-
tions of p with all the poles in the left p-plane exclud-
mg the imaginary axis; (3) only sets of Gi(p),
Ga(p) - - - ete. for which the integrals Iy, I - - - con-
verge and exist are admissible for comparison, and
the functions Iy, F, - - - etc. are well behaved so that
for the admissible G L(p)'s differentiation under the
integral sign is allowed;

(4) aF." aF.‘
aGL;p:jwl G L* | pm juy
i=0,1,2---m;L=1,2---n (55

then the linear combinations of the functional deriva-
tives

m E)I";
CrL = As : 56
I(p) 120 (’)Gl.* ( )

do not have any pole in the LHDP including the imag-
inary axis, where Ag=1 and Ay, Xe, - - - N, are deter-
mined by K, Ky, - - - K, or viee versa. The reverse
statement is also true. That is, if CpL(p) do not have
any pole in the LHP inclusive, and given the condi-
tions (1), (2), (3) and (4), then the integral T is sta-
tionary.

The proof of the theorem is as fcllows:

Let KH 1 (p)'s be an arbitrary set of infinitesimal dif-
ference functions where £ is an infinitesimal constant
and Hi(p)'s arc hnite. Since the admissible Gr(p)’s
must meet the condition of physical realizability, the
difference functions EIIL(p)'s between two sets of ad-
missible Gr(p)'s meet the same conditions. Making use
of Lagrange multipliers, the first order variations are:

m = o rak, oF,
E i —1II, + (- :|d = 0. (57
.§ ) ,g[acl, o) + o5 = p) fdo = 0. (5T)

A
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Since 17,(jw)'s are independent of each other, (57) is
equivulcnt to

)\ — Il 1
fo 2 oCa L(p)dw

=0

o« m

+ }_‘,)\ 11 (= pdw =0 (58)
L=1,2---n (58
From (55\:
' }_‘,)\ g LI () de
0 l.
= Zx IIL(—p)a'w. (59)

0 =0 G L*

Substituting (39) into (58), and using p as an independ-
ent variable, there results

Jj® m ('),
f' <§_‘,>\ 5—)11( pd(p) = 0.

As a result of condition (3), the integral on the left-hand
side of (60) converges at w= =. Either the integrand is
oscillatory and does not have a definite value at w= o,
or the following equation must hold:

lim p( > )\

p—rw

(6m

2N ir-p = (61)
In the latter case, the path of integration of (8) may be
extended from +j = through a large semicircle to —j =,
enclosing the entire 111 P, and there results
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:I 1 (—p)d(p)

Foliru

=}( CLp)HL(—p)d(p) =0 (62)
LHP

L=12---n

In a strictly physical problem, the functions F; can
always be formulated so that the integrand is nonoscil-
latory as the frequency approaches =, since the fre-
quency range of interest is always limited. However,
the integrand may become oscillatory in some over-
simplifying mathematical formulations and in such
cases, it would be necessary to check if the integration
over the large arc does vanish before applying the mini-
mization theorem.

Since 11.(p) does not have any poles in the R11P in-
cluding the imaginary axis, it follows that I7,(p) docs
not have any poles in the L11P including the imaginary
axis. A sufficient condition for satisfyving (62) is that the
functions CL(p)'s do not have any poles in the L11P,
inctuding the imaginary axis. This is also the necessary
condition due to the arbitrariness of I1,(—p). If any of
the functions CL(p) has poles in the L11P’, a function
I1.(—p) can be found such that the sum of residues does
not vanish, and the condition embodied in (62) will be
violated.
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Correspondence

VHF and UHF Signals in
Central Canada*

Since the spring of 1933, the Radio
Physics Laboratory of the Defence Research
Board has carried out measurements on the
amplitudes of vhf and uhf signals beyond the
optical horizon. These signals have been
propagated over rolling terrain between
antennas whose height above ground was
less than one hundred feet, but greater than
one wavelength. Although the duration of
the individual measurements was between
one day and three weeks, the experiments
were carried out over several different paths
in central Canada during the winter and
sumimer.

Fig. 1 shows the median signal power at
49,91, 173 and 495 mc as measured at ranges
between 20 and 235 miles. The reference
axis (0 db) corresponds to the theoretical
signal for diffraction around a smooth,
spherical earth.! Here, the modified earth’s
radius factor was taken as 1.4 for summer
propagation and 1.3 for winter propagation,
according to Bean.? The signalsat 21,27 and
41 miles were measured over frozen muskeg
in the sub-Arctic during January, while the
signals at 30 and 49 miles were measured
over Lake Ontario in October. The remain-
ing signals at 29 and 50 miles and at greater
ranges were measured between Ottawa and
Sudbury. 1t will be seen that the diffraction
theory predicts the median signal within a
few decibels at ranges up to 30 or 40 miles.
Beyond this range, the signals deviate
widely from this theory. At ranges beyond
80 miles, the deviation from smooth-earth
diffraction theory generally increases with
increasing signal frequency. It should be
mentioned that the measurements on ditfer-
ent signal frequencies at ranges beyond 80
miles were made simultancously at each
location.
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Fig. 1—Comparison between median measured sig-
nals and theoretical signals for diffraction around
smooth spherical earth with atmosphere.

If it is assumed that the signals beyond
80 miles are propagated by scatter from at-
mospheric turbulence, the summer measure-
ments indicate that the intensity of atmos-
pheric turbulence varies inversely as the
first power of height above ground. Fig. 2
shows the median of the random component
of the signals at ranges beyond 80 miles, de-

* Received by the IRE, May 5. 1955.

1 K. Bullington, “Radio propagation at frequen-
cies above 30 megacycles.” Proc. IRE, vol. 35, pp.
1122-1136; October, 1947,

2 B. R. Bean, “The geographical and height dis-

tribution of the gradient of refractive index,” Proc.
IRE, vol. 41, pp. 549-550; April. 1953.
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rived from the measured medians by remov-
ing the small steady diffraction component.?
Examination of the data shows that the sig-
nal power (relative to free space level) varies
approximately as the inverse cubed power of
distance from the transmitter. According to
the scatter formula recently proposed by
Gordon,* this attenuation rate requires the
distribution in atmospheric turbulence
stated above. It is of interest to note also
that the median measured signals lie well
below the Bullington mean curve, which was
fitted to radio measurements obtained dur-
ing the past several years in the United
States and the United Kingdom 5
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Fig. 2—Comparison between summer measurements
and Gordon theory.

Further details on the measurements re-
ported here are given in project reports of
the Radio PPhysics Laboratory.

D. R. Hay axp R. C. LANGILLE
Radio Physics I.ab.

Defence Research Board
Ottawa, Canada

s A, P, Barsis, J. W. Herbstreit, and K. O. Ilorn-
berg, “Cheyenne Mountain tropospheric propagation
experiments.” Nat. Bureau of Standards Circular 554,
p. 34; January 3, 1955.

4« \W. E. Gordon, “Radio scattering in the tropo-
sphere,” Proc. IRE, vol. 43, pp. 23-28; January, 1955,

¢ K. Bullington, “Radio transmission beyond the

horizon in the 40- to 4000 mc band,” Proc. IRE, vol.
41, p. 135; January, 1953.

On Reciprocal Inductance*

Mr. Stockman’s objection! to “iner-
tiance”*—that most engineers would asso-
ciate it with inductance rather than reciprocal
inductance—is worthwhile, but answerable.

Clearly, with analogies based largely on
arbitrary interpretation of coefficients and
variables involved in basic differential
equations, several models of analogous me-
chanical and electrical systems are possible
and, in many circumstances, rather useful.
Consequently, it is easy to make C, rather
than 1/C, correspond to the elastic constant
of a spring, and so qualify for the name
“elastance.” In fact, the necessary argument
would hinge upon electrical quantities that
are the duals of the corresponding quanti-
ties in the argument that would make L
correspond to inertia.

However, to arrive at analogies that are
physically more satisfying, one would go
back to the rudiments, and talk, not in
terms of currents and voltages, but in terms
of the more fundamental concepts of electric
flux in a capacitor corresponding to the rest-

* Received by the IRE, April 25, 1955.

! H. Stockman, “On reciprocal inductance,” Proc.

IRL;?,Fvol. 43, . 341; Ma:ch. 1955,

iprocal inductance,”

Proc. TRE, -ember, 1954,

ing charge on it, and magnetic flux in a coil
corresponding to the rate of moving charge
through it. If the electric displacement is
then associated with the length by which a
spring is stretched, and the magnetic flux
with the velocity of a moving mass, an ele-
gant physical correspondence will be estab-
lished between static and dynamic concepts.
One consequence of this is that current and
momentum become direct analogs—which
does not lack in physical appeal. Also the
analogies will be found to parallel electri-
cally dual quantities. More important at the
moment is the fact that 1/C will be found to
deserve the name “elastance,” and /L,
“inertiance.”

Would Mr. Stockman prefer our “new-
tance” to his “yrnch” for the unit of in-
ertiance—or even “newt”?

E. J. Bacupabpy
Res. Lab. of Elect.
Mass. Inst. Tech.
Cambridge, Mass.

Rebuttal®

Reading E. J. Baghdady's letter, I re-
ceive the impression that it serves as a der-
ivation of his originally given formulas and
statements, which are all correct. No state-
ment to the contrarv was implied in my cor-
resporclence item. As Baghdady points out,
several models of aralogous mechanical and
electrical systems are possible, and one of
these models will no doubt be selected as a
future basis for terminology considerations.
As stated, | feel most engineers would asso-
ciate inertiance with inductance rather than
reciprocal inductance. In view of the rapid
progress of generalized field concepts, per-
haps ten years from today most engineers
would feel the opposite way!

It is not easy to formulate and dehne
useful quantities and units, which are funda-
mentally correct, and one of the stumbling
blocks is the fact that each gencration in-
herits from the previous one a maze of
nomenclature; to a great extent inadequate
and erroneous. Mr. Baghdady deserves
credit for having brought up for discussion
in the correspondence section such funda-
mentals as the basic inductance concept,
and perhaps the viewpoints he brings out
illuminate the fact that many improve-
ments would result, if other basic concepts
were also brought out in open discussions.
In fact, a correspondence page in every issue
of the PROCEEDINGS OF THE IRE, reserved
for new thoughts on symbols, terms, units,
and definitions would, 1 am sure, be received
with great interest by all readers, and would
supply much fresh thought material for the
various IRE symbols and standards com-
mittees, Actually, this sort of arrangement
has already been successfully tried by two
leading European scientific journals.

With regards to “yrneh,” this term is not
my “invention” any more. Somebody else
invented it long before I did.4 Probably,
there have been many inventors since then.

HARRY STOCKMAN
Scientific Specialties Corp.
Boston 35, Mass.
% Received by the IRE, May 6, 1955.

¢ H. Stockman, “y-neh,” Proc. IRE, vol. 43, n.
879; July, 1955,
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Empirical Relationships with the
Munsell Value Scale

In color television development and con-
trol activities, it is sometimes desirable to
use or consider a gray scale which presents
equal visual lightness steps. The Munsell
value (renotation) scale is widely used for
this purpose. Munsell value is defined as the
lightness of the colors of a series of stand-
ards, varying in reflectance from zero to
unity, in such a way that all visual intervals
are uniform when viewed on a middle gray
background by a light-adapted eye.!

The Weber-Fechner law has sometimes
been applied to establish a visual scale lincar
with reflection density. However, it applies
only to the dark-adapted eye; hence it is of
liinited practical utility. The Munsell value
scale applies to the light-adapted eye; hence
it is of more general use.

We have had occasion to consider scales
of equal brightness differences for presenta-
tion on color picture tubes. A single visual
scale can produce a scale of equal brightness
differences on all color picture tubes only if
the viewing conditions are standardized. “A
visual scale is applicable only under the con-
ditions of calibration or when the departures
from these conditions have been found to
make no difference.”? The manner in which
the conditions of observation influence
brightness sensation is described and il-
lustrated by Evans.?

It is granted that neither the Munsell
value scale nor any other visual scale can be
used “blindly” as a scale of equal brightness
differences to be reproduced on color pic-
ture tubes, even if the color television system
gives exact tone reproduction. Nevertheless,
the Munsell value scale is an established
equi-spaced visual scale for achromatic
colors from black to white.

The utility of the Munsell value scale
would be extended if there were a simple
analytical relationship between Munsell re-
notation value (V) and per cent reflectance
(R). This would facilitate conversion from
physical to psychophysical units and vice
versa. This relationship is now defined* by
the empirical equation:

R = 12219 V — 0.23111 V? 4 0.23951 13
— 0.021009 V¢ 4 0.0008404 Vs,

A more simple relationship between Munsell
value and reflectance would be desirable.

Inan attempt to find such a relationship,
six equations were assumed, each of the
form V=a+4b-f(R). The empirical con-
stants in each equation were found by the
method of least squares. The goodness-of-fit
for each equation is stated in parenthesis for
the range of Munsell values from 1.0 to 9.0.
These equations were calculated from the
table of reference 4 using 0.10 value incre-
ments.

VA, E. O. Munsell. I.. L. Sloan, and 1. H. Godlove,
“Neutral value scales. I. Munsell neutral value
scale.” Jour. Opt. Soc. Amer., vol. 23, pp. 394-411;
November. 1933.

* Committee on Colorimetry, Opt. Soc. Amer.,
“The Science of Color.” Thomas Y. Crowell Co., New
York, N. Y., p 134; 1953,

3 R. M. Evans, “An Introduction to Color,” John
Wiley and Sons, New York, N. Y., pp. 124-129, 157~
172; 1948,

4S. M. Newhall, D, Nickerson, and D. B. Judd,
“Final report of the O.S.A. subcommittee on the
spacing of the Munsell colors,” Jour, Opt. Soc. Amer.,
vol. 33, pp. 385-418; July, 1943.

Correspondence

1. V=—1.324+42.217 RO®® (sigma,= +0.018)
2.V=—1.636+2.468 R\* (sigma,= £0.029)
3. V=—3.5984+4.146 R'/¢ (sigma,= £0.12)
4.V= 0.336+1.010RY? (sigma,= +0.17)
5. V=—0.38844.505 log 10R (sigma,= +0.43)
6.V=2.3814009834R (sigma,= +0.66).

For large ranges of value and for smaller
ranges of value, these six empirical equation
forms maintain approximately the same rela-
tive merit. The assumed linear relationship
between reflectance and value (eq. 6) is
very poor. The logarithmic relationship (eq.
5) is nearly as bad. The square-root and the
fourth-root relationships (eqs. 3 and 4) are
both somewhat better than the linear and
logarithmic relationships. The cube-root of
R (eq. 2) gives an excellent linear fit to
value. The empirically-found 0.3520-power
of R relationship (eq. 1) gives the best fit for
a simple equation of the six forms tried.

In Fig. 1 we have compared the failure
of the logarithmic equation with the fail-
ure of the simple cube-root of reflectance
expression and the 0.3520-power of reflect-
ance expression. A perfect fit would be repre-
sented by a horizontal line through the ori-
gin. The figure illustrates graphically the in-
adequacy of the logarithmic expression.
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MUNSELL VALUE (V)

Fig. 1—Error graph for three assumed empirical equa-
tions relating per cent reflectance (R) to Munsell
renotation value (V). The zero-error axis repre-
sents the defining equation relating reflectance to
Munsell value. The equations involving RY* and
R? both give better fits than does the equation in-
volving logu R.

The equation relating Munsell renotation
value with cube-root of per cent reflectance
may be of particular interest. This simple
equation may be used instead of the defining
quintic equation for many purposes. The
cube-root of R equation has the important
advantage that it may be used to compute V
from R or R from V. The defining quintic
equation will not easily compute V from R.

J. H. Lapp and J. E. PiNNEY
Color Tech. Div., Eastman Kodak Co.
Rochester 4, New York

Effects of Impurities on Resonator
Properties of Quartz*

During recent studies conducted at the
Signal Corps Engineering Laboratories on
fundamental properties of natural and syn-
thetic quartz, it was found that piezoelectric
resonators fabricated from synthetic quartz

* Received by the IRE May 23, 1955.
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crystals' containing impurities introduced
during the quartz growth cycle have differ-
ent frequency-temperature characteristics
from those made from natural quartz.
Measurements of frequency-temperature
characteristics of fifth overtone, 29 mc AT-
cut resonators prepared from aluminum-
doped synthetic quartz show higher inflec-
tion temperature and orientation angles
than those of natural quartz having similar
frequency-temperature characteristics. This
is graphically illustrated by the frequency-
temperature curves of Fig. 1. In this figure
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Fig. 1—Frequency temperature characteristics of
AT-cut crystals with different ZZ’ angles fabri-
cated from natural and aluminum-doped synthetic
quartz. The solid curves are the characteristics for
aluminum-doped crystals; the dashed curves for
natural quartz having same ZZ’ angles; and dot-
dashed curves for natural quartz having similar
frequency temperature characteristics.

the solid line is used to represent aluminum-
doped synthetic quartz resonators; the
broken line represents the natural quartz
resonators which have approximately the
same orientation angles as the “doped”
units; and the dot-dash line represents the
natural quartz resonators which have the
same frequency-temperature characteristics
as those of the “doped” units. Angle given at
ends of each curve is ZZ’ orientation angle
of particular AT-cut resonator.

The inflection temperature is defined as
the temperature at which d*F/dT?=0. As
Fig. 1 shows, the inflection temperature of
the aluminum doped synthetic quartz reso-
natorsisat 75 degrees C., whereas that of nat-
ural quartz is at 20 degrees C. For similar
frequency-temperature characteristics, the
ZZ’ orientation angle of aluminum doped
synthetic quartz resonators is roughly 30
minutes higher than that of natural quartz.

The spectrochemical analysis of the
aluminum-doped synthetic quartz shows
that the following impurities (in parts per
million by weight) are present: Al—100,
Ge—50, Mg—10, Mn—10, Ca—S5. Other
impurity-doped synthetic quartz crystals
have been grown and tested. In the case
of germanium-doped quartz (Ge—1,000,
Al—100, Fe—10, Ag—10, Mg—S, Ca—5),
there is an upward shift of the inflection tem-
perature of approximately 25 degrees, and
an upward shift of the orientation angle of
approximately 15 minutes. The investiga-
tion is being continued in an effort to deter-
mine the effects of various other impurities
on resonator properties.

A. R. CHi, D. L. HAMMoND, and
E. A. GERBER

Frequency Control Branch
Components Division

Ft. Monmouth, N. J.

! A paper on synthesis of impurity doped quartz is
n preparation by J. Stanley and S. Theokritoff.
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J. S. Ajioka (§'49) was born at Rexburg,
Idaho, on August 9, 1923, lle received his
early college education at the University of
California  at Los
Angeles. During
World War I he
served  with  the
442nd Infantry Regi-
ment in southern
Europe.

At the close of
the war, Mr. Ajioka
entered the Univer-
sity of Utah, where
he received the B.S.
degree in 1949 and
the M.S. degree in
1951. Since graduation, he has been em-
ploved in the U. S. Navy [lectronics Lab-
oratory at San Diego, working on micro-
wave antenna design and development, and
in the Hughes Research Laboratories,
Hughes Aircraft Co., Culver City, working
on certain analytical phases of the radome
design problem.

J. 5. Anioka

F. R. \rams (S'344-A'49-SM'55) was
bhorn on October 18, 1925, in the Free City of
Danzig. e received a B.SE. in clectrical
engineering and a
B.S.E. in mathemat-
ics from the Uni-
versity of Michigan
in 1947, a NL.S. de-
gree in applied phys-
ics from Harvard
University in 1948,
and a M.S. degree in
business manage-
ment from Stevens
Institute of Technol-
ogy in 1953. ile is
presently  studying
for a doctorate in electrical engineering at
the Polytechnic Institute of Brooklyn. Dur-
ing World \War I he served as Communica-
tions Chief in charge of Radio Receiver Sta-
tion \VXH, Ketchtkan, Alaska.

Mr. Arams joined the Radio Corpora-
tion of America i 1948 as a specialized
trainee, and subsequently joined the Micro-
wave lingineering laboratory of the RCA
Tube Division, first at Lancaster, Pa. and
now at Harrison, N. J. From 1948 to 1950,
he was engaged in advanced development
problems on microwave gaseous phenomena.
From 1950 to 1953, he was project engineer
on various magnetron and traveling-wave-
tube design programs. From 1953 until early
1955, he served as assistant to the manager
of Microwave Engineering, and at present
heis in charge of Application Engineering on
Microwave Tubes at RCA Tube Division.

Mr. Arams was a 1944 Donovan Scholar
at the University of Michigan, and is a
member of Eta Kappa Nu and Tau Beta Pi.

F. R. AkaMs

T. \V. Butler, Jr. (:\'53) was born in
Niagara Falls, N Y., on October 9, 1922,
He received the B.S.E.E. and M.S. in
physics  from  the
University of Michi-
ganin 1950 and 1953,
respectively.

From 1950 to
1951 he was em-
ploved as an assist-
ant design  engineer
with Consumers
Power Company,
Jackson, Mich. From
1951 to the present
time, Mr. Butler has
been employed by
the lingineering Research Institute, at the
University of Michigan as an associate re-
search engineer. e is currently engaged in
both component and systems research pro-
grams and is working toward the Ph.D. de-
gree in electrical engineering.

Ie is a member of Gamma Alpha and
Sigma Xi.

T. \W. BUTLER, JR.

.
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S. S, L. Chang (SM'53) was born in
Peiping, China, in 1920, He received the
M.S. in physics from Tsinghua University in
China, in 1944 and
the Ph.D. in electri-
cal engineering from
Purdue University in
1947, From 1947 to
1948, he taught at
Purdue University.

He has been asso-
ciated with Robbins
and  Myers, Inc,,
Springfield, Ohio
since 1946. e joined
the faculty of New
York University in
1952 and is now Associate Professor of
Electrical f<ngineering.

Dr. Chang is a member of the AIEE,
ASIKE, American Physical Society, Eta
Kappa Nu, and Sigma Xi.

S.S. L. Cinaxe
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FFor a photograph and biography of W. F.
Chow, see page 881 of the July, 1935 issue of
the PROCEEDINGS OF TS RIS,
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C. W. Ielstrom was horn on February
22,1925, in Easton, Pa. From 1944 to 1946,
he served as a radio technician in the United
States Navy.

'World Radio Histo

In 1947 he received the B.S. degree in
engineering physies from Lehigh University,
andin 1951 the Ph.b.
in physics from the
California  Institute
of Technology. Since
1951, he has been
employed in the Elec-
tronics and Nuclear
Physics Department
of the Westinghouse

; Research  Labs., in
'\ Last Pittsburgh, Pa.
Dr. Helstrom is a

member of the Ameri-
can Physical Society.

C.\V. [ELsTROM

H. K. Jenny (\V43-N'47-SM'50) was
born on September 14, 1919, in Glarus,
Switzerland. He reccived the M.S. degree in
clectrical engineering
from the Swiss [Fed-
eral Institute of
Technology in Zu-
rich, Switzerland in
1943. lle remained
there from 1943 to
1945, as assistant to
Dr. F. Tank, head of
the Institute of High
Frequency.

In 19406 he joined
the Tube Division of
the Radio Corpora-
tion of .\merica in Lancaster, Pa., and has
since been engaged in the development of
microwave tubes, At present, Mr. Jenny is
manager of the Microwave Tibe Engineer-
ing Activity in Harrison, N. J.

/

I1. K. JExNy
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I7. D. Lewis (8'36-A’38-\"\"39-SN"50)
was born in Liberty, Mo, on July 2, 1911,
He received the A.B. degree at Central Col-
lege, IFayette, Mo, in
1933, and the B.S.
and  M.S.  degrees
from Massachusetts
Institute of Technol-
ogy in 1937 and 1940,
From 1937 to 1940
he was engaged in
experimental  work
on uhf receivers and
electromagnetic horn
rudiators at NLLT.
Irring the summer
of 1940 he worked
on Doppler-effect radar at Loomis Labo-
ratory, subsequently going to the MNLL'T.
Radiation Laboratory when it opened in
November, 1940.

In 1941 he went to England as scientific
liaison officer for the NDRC-OSRD. Re-
turning in 1942, he became an expert con-

F. D. LEwis
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sultant in the Office of the Secretary of War
on radar countermeasures and allied prob-
lems. 1le has been with the General Radio
Co. since 1945, and has been working on
frequency measurement since 1949.

Mr. Lewis holds the resident’s Certifi-
cate of Merit. e is a member of Sigma Xi
and the AAAS.
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W. J. Lindsay (A'SS) was born in Miles,
Texas, on October 28, 1925, He received his
B.S. degree from Texas A. and M, College
in 1948 and the M.S.
degree in 1954. From
August, 1948, to
May, 1951, he was
employed by the
Humble Oil and Re-
fining Company in
Houston, Texas as
an assistant engineer.
From May, 1951 to
August, 1952, Mr.
Lindsay was em-
ployed in the EWS
Research Laboratory
of the Ialliburton Oil \Well Cementing
Company of Houston as project engineer.
IFrom 1952 to 1954 he was engineer in charge
of a network analyzer project, at the Texas
A. and M. Research Foundation.

Mr. Lindsay joined the staff of the Elec-
tronic Defense Group, Engineering Re-

W. J. LiNnpsay

IRE News and

PG ox BrROADCAST TRANSMISSION
SysTEMs WiLL HoLp Symrosium

“New Perspectives in the Field of Broad-
casting” will be the theme of the Fifth An-
nual IFall Symposium of the Irofessional
Group on Broadcast ‘Transmission Systems,
The meeting is scheduled for September 23
and 24 at the Ilamilton Hotel in Washing-
ton, 1. C. Registration will open at 9:00
AM., September 23. Advance registration
and reservations may be sent to PGRTS,
Seventh Floor, 1735 DeSales Street, NV,
Washington 6, D). C.

The Friday morning session of the sym-
posium will be devoted to 32 new television
broadcasting equipment and facilities. Papers
will include Multiple Antenna System with
Antennas of Equal Height by L. J. Wolf of
RCA, Studio Switching Problems with Color
Signals by 11. \W. Morse of General Electric,
and A Fifty Kilowatt Transmitter by John
Ruston of DuMont. hilip B. Laeser, Tech-
nical Director of WTM] in Milwaukee, will
speak on Imtegrating Color Equipmient with
Monochrome Fucilities al your Television
Station.

The Friday afternoon session will be de-
voted to measurements, including propaga-
tion factors, in television. .\ paper, made
available by Edward W. Allen, Jr., of the
FCC and including work directed by William

IRE News and Radio Notes

search Institute, at the University of Michi-
gan in August, 1654 as research associate.
Ile is currently working toward the Ph.D.
degree in clectrical engineering.

He is a member of Tau Beta Pi.
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L. W. Orr (A’52) was born in 1915 in
Hamilton, Canada. He received the B.A.Sc.
degree in electrical engineering in 1943 from

the University of

Toronto, and the
M.S. and PPh.D. de-
grees in electrical

engineering in 1946
and 1949 from the
University of Michi-
gan. During World
War II, he was an
officer in the Signals
Branch of the Royal
Canadian Air Force.

From 1950 to
1951, Dr. Orr was in
charge of the reseirch and development of
magnetic devices at the Burroughs Research
Division, Philadelphia, I’a. From 1949 to
1950, and from 1951 to the present time, he
has been a research engineer in the Engineer-
ing Research Institute, at the University of
Michigan. He is presently engaged in a com-
ponent research program in the Electronic
Defense Group.

L. W. Orr

1139

FFor a photograph and biography of R. L.
Pritchard, see page 105 of the January,
1955 issue of the PrRocEEDINGS OF THE IRE.
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For a photograph and biography of A. P.
Stern, sce page 882 of the July, 1955 issue
of the PROCEEDINGS OF THE IRE.

D. Weighton was born on June 26, 1913,
in Kingston-upon-11ull, England. He re-
ceived the M.A. degree from Cambridge
University in 1035,
From 1936 to 1938,
he served as Idu-
cation Officer in the
Royal Air Force.

In 1938 Mr.
Weighton joined the
research staff of Pye
Limited, Cambridge,
Eng. and from 1948
has headed the re-
scarch division of
that company.

Mr. Weighton is
an associate member of the British Institu-
tion of Electrical Engineers.

D. WEIGHTON

Radio Notes

C. Boese and Harry Fine, Present Knowledge
of Propagation in VIIF and UHF Television
Bands, will be delivered. Edward W. Chapin,
Chief of the Laurel, Maryland lLaboratory
Division of the Federal Communications
Comumission will deliver a paper summariz-
ing field intensity measurements which have
been made on various UHFE stations.

The Saturday morning session will in-
clude papers on new broadcast operation
techniques and equipment arrangements.
R. A Isberg, of the Ampex Corporation, will
deliver a paper on Using New Tape and Film
Techniques to Increase Broadcast Operation
Efficiency. . C. Goodnow, Westinghouse
Broadcasting Company, will speak on Ex-
perimental Experience with Remote Control of
Iligh Power and Directional Antenna Broad-
cast Transmitter Operations. A Novel Tele-
vision Slide Sequencing Arrangement will be
presented by Roger E. I'eterson of WNBF,
Binghamton, New York. Idgar F. Vandi-
vere, Jr. of Vandivere, Cohen and Wearn
will present a paper on Some Techniques in
Automatic Programming.

Moderators for the sessions will be Ralph
N. Harmon, Westinghouse Broadcasting
Company; Stuart L. Bailey, Jansky and
Bailey, Incorporated, and George C. Davis,
consulting engineer,

A Friday evening cocktail hour will begin
at 6:00 p.M. and will be followed by a

World Radio Histo

banquet. Arrangements have also been made
with Ldgar 1. Martin, Chicef Engincer of
the Voice of America for conducted tours
there on Saturday afternoon.

Steering Committee includes Oscar Reed,
Jr., General Chairman; Ralph N. IHarmon,
Technical Program  Committee; Harold
Dorschug, PPublic Relations and Publicity;
C. M. Brown, Finance; Lewis Winner,
Papers Review; and Irma B. Galane, Local
Arrangements Cominittee.

W. C. WimtTE CONTRIBUTES TO
Browper THOMPSON FuND

Friends of \W. C. White recently pre-
sented him with several gifts upon his re-
tirement from the General Electric Com-
pany. Mr. White has generously donated
those gifts that were in cash to the Browder
J. Thompson Fund. The money is to be used
in six annual installments to augment the
Browder J. Thompson Memorial Irize,
which is given annually to an author, less
than 30 years old, who has published the
most outstanding paper in an IRE publica-
tion.

Mr. White has been active in IRE affairs
for more than twenty-five years, serving as
Treasurer in 1946 and Director from 1943 to
1947.
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Calendar of
Coming Events

IRE-ISA Tenth Annual Instrument Con-
ference, Shrine Auditorium, Los
Angeles, Calif., Sept. 12=16

Association for Computing Machinery,
Annual Meeting, Moore School of
Electrical Engineering, U. of Pa.,
Sept. 14-16

IRE Professional Group on Nuclear
Science—Second Annual! Meeting,
Oak Ridge Nationa! Labs., Oak
Ridge, Tenn., Sept. 14-17

IRE Cedar Rapids Section Symposium
on Automation, Cedar Rapids, Ia.,
Sept. 17

PGBTS Fifth Annua!l Fall Symposium,
Hamilton Hotel, Washington, D. C.,
Sept. 23-24

Symposium on Physiologic and Patho-
logic Effects of Microwaves, Mayo
Clinic, Rochester, Minn., Sept. 23-24

RETMA Automation Symposium, U. of
Pennsylvania, Philadelphia, Pa.,
Sept. 26-27

PG on Vehicular Communications, Sixth
Annual Meeting, Multnomah Hotel,
Portland, Ore., Sept. 26~27

IMSA Annual Convention, Hotel Sen-
eca, Rochester, N. Y.. Sept. 26-29

International Analogy Computation
Meeting, Société Belge des In-
genjeurs des Télécommunications et
d’Electronique, Brussels, Belgiuimn,
Sept. 27-Oct. 1.

IRE-AIEE Conference on Industrial
Electronics, Rackham Memorial
Building, Detroit, Michigan, Sept.
28-29

Nationa! Electronics Conference, Hotel
Sherman, Chicago, Ill., October 3-5

Audio Engineering Society Convention,
Hotel New Yorker, New York City,
Oct. 12-15

IRE-RETMA Radio Fall Meeting, Hotel
Syracuse, Syracuse, N. Y., Oct.
17-19

Conference On Electrical Insulation,
Pocono, Pa., Oct. 17-19

Eighth Annual Gaseous Electronics
Conference, General Electric Res.
Lab., Schenectady, N. Y., Oct. 20-22

PG on Electron Devices Annua! Tech-
nical Meeting, Shoreham Hotel,
Washington, D. C., Oct. 24=25

GAMDM and NTG-VDE International
Conference on Electronic Digital
Computers, and Data Processing,
Darmstadt, Germany, Oct. 25-27

IRE East Coast Conference on Aeronau-
tical and Navigationa! Electronics,
Lord Baltimore Hotel, Baltimore,
Md., Oct. 31-Nov. 1.

Symposium on Applied Solar Energy,
Westward  Ho Hotel, Phoenix,
Ariz., Nov. 1-§

Kansas City Section Electronics Con-
ference, Kansas City, Kansas, Nov.
3-4

IRE-AIEE-ACM Eastern Joint Com-
puter Conference, Hotel Statler,
Boston, Nov. 7-9

IRE-AIEE-ISA Electrical Techniques in
Medicine and Biology, Shoreham
Hotel, Washington, D. C., Nov.
14-16

IRE-PGCS Symposium on Aeronautical
Communications—Civil and Mili-
tary; Utica, New York, Nov. 21-22

PGI and Atlanta Section Data Process-
ing Symposium, Hote! Biltmore,
Atlanta, Ga., Nov. 28-30

PROCEEDINGS OF THE IRE

September

SYMPosIuM ON RELIABILITY AND QuaLITY CONTROL

Victor Wouk (left), Chairman of PG on Reliability and Quality Contro:, is Publicity Chairman for Symposium.

The PG on Reliability and Quality Con-
trol will sponsor a Symposium on Reliability
and Quality Control in Electronics. The
symposium will be held January 9 and 10,
1956 at the Hotel Statler in \Vashing-
ton.

A preliminary schedule for the sym-
posium has been published.

First Session: “Quality Control and
Automation,” “Reliability of Complex Com-
mercial Equipment,” “Reliability of Weap-
ons Systems.”

Second Session: “The Control Chart
Applied to Field Failure Data,” “An Ap-

proach to the Study of System Reliability,”
“The Relation of Life Tests to Fuilure
Rates.” The panel discussions will include:
“High Reliability vs Cost of Equipment and
Parts,” “System Testing vs In-process Con-
trol,” *The Problem of Field Failure Re-
porting (including new Air Force plans).”

Third Session: “Advances in Tube Re-
liability,” “Reliable Connectors Through
Quality Control,” “Controlling Relay Char-
acteristics,” “Reliable Capacitors,” “Parts
Reliability Research by the Services.”

Fourth Session: “Quality Requirements
and Acceptance Procedures.”

SyMPOSIUM ON MICROWAVE
TECHNIQUES TO MEET IN
FEBRUARY IN PHILADELPIIIA

Jointly sponsored by the PG on Micro-
wave Theory and Techniques, the PG on
Antennas and Propagation, and the Phila-
delphia Section, a national symposium on
Microwave Techniques will be held at the
University of Pennsylvania in Philadelphia,
February 2 and 3, 1956.

Sessions are planned to include the fol-
lowing topics:

Radiating Systems: radomes, techniques
of antenna gain and pattern measurement,
the use of near field measurements, problems
associated with parabolotd antennas of 20
feet or more diameter.

Panel Session on Guided Microwave
Transmission: rectangular guide, ridge
guide, round guide, dielectric guide, single
wire guide.

Components: filters, converters, du-
plexers, directional couplers, non-reciprocal
components.

Propagation: scatter.

Measurements: power spurious emission,
spurious modulation, emission bandwidth,
gain standards.

Those interested in presenting papers on
one of these subjects should submit 250 word
abstracts no later than October 15. The ab-
stracts, in duplicate, may be sent to D. R.
Crosby, RCA, Bidg. 10-1, Camden 2, N.J.

NovEMBER 4 IRE CoNVEN-
TION PAPERS DEADLINE

November 1 is the deadline for
submission of 1956 IRE National
Convention  papers.  Information
needed, to be included in triplicate: a
100-word abstract with title of paper,
name, and address; a 500-word sum-
mary, with title of paper, name, and
address. One of the fcllowing fields
in which the paper falls should be in-
dicated. Aeronautical and Naviga-
tioral Electronics, Antennas and
Propagation, Audio, Actomatic Con-
trol, Broadcast and Television Re-
ceivers, Broadcast Transmission Sys-
tems, Circuit Theory, Communica-
tions Systems, Component Parts,
Electron Devices, Electronic Com-
puters, lZngineering Management, In-
dustrial  Electronics, Information
Thecary, Instrumentation, Medical
Electranics, Microwave Theory and
Techniques, Nuclear Science, Pro-
duction Techniques, Reliability and
Quzl:ity Control, Telemetry and Re-
mote Control, Ultrasonics Engineer-
ing, Vehicular Cotnmunrications.

Send material to Russell R. Law,
1956 Technical P’rogram Committee,
IRE, 1 East 79 St., N. Y. 21, N. Y.
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ANNUAL MEETING

OF THE

DALLAS-FORT WORTH SECTION

Seen at right are two
articipants at  the
allas-Fort Worth Sec-

tion Annual Meeting.

Bernard Brister (left).

public relations counse-

lor for the Section, was
honored with member-
ship in the Institute of

Radio Engineers. Mak-

ing the presentation is

Dr. Gordon K. Teal of

Texas Instruments, Inc.,

new Dallas-Fort Worth

Vice-Chairman,

Shown above is John A, Green,
outgoing Chairman of the Sec
tion. He was honored at the
meeting for the setvices to the
IRE during the past year.

FEBruarRYy TO BE DATE FoOR
WESTERN CoMPUTER CONFERENCE

The Western Computer Conference will
be held in San Francisco February 8-10,
1956. It will be sponsored jointly by the
IRE, AIEE, and ACM.

Papers on all phases of the computer
field are now being solicited. In addition to
paper title, authors are asked to submit an
abstract of approximately 200 words, suit-
able for reproduction in the program, and
either the complete manuscript or sufficient
additional information to permit evaluation
by the Technical Program Committee.
Early submission of papers is desired, the
final deadline being November 15. This is
the latest date that is feasible and papers re-
ceived thereafter cannot be considered.

Authors should indicate any plans for
publication and should state what facilities,
such as slide or movie projectors, power
sources, etc. are required. For uniformity of
handling, it is requested that alt papers be
directed to: Byron J. Bennett, Chairman,

Technical
Research Institute, Menlo Park, California.

Program Conimittee, Stanford

SEVERAL PROCEEDINGS AVAILABLE

The 1954 Eastern Joint Computer Con-
ference Proceedings are now available at
$3.00 per copy. These are the complete
papers that were presented in Philadelphia
December 8-10, 1954. Also available at
$3.50 per copy are the 1955 National
Telemetering Conference Proceedings. These
represeut the complete papers delivered at
Chicago May 18-20. Both volumes may be
obtained through IRE Headquarters, 1 E.
79 St., N. Y. 21, N. Y. .

The Proceedings of the 1955 Electronic
Components Conference held in Los Angeles
are rnow avzilable. The publication contains
more than forty-eight papers on electronics
which will not be duplicated in other publi-
cations. Checks for $4.50 per copy should be
made payable to the 1955 Elecwonic Com-
ponents Conference, 8820 Bellanca, Los
Angeles, California.

(tbore) Mark Bullock, Conti-
nental Electronics Manufactur
ing Co,, is caught in an ir:formal
silot during the banquet whick
was held in conjunction with the
meeting. He will be the new
chairman of the Section.

Shown at left are the
new contributing edi-
tors who were elected
recently at the Annual
Meeting. (From left ta
right) ~ Kenneth 5
Dowell, of the Texas
Instruments, Inc., Dal-
las, and James M,
Weldon of the Coltins
Radio Company, Cedar
Rapids, lowa, look over
an issue of Direction
with T. A. Wright, Jr.,
of A. Earl Cullum, Jr,,
and Associates, Dallas,
John K. Godbey, and
Theil Sharp, bcth of
Radio

Collins Com-

pany.

NATIONAL SimMuLATION CONFER-
ENCE WILL MEET 1N DALLAS

The Dallas-Fort Worth Chapter of the
PG on Electronic Computers will sponsor a
National Simulation Conference in Dallas,
Texas, January 19-21, 1956. The con-
ference will be devoted to simulation and
associated computing techniques, and will
include topics in general simulation (mathe-
matical, physical, logistic, etc.); advances in
computer design, techniques, and apglica-
tions; and methods of determining and im-
proving the accuracy of analog solutiors.

I’apers for the conference are now lLeing
solicited. Although it is expected that most
of the papers will deal with analog com-
puters, papers on the use of digital com-
puters in simulation will be strongly en-
couraged. Prospective authors should submit
in duplicate by September 10, a 100 word
abstract together with either a 500 word
summary or the complete paper itself to:
J. R. Forester, 2104 Huntington, Arlington,
Texas.
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ForMER IRE PrESIDENT ELECTED
HEAD oF Rapio Pioneers CLuB

Raymond F. Guy recently has been
clected president of the Radio Pioneers
Club. He is Director of Radio Frequency
Engincering for the National Broadcasting
Company. Mr. Guy was on the original staff,
composed of only a few persons, at W]Z
when it was opened bygthe Westinghouse
Company in Newark, N.-]., in 1921 as the
world’s second broadcasting station. At that
time the audience consisted of only a few
amateurs. Commercial broadcasting was
unknown and practically all operating meth-
ods and techniques had to be originated by
trial and error. In the last 36 vears, Mr.
Guy has played a part in developing net-
work broadcasting, short-wave broadcasting
to foreign countries, frequency modulation
and the evolution and development of tele-
vision.

Raymond F. Guy. new President of Radio Pioneers

During World War 11, he participated in
projects of the Office of Strategic Services,
the Co-ordinator of Inter-American Affairs,
and the Office of War Information, one of
which took him abroad. Since the war he has
participated in international radio confer-
ences in Havana, Mexico City, and Mont-
real.

A fellow of the Radio Club of America, a
charter member of the Radio Pioneers Club,
a life member of the Veteran Wircless
Operators Association, and a member of the
Society of Professional Iingineers, he was
admitted to practice as a professional engi-
neer in New York and New Jersey in 1937.
Ile has also served on the Radio ‘T'echnical
Planning Board and represented the IRIS in
the activities of the American Standards
Association,

Mr. Guy became an IRE Associate
Member in 1925, a Member in 1931 and a
Fellow in 1939. [{e was President in 1950. In
1944, he was elected to the Board of Di-
rectors and served through 1948, inchiding
one term as ‘I'reasurer. He has served on
a number of IRE committees, function-
ing as chairman of the standards, public
relations, founders, transmitters, member-
ship and office practices committees, and
vice chairman of the building fund and
executive committees.

PROCEEDINGS OF THE IRE September

TRANSACTIONS OF THE IRE PROFESSIONAL GROUPS

The following issues of TRANSACTIONS are available from The Institute of Radio Engi-
neers, Inc., 1 East 79 Street, New York 21, N. Y., at the prices listed below:

= = —
| Group I IRE | Non-*
Publications Mem- ’ Mem- | Mem-

bers ‘ bers bers
~ f

T 1
Aeronautical & | PGAE-5: A dynamic Aircraft Simulator for Study of | $ .30 | $ .45 | $ .90
Navigational | Human Response Characteristics (6 pages) |

Sponsoring
Group

Electronics PGAE-6: Ground-to-Air Cochannel Interference at .30 | .45 l .90
2900 NC (10 pages) !
PGAE-8: June 1953 (23 pages) .65 | .95 | 1.95
PGAE-9: September 1953 (27 pages) Sl 1.05 | 2.10
Vol. ANE-1, No. 1, March 1954 (51 pages) 1.00 1.50 | 3.00
Vol. ANE-1, No. 2, June 1954 (22 pages) .95 1.40 2.85
Vol. ANE-1, No. 3, September 1954 (27 pages) 1.00 1.50 3.00
Vol. ANE-1, No. 4, December 1954 (27 pages) 1.60 1.50 3.00
I Vol. ANE-2, No. 1, March 1955 (41 pages) | 1.40 2.10 4.20
Antennas and PGAP-4: IRE Western Convention, August 1952 2.20 3.30 | 6.60
Propagation ’ (136 pages)
| Vol. AP-1, No. 1, July 1953 (30 pages) 1.20 1.80 [ 3.60
Vol. AP-1, No. 2, October 1953 (31 pages) 1.20 1.80 3.60
l Vol. AP-2, No. 1, January 1954 (39 pages) 1.35 | 2.00 l 4.05
Vol. AP-2, No. 2, April 1954 (41 pages) | 2.00 | 3.00 | 6.00
| Vol. AP-2, No. 3, July 1954 (36 pages) 1.50 2.25 4.50
Vol. AP-3, No. 4, October 1954 (36 pages) 1.350 ( 2.25 | 4.50
Vol. AP-3, No. 1, January 1955 (43 pages) 1.60 | 2.40 | 4.80
| Vol. AP-3, No. 2, April 1955 (47 pages) | 1.60 | 2.40 .80
|
Audio PGA-7: Editorials, Technical Papers & News, May ] .90 1.35 2.70
1952 (47 pages) ‘ ‘ |
| PGA-10: November-December 1952 (27 pages) 4 .70 l 1.05 | 2.10
Vol. AU-1, No. 1, January-February 1953 (24 pages) .60 | .90 1.80
I Vol. AU-1, No. 2, March-April 1953 (34 pages) .BO 1.20 2.40
Vol. AU-1, No. 3, May-June 1953 (34 pages) .80 1.20 2.40
| Vol. AU-1, No. 4, July-August 1953 (19 pages) .70 ‘ 1.05 ’ 2.10
| Vol. AU-1, No. 5, September-October 1953 (11 .50 .75 1.50
pages) ! |
Vol. AU-1, No. 6, November-December 1953 (27 .90 1.35 2.70
pages) | ‘
Vol. AU-2, No. 1, January-February 1954 (38 | 1.20 1.80 f 3.60
pages) [ .
Vol. AU-2, No. 2, March-April 1954 (31 pages) .95 1.40 2.85
! Vol. AU-2, No. 3, May-June 1954 (27 pages) ) .95 1.40 2.85
Vol. AU-2, No. 4, July-August 1954 (27 pages) [ 95| 1.40| 2.85
Vol. AU-2, No. 5, September-October 1954 (22 ‘ .95 ] 1.40 | 2.85
pages)
Vol. AU-2, No. 6, November-December 1954 (24 | .80  1.20 | 2.40
’ pages) l
Vol. AU-3, No. 1, January-February 1955 (20 .60 .90 1.80
pages)
Vol. AU-3, No. 2, March-April 1955 (51 pages) .95 1.40 | 2.85
Vol. AU-3, No. 3, May-June 1955 (85 pages) .85 | 1.25 | 2.55
|
Broadcast PGBTS-1: March 1955 (102 pages) | 2.50 } 3.75 | 7.50
Transmission |
Systems [ |
Broadcast and | PGBTR-1: Round-Table Discussion on UHF TV ; .50 .75 1.50
Television Receiver Considerations, 1952 IRE National Con-
Receivers vention (12 pages)
PGBTR-3: June 1953 (67 pages) 1.40 | 2.10 4.20
PGBTR-5: January 1954 (96 pages) 1.80 2.70 5.40
PGBTR-6: April 1954 (119 pages) 2.35 3.50 7.00
PGBTR-7: July 1954 (58 pages) | 1.15 1.70 3.45
PGBTR-8: October 1954 (20 pages) ] .90 1.35 2.70
Vol. BTR-1, No. 1, January 1955-—Papers presented 1.25 1.85 3.75

at the Radio Fall Meeting, 1954 (68 pages) ‘

Circuit Theory | PGCT-1: IRE Western Convention, August 1952 1.60 2.40 4.80
(100 pages)
PGCT-2: Papers presented at the Circuit Theory 1.95 2.90 5.85
Sessions of the Western Electronic Show & Con- |
vention, San Francisco, Calif., August 19-21, 1953 ;

|

(106 pages)

Vol. CT-1, No. 1, March 1954 (80 pages) 1.30 1.95 3.90
Vol. CT-1, No. 2, June 1954 (39 pages) 1.00 1.50 3.00
Vol. CT-1, No. 3, September 1954 (73 pages) 1.00 1.50 3.00
Vol. CT-1, No. 4, December 1954 (42 pages) “ 1.00 1.50 3.00

* Public Libraries, Colleges and Subscription Agencies may purchase at IRE Member rate.

(Continued)
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s . Group | IRE | Non-*
p&nsormg Publications | Mem-  Mem- | Mem-
roup | bers | bers bers
Vol. CT-2, No. 1, March 1955 (106 pages) | $2.70 | $4.05 ' $8.10
|
Communica- Vol. CS-2, No. 1, January 1954 (83 pages) | 1.65 2.50 | 4.95
tions Systems| Vol. CS-2, No. 3, November 1954: IRE Symposium | 3.00 4.50 0.00
on Global Communications, June 23-25, 1954, ‘
Washington, D. C. & IRE-AIEE Symposium on +
Military Communications, April 28, 1954, New York,
N. Y. (181 pages) |
Vol. CS8-3, No. 1, March 1955: Papers presented at 1.00 | 1.50 | 3.00
the Symposium on Marine Communications & Navi- |
gation, October 13-15, 1954, Boston, Mass. (72 l |
pages) |
Component PGCP-1: March 1954 Issue (46 pages) 1.20 1.80 | 3.60
Parts PGCP-2: September 1954: Papers presented at the ‘ 2.25 | 3.35 I 6.75
Component Parts Sessions at the 1954 Western [
Electronic Show & Convention, Los Angeles, Calif. l
(118 pages) | | }
PGCP-3: April 1955 (44 pages) l 1.00 | 1.50 ‘ 3.00
Electronic Vol. EC-2, No. 2, June 1953 (27 pages) .90 | 1.35 2.70
Computers Vol. EC-2, No. 3, September 1953 (27 pages) .75 1.10 2.25
Vol. EC-2, No. 4, December 1953 (47 pages) | 1.28 | 1.85 ! 3.75
Vol. EC-3, No. 1, March 1954 (39 pages) 1.10 1.65 | 3.30
Vol. EC-3, No. 2, June 1954 (65 pages) 1.65 2.45 4.95
Vol. EC-3, No. 3, September 1954 (54 pages) | 1.80 2.70 5.40
Vol. EC-3, No. 4, December 1954 (46 pages) 110 | 1.65 ‘ 3.30
Vol. EC-4, No. 1, March 1955 (48 pages) 1.10 1.65 3.30
Vol. EC-4, No. 2, June 1955 (86 pages) .90 1.35 2.70
Electron PGED-4: December 1953 (62 pages) | 1.30 1.95 3.90
Devices Vol. ED-1, No. 1, February 1954 (72 pages) | 1.40 | 2.10 | 4.20
Vol. ED-1, No. 2, April 1954 (75 pages) 1.40 2.10 | 4.20
| Vol. ED-1, No. 3, August 1954 (77 pages) 1.40 | 2.10 4.20
Vol. ED-1, No. 4, December 1954—Papers pre- | 3.20 4.80 ' 9.60
sented at the 1954 Symposium on Fluctuation Phe-
nomena in Microwave Sources, November 18-19,
1954, New York, N. Y. (280 pages) {
Vol. ED-2, No. 2, April 1955 (53 pages) | 2.10 | 3.15 l 6.30
Engineering PGEM-1: February 1954 (55 pages) 1.15 1.70 l 3.45
Management | PGEM-2: November 1954 (67 pages) 1.30 1.95 3.90
| PGEM-3: March 1955 (52 pages) 1.00 1 1.50 | 3.00
Industrial PGIE-1: August 1953 (40 pages) 1.00 1.50 3.00
Electronics PGIE-2: March 1955 (81 pages) 1.90 2.85 | 5.70
Information PGIT-2: A Bibliography of Information Theory ‘ 1.25 1.85 | 3.75
Theory (Communication Theory-Cybernetics)=—(60 pages)
PGIT-3: March 1954 (159 pages) 2.60 3.90 7.80
PGIT-4: September 1954 (234 pages) | 3.35 5.00 ’ 10.00
Vol. IT-1, No. 1, March 1955 (76 pages) 2.40 ! 3.60 7.20
Instrumenta- PGI-2: Data Handling Systems Symposium: IRE | 1.65 | 2.45 4.95
tion Western Electronic Show & Convention, Long |
| Beach, Calif., August 27-29, 1952 (111 pages)
PGI-3: April 1954 (55 pages) | 1.05 | 1.55 | 3.15
Microwave Vol. MTT-1, No. 2, November 1953 (44 pages) | .90 ‘ 1.35 l 2.70
Theory & Vol. MTT-2, No. 2, July 1954 (67 pages) | 1.25 1.85 3.75
Techniques | Vol. MTT-2, No. 3, September 1954: Papers pre- 1.10 | 1.65 3.30
sented at the Joint IRE Professional Group-—=URSI |
[ meeting, Washington, D. C., May 5, 1954 (54 pages)
Vol. MTT-3, No. 1, January 1955 (47 pages) : 1.50 2.25 | 4.50
Vol. MTT-3, No. 2, March 1955—Symposium on 2.70 4.05 | 8.10
i Microwave Strip Circuits, October 11-12, 1954, | 1
Tufts College, Medford, Mass. (182 pages)
Vol. MTT-3, No. 3, April 1955 (44 pages) 1.40 2.10 4.20
Nuclear Vol. NS-1, No. 1, September 1954 (42 pages) | .70 | 1.00 2.00
Science Vol. NS-2, No. 1, June 1955 (15 pages) .55 .85 ‘ 1.65
Reliability & 1 PGQC-2: March 1953 (51 pages) 1.30 1.95 3.90
Quality | PGQC-3: February 1954 (39 pages) | 115 | 170 ’ 3.45
Control | PGQC-4: December 1954 (56 pages) 1.20 1.80 3.60
PGRQC-5: April 1955 (56 pages) 1.15 1.75 3.45

* Public Libraries, Colleges and Subscription Agencies may purchase at IRE Member rate.
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RADIO PIONEERS—
ATTENTION!

This notice, from the Radio Pioneers
Club, is for the information of members of
the [RE who are qualified and wish to join
the Radio Pioneers but who lack informa-
tion concerning it. Originally formed in 1942
as the Twenty Year Club, the purposes of
the organization are:

“To establish a membership organization
of persons who by their long years of service
in the tield of Radio desire to become as-
sociated for the purposes of friendship and
education The Club shall be a central clear-
ing house for the exchange of information
and historical data about the radio industry
and shall record in form to be determined
facts and data about the history of the radio
industry and its traditions for use by this
and future generations. 1t is felt that this
organization with the resultant exchange of
information would make a valuable con-
tribution to the public interest.”

As outlined in the constitution, the pur-
poses are broad enough to enable the Radio
Pioneers to undertake alimost any task which
the club may desire for the furtherance of
the radio industry.

1950 marked the establishment of a
Radio Hall of Fame in which the memories
of men and women whose contribution have
placed them among the immortals will be
perpetuated. The first of such awards went
to Thomas Alvah FEdison. Subsequent
awards went to Marconi, Fessenden, Frank
Conrad and Joseph Henry. All members are
entitled to submit their choice which will be
voted upon by the committee.

In 1950 the Radio Pioncers inaugurated
the radio oral history project which has heen
undertaken by Columbia University's oral
history project, under the direction of Allen
Nevins. This vast project set up a source of
material which will be available to all future
historians of the industry, or to those writing
books which dwell on some phases of radio.
The plan consisted of obtaining recorded in-
terviews of outstanding men and women
who have pionecred in radio, engineers as
well as those in other branches. It is felt that
soon many of these will no longer be avail-
able for first-hand information. All members
are encouraged to send in early anecdotes
and “firsts” with which they were connected
or concerned.

The requircments for membership are
that a prospective member be in good stand-
ing, and have served the radio industry for
20 consecutive years or more at the time of
making application for membership.

I1. V. Kaltenborn, noted commentator
and author, is the founder of the Pioncers;
this came about when NBC gave him a
dinner on April 4, 1942, to commemorate his
20th year in radio. The small original group
has grown to more than 1000. Officers in-
clude Raymound F. Guy, formerly IRE DPresi-
dent, President; John Patt (Station W]R
Detroit) 1st Vice President; Lewis H. Avery
(Avery-Knodel, Inc.) Vice-President; Victor
Dichm (Station WAZL) Vice-I’resident ; and
Merle Jones (Columbia Broadcasting Sys-
tem) Vice-President. Honorary Presidents

(Cont’d on puage 1144)
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. Group | IRE | Non-*
SP&':‘";"E Publications Mem- | Mem- | Mem-
bers bers bers

Telemetry and

PGRTRC-1: August 1954 (16 pages)

$ .85 | $1.25 | $2.55

Remote PGRTRC-2: November 1954 (24 pages) .95 1.40 2 85
Control Vol. TRC-1, No. 1, February 1955 (24 pages) .95 1.40 2.85
Ultrasonics PGUE-1: June 1954 (62 pages) 1.55 2.30 4.65
Engineering | PGUE-2: November 1954 (43 pages) 1.05 1.55 3.15
PGUE-3: May 1955 (70 pages) 1.45 2.20 4.35
Vehicular PGVC-3: Theme—Spectrum Conservation, Wash- 3.00 4.50 9.00
Communica- | ington, D. C., December 3-5, 1952 (140 pages)
tions PGVC-4: Design, Planning & Operation of Mobile 2.40 3.60 7.20

PGVC-5: June 1955 (76 pages)

Communications Systems ( June 1954) (98 pages)

1.50 2.25 4.50

* Public Libraries, Colleges and Subscription Agencies may purchase at IRE Member rate.

RADIO PIONEERS—ATTENTION!
(Cont'd from page 1143)

are Brig. Gen. David Sarnoff and Dr. Lee
De Forest.

Active local chapters exist in New York
and Honolulu and plans are made to form
others to promote friendship and social in-
tercourse among the pioneer radio fra-
ternities. New members have an opportunity
to participate actively in the formation of
their local chapters.

Radio Pioneers issues a small magazine
and whenever feasible an annual member-
ship roster including short biographies of
each member.

Radio Pioneers holds its annual election,
meeting and banquet each year at the time

and place of the NARTDB Convention and
during the year a number of chapter meet-
ings are held.

Membership dues in the Pioneers are $10
annually. The initiation cost is $15 each, $10
for dues and $5 for a Pioneers insignia pin.

The Radio Pioneers is the only associa-
tion of its kind in that it is not conlined to
engineers, financial people, the legal fra-
ternity, program people, or management
personnel, but includes them all. The meet-
ings provide an opportunity to create friend-
ships and enjoy informal social affairs with
fellow members representing all of the in-
dustry. The opportunity to meet and enjoy
the companionship with pioneers in the non-
engineering professions has been pleasant,
stimulating and valuable.

Chapter meetings are highly informal
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and normally include excellent entertain-
ment following dinner. Members of the In-
stitute who are eligible to join are invited to
send for an application blank to Raymond
F. Guy, President, c¢/o National Broadcast-
ing Company, Inc., 30 Rockefeller Plaza,
New York 20, New York.

I.I.T. WiLL SpoNsOR CONFERENCE
oN INDuUsTRIAL HYDRAULICS

The use of electronic analog computers
in the solution of hydraulic problems will he
a feature of the cleventh annual National
Conference on Industrial IHydraulics, Oc-
tober 27 and 28, at the La Salle [lotel,
Chicago.

The conference will be sponsored by the
Iinois Institute of Technology graduate
school and Armour Research Foundation,
in cooperation with engineering societics and
nearly 100 industrial organizations.

Two HUNDRED ATTEND
PuiLADELPHIA STUDENT NIGHT

The Philadelphia Section last spring or-
ganized a Student Night which included a
dinner and meeting at the Engincers Club in
Philadelphia. Nearly 100 students from the
University of Delaware, Drexel Institute,
lafayette College, Lehigh University, Uni-
versity of PPennsylvania, Swarthmore, and
Villanova were guests of the Section. After
the dinner, attended by 200, a Section meet-
ing was held. John Ryder, IRE President,
spoke to the group on “Automatic Elec-
tronic Production.” Also addressing the
meeting was Theodore [Hunter, l<ditor of the
Student Quarterly. Student Awards were
presented to seven students by S. C. Spicl-
man, Chairman of ’hiladelphia Section.

Philadelphia Section Presents Student Awards to Members from Six Colleges

Winners of Student Awards at the Philadelphia Section meeting are (standing, left to
right): L. A. Rubin, Pennsylvania; E. J. Taylor, Delaware; William Fryer, Lafay-

ette; William Kilpatrick, Lafayette; C, F. Der, Drexel. Seated: T S. Durand,
Villanova; S. C. Speilman, Philadelphia Section Chairman; R. J. Fulmer, Lehigh.
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PROFESSIONAL GROUP NEWS

NEw York CHAPTER oF PGANE
WiLL Exraxp WINTER PROGRAM

Now in its second full season, the New
York Chapter of the Professional Group on
Aeronautical and Navigational Electronics
is scheduling an expanded program of six
meetings. Functioning jointly for the New
York, Long Island, and Northern New
Jersey Sections, the chapter will cover topics
in communications, control, navigation, and
training aids.

The season will get under way on Thurs-
day evening, October 20, with a session on
“The Automatic Dead Reckoning Com-
puter.” Subsequent meetings and field trips
will take place in November, January, Feb-
ruary, April, and June.

Planning has been carried out by the
Chapter Executive Committee, consisting of
Gordon P. McCouch, Aircraft Radio Corp.,
Chairman; Lester M. Glantz, Telephonics
Corp., Vice-Chairman; William P. McNally,
W. L. Maxson Corp., Secretary; Stamates I.
Frangoulis, Ford Instrument Co., Member-
ship Committee Chairman; Henry C. Nelson,
Polytechnic Research and Development
Corp., Program Committee Chairman; and
Robert J. Bibbero, Hillyer Instrument Co.,
Past Chairman. The Program Committee
includes: Thomas W. Winternitz, Bell Tele-
phone Labs.; Robert A. Buckles, Watson,
Leavenworth, Kelton and Taggart; Charles
Cambridge, N. Y. USAF Development Field
Office; Richard Meyers, Federal Telecom-
munications Labs.; and Jokn Litsios, W. L.
Maxson Corp.

Four NEw CHAPTERS ANNOUNCED

On May 4, the IRE Board of Directors
approved the establishment of a new Section
in Ontario, Canada, to be known as the Bay
of Quinte Section.

Administrative Committee of PG on Microwave Theory

e

——— L

Theory and Techniques A.

C. Beck was elected Chairman of the Group. Pictured at
IRE Headquarters are (seated left to right): H F. Engelmann, Vice.Chairman: A, C.
Beck, Chairman; W. W. Mumford, former Chairman; G. C, Southworth. Chairman
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At the same meeting, the Amarillo-
Lubbock Subsection of the Dallas-Fort
Worth Section was made a full Section, now
called the Lubbock Section.

The Executive Committee, at its meeting
on June 7, approved the following chapters:
Central Florida Section, PG on Telemetry
and Remote Control; Philadelphia Section,
PG on Medical Electronics; Boston Section,
PG on Automatic Control; Rome-Utica
Section, PG on Communications Systems.

OBITUARY

James F. Pierce (A’30-VA’39) died re-
cently. Mr. Pierce, a patent attorney, re-
ceived the bachelor’s degree in civil engi-
neering from the University of Michigan and
the bachelor of laws degree from George
Washington University. He was a World
War I veteran and a member of the Ameri-
can Legion. He also held membership in the
American Bar Association and the Ameri-
can Patent Law Association. He had been
admitted to practice before the Supreme
Court, and was a partner in the patent law
firm of Pierce, Scheffler and Parker, Wash-
ington, D. C.

Mr. Pierce was an IRE Representative
at the University of Pittsburgh in 1949 and
1950.

Technical Committee Notes

The Antennas and Waveguides Com-
mittee met at IRE Headquarters on June 8
with Henry Jasik presiding. Mr. Jasik re-
ported on the Standards Committee review
of the Proposed Definitions of Waveguide
Components. The work of the Waveguide
and Waveguide Component Measurements
Subcommittee (2.4) on Methods of Wave-
guide Measurcment was reviewed. The sec-
tions on delay time and power handling
capacity had no further change. The section
on Q was discussed at length and amended.

i B%

\.“3

At a recent meeting of the Administrative Committee of the PG on Microwave

nd Techniques Meets at IRE
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This Proposed Standard will be discussed
further at the next meeting.

W. R. Bennett presided at a joint mcet-
ing of the Circuits Committee and the Sub-
committee on Linear Active Circuits Includ-
ing Network with Feedback Servomecha-
nism (4.7) on June 23 at IRE Headquarters.
It was announced that S. J. Mason had re-
signed from the Circuits Committee because
of the pressure of other work, and that W. A.
Lynch would take his place as Vice-Chair-
man. The committee discussed, amended,
and approved the feedback definitions for
submission to the Standards Committee.

The Facsimile Committee met at the
Times Building on June 17 with K. R.
McConnell presiding. Mr. Lankes reported
on the progress of the IRE Facsimile Stand-
ards Chart from a series of prepared notes.
The committee decided to write down a
short definition and use for each pattern of
the chart. The committec discussed the
facsimile definitions as sent to the Standards
Committec.

Mr. J. E. Eiselein presided at a meeting
of the Industrial Electronics Committee at
IRE Headquarters on June 15. The chair-
man announced that the definitions on in-
duction and dielectric heating were approved
by the Standards Committee with some
short added notes on the two words, decales-
ence and recalesence. The secretary was in-
structed to send a letter to R. R. Batcher,
Chairman of the Professional Group on
Production Techniques. The letter was to
stipulate that those in the Industrial Elec-
tronics Committee had assumed work in the
production techniques and automation fields
and that they would appreciate it if the
Production Techniques group worked with
them. The letter also indicated a desire to
have any interested members of this pro-
fessional group as members of the Industrial
Electronics Committee and a desire to have
them recognize the group as their channel of
expression. Mr. Cottle reported on the
RETMA work on definitions. Definitions for

I

|

i

of Awards Committee. Standing (left to right) are: K. Tomiyasu, Secretary-Treas-
urer; R. F. Schwartz, who organized the Philadelphia Chapter; S. D. Schreyer.
Secretary of the Baltimore Chapter; T. S. Saad. Editor; and Henry Jasik, of the
Papers Review Committee. The meeting was held early this summer.
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automatic machinery, aspect ratio and auto-
matic dip soldering, prepared by Mr.
Fiselein, were discussed and some modifica-
tions suggested. For those terms containing
“awtomatic” it was decided to accept the
dictionary definition for automatic and de-
fine the rest of the terms separately. It was
decided to appoint a small task group to
work on definitions of other terms and
present them for consideration at the next
meeting.

The Information Theory and Modulation
Systems Committee met at IRE Ilead-
quarters on June 1 with J. G. Kreer presid-
ing. The committee discussed and amended
the Information Theory Definitions now
under consideration.

I. R. Mimno presided at a meeting of
the Navigation Aids Committee at IRE
Headquarters on June 17, The committee
continued its discussion of the proposed
standard on “V'HF Omni-Dircctional Radio
Range (VOR).™ Minor revisions and minor

Books
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editorial changes were noted. The committee
noted, but did not settle, certain policy
questions regarding the possible subdivision
of the system into major components for
measurement standardization purposes.
The Standards Committee met at 1RE
Headquarters on June 7 with Chairman
I£. Weber presiding. The following proposed
standards were discussed, amended, and ap-
proved and will appear in THE PROCEED-
INGS shortly: “Standards on Industrial
Electronics: Definitions of Industrial Ilec-
tronic Terms, 1935;” “Standards on An-
tennas and  Waveguides:  Definitions  of
Waveguide Components, 1955;” “Standards
on Pulses: Mecthods of Measurement of
Pulse Quantities, 1935;” “Standards on
Radio Receivers: Method of Testing Re-
ceivers Employing Ferrite Core Loop An-
tennas, 1935;” and “Standards on Graphical
and Letter Symbols for Feedback Control
Systems, 1955.” The proposed standard on
“Terminology for Feedback Control Sys-
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tems” was discussed and will be completed
at the next meeting of the Standards Com-
mittee. 1t was unanmimously approved on
motion by Mr. Shea and scconded by Mr.
Baldwin that the Standards Committee
recommend to the Executive Committee
that the title of the Semiconductor Devices
Committee be changed to the Solid State
Devices Committee and  their scope be
changed accordingly. Dr. Weber announced
that the following appointments had been
approved at the last meeting of the Exeen-
tive Committice: upon resignation of Mr.
Dodds, . A. Redhead was appointed Chair-
man of the Electren Tubes Committee;
I.. E. Colicy, Telecomnumication ivision,
Department of Transport, Ottawa, Canada
was appointed as a non-IRE member to the
Radio Frequency Iiterference Committece.
I’. A. Fleming, British Radio Valve Manu-
facturers, London, England, was appointed
as a non-1RE member to the Ilectron
Tubes Comniittee.

Analog Methods in Computation and Simu-
lation by Walter W. Soroka

Published (I‘)54) h) McGraw-11ill Book Co., Inc.,
330 W, 42 St., N .36, N. Y. 380 p.u,es+0 pnge
index -+xii pages. llhls ()‘ X0}, 87.50.

This book describes various electrical
and mechanical components which (ideally)
obey fundamental mathematical laws, and
proceeds to demonstrate how computers and
simulators may be constructed from these
basic building blocks. The chapters are:
“Mechanical Computing Elements;” “Elec-
tromechanical, Electrical, and Electronic
Computing Elements;” “Machines for Si-
multanesus Linear Algebraic Equations;”
“Analog Solution of Nonlinear Algebraic
Fquations;” “The Mechanical Differential
Analyzer;” “Electronic Analog Computers
(Electronic Differential Analyzers);™ “Dy-
namical Analogies;” “Equivalent Circuits
for Ordinary and Partial Differential Equa-
tions in Finite Differences;” and “Nem-
brane and Conducting-sheet Analogies.”

The analog computer has both a long
history and a current vitality. The basic
precepts may be quickly enumerated, but a
feeling for the subject is developed only
through acquaintance with a wide spectrum
of examples, many in the “ingenious device”
category. I'rof. Soroka has provided these
examples in profusion, yet without making
the book a mere catalog of miscellany. e
has done a good job of collecting and or-
ganizing material largely available hereto-
fore only in isolated spots. The book is de-
scriptive, but the author does not hesitate to
“put the numbers in.”

The problem of scaling receives adequate
attention thronghout the hook, and the
technical limitations of many of the com-
puters described are indicated. A particu-

larly valuable addition would have been the
expansion of the brief chapter on electronic
analog computers to include checking pro-
cedures and error analysis techniques.

The author's preface indicates that the
book is considered a textbook; however, no
exercises  for the student are included.
Properly employed, it could form the basis
for a course at perhaps a high undergraduate
level, although appreciation of the fine
points in certain chapters requires somewhat
more advanced training. lLaboratory work
would be essential, and might well be
modeled upon examples in the book.

The practicing engineer will find this a
useful basic reference, but one which does
not attempt to solve his practical problems
of detail design to meet space and weight
limitations or to ensure reliable operation
under adverse environmental conditions. In
this connection, the reader will be grateful
that the book contains a wealth of basic
references to the literature.

Lotis B. WabEL
Chance Vought Aircraft, Inc.
Dallas, Texas

Servomechanisms and Regulating System
Design: Volume II by Harold Chestnut and
Robert Mayer

Published (1955) by John Wiley and Sons, Inc.,
440 Fourth Ave., New York 1, N. Y. 368 pages +8
page index +-xii pages. Illustrated. 91 X6. $8.50.

An engineer who has had the experience
of reducing a control system to practice soon
recognizes the rather substantial gap be-
tween theory and practical design. Theory
considers the broad and general fundamen-
tals that describe the performance of the
system. On the other hand, practical design

requires the translation of the control task
into technical specifications and the specifie
means of implemenation. Included in the
latter are error-sensing circuits, actuators,
transducers, amplifiers and  other  com-
ponents. ‘The destgner must also recognize
and minimize the effects of imperfections
such as drift, backlash, saturation,
nonlinearities, andd overheating which are
present in the physical components he is
compelled to use. \While there are many
books which deal with the theory of feed-
back control systems (such as volume one of
this same work), there are very few which
deal with practical design. For this reason,
this book is a most valuable and welcome
addition to the library of the control engi-
neer.

The first part deals with the measure-
ment techniques for obtaining transfer
functions of components The only criticism
offered here is thar this reviewer's experience
has been that except for simple cases the
accurate deduction of transfer functions
from test data is not quite as direct and
simple as the authors scem to imply. Follow-
ing this, there is nmterial on the setting of
dynamic specifications of the system as in-
fluenced by the systematic inputs the system
is required to follow and the noise it is re-
quired to reject. Selection of motors and
actuators, network design, amplifier design
and the handling of ac carrier servomecha-
nisms round out the materiat on design. The
authors restrict themselves largely to electri-
cal and electronic systems, omitting other
forms of implementation. It conchides with a
substantial amount of material on non-
linearities such as saturation and backlash,
on-off systems and the use of non-linear
components for compensation.

noise,
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Generally speaking, the hook is well
written and is replete with information of
practical value to the engineer. The presen-
tation, while analytical, is not too complex
thus making the boolk easily readable by the
practicing engineer and student. A compre-
hensive bibliography is available as an ap-
pendix so that the reader may broaden his
coverage should he wish to do so. The lack of
problems is one factor which lessens its value
as a student textbook. On the other hand, it
is recognized that meaningful problems in
practical design are very difficult to devise
and the lack of problems is quite under-
standable. ‘This book is a very worthwhile
addition to the list of texts dealing with feed-
back control and it is highly recommended
to those engineers and students who have an
interest in the practical design of servo-
mechanisms.

Joun R. RacazziNg

Columbia University
New York. N. Y.

The Amplification and Distribution of Sound
by A. E. Greenlees

Published (1954) by Chapinan and Hall Ltd., 37
Essex St. W.C. 2, London, England. 295 pages +5
page index +x pages. 114 Figs. 83 X5§. 35s

The author of this third revised edition
faithfully pursues the purpose stated in the
preface—“to present a general survey of the
principles of sound amplification and dis-
tribution, showing the practical considera-
tions involved, together with sufficient tech-
nical detail to enable the reader to appreciate
the fundamental principles.” The book is a
survey in that a wide variety of subjects is
covered lightly, though not superficially. By
reading this book a beginner in sound ampli-
fication covers the field rapidly without
getting deeply involved in any one branch of
the subject. The emphasis throughout is on
practical consideration and, although many
technical details are omitted, it is to the
anthor's credit that technical correctness
has not been sacrificed.

Chapters are included on amplifier com-
ponents, typical amplifier circuits, amplifier
performance factors; audio sources such as
radio receivers, microphones, and records of
various types; loudspeakers, installation
acoustics, svstem layouts; operation and
maintenance of equipment; and the prepara-
tion of sound equipment specifications. No
attempt is made to assign specific values to
circuit components or to describe the
mechanical design of electroacoustic com-
ponents in terms of actual dimensions. The
numerous block diagrams, charts, and
schematics are intended to be illustrative
rather than specific.

Little, if any, mathematical background
or prerequisite reading is required for the
reader of this book. The reader would do
well, however, to have as alternative back-
ground a modicum of experience with sound
systems, and additional experience of this
type is recommencded as an accompaniment
to the study program.

Although sound amplification systems
cannot, as the author states, “improve the
acoustics of the building,” their proper de-
sign, installation, and use can go far to over-
come an adverse acoustical environment.
The book will be very useful to sound system
dealers, service technicians, and operators,
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as well as to architects and others in need of
immediate direct information on sound
amplilication systems.

DaxiiL W, MARTIN

Baldwin Piano Company
Cincinnati, Ohio

An Outline of Atomic Physics by O. H.
Blackwood, T. H. Osgood, and A. E. Ruark

Published (1955) by Iolm Wiley and Sons, Inc.,
440 Fourth Ave., New York 16, N, Y. 474 pages +12
page index +x pages+9 Appendixes. Illus. 9} X6.
$7.50.

‘This well-rounded exposition is the third
edition of a text originally designed to pro-
vide college students with a thorough-going
knowledge and understanding of the struc-
ture and behavior of atoms, molecules, and
radiation. While the intended reader is ex-
pected to have completed a year's course in
college physics, the book is written primarily
for students aspiring to professions other
than physics.

The contents of the book may be roughly
divided into two classes. First nine chapters
contain descriptions of the atomic nature
of matter and of clectricity, the forms and
properties of radiant energy, atomic and
molecular spectra, the duality of waves and
particles, and a Dbrief treatment of solids.
The remaining six chapters may be roughly
classed as nuclear physics, and include dis-
cussions of radioactivity, the elementary
particles, nuclear transmutations, cosmic
rayvs, and the theory of relativity.

The authors have avoided the use of
calculus and higher mathematics throughout
the text; nevertheless they make a deter-
mined (and generally highly successful) at-
tempt to give the full story of the physics
involved. They give to the reader not only
the present-day physical theories but also
the ideas which led to their formation,
Where our knowledge ts vague or contra-
dictory this is pointed out, and the dilemmas
of physics are discussed as freely as its
successes.

Altogether, the radio engincer who is
interested in getting an accurate and com-
plete picture of the physics which interre-
lates the phenomena underlying his profes-
sion, and who wishes, as the authors state,
“to go to the frontiers of physics and see for
himself what manner of things must be done
to take the next step forward™ will find this
book rewarding. The subject matter is not
easy, and most readers will find that a con-
siderable degree of concentration is re-
quired. The authors’ presentation is, how-
ever, remarkable for its clarity, and those
who expend the effort to absorb and retain
this material will find unfolding a fascinating
story of the triumphs of modern thought in
unravelling some of the fundamental mys-
teries of nature,

Joux \W. CoLtMaN
Westinghouse Rescarch Laboratories
East Pittsburgh, Pennsylvania

Servomechanism Practice by
William R. Ahrendt

Pnbllahed (1014) by McGraw-Hill Book Co,, Inc,,
0 W, 36,

330 N. VY, 34h pages+7 page
mdex+vu pages 281 ﬁgures, 91 X061, $7.00,

This book is ideal for a manufacturer of
instrument servomechanisms. The solutions
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which it gives to problems in fabrication,
construction, component selection, circuitry,
vibration, temperature variations, toler-
ances, and nonlinearities, are of considerable
value to maintenance engineers and to
manufacturers of all types of feedback con-
trol systems.

The writing is clear, simple, nonmathe-
matical, casy to read, and accurate. It can be
studied and mastered by a practicing engi-
neer or an undergraduate student without
the help of a teacher. Block diagrams are
used effectively in the presentation by often
appearing with the detailed circuit diagram.

There are a number of good examples of
complete clectric and hydraulic instrument
servomechanisms with specifications, com-
ponent characteristics, system analyses, and
actual system performances. The book is
excellent in its treatment of manufacturing
techniques, nonlinearities in small com-
ponents, and the observed effect of these
non-linearities on system performance. The
selection of a prime mover and gear ratios is
covered in detail.

In its limited scope, this work fulfills an
important need, duplicating no other book.
It has very little, however, on control theory,
high power industrial control systems, ana-
logs or function computers. It does not dis-
cuss process control servos, guidance of large
objects, digitally or periodically controlled
systems, on-off or relay systems, nonlinear
predictor  systems, tension, velocity, or
fabrication controls. It has nothing on sta-
tistical disturbances, or the formulation of
specifications. 1t does not cover graphical,
electrolytic, or analog aids for the design
steps.

This book unfortunately does not have a
wide enough scope to serve as a laboratory
text for engineers in training, but it is an
excellent guide for the final design and pro-
duction engineers who must bridge the gap
between preliminary design and delivery.

Orro J. M. SMITH

Instituto Tecnologico de Aeronautica,
Sao Jose dos Campos. Est. Sao Paulo, Brasil

RECENT Books

ASTAM Standards on Electrical Insulating
Materials. Compiled by ASTM Com-
mittee D-9 on Electrical Insulating
Materials. American Society for Testing
Materials, 1916 Race St., Philadelphia
3, Pa. $5.50.

Banner, 15, H. W, Electronic Measuring
Instruments. Chapman and Hall Ltd.,
37 Essex St., W.C. 2, London, England.
45 S.

Duschinsky, W. J., TV Stations: A Guide
for Architecis, Engincers, and Manage-
ment. Reinhold Publishing Corp., 430
Park Ave., N. Y. 30, N. Y. $12.00.

Higdon, Archie, and Stiles, William B,
Engineering  Mechanics. DPrentice-Hall,
Inc.,, 70 Fifth Ave, N. Y. 11, N, Y.
§7.95.

Kiver, Milton S., Introduction to UHF
Circuits and Components. ). Van No-
strand Co., Inc., 250 Fourth Ave., New
York, N. Y. §7.50.

Proceedings of the Third Meeting of the
Joint Commission on Radiometeorology.
I.R.S.1. 42 Rue des Minimes, Brussels,
Belgium. $5.00.
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Protfessional Groups

Aeronautical & Navigational Electronics—
Chairman, Edgar A. Post, Navigational
Aides, United Air Lines, Operations Base,
Stapleton Field, Denver 7, Colo.

Antennas & Propagation—Chairman, Del-
mer C. Ports, Jansky & Bailey, 1339 Wis-
consin Ave., N.W., Washington 7, D. C.

Audio—Chairman, W. 15, Kock, Bell Tel.
[.abs., Murray 1ill, N. J.

Automatic Control—Chairman, Robert B.
Wilcox, Raytheon Manufacturing Co.,
148 California St., Newton 58, Mass.

Broadcast & Television Receivers—Chair-
man, \WW. I>. Boothroyd, PPhilco Corp.,
Philadelphia 34, Pa.

Broadcast Transmission Systems—Chair-
man, O. W. B. Reed, Jr., Jansky & Bailey,
1735 DeSales St., N.W., Washington,
D.C.

Circuit Theory—Chairman, J. Carlin, Micro-
wave Res. Inst., Polytechnic Inst. of
Brooklyn, 55 Johnson St., Brooklyn 1,
N.Y.

Communications Systems—Chairman, A. C.

PROCEEDINGS OF THE IRE
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Peterson, Jr., Bell Labs., 463 West St.,
New York 14, N. Y.

Component Parts—Chairman, Floyd A.
PPaul, Reliability Bendix Development
l.ab., 116 W. Olive Avenue, Burbank,
Calif.

Electron Devices—Chairman, J. S. Saby,
IElectronics Laboratory, G.E. Co., Syra-
cuse, N. Y.

Electronic Computers—Chairman, J. H. Fel-
ker, Bell L.abs., Whippany, N. J.

Engineering Management— Chairman, C. J.
Breitwieser, Lear, Inc., 3171 S. Bundy
Drive, Los Angeles 34, Calif.

Industrial Electronics—Chairman, George
P. Bosomworth, Engrg. Lab., Firestone
Tire & Rubber Co., Akron 17, Ohio

Information Theory—Chairman, Louis A.
DeRosa, Federal Telecommunications
lLab., Inc., 500 Washington Avenue, Nut-
ley, N. J.

Instrumentation— Chairman, F. G. Marble,
Boonton Radio Corp., Intervale Rd.,
Boonton, N. J.

Medical Electronics—Chairman, Dr. Julia
F. Herrick, Inst. of Experimental Medi-
cine, Mayo Found, Rochester, Minn,

Microwave Theory and Techniques—Chair-
man, A. C. Beck, Bell Labs., 463 West St.,
New York 14, N. Y.

Nuclear Science— Chairman, M. A. Schultz,
Westinghouse Automatic Power Division,
Bettis Ficld, Pittsburgh 30, Pa.

Reliability and Quality Control—Chairman,
Victor Wouk, Beta Electric Corp., 333 1.
103rd St., New York 29, N. Y.

Production Techniques—Chairman, R. R.
Batcher, 240-02—42nd Ave., Douglaston,
L.I.,N. Y.

Telemetry and Remote Control—Chairman,
C. H. lloeppner, Stavid LEnginecring,
Plainfield, N. J.

Ultrasonics Engineering—Chairman, M. D.
Fagen, Bells Labs., Whippany, N. J.

Vehicular Communications—XNewton Monk,
Bell Telephone Labs., 463 West St., New
York, N. Y.

Sections”™

Akron (4)—H. .. Flowers, 2029 19 St.,
Cuyahoga Falls, Ohio; H. F. Lanier, 49
W. Lowell Ave., Akron, Ohio.

Alberta (8)—Officers to be elected.

Albuquerque-Los Alamos (7)—T. G. Banks,
Jr., 1124 Monroe St., S.E., Albuquerque,
N. M.; G. A. Fowler, 3333 49 l.oop,
Sandia Base, Albuquerque, N. M.

Atlanta (3)—D. L.. Finn, School of Electrical
fngineering, George Institute of Tech-
nology, Atlanta, Ga.; P. C. Toole, 605
Morningside Dr., Marietta, Ga.

Baltimore (3)—C. F. Miller, Johns Hopkins
University, 307 Ames Hall, Baltimore 18,
Md.; I1. R, Ilyder, [I1, Route 2, Owings
Mills, Md.

Bay of Quinte (8)—]. C. R. Punchard, Klec.
Division, Northern Elec. Company, Ltd.,
Sydney St., Belleville, Ont., Canada;
M. J. Waller, R.R. 1, Foxboro, Ont.,
Canada.

Beaumont-Port Arthur (6)—\V. \W'. Lckles,
Jr., Sun Oil Company, Prod. lLab., 1096
Calder Ave., Beaumont, Tex.; E. D.
Coburn, Box 793, Nederland, Tex.

Binghamton (4)—O. T. L.ing, 100 Henry St.,
Binghamton, N. Y.; Arthur Hamburgen,
102 S. Nanticoke Ave., EEndicott, N. Y.

Boston (1)—T. I>. Cheatham, Jr., Hosmer
St., Marlborough, Mass.; R. A. Waters,
4 Gordon St., Waltham 54, Mass.

Buenos Aires—]. M. Rubio, Ayachucho
1147, Buenos Aires, Argentina; J. L.
Blon, Transradio Internacional, San Mar-
tin 379, Buenos Aires, Argentina.

Buffalo-Niagara (1)—D. P. Welch, 859
Highland Ave., Buffalo 23, N. Y.; \W. S,
Ilolmes, 1961 Ellicot Rd., WestFalls, N. Y.

Cedar Rapids (5)—Ernest Pappenfus, 1101
30 St. Dr., S.I.,,