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As was mentioned last month, multiple simultaneous beams from a lossless pas-
sive antenna must be orthogonal in space if they are to be free from crosstalk 
or coupling effects. This prevents one from specifying independently the beam 
shape and crossover levels in such a system. This month Warren White discusses 
methods whereby acceptable solutions can be found for a majority of cases. 

Orthogonality in Multiple Beam Antennas (PART II) 
As we mentioned last month, if mul-

tiple beams are to be radiated simul-
taneously from a lossless passive 
antenna, then for the beams to be de-
coupled, they must be orthogonal in 
space. The exact relation to be satis-
fied is 

2n 

cos 0d9i clO lye, 0) • F. (Q, 0) it k 

j•-n o 

EQUATION I 

Since the proof is given elsewhere,' it 
will not be repeated here. F3 (0, (p) is 
the far field radiation pattern of the jth 
beam. In the completely general case, 
F. must be regarded as a vector quan-
tity with complex elements. One ele-
ment for example could give the phase 
and amplitude of the vertically polar-
ized component and the other gives 
similar data for the horizontally polar-
ized component. Of course, if the polar-
ization is everywhere vertical, for ex-
ample, we can disregard the second 
vector component and regard the F3 
(0, 4)) as complex scalor quantities. 

It is easy to see that when the phase 
centers coincide so that there is no 
phase difference between F. and Fk, 
then if we have a substantial overlap 
between adjacent beams and negligible 
or non-existent side lobes, the beams 
will not be orthogonal. The relation 
seems to say that to achieve orthogo-
nality between overlapping beams, it is 
essential to have substantial side lobe 
regions in which the phase is reversed. 
Another method, however, is to dis-
place the phase centers. This will intro-
duce a phase factor under the integral 
sign in equation ( I) and will affect the 
value of the integral. As a practical 
matter, the beams will be orthogonal 
if the phase centers are displaced to the 
point where the apertures no longer 
overlap. One 
method of obtain-
ing orthogonal op-
eration then is to 
use independent 
apertures for adja-
cent beams. In 
Figure 1, we show 
a system using two   

FIGURE I 
apertures with the 
odd-numbered beams being radiated 
from the left and the even-numbered 
beams from the right. In cases where 
the side lobe requirements are more 
severe, three or more independent aper-
tures may be required. If we are form-

11+1 ANTENNA 
PORTS 

LEGENO 

HYBRID JUNCTION 

WITH POWER FLOW 

AS INDICATED 

FIGURE 2 

ing beams in a two-dimensional bundle 
instead of simply a one-dimensional 
stack, the number of apertures required 
becomes greater yet. 

Since the use of multiple apertures 
is not likely to be cheap, it becomes 
desirable to investigate other methods 
of decoupling. As it turns out, the re-
quirement for orthogonality is based 
on the fact that in a lossless passive 
system, the output power must be 
strictly equal to the input power. If we 
permit the use of lossy elements or ac-
tive elements, decoupled operation can 
be readily achieved with non-orthog-
onal beams. 

Figure 2 shows one type of lossy 
network capable of providing non-or-
thogonal beams. We assume the n 1 
ports on the left are connected to an-
tenna ports that provide sin x/x or 
similar beams that are orthogonal but 
that do not have satisfactory crossover 
or side lobe levels. By exciting two of 
these ports simultaneously, we achieve 
a composite beam in which the side 
lobes are reduced. Furthermore, the 
beam formed by exciting ports 1 and 2 
has a good crossover with the beam 
formed by exciting ports 2 and 3. With 
the hybrid network shown, energy fed 
to one of the ports on the right will 
excite two adjacent ports on the left 
and adjacent ports on the right are de-
coupled despite the fact that they feed 
the same antenna port. The price paid 
for this type of operation is that half 
of the input power winds up being dis-
sipated in the terminations and only 

FIGURE 3 

half is radiated. More elaborate net-
works can be devised that provide still 
better side lobe and crossover perform-
ance but result in a still greater loss in 
the terminations. 

In receiving applications, the pres-
ence of lossy terminations is doubly 
damaging, since not only is the signal 
attenuated but additional noise is intro-
duced. For this reason, a third alterna-
tive, that of active circuit decoupling is 
likely to be attractive. One method of 
achieving this type decoupling is shown 
in Figure 3. This network is similar to 
that of Figure 2 except for the ampli-
fiers inserted between the antenna 
proper and the network. These ampli-
fiers established the signal-to-noise ra-
tios before the losses are introduced. 
Friis and Feldman2 describe an alterna-
tive technique applicable to arrays. 
Here a receiver front end is provided 
for each element of the array and the 
beam-forming network operates at IF. 
Again the signal-to-noise ratio is estab-
lished before any losses are introduced. 

Doubtless other methods of operat-
ing with non-orthogonal beams can be 
found. Orthogonality might be achieved 
by putting adjacent beams on different 
frequencies or at different times. It is 
hoped, however, that an understanding 
of the problem can avoid effort wasted 
in attempting the impossible. 

1 W. D. White, " Pattern Limitations in Multiple 
Base Antennas," IRE Trans. on Antennas and 
Propagation. Vol. AP- 10, No. 4, July 1962. 

H. T. Frits and C. B. Feldman, "A Multiple 
Unit Steerable Antenna for Shortwave Reception," 
BSTJ, Vol. 16, No. 3, P. 337419, July 1937. 

A complete bound set of our sixth series 
of articles is available on request. Write 
to Harold Hechtman at AIL for your set. 
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NEWS FROM 

BELL LABORATORIES 

A simple, highly sensitive 

microwave amplifier 

Bell Laboratories engineers have developed an 

extremely sensitive parametric amplifier which 

approaches the maser in sensitivity. Both will be 

used in experiments with Telstar, the Bell Sys-

tem's experimental communications satellite. 

Heart of the parametric amplifier is a newly 

developed semiconductor diode with very low 
intrinsic noise. Previously, the sensitivity of 

such amplifiers at microwave frequencies was 

severely limited by the unwanted noise gen-
erated in their diodes. The new diode, no 

bigger than the eye-end of a needle, solved 
this problem. 

Our engineers also devised new circuitry to 
stabilize precisely the output of the klystron 

(microwave generator) supplying power for the 

amplifier. To reduce further the intrinsic noise 

of the amplifier, they immersed the diode and 

its circuits in liquid nitrogen, utilizing a new 

cooling arrangement which economically 

maintains a low temperature for many days 
without attention. 

The new amplifier fills a need in the com-
munications field for a simple microwave ampli-

fier of high sensitivity in applications for which 

the higher sensitivity of the maser does not 
justify its additional complication. 

Bell Laboratories' Michael Chruney adjusts waveguide assembly 

(In circle) housing the diode. After adjustment the entire parametric 

amplifier will be immersed in liquid nitrogen in dewar at left. The 
new amplifier operates at 4170 megacycles (center of band) and 

provides an almost flat gain of 38 do over a 50-megacycle band with 

a noise figure of approximately 0.6 db. 

Close-up of the waveguide as-

sembly, in which Bell Telephone 

Laboratories' newly developed 

diode is located. 

Heart of amplifier—a hermet-
ically sealed gallium arsenide 

diode—is compared with eye of 

average-sized sewing needle„ 

BELL TELEPHONE LABORATORIES 
World center of communicabons research and oevelopment 



BEFORE ORBIT.. 

Telstar's first 
1300 miles were 
on the ground 

Write for complete infor-
mation on Sky flyne cases 
and design capabilities. 

In saluting the successful launching of 

TELSTAR, Skydyne, Inc. takes pride in its 

contribution to AT&T's historic accomplish-

ment. A specially designed Skydyne transit 

case was chosen for moving the new 

communications satellite from Bell Telephone 

Laboratories in Murray Hill, N. J. to 

Cape Canaveral. 

In every area of modern technology, under 

the most adverse conditions, Skydyne cases 

provide complete protection to delicate 

instruments and other precision devices. 

e 
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TICKS4r 

STYLE 1001 
SPDT 

STYLE 1005 
SPDT 

MIDGET RELAYS for 

AC or DC Operation 

Price Electric Series 1000 Relays Now Feature . . . 
• AC or DC Operation 

• Solder or Printed Circuit Terminals 
• Open or Hermetically Sealed Styles 

These versatile, midget, general-purpose relays, 
formerly available only for DC operation, are 
now being offered for operation directly on AC. 
The AC relays, of course, have the same basic 
features, including small size, light weight, and 
low cost that made the DC relays pace setters 
in their fields of application. 

Typical Applications 
Remote TV tuning, control circuits for commercial 
appliances, radiosonde, auto headlight dimming, etc. 

General Characteristics 
Standard Operating Voltages: 

3 to 32 VDC; 6 to 120 VAC 60 Cycle. 
Maximum Coil Resistance: 13,000 ohms 

Sensitivity: 
0.05 watt at standard contact rating; 0.3 watt at 
maximum contact rating for DC relays; 1.2 volt-
amperes for AC relays. 

Contact Combination: SPDT 
Contact Ratings: 

Standard 1 amp.; optional ratings, with special 
construction, to 3 amps. Ratings apply to resistive 
loads to 26.5 VDC or 115 VAC. 

Mechanical Life Expectancy: 
10,000,000 operations, minimum 

Dielectric Strength: 500 VRMS, minimum 

PRICE ELECTRIC 
CORPORATION 

300 Church Street • Frederick, Maryland 
MOnument 3-5141 • TWX: Fred 565-U 

Meetings Re E 

41 › with Exhibits 
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• 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. 

_à 

September 21-22, 1962 

Conference on Communications, 
Roosevelt Hotel, Cedar Rapids, Iowa 

Exhibits: Mr. Richard L. Jaycox, P.O. 
Box 948, Cedar Rapids, Iowa 

October 1-3, 1962 

Eighth National Communications 
Symposium, Hotel Utica & Utica 
Municipal Auditorium, Utica, N.Y. 

Exhibits: Mr. Charles Glaviano, 45 
Meadow Dr., Rome, N.Y. 

October 2-4, 1962 

Seventh National Sympos*  on 
Space Electronics & Telemetry, 
Fontainebleau l Intel. Miami Beach, 
Fla. 

Exhibits: Mr. Charles H. Doersain, Jr., 
Instruments for Industry, 101 New 
South Road, Hicksville, Li., N.Y. 

October 8-10, 1962 

National Electronics Conference, Mc-
Cormick Place, Chicago, Ill. 

Exhibits: Mr. Rudy Napolitan, National 
Electronics Conference, 228 N. LaSalle 
St., Chicago, Ill. 

October 15-18, 1962 

Symposium on Space Phenomena & 
Measurement, Statler-Hilton Hotel, 
Detroit, Mich. 

Exhibits: Mr. J. B. Bullock, University 
of Michigan, Ann Arbor, Mich. 

November 1-2, 1962 

Sixth National Conference on Prod-
uct Engineering and Production, 
Jack Tar Hotel, San Francisco, Calif. 

Exhibits: Mr. W. Dale Fuller, Lockheed 
Missiles & Space Div., P.O. Box 504, 
Sunnyvale, Calif. 

November 4-7,1962 

Fifteenth Annual Conference on 
Electronic Techniques in Medicine 
8z Biology, Conrad Hilton Hotel, Chi-
cago, Ill. 

Exhibits: Professional Associates, Inc., 
6520 Clayton Rd., Saint Louis 17, Mo. 

November 5-7, 1962 

NEREM (Northeast Research & En-
gineering Meeting), Commonwealth 
Armory & Somerset Hotel, Boston, 
Mass. 

Exhibits: Mr. S. K. Gibson, Instruments 
of New England, 108 Greenwood Lane, 
Waltham 5, Mass. 

(Continued on pege 10.4) 
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from any signal source 800 to 2,400 MC 

from any cw signal to 1 watt 
•••••••12•11.1, 

PERFECT 
MODULATION 

free of jitter and incidental FM 

e INTERNAL EXTERNAL 

New (ti,) 8714A Modulator delivers fast, jitter-free 
and FM-free pulses from any signal source or 
generator from 800 to 2,400 MC. A rise time of 20 
nsec and fall time of 10 nsec are the result of 
using an absorption modulator composed of 
electrically controlled PIN diodes. Since the 
signal source, either klystron or BWO, is always 
operated in the cw mode, and the PIN diodes 
present a good match under all modulation 
conditions, pulses from the 8714A are free from 
incidental FM and jitter. 
The 8714A has internal modulation genera-

tors providing square wave and pulse modula-

Frequency range: 

RF input power: 

SWR: 

Impedance: 

On-off ratio: 

Rise time: 

Decay time: 

Internal repetition rate: 

Jitter: 
Internal pulse width: 

External sync: 

External AM mod: 

External pulse mod: 

Dimensions: 

Weight: 

Price: 

SPECIFICATIONS 

tion 50 cps to 50 KC, with continuously variable 
width and delay controls. The internal square 
wave and pulse generators may also be exter-
rally synchronized at rates up to 1 MC for non-
periodic modulation. External modulation capa-
bility in pulse and AM modes to at least 1 MC is 
also provided. 
Push button function selection, simple con-

trols and versatile rack or bench mount make 
the 8714A easy to use. Solid state design and 
rugged construction assure years of convenient 
and trouble-free service. 

800 to 2.400 MC 

Maximum 1 watt 

1.5 maximum at minimum attenuation, 
2.0 maximum at 80 db attenuation 

50 ohms nominal 

Better than 80 db 

20 nsec 

10 nsec 

Variable from 50 cps to 50 KC, 3 decade rarges 

< 1.0 nsec 

Variable from 0.1 psec to 100 psec in 3 decade ranges 

0 to 1 MC depending on width/delay ratio 

Max. freq., 1 MC sinusoidal 

Max. rep. rate, 1 MC 

163,2" wide x 4" high x 183/4 " deep 

23 lbs 

8850.00 

7879 Data subject to change without notice. Price f.o.b. factory 

HEWLETT-PACKARD COMPANY 
1501 Page Mill Road, Palo Alto, California, Area Code 
415, DA 6-7000. Sales and service representatives in 
all principal areas; Europe, Hewlett-Packard S.A., 

54-54bis Route des Acacias, Geneva; Canada, Hewlett-
Packard (Canada) Ltd., 8270 Mayrand Street, Montreal 
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defense and industrial division 

TACO Weather Radar Antennas 
The havoc created by nature at its furious 
worst cannot be eliminated—but an effective 
weather-warning radar system plots the ar-
rival of an impending storm and adequate 
precautionary measures serve to minimize 
damage to life and property. 

However, the heart of any weather-warn-
ing radar net is the antenna. The total effec-
tiveness of the system rests on its ability to 
withstand the onslaught of wind, water and 
ice—and TACO, world leader in antenna de-
sign and manufacture offers unquestioned 
reliability— in all types of weather. 

Look to TACO for matchless design in; 

• Microwave Antennas 
• Telemetry & Special Purpose Antennas 
• Airborne Antennas 
• Parabolic Reflectors 
• Ruggedized Yagis 
• Rigid Coaxial Transmission Line 

Your request for specific data on one or 
more of these groups will bring immediate 
response. 

The TACO C-1398 Weather Radar 
Antenna is an eight foot diameter 
spun aluminum parabolic reflector 
illuminated by a sectoral feed horn 
attached to a wave guide bend. It 
is designed for the freqJency 
range of 5250-5650 MC and has a 
maximum VSWR 1.25:1. Gain is 
40 db minimum, front-to-back 
ratio ( db down). is 41 db. The 
C-1398 may be oscillated in ele-
vation and rotated in azimuth. 

TECHNICAL APPLIANCE 

CORPORATION 
SHERBURNE, NEW YORK 

Meetings R9E  

with Exhibits 
,[11111 11111111 1illi1111111111111111111lillillillliiIIIII I111111 1111111111111r1111111:11111111111111111111 illiii 

(Continued from page M) 

November 12-15, 1962 

Eighth Annual Conference on Mag-
netism & Magnetic Materials, Penn-
Sheraton Hotel, Pittsburgh, Pa. 

Exhibits: Mr. J. L. Whitlock, John Les-
lie Whitlock Associates, 253 Waples 
Mill Rd., Oakton, Va. 

November 16-17, 1962 
Communications Symposium, Queen 

Elizabeth Hotel, Montreal, P.Q., Can-
ada 

Exhibits: Mr. Arthur H. Gregory, North-
ern Electric Co., Ltd., 1600 Dorchester 
Blvd. W., Montreal, P.Q., Canada 

November 19-20, 1962 
MAECON (Mid-America Electronics 
Conference), Continental Hotel, Kan-
sas City, Mo. 

Exhibits: Dr. Arthur Goldsmith, Wilcox 
Electric Co., 1400 Chestnut, Kansas 
City 27, Mo. 

December 4-6, 1962 
Fall Joint Computer Conference, 

Sheraton Hotel, Philadelphia, Pa. 

Exhibits: Mr. R. A. C. Lane, RCA Build-
ing 204-1, Camden 8, NJ. 

December 6-7, 1962 
13th National Conference on Vehic-
ular Communications, Mayfair Ho-
tel, Los Angeles, Calif. 

Exhibits: Mr. Leslie M. Walker, Los An-
geles County Dept. of Communications, 
500 West Temple St., Los Angeles 12, 
Calif. 

January 30-February 1, 1963 
Fourth Winter Convention on Mili-

tary Electronics, Ambassador Hotel, 
Los Angeles, Calif. 

Exhibits: IRE Los Angeles Office, 1435 
La Cienega Blvd., Los Angeles, Calif. 

February 11-15, 1963 
Third International Symposium on 
Quant  Electronics, UNESCO 
Bldg., Paris, France 

Exhibits: Madame Cauchy, 7 rue de 
Madrid, Paris 8, France 

March 25-28, 1963 
International Radio & Electronics 
Show and IRE International Conven-
tion, New York Coliseum and Waldorf-
Astoria Hotel, New York, N.Y. 

Exhibits: Mr. William C. Copp, IRE Ad-
vertising Dept., 72 West 45th St., New 
York 36, N.Y. 

Note on Professional Group Meetings: 
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working committeemen on these 
groups are asked to send advance data 
to this column for publicity information. 
You may address these notices to the 
Advertising Department and of course 
listings are free to IRE Professional 
Groups. 
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Metcom 

low-noise 

microwave 

tubes 

at work: 

Pump-type klystrons for 

parametric amplifiers 

Pulse-type duplexers Doppler-type magnetrons 

and klystrons 

Metcom now offers a line of magnetrons, klystrons, and gas switching 

tubes, whose remarkably low-noise level represents a notable advance-

ment in the state of the art. For complete information on Metcom low-
noise microwave tubes, please write: 

for better microwave tubes and devices  

Our new general catalog includes 

specifications on over 500 tubes 
and components. Write for your 
copy today. 

,A 1,4E-rcom INC. 
SALEM. mASSAcmusEr7s 
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NEW 
4- TRACE 

PREAMPLIFIER 

for Tektronix 

Oscilloscopes that 

accept 

letter-series 
plug-in units 

TYPE M PLUG -IN UNIT 
krOt S/CM FOUR-TRACE PREAMP 

MODE 

0•1114.1 rDoerlc-) 

011 

02 j 

I 

TYPE M UNIT Seventeenth in the letter-series of plug-
in units, the new Type M Unit adds multiple-trace displays 
to the wide range of applications possible with your Tek-
tronix oscilloscope. 

With a Type M Unit, you can observe up to four s,gnals—either sepa-
rately, or in any combination. 

Independent controls for each amplifier channel permit you to position, 
attenuate, invert input signals as desired. 

Other convenient preamplifier features—such as triggered or free-
running electronic switching ... ac- coupling or dc-coJpling ... and, after 
initial hookup, little or no cable switching— ideally suit the new Type M 
Unit for multiple-trace presentations in the laboratory or in ihe field. 

For a demonstration of this new 4- Trace Preamplifier, 

please call your Tektronix Field Engineer. 

A 11 

CHARACTERISTICS 

Operating Modes—Any combination of one to four 
channels electronic-ally switched—at the end of each 
sweep or at a free- running rate of about 1 mc (1 µsec 
width samples). Or each channel separately. Channel 
Sensitivity-20 my/cm to 10 Worn in 9 calibrated steps. 
Continuously variaole iincalibrated between steps, 
and to 25 v/cm. Channel A Signal—available on front 
panel 'or optimum triggering in some applications. 
Frequency Response and Riselime—With Type 540-
Series and Type 550-Series Oscilloscopes dc to 20 
mc, 17 nsec. With Type 531A, 533A, 5:35A Oscillo-
scopes dc to 14 mc, 25 nsec. Constant Input Impe-
dance—at all attenuator settings. 

Type M Plug-in Uryt .   $525 00 
U. S. .3alev Price f.o.b. Beaverton, Oregon 

Tektronix, Inc. P. 0. BOX 500 • BEAVERTON. OREGON I Mitchell 4-0161 • TWX-503-291-6805 • Cable: TEKTRONIX 

TEKTRONIX FIELD OFFICES: • 

TEKTRONIX CANADA LTD: 

TEKTRONIX OVERSEAS DISTRIBUTORS. . 

European and Alrican countries, tire vountrIck of Lthiano tool e::,,t,:Ot TEKTRONIX INTERNATIONAL A.G, Terrasseniveg A. Zug. Switterland, for the name of your ' ilea' oversras distnbutor. 

Other Overseas areas, please write or cable directly to Tektronix. Inc., International Marketing Depadment, P. 0. Box MO, Beavertol, Oregon, LISA. Cable: TEKTRONIX 
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Model 451 750 to 2750 Mc— 

only $ 1325! 

Now! Up to 300 mw of 
cw or modulated microwave signal 

from one package- one knob! 

Na rcia Microwave 
SIGNAL SOURCE 

You'd pay more for a universal klystron power supply alone! Yet, for 
just $1325 you get a complete laboratory and test department signal 
source, covering 750 to 2750 mc, and all in one compact package! 

Power? Plenty! Up to 300 mw! (See typical curve below.) And, 
power's adjustable over a 50 db range. Tuning? One knob does it with a 
direct-reading frequency indicator tape. Modulation? Included! Square 
wave and pulse modulation in the most widely-used combinations are 
built in; also provision for external modulation—AM and FM. 

Reliability? Life? Provided for! Klystron life and stability are in-' 
creased since the filament voltage remains constant despite line voltage 

fluctuations. The cavity features non-
contacting tuning for longer life and trou-
ble-free operation. 

The Model 451 comes complete with 
klystron, wide band cavity, 50 db range 
attenuator, solid state power supply and 
modulator. And it's available now! For 
complete specs (and catalog of other 
Narda precision products) write today. 
Address: Dept. PIRE-2-8. 

TYPICAL OUTPUT POWER YS. FREQUENCY 
 ClOwAVE SIGMAL SOURtt 

FrequAncy.(tnel 

nar 
• Pla.nview, L. 1, New York microwave corporation Area Code 516 GE 3-9000 
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IRE International News  

Current IRE Statistics 

(As of April 30, 1962) 

Membership-100,075 
Sections*- 111 
Subsections*-33 
Professional Groups*-29 
Professional Group Chapters-299 
Student Branchest-229 

* See this issue for a list. 
t See June. 19052 for a list. 

Calendar of Coming Events 

and Author's Deadlines* 

1962 

Sept. 3-7 : Internan. Symp. on Informa-
tion Theory, Brussels, Belgium. 

Sept. 3-7: Nat'l Advanced Technology, 
Management Conf., World Fair 
Grounds, Opera House, Seattle, 
Wash. 

Sept. 3- 7: 45th I nternat'l. Congress on 
Microwave Tubes, Kurhaus Hotel, 
Scheveningen, Netherlands. 

Sept. 4-7: ACM Nat'l. Conf., Hotel 
Syracuse, Syracuse, N. Y. 

Sept. 13-14: 10th Annual Engineering 
Management Conf., Hotel Roose-
velt, New Orleans, La. 

Sept. 13-14: Nat'l. Symp. on Engineer-
ing Writing and Speech, Mayflower 
Hotel, Washington, D. C. 

Sept. 19-20: 11th Annual Industrial 
Electronics Symp., Hotel Sheraton, 
Chicago, Ill. 

Sept. 28-29: 12th Annual Broadcast 
Symp., Willard Hotel, Washington, 
D. C. 

Oct. 1-3: 8th Nat'l. Communications 
Symp., Hotel Utica, Utica, N. Y. 

Oct. 2-4: Nat'l. Symp. on Space Elec. 
and Telemetry, Fountainebleau Ho-
tel, Miami Beach, Fla. 

Oct. 7-12: AIEE 1962 Fall General 
Meeting-3rd Ann. Symp. on 
Switching, Circuit Theory and Log-
ical Design, Chicago, Ill. 

Oct. 8-10: Nat'l. Elec. Conf., Mc-
Cormick Pl., Chicago, Ill. 

Oct. 12-13: 7th Annual North Carolina 
Section Symp., Greensboro Coli-
seum, Greensboro, N. C. 

Oct. 15-17: URSI-IRE Fall Meeting, 
Ottawa, Canada. 

Oct. 15-18: Symp. on Space Phenomena 
and Measurement, Statler-Hilton, 
Detroit, Mich. 

Oct. 22-24: ECCANE (East Coast Conf. 
on Aerospace and Navigational 
Elec.) Emerson Hotel, Baltimore, 
Md. 

Oct. 25-27: Electron Devices Meeting, 
Sheraton Park Hotel, Wash., D. C. 

* DL --- Deadline for submitting ab-
stracts. 

(Continued on page 15A) 

DONALD G. FINK APPOINTED 

GENERAL MANAGER OF IEEE 

The Presidents of IRE and AIEE have 
announced the appointment of Donald G. 
Fink as General Manager of the Institute of 
Electrical and Electronic Engineers ( IEEE), 
scheduled to be formed in January, 1963, 
when the IRE and AIEE are merged. Ile is 
now Director of the Philco Scientific Lab-
oratory and will remain in that post until 
his successor is appointed. Warren H. 
Chase, President of ALEE, and Patrick E. 
Haggerty, President of IRE, stated that Mr. 
Fink was the unanimous choice of a 14-man 
Merger Committee appointed by the Boards 
of the two societies. 

As General Manager, he will be the chief 
staff officer responsible for the day-to-day 
operation of the world's largest engineering 
society, with an estimated membership of 
160,01;i0. Among his responsibilities will be 

Donald G. Fink (above) recently appointed Gen-
eral Manager of the Institute of Electrical and Elec-
tronic Engineers (IEEE). 

the supervision of the publication of techni-
cal periodicals which, for AIEE and IRE, 
now total forty. 

Dr. George W. Bailey, Executive Secre-
tary of the IRE, will continue with the IEEE 
for at least two years as Consultant. 

Mr. Fink has combined notable careers 
in technical publishing, government service, 
and industrial research. He received the 
B.S. degree from M.I.T. and the M.S. de-
gree from Columbia University, both in elec-
trical engineering. After a year on the re-
search staff of M.I.T., he joined the 
editorial staff of Electronics, becoming Edi-
tor-in-Chief in 1946. While on leave of ab-
sence from his editorial duties during World 
War II, he became Head of the Loran Divi-
sion of the M.I.T. Radiation Laboratory 
and, in 1943, was appointed Expert Consult-
ant, in the field of electronic navigation and 
radar on the staff of the Secretary of War. 
For his overseas wartime service he was 
awarded the Medal of Freedom. In 1946 he 

served as Civilian Consultant at the Bikini 
atom bomb tests. 

In 1952 he joined the Philco Research 
Laboratories as Director of Research, and in 
1959 he was put in charge of all of the 
company's research activities. In 1961 he 
was appointed Vice President for Research. 
Since the Ford Motor Company acquired 
Philco in 1961, he has continued to head re-
search activities, as Director of the Philco 
Scientific Laboratory. 

Since the war, Mr. Fink has been advisor 
and consultant to the Federal Communica-
tions Commission, National Bureau of 
Standards, U. S. Senate, Department of 
State, and Department of the Army. Ap-
pointed to the Army Scientific Advisory 
Panel in 1957, he is presently Vice Chairman 
of the Communications and Electronics Sub-
panel. From 1950 to 1952 he was Vice Chair-
man of the National Television System 
Corn ni it tee. 

Mr. Fink is a Fellow of both the ALEE 
and the IRE, and is a member of the AI EE 
Electronics Committee. He was Editor of 
the PROCEEDINGS OF IFIE IRE in 1956 and 
1957. In 1958, while he was President of the 
IRE, he participated in discussions with the 
President of the Al EE, setting up closer ties 
between the two societies which later led to 
the merger plans. 

FINAL CALL FOR PAPERS 

AUTOMATIC CONTROL CONFERENCE 

The Fourth Joint Automatic Control 
Conference will be held at the University of 
Minnesota, Minneapolis, Minn. on June 19-
21, 1963. Prospective authors are invited to 
submit abstracts of 100 words by September 
30, and manuscripts by November 15, 1962. 

Papers are invited on control theory, ap-
plications, and components, Particular ef-
forts are being made to include a broad 
range of application papers, and one or more 
applications symposia are being developed. 

Ciotend ip.onents papers, also, are especially in-
‘ The sponsoring societies of the JACC are 
the American Institute of Chemical Engi-
neers ( which has prime responsibility in 
1963), the American Institute of Electrical 
Engineers, the American Society of Me-
chanical Engineers, the IRE, and the Instru-
ment Society of America. Abstracts and 
papers may be submitted through the mem-
ber society headquarters with the designa-
tion "for 1963 JACC" or to the Program 
Chairman, Professor Otis L. Updike, De-
partment of Chemical Engineering, Univer-
sity of Virginia, Charlottesville, Va. Further 
details on paper submission will be supplied 
after abstracts are received. The early dead-
line schedule has been established to permit 
full preprinting of conference papers. 

Papers prepared for the Congress of the 
International Federation for Automatic 
Control in Basle may be presented also at 
the JACC, and will be preprinted in abstract 
only to conform with IFAC requirements. 
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Mrs. David K. Barton holds the M. Barry Carlton Award for 1962 presented to her husband (right), RCA 
Missile and Surface Radar Department, Moorestown, N. J., for his paper, "The Future of Pulse Radar for 
Missile and Space Range Instrumentation," published in the October. 1961 issue of the IRE TRANSACTIONS ON 
MILITARY ELECTRONICS. The presentation was made at MIL-E CON, 1962 by William L. Doxey, National 
Chairman, 1961-1962. 

CALL FOR PAPERS 

MIL-E-CON 1963 

The 1963 National Winter Convention 
on Military Electronics will be held at the 
Ambassador Hotel, Los Angeles, Calif., on 
January 30-February 1, 1963. The Conven-
tion will be keynoted, as in past years, by 
an opening panel session conducted by senior 
members of the Department of Defense. 

In order to assure the greatest possible 
scope and depth of technical papers, several 
Secret sessions will be held, in addition to 
Confidential and Unclassified sessions. Pa-
pers in the following fields will be presented: 

Systems: Ballistic Missile Systems (S); 
Space Systems ( C): Tactical Warfare Sys-
tems ( C); Antisubmarine Warfare Systems 
(S); Ballistic Missile Defense Systems (S); 
Airborne Systems ( including fire control and 
reconnaissance) ( CY; Command and Control 
Systems ( C). 

Technologies: Radar ( C); Infrared ( C); 
Lasers ( U); Communication and Telemetry 
(U); Information and Data Processing ( U); 
Guidance and Navigation ( C); Instrumenta-
tion ( U); Displays and Man-Machine De-
sign ( U); Aerospace Ground Support Equip-
ment ( U); Microelectronics ( U); Fuel Cells 
and Space Power Supplies ( U). 

General: Program Management Tech-
niques ( U); Space Environmental Testing 
(U); Feedback from the Military User (U). 

The Classified sessions will be sponsored 
by the U. S. Air Force Systems Command. 

Unclassified and classified papers are in-
vited for presentation. Authors should sub-
mit a 100-word unclassified abstract, a 500-
word summary, and a short biography. 
Authors of classified papers are responsible 
for obtaining all necessary clearances. All 
papers should be sent to Dr. F. P. Adler, 
Manager, Space Systems Div., Hughes Air-

craft Company, Culver City, Calif., no later 
than October 15, 1962. 

Plans are being made for the publication 
of the Convention Proceedings which will in-
clude all unclassified papers and unclassified 
abstracts of classified papers. Authors will 
be contacted at a later date regarding pub-
lication. 

CALL FOR PAPERS 

THIRD PICA CONFERENCE 

The Third Power Industry Computer 
Conference, sponsored by the American In-
stitute of Electrical Engineers, will be held 
on April 24-26, 1963 in Phoenix, Ariz. New 
concepts of computer applications, the in-
tegrated computer approach, and the future 
impact of computers on electric power sys-
tem engineering will be the general themes 
of the Conference. 

The aim of the Conference will be to 
probe current thinking of the direction that 
computer activities in the electric power in-
dustry will take in the coming decade. In-
vited papers by recognized leaders in their 
fields will set the stage for each of several 
sessions covering aspects of this general 
field. The remaining sessions will be devoted 
to reporting on the present state of the ap-
plication of computers to the major areas of 
system planning, operation, control, and de-
sign. 

Prospective authors should submit a title 
and a 150-200-word abstract as soon as pos-
sible to: G. W. Stagg, Program Chairman, 
American Electric Power Service Corp., 2 
Broadway, New York 8, N. Y. Papers pre-
sented at the Conference are eligible for 
AIEE Transactions status, and thus the 
standard AIEE publication specifications 
apply. The deadline for complete papers will 
be January 24, 1963. 

Calendar of Coming Events 
and Author's Deadlines* 

(Continued from page .1-1A) 

Oct. 30-31: Conf. on Spaceborne Com-
puter Engineering, Disneyland 
Hotel, Anaheim, Calif. 

Nov. 1-2: 6th Nat'l. Conf. on Product 
Engr. and Production, Jack Tar 
Hotel, San Francisco, Calif. 

Nov. 4-7: 15th Annual Conf. on Engi-
neering in Medicine and Biology, 
Conrad Hilton Hotel, Chicago, Ill. 

Nov. 5-7: NEREM (Northeast Res. and 
Engr. Meeting), Commonwealth Ar-
mory, Somerset Hotel, Boston, 
Mass. 

Nov. 12-14: Radio Fall Meeting, King 
Edward Hotel, Toronto, Ont., Can-
ada. 

Nov. 12-15: 8th Annual Conf. on Mag-
netism and Magnetic Mat., Penn-
Sheraton, Pittsburgh, Pa. 

Nov. 16-17: 2nd Canadian IRE Com-
munications Symposium, Queen 
Eliz. Hotel, Montreal, P.Q., Canada. 

Nov. 19-20: MAECON (Mid-America 
Electronics Conf.), Hotel Conti-
nental, Kansas City, Mo. 

Nov. 28-30: 1962 Ultrasonics Symp., 
Columbia Univ., New York, N. Y. 

Dec. 4-6: FJCC (Fall Joint Computer 
Conf.), Sheraton Hotel, Philadel-
phia, Pa. 

Dec. 6-7: 13th Nat'l. Conf. on Vehicular 
Communications, Disneyland Motel, 
Los Angeles, Calif. 

1963 

Jan. 8-10: Millimeter and Submilli-
meter Conf., Cherry Plaza Hotel, 
Orlando, Fla. (DL*: Sept. 15, 1962, 
J. J. Gallagher, MP-172-Box 5837, 
The Martin Co., Orlando, Fla.) 

Jan. 21-24: 9th Nat'l. Symp. on Relia-
bility and Quality Control, Sheraton 
Palace Hotel, San Francisco, Calif. 

Jan. 30—Feb. 1: 4th Winter Convention 
on Military Electronics, Ambassador 
Hotel, Los Angeles, Calif. 

Feb. 11-15: 3rd Internat'l. Symp. on 
Quantum Electronics, UNESCO 
Bldg., Paris, France. (DL*: Oct. 1, 
1962, Madame Cauchy, Secre-
taire 3ème Congress d'Electronique 
Quantique, 7 rue de Madrid, Paris 
8ème, France.) 

Feb. 20-22: Internat'l. Solid State Cir-
cuits Conf., Sheraton Hotel and 
Univ. of Pa., Phila., Pa. (DL*: Nov. 
1, 1962, S. K. Ghandi, Philco Scien-
tific Lab., Blue Bell, Pa.) 

Mar. 25-28: IRE International Conven-
tion, Coliseum and Waldorf Astoria 
Hotel, New York, N. Y. (DL*: Oct. 
19, 1962, Dr. D. B. Sinclair, IRE, 
1 E. 79 St. New York 21, N. Y.) 

Apr. 17-19: Southwestern IRE Conf. 
and Elec. Show, Dallas Memorial 
Auditorium, Dallas, Tez. 

Apr. 17-19: Internat'l. Tech. Conf. 
on Non-Linear Magnetics, Shore-
ham Hotel, Washington, D. C. 
(DL*: Nov. 5, 1962, J. J. Suozzi, 
BTL Labs., Whippany, N. J.) 

* DL = Deadline for submitting ab-
stracts. 
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Call for Papers 

1963 IRE INTERNATIONAL CONVENTION 

March 25-28, 1963 

Waldorf-Astoria Hotel and the New York Coliseum, New York, N. Y. 

Prospective authors are requested to submit all of the following information by the 

Deadline Date of October 19, 1962 

I. 100-word abstract in triplicate, title of paper, name and address 
2. 500-word summary in triplicate, title of paper, name and address 
3. Indicate the technical field in which your paper should be classified: 

Aerospace & Navigational Electronics Geoscience Electronics 
Antennas & Propagation Human Factors in Electronics 
Audio Industrial Electronics 
Automatic Control Information Theory 
Bio-Medical Electronics Instrumentation 
Broadcast & Television Receivers Microwave Theory & Techniques 
Broadcasting Military Electronics 
Circuit Theory Nuclear Science 
Communications Systems Product Engineering & Production 
Component Parts Radio Frequency Interference 
Education Reliability & Quality Control 
Electron Devices Space Electronics & Telemetry 
Electronic Computers Ultrasonics Engineering 
Engineering Management Vehicular Communications 
Engineering Writing & Speech 

Note: Only original papers, not published or presented prior to the 1962 IRE Inter 
national Convention, will be considered. Any necessary military or company clearance 
of papers must be granted prior to submission. 

Address all material to: Dr. Donald B. Sinclair, Chairman 
1963 Technical Program Committee 
The Institute of Radio Engineers, Inc. 
1 East 79 Street, New York 21, N. Y. 

IRE President Patrick E. Haggerty (tell) presenting a 8500.00 scholarship fund check from the Canaveral 
Section to Dr. Jerome I'. Keuper (right), President of Brevard Engineering College. The fund is to be used for 
deserving scholars in space education. Scene: IRE Canaveral Section Annual Meeting, Officers' Club, Patrick 
Air Force Base, Ha., June IS, 1962. 

NEW IRE SECTION 
AND REGION ESTABLISHED 

The IRE Executive Committee approved 
the establishment of a new Section, to be 
known as the United Kingdom Section with 
territory consisting of: Channel Islands, 
Isle of Man, Northern Ireland, and United 
Kingdom of Great Britain. 
A new Region, Region 9, has been estab-

lished with territorial boundaries based on 
the European Broadcasting Area, defined in 
the Radio Regulations of the /TU, as fol-
lows: "The European Broadcasting Area is 
bounded on the West by the Western bound-
ary of Region 1 ( of ITU), on the East by the 
meridian 40° East of Greenwich and on the 
South by the parallel 30° North so as to 
include the western part of the U.S.S.R. and • 
the territories bordering the Mediterranean. 
. . . In addition, Iraq is included . . . ." 

The IRE Sections included in Region 9 
are Benelux, Egypt, France, Geneva, Is-
rael, Italy, and United Kingdom. 

OBITUARY 

Howard P. Corwith '26—S1\ I ' 43 - F ' 52) 
II.), Research and Engineering Vice Presi-
dent of Western Union for ten years before 
his retirement on December 31, 1959, died of 
a heart attack on June 10, 1962. For 43 years 
he contributed substantially to the com-
pany's advances in research, especially in 
microwave beam, facsimile and submarine 
cable communications. Under his leadership, 
research and development had a prominent 
role in revolutionizing Western Union's 
operations during the decade in which they 
became automatic, electronic and ultra 
modern. 

Born at Water Mill, N. Y., on December 
3, 1892, he received his engineering degree at 
Cornell University, Ithaca, N. Y., in 1916 and 
joined Western Union as an engineering assist-
ant. He served as an Ensign in the U. S. 
Navy during World \Var I. He established 
Western Union's Electronic Laboratories at 
Water Mill in 1925 for research and develop-
ment of radio and electronic devices, and 
was in charge of the laboratories until 1943. 
hi 1946 he was appointed Director of Re-
search and became Vice President in July, 
1949. Before his retirement, he had been a 
Director of Microwave Associates, Inc.; 
Technical Operations, Inc.; Dynametrics 
Corporation; and Teleprinter Corporation, 
all affiliates of Western Union in electron-
ics and allied fields. 

Mr. Corwith was a past President and 
Director of the New York Electrical Society 
and a Fellow of the American Institute of 
Electrical Engineers. 
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measure / analyze, loo cps- 600 kc signals 
quickly, easily, with one compact instrument 

SEE 
Panoramic 
"in action" 
at the EIME 
exhibits 

feependebir' 
cumnto 

'iPECIIICATIONS 
, f. «ewe& 

date 

th7I:onee;\ 
is'h. leadel 

\ 

Sec. 
2900 

Panoramic's advaiced Model SB-15a automatically and repeti-

tively scans spectrum segments from I kc to 200 kc wide 

through the entire range ( 100 cps to 600 kc) . . . plots fre-

quency and amplitude along the calibrated X and Y axes of 

a long persistence CRT, or on a 12 x 41/2 " chart (opional 

RC-3a/15). Sweep rates are adjustable from 1 to 60 cps 

Adjustable resolution enables selection and detailed exam-

ination of sigra . cs close as 100 cps. Self-checking internal 

frequency markeis every 10 kc. Also internal amplitude ref-

erence • Only 83/4 " high, the SB 15a is completely self-con-

tained, needs no external power supply or regulator. 

PANORAMIC PRESENTATION MEANS 

• quick signal location, minimum chance of missing weak 

signals or holes in spectrum • faster measurements—no 

tedious point- by.- point plots • reliable spotting of low level 

discrete signals in noise • positive identification and dy-

namic analysis of all types of modulation 

ALL THESE APPLICATIONS . . . 

• Noise, vibration, hbrmonic analysis • Filter & transmis-

sion line checks • Telemetry analysis • Communication 

System Moritor,ig . and more • Power Spectral Density 

Analysis (with Model PDA-1 Analyzer) • Frequency Re-

sponse Plotting (with Model G-15 Sweep Generator) 

PANORAMIC'S 

$B-15a 
SPECTRUM 
ANALYZER 

Lab setup shows SB-I5a versatility. ( I) FM display measures 
dynamic deviation. ( 2) 6. ( 3) are AM and SSB signals, respec-
tively, with sine wave modulation. 

SUMMARY OF SPECIFICATIONS 

Frequency Range: 100 cps to 600 kc. 

Sweepwidth: Variable, calibrated from 1 kc to 200 kc. 

Center Frequency: Variable, calibrated from 0 to 
500 kc. 

Markers: Crystal controlled, 10 kc and 100 kc plus 
harmonics. 

IF Bandwidth: Variable, 100 cps thru 4 kc. 

Sweep Rate: Variable, 1 tps to 60 cps. 

Amplitude Scales: Linear, 40 db log (extendable to 
60 db) and 2.5 db expanded. 

Sensitivity: 200 )tv to 100 v full scale deflection. 

Accuracy: ± 0.5 db. 

Input Impedance: 55 k ohms. 

Write now for specifications, other applications of 
PANORAMIC's Model SB-15a. Get on our regular mail-
ing list for THE PANORAMIC ANALYZER, featuring 
application data. 

PANORAMIC ELECTRONICS, INC., 522 South Fulton Avenue, Mount Vernon, N.Y. • Phone: (914) OWens 9-4600 
TWX: MT-V-NY-5U9 • Cables: Panoramic, Mount Vernon. N.Y. State 
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Eighth National Communications Symposium 
HOTEL UTICA AND MUNICIPAL AUDITORIUM, UTICA, N. Y., OCTOBER 1-3, 1962 

The Eighth National Communications 
Symposium, sponsored by the Rome-Utica 
Section of the IRE Professional Group on 
Communications Systems, will be held at 
the Hotel Utica and the Municipal Audi-
torium, Utica, N. Y. on October 1-3, 1962. 
The program is as follows: 

Monday, October 1 

Session 1—RF Power Generation 
Techniques 

"Triode Oscillators for Applications in 
the 10-Ge Region," J. B. Quirk, General 
Electric Co., Owensboro, Ky. 

"Practical Design Techniques for Solid-
State Microwave Generators," D. O. Fair-
ley, Lenkurt Electric Co., Inc., San Carlos, 
Calif. 

"High Power Solid-State Amplifier De-
velopments," M. I. Jacob, Westinghouse 
Electric Corp., Baltimore, Md. 

"Optical Maser Systems for Interplane-
tary Communication," V. J. Corcoran and 
F. W. Griffith II, Griffith Electronics, Elm-
wood Park, Ill. 

Monday Afternoon 

Session 2A—Active Satellite Systems 

"Frequency and Time Control for 
Multiple-Access Synchronous Satellite Com-
munication Systems," D. P. Peterson and 
J. A. Stewart, General Telephone and Elec-
tronics Labs., Inc., Menlo Park, Calif. 

"A Medium-Capacity Fixed Ground 
Station for Satellite Communications," W. 
Glomb and B. Cooper, ITT Federal Labs., 
Nutley, N. J. 

"Communications Link Between Syn-
chronous Satellites," C. M. Johnson, IBM 
Communications Center, Rockville, Md. 

"System Organization for General Com-
munication Via Medium Altitude Satel-
lites," D. G. C. Luck, Radio Corporation of 
America, Princeton, N. J. 

Session 2B—Coding and Data Processing 
Techniques 

"Speech Data Processing in Real Time," 
H. A. Straight, Melpar, Inc., Falls Church, 
Va. 

"Estimation of Message Errors for Con-
trol of a Variable Rate Binary Communica-
tions System," N. G. Davies, Defense Re-
search Telecommunications Establishment, 
Ottawa, Ontario, Canada. 

"Performance vs Complexity of Some 
New Decoders for the Binary Erasure 
Channel," M. E. Mitchell, General Electric 
Co., Ithaca, N. Y. 

"An Interative-Code Communications 
System With Noisy Delayed Decision Feed-
back," I. Jacobs and A. Levesque, Sylvania 
Electric Products Inc., Waltham, Mass. 

Tuesday, October 2 

Session 3A—Passive Satellite Communica-
tion Systems 

"The Instrumentation of an Array of 
Reflectors for Passive Satellite Communica-
tions," A. E. Ravin and S. 11' . Gery, Airborne 
Instrument Lab., Melville, N. Y. 

"Performance of a Rake System Over the 
Orbital Dipole Channel," P. Bello and H. 

Raemer, Sylvania Electric Products Inc., 
Waltham, Mass. 

"The Floyd Satellite Communications 
Terminal," L. C. Parode, R. C. Winterbot-
tom, and L. W. Wilson, Hughes Aircraft 
Corp., Los Angeles, Calif.; and A. Feiner, 
Rome Air Development Center, Rome, N. Y. 

"Floyd Satellite Communications Ter-
minal Monopulse Tracking Receiver as a 
System Logic Element," T. F. Haggai and 
D. E. Miller, Hughes Aircraft Corp., Los 
Angeles, Calif.; and G. F. Negus, Rome Air 
Development Center, Rome, N. Y. 

Session 3B—Classified 

Moderator: H. A. Wheeler, President, 
Wheeler, Labs., Inc., Great Neck, N. Y. 

"State of the Art—Application of Bi-
onics ( Machine Intelligence) to Communi-
cations Systems," E. B. Carne, Manager, 
Advanced Computer Labs., Melpar, Inc., 
Falls Church, Va. 

"Survivable Low-Frequency Long-
Range Communications Systems," S. Sen-
siper, Director, Survivable Communications 
Systems Lab., Space Electronics Corp., Glen-
dale, Calif. 

"Performance of Correlations Systems 
with Band Width Exceeding the Coherent 
Propagation Band Width," R. L. Freuberg 
and S. Stein, Applied Research Lab., Syl-
vania Electronic Systems, Waltham, Mass. 

"Applications of Statistical Communica-
tions Theory," B. Goldberg, U. S. Army Sig-
nal Research and Development Lab., Fort 
Monmouth, N. J. 
A paper by Colonel Harold Johnson, 

Headquarters, USA F (A FOAC). 
Additional papers to be announced. 

Tuesday Afternoon 

Session 4A—Tropospheric Scatter 
Techniques 

"AN/FRC-68 Angle Diversity Com-
munication System," D. Surenian and I. A. 
Fantera, ITT Labs., Nutley, N. J. 

"Theoretical Study of Dual Rate Trans-
mission Over Gaussian Multiplicative Cir-
cuits," P. A. Bello and II'. M. Cowan, Jr., 
Sylvania Electric Products Inc., Waltham, 
Mass. 

"Effects of Amplitude and Phase Fluc-
tuations on the Performance of Digital Data 
Systems in Fading FDM-FM and FDM-
SSB Systems," H. D. Becker, Cornell Aero-
nautical Lab., Buffalo, N. Y. 

"Analysis of Random Access Discrete 
Address System," H. Magnuski and W. D. 
DeHart, Motorola Inc., Chicago, Ill. 

"Multiple Order Diversity System," 
W. S. Patrick and M. J. Wiggins, Martin-
Marietta Corp., Orlando, Fla. 

Session 4B—Propagation 

"Polarization Considerations in Space 
Communications," B. C. Potts, Ohio Stale 
University, Columbus, Ohio. 

"The Optimum Bit Length for HF-
Transmission," H. Feige-Kollmann, Collins 
Radio Co., Newport Beach, Calif. 

"Underground Communications," R. M. 
Wundt and D. A. Boots, Sylvania Electric 

Products Inc., Waltham, Mass. 
"Lithosperic Communications," G. L. 

Brown and A. F. Gangi, Space-General Corp., 
El Monte, Calif. 

Wednesday, October 3 
Session 5A—Antennas 

"Microwave System Engineering Using 
Large Passive Reflectors," Maj. M. L. Nor-
ton, USA SRDL, Fort Monmouth, N. J. 

"A New Approach to Loss in Antenna 
Gain and Tropospheric System Design," 
J. L. Levatich, The Bendix Corp., Baltimore, 
Md. 

"Far-Field Wide-Band Distortion Pat-
terns of Antennas," D. J. Lewinski and H. 
Rosenblatt, The Martin Co., Baltimore, Md. 

"Adaptive Antenna Systems for Com-
munications," R. G. Roush, Electronic Com-
munications Inc., Timonium, Md. 

Session 5B—Classified 

Panel Discussion: "Frequency Assign-
ment vs Common Spectrum Channeliza-
tion." 

Moderator: D. C. Ports, Jansky and 
Bailey, Inc., Alexandria, Va. 

Panelists: W. B. Bruene, Collins Radio 
Co., Cedar Rapids, Iowa; J. F. Byrne, Moto-
rola, Inc., Riverside, Calif.; L. A. de Rosa, 
ITT Communications, Inc., Paramus, N. J.; 
J. J. Downing, Lockheed Missiles and Space 
Div., Palo Alto, Calif.; D. Haas, The Martin 
Co., Baltimore, Md.; and R. L. San Soucie, 
Sylvania Electric Products, Inc., Waltham, 
Mass. 

Wednesday Afternoon 
Session 6A—Military Communication 

Systems 

"Airborne UHF Multiplex Communica-
tions System," J. R. Mensch and C. C. 
Pearson, Electronic Communications, Inc., 
St. Petersburg, Fla. 

"Design Considerations for a Switched 
Mobile Communication System," R. Steel, 
Motorola Inc., Chicago, Ill. 

"A New Tactical Transmission Facil-
ity " J. Bailey and V. Colaguori, U. S. Army 
Signal Research and Development Lab., Fort 
Monmouth, N. J. 

"The AN/GSC-5( ) Digital Communi-
cations System," V. Dowdell, R. Fox, L. 
Doubleday and C. Foster General Dynamics/ 
Electronics, Rochester, N. Y., and Rome Air 
Development Center, Rome, N. Y. 

Session 6B—Receiving Techniques 

"A Simple Adaptable Receiver with 
Pilot Tones for Analog Transmission 
Through a Selective Fading Channel," 
D. A. Chesler, Sylvania Electric Products 
Inc., Waltham, Mass. 

"Optimum Decision and Scanning Tech-
niques for Synchronization," J. Z. Grayum, 
Philco Corp., Blue Bell, Pa. 

"Extending the Threshold of FM Re-
ceivers Using Feedback," J. Page, General 
Electric Co., Syracuse N. Y. 

"A Phase-Locked Detector for FM Mul-
tiplex Applications," D. W. Ford, Philco 
Corp., Philadelphia, Pa. 
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continues to stress QUALITY 
The temptation is present in these days 
of lowering prices and shrinking profit, 
margins to build a "cheaper" product. 

CLIFTON PRECISION CONTINUES 

TO STRESS QUALITY. 

In fact, we list herewith some recent im-
provements which make our rotating 
components more expensive to build. But 
they give you a better product. 

As pioneers in the synchro and rotating 
components field, we think our years of 
experience in building a QUALITY prod-
uct continue to give buyers a plus factor 
that they will not want to overlook. 

QUALITY FEATURES 

1. Improved high temperature re-
sistant magnet wire is used in all 
synchro construction. Standard 
units now withstand in excess of 
125°C. 

2. Improved high temperature re-
sistant epoxy impregnation of 
rotors and stators is used in all 
synchros and servo motors. 

3. Higher temperature resistant 
silicon lubricants are used in all 
bearings. 

4. High temperature resistant slot 
insulation in ah synchros and servo 
motors permits repeated high po-
tential testing with no deteriora-

tion of insulating characteristics. 

5. Completely solderless brush 
construction eliminates cold solder 
joints. 

6. Improved interlaminar insula-
tion techniques give our synchros 
and servo motors lower power 
consumption due to core losses 
thereby giving same or better elec-
trical performance with a cooler 
design. 

7. Increased usage of gold alloys 
in critical areas of slip ring con-
struction ( including increased 
thickness) improves reliability and 
permits versatility of slip ring 
design. 

CLIFTON PRECISION PRODUCTS CO., INC. e  ecoio cldiftosn Heights, Pa. . 
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National Electronics Conference 
MCCORMICK PLACE, CHICAGO, lu.., OCTOBER 8-10, 1962 

The 1962 National Electronics Confer-
ence, sponsored by the IRE, A I EE, and 
other societies, will be held at McCormick 
Place, Chicago, III., on October 8-10, 1962. 
The program is as follows: 

Monday, October 8 

Session 1—Energy Beams as Working 
Tools I 

Chairman: P. B. Myers, Martin Com-
pany. 

"Electron, Ion, and Light Beams as 
Present and Future Materials Working 
bols. " Helmut Schwarz and A. J. De!aria, 
United A ircraft Corporation, Research Labs. 

"Recent Electron-Optical Developments 
in the Recording Field," 1'. II. Gleichauf, 
General Electric Company. 

"Ion Beam Formatiem and Control for 
Reflected Ion Beam Deposition," L. R. 
Biltman and J. Litton, Jr., Martin Company. 

"Application of Electron Beam Tech-
niques to Electronics," J. W. Meier, Hamil-
ton Standard Div., United Aircraft Corpora-
tion. 

"Electron Beam Welding Applied to 
Today's Technology," Robert Bakish, Elec-
tronics and Alloys, Inc. 

Session 2—University Presentations I 

Chairman: W. B. Boast, Iowa State Uni-
versity. 

Presentations delineating university-
industry cooperation, current interdiscipli-
nary programs of the universities, in-depth 
discussions of university research programs, 
and discussion of intensive short-course op-
portunities for practicing engineers. Each 
university will be allotted approximately 45 
minutes for its presentation. 

Session 3—Digital Computer Applications 
and Components 

Chairman: R. O. Sather, Wayne Slate 
University. 

"Basic Principles of Some Pattern Recog-
nition Systems," L. Kanal, F. Slavmaker, 
D. Smith, and W. Walker, General -Dynamics 
/Electronics. 

"Electronics of a Precision Comparator," 
W. Heacock, Fairchild Camera and Instru-
ment Corporation. 

"On the Digital Computer Classification 
of Geometric Line Patterns," Herbert Free-
man, New York University. 

"Statistical Techniques in Circuit Opti-
mization," C. Clunies-Ross and S. S. Husson, 
Data Systems Division, International Buci-
ness Machines Corporation. 

"Design of Digital Control Systems," 
K. S. Fu and R. M. Kline, Purdue Univer-
sity. 

Session 4—Solid State Applications— 
Varactors 

Chairman: A. L. Aden, Motorola, Inc. 
"Parametric Amplification by Phase 

Modulation," D. K. Adams, Cooley Elec-
tronics Laboratory, University of Michigan. 

"Varactor Fabrication for Microwave 
Applications," 1I. F. Epperly, American 
Electronics Laboratories. 

"Solid-State Microwave Signal Sources 
Using Varactor Harmonic Generation," 
M. E. Hines, Microwave Associates, Inc. 

"Cascading I.ow-Gain Parametric Am-
plifier Stages," Carl Blake, Lincoln Labora-
tory, Massachusetts Institute of Technology. 

"High Order Broad-Band Varactor Mul-
tiplier," R. J. Bauer, Aircraft A rmanu•nts, 
Inc. 

Session 5—Reliability—Are We Spending 
Our Money Wisely? 

Chairman: George Rappaport, Warnecke 
Electronic Tubes, Inc. 

Six to eight panelists, speaking 10 min-
utes apiece, followed by a question and an-
swer session under the guidance of a modera-
tor (chairman). Panelists represent a variety 
of informed positions questioning the com-
placency with which reliability attainment 
is related to increased dollar spending. It is 
expected that the panel will be a contro-
versial airing of the key question of how 
reliability efforts can be evaluated and justi-
fied economically. 

Monday Afternoon 

Session 6—Energy Beams as Working 
Tools II 

Chairman: L. R. Bittman, Martin Com-
pany. 

"Electron Beam Phenomena Associated 
with Perforated Wall Hollow Cathode Dis-
charges," H. L. L. vanPassen, E. C. Muly, 
and R. J. Allen, Martin Company. 

"Cold Hollow Cathode Discharge Weld-
ing," E. C. Muly, H. L. L. vanPassen, and 
R. J. Allen, Martin Company. 

"Some Aspects of Laser Beam Welding," 
R. L. Martin, Technical Research Group, Inc. 

"High Power Laser for Welding Appli-
cations," G. W. Dunlap and David Williams, 
General Electric Company. 

"Metallurgical Applications of Lasers," 
R. D. Engquist and C. J. Bahun, Hughes 
Aircraft Company. 

Session 7—University Presentations II 

Chairman: H. w. Farris, University of 
Michigan. 

Presentations delineating university-
industry cooperation, current interdiscipli-
nary programs of the universities, in-depth 
discussions of university research programs, 
and discussion of intensive short-course op-
portunities for practicing engineers. Each 
university will be allotted approximately 45 
minutes for its presentation. 

Session 8—Programed Education 

Chairman: J. J. Gershon, DeVry Tech-
nical Institute. 

"Teaching Machines in Programed In-
struction," ( tutorial) L. M. Stolurow, Uni-
versity of Illinois. 

"Undergraduate EE Via Video Tape and 
Closed Circuit TV," W. H. Hayt, Jr., Pur-
due University. 

"Use of Closed Circuit Television in 
Graduate Teaching," D. L. Dietmayer, R. A. 

Greiner, V. C. Rideout, and W. B. Swift, 
University of Wisconsin. 

"Description and Use of a Computer-
Controlled Teaching System," D. L. Bitzer 
and P. Braunfeld, Coordinated Science Labo-
ratory, University of Illinois. 

Session 9—Microwave Applications 

Chairman: J. A. Boyd, Radiation Incor-
porated. 

"A Sum and Difference Interferometer 
System for HI2 Radio Direction Finding," 
A. D. Bailey and W. C. McClurg, University 
of Illinois. 

"Analysis of the Miniaturization of Reso-
nant and Nouresonant Antennas Utilizing 
High 'Q' Materials," J. A. M. Lyon, A. T. 
Adams, and R. M. Kalafus, Cooley Elec-
tronics Laboratory, University of Michigan. 

"Pattern Gain of Phased Arrays," R. K. 
Thomas, Martin Company. 

"Efficiency, Phase Shift and Power 
Limiting in \--ariable-Pitch Traveling-Wave 
Amplifiers," J. E. Rowe and C. A. Brackett, 
Electron Physic Laboratory, University of 
Mich igan. 

"Microwave Modulation of Light with 
ADP," AL C. II atkins, Aircraft Armaments, 
Inc. 

Session 10—Solid State Applications— 
General 

Chairman: H. IP. Katz, General Electric 
Company. 

"Transient Response of Forward Biased 
Diffused P-N Junctions," H. K. Cooper, 
Pacific Semiconductors, Inc. 

"A General Synthesis of Tunnel Diode 
Amplifiers and Sensitivity Minimization," 
B. A. Shenoi, University of Minnesota. 

"A New Feedback Broad-Banding Tech-
nique for Transistor Amplifiers," M. S. 
Ghausi, New York University, and D. O. 
Pederson, University of California. 

"Asymmetrical Scattering from a Fer-
rite Cylinder," J. C. Pak/is, Cooley Elec-
tronics Laboratory, University of Michigan. 

Session 11—The Consultant's Role in Re-
search and Development 

Chairman: D. C. Strain, Electro-Scientific 
Industries. 
A panel of executive representatives of 

leading consulting firms. 

Session 12—EUROMART 

Chairman: II'. C. Kotteman, Illinois Bell 
Telephone Company. 
A session sponsored by the International 

Activities Committee on the subject of 
EUROMART and its effect on electronics 
in the United States will he presented. 

Tuesday, October 9 

Session 13—Modulation Theory I 

Chairman: W. R. Bennett, Bell Telephone 
Laboratories. 

"On Comparing the Modulation Sys-
tems," J. C. Hancock, Purdue University. 

"Hilbert Transforms and Modulation 

• 
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SENSITIVE RESEARCH 

MODEL LE 

LINDECK MICROVOLT SOURCE 

STANDARD CELLS 

TYPE 5214 

AMPLIFIER 

TYPE SR21 

GALVANOMETER 

LOW LEVEL DC MEASUREMENTS 

FRACTIONAL  
IN THE RANGE 

MICROVOLT 

The Model LE is a precision DC microvolt source ( or 
Lindeck Element) with 14 output ranges from 1 itiN to 2 

full scale. It is designed for use in applications such as: 
L The intercomparison of standard cells ( diagrammed 

above), volt ratio boxes and decade dividers. 
2. The investigation of thermal emfs and other low level 

DC signals. 
A Lindeck source is often the most accurate and econom-

ical instrument that can be used to measure low level DC 
voltages. It can be considerably more precise than high range 
potentiometers with greater fundamental accuracy. As an 
example, a potentiometer with an accuracy of -.±- ( 0.01% of 

reading + 20 itv) measures 10 tv with a possible error of 
(0.001 ,ter + 20 uy), or 200%. The Model LE with an 

accuracy of -± ( 0.5% of full scale + 0.05 py) measures 10 
p.v with no greater error than -± ( 0.05 uy + 0.05 p.v), or 1%. 
In this application, the Lindeck Microvolt Source is 200 times 

more accurate than the potentiometer! 
Measurements are made by adjusting the output of the 
Model LE to null out an unknown emf. The output is read 
directly in microvolts on a 0.25% accurate milliammeter. 

Resolution is exceptional. It is possible to interpolate the 
scale of the milliammeter in tenths of a division so that on 
the luy range resolution is ± 0.001 to/. The unknown emf 
is measured without drawing or supplying a detectable cur-
rent from either the standard or the instrument under test. 
The generation of internal thermal emfs is kept to a 

minimum through the use of all copper terminals and wir-

ing, and the elimination of switches, slidewires and other 
such elements in the potential circuit. 

Additional Specifications 

Output Ranges: 0-1/2/5/10/20/50/100/200/500 ¿iv; 
1/2/5/200 my; 2 v 

(.5% of full scale + 0.05 pm) Accuracy: 

Sensitivity: Infinite resistance at null 

Price: $565.00 F.O.B. New Rochelle, New York 

The recommended null detector is the COMMANDER 
Type 5214 Photocell Amplifier and SR21 Galvanometer with 
a maximum combined sensitivity of 350,000 mm divs./,ua or 
56,000 mm divs./p.v. 

Write for additional information on these and 
other low level DC measuring instruments. 

SENSITIVE RESEARCH 
INSTRUMENT CORPORATION 
NEW ROCHELLE, N. Y. ELECTRICAL INSTRUMENTS OF PRECISION SINCE 1927 
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Theory," F. F. Kuo and S. L. Freeny, Bell 
Telephone Laboratories. 

"Signal-to-Noise Effects and Threshold 
Effects in FM," Mischa Schwattz, Poly-
technic Institute of Brooklyn. 

"What Does Circuit Theory Have to 
Do with PCM?" M. R. Aaron, Bell Tele-
phone Laboratories. 

Session 14—Digital Computer Workshop I 

Chairman: W. J. Eccles, l'ardue Univer-
sity. 

"Organization of a Digital Computer," 
D. T. Herrman, Jr., General Precision, Inc. 

"Programming of PINT," ( tutorial) 
ir. J. Eccles, Purdue University. 

"Problem-Oriented Languages," C. H. 
Davidson, University of Il'isconsin. 

Session 15—Adaptive Systems 

Chairman: G. E. Karres, Martin Com-
pany. 

"Design Capabilities of Model Reference 
Adaptive Systems," H. P. Whitaker, Massa-
chusetts Institute of Technology. 

"Convergence Properties of a Model 
Reference Adaptive Control System from a 
Simple Stability Criterion," J. Bongiorno, 
Polytechnic Institute of Brooklyn. 

"Aerospace Vehicles and Adaptive Flight 
Control" Milton Reed, Minneapolis-Honey-
well Regulator Company. 

"Pulse Frequency Modulation for Adap-
tive Control," Gordon Murphy, Northwestern 
University, and R. L. West, McDonnell Air-
craft Company. 

"Adaptive Learning Systems," J. E. 
Gibson, Purdue University. 

Session 16—Medical Electronics 

Chairman: George Zacharopolous, La-
fayette Clinic. 

"Design Toward a Chronic Artificial 
Heart," V. W. Bolie and Jacob Kline, Iowa 
State University. 

"Medical Electronics at the Mayo 
Clinic," R. J. Hansen, Mayo Clinic. 

"Comments l7pon Problems Encoun-
tered in Electronic Monitoring of Unco-
operative Patients," J. T. Mattin, M.D., 
Mayo Clinic. 

"A Review of Air Ionization and Its 
Effects on Living Systems," H. F. Schulte, 
Jr., University of Michigan. 

"A Computer System for Hospital 
Medical Record Data," V. N. Slee, M.D., 
Professional Activities Study. 

Session 17—Microelectronics I 

Chairman: A. I'. Stern, Martin ('ompany. 
"I)esign of Integrated Radio Frequency 

Amplifiers," Glen Madland, Motorola, Inc. 
"Using Decision Theory Techniques for 

Optimum Selection of Thin Film Packaging 
Concepts," D. L. Brisendine, Martin Com-

"Design and Performance of Tantalum 
Thin Film Circuits," P. Thomas, J. S. 
Ekiss, J. Roschen, and M. Walker, Philco 
C or poration. 

"Thin Film Active Devices," Ir. Tantra-
porn and K. K. Reinhartz, General Electric 
con, pa n y. 

"Integrated Circuitry Embodying Thin 
Film Passive and Active Components," 
T. E. Harr, Marlin Company. 

Session 18—University Presentations III— 
Comments from Industry 

Chairman: To be announced. 
Presentations delineating university-

industry cooperation, current interdiscipli-
nary programs of the universities, in-depth 
discussions of university research programs, 
and discussion of intensive short-course 
opportunities for practicing engineers. Each 
university will be allotted approximately 45 
minutes for its presentation. In :this session 
an opportunity will be afforded an industry 
representative to picture the needs of in-
dustry in these cooperative endeavors. 

Tuesday Afternoon 

Session 19—Modulation Theory II 

Chairman: J. B. Cruz, Jr., University of 
Illinois. 

"Transient Response of Narrow-Band 
Networks to Angle Modulated Signals," 
J. J. Ha pert, DePaul University. 

"Transmission of FM Signals Through 
Linear Filters," D. T. Hess, Polytechnic In-
stitute of Brooklyn. 

"Frequency Feedback Demodulators," 
L. H. Enloe, Bell Telephone Laboratories. 

"Optimum Coherence Demodulation for 
Continuous Modulation Systems," A. J. 
Viterbi, Jet Propulsion Laboratory, California 
Institute of Technology. 

"Phase-Lock Demodulators," B. J. 
Miller and L. L. Kocsis, Zenith Radio Cor-
poration. 

Session 20—Digital Computer Workshop II 

Chairman: Ii. J. Eccles, Purdue Uni-
versity. 

"Organization of a Digital Computer," 
D. T. Herrman, Jr., General Precision, Inc. 

"Programming of PINT," II'. J. Eccles, 
Purdue University. 

"Problem-Oriented Languages," C. H. 
Davidson, University of II Wisconsin. 

Session 21—Timely Aspects of 
Space Science 

Chairman: F. B. Llewellyn, University of 
Michigan. 

"Overseas Telephone and Television 
Transmission," author to be announced. 

"Navigation Satellite Progress," A. B. 
Moody, National Aeronautics and Space 
Administration. 

"Weather Satellites," S. Fritz, U. S. 
ii 'eather Bureau. 

"Astronomy with the Aid of Satellites," 
F. T. Haddock, Radio-Astronomy Labora-
tory, University of Michigan. 

Session 22—The Role of R and D in 
Future Profits 

Chairman: T. F. Jones, Jr., University of 
South Carolina. 

This session will review the successful 
techniques employed by members of the 
electronics industry in achieving a good re-
turn on their investment in R and D. 

Session 23—Microelectronics II 

Chairman: J. R. Black, Motorola, Inc. 
"Thin Filin Technologies for Electronic 

Components," Ir. D. Fuller, Lockheed Mis-
siles and Space Company. 

"The Impact of Microelectronics and 
Solid State Technology on Electro-Me-
chanical Control Systems," T. Mitsutomi 
and W. F. DeBoice, Autonetics. 

"Semiconductor Networks for Use in 
Electro-MechanicM. Control Systems," C. 
Abbott, L. Bohan, L. Housey, and L. Regis, 
Texas Instruments, Inc. 

"A Novel Solution to the Interconnec-
tion Problem in Microsystem Circuits," 
T. L. Robinson, Cornell Aeronautical Lab-
oratory, Inc. 

"Thin Film Integrated Components for 
Telemetry Subsystems," A. J. Nichols and 
W. D. Fuller, Lockheed Missiles and Space 
Co m pan y. 

Session 24—The Role of the Universities 
in Industrial Assistance 

Chairman: F. R. Bacon, Jr., University 
of Michigan. 

The present activities of Midwest uni-
versities to stimulate industrial growth in 
the Midwest. 

Session 25—High School Student Program 

Chairman: To be announced. 

Wednesday, October 10 

Session 26—Advanced Computer 
Technology 

Chairman: F. P. Diemer, Martin Com-
pany. 

"Research Input-Output Equipments 
for General Purpose Computers," W. S. 
Holmes and H. M. Maynard, Cornell Aero-
nautical Laboratory, Inc. 

"A Bit Oriented Sequential Access 
Memory," C. H. Fischer, Hughes Aircraft 
Company. 

"Two- Dimensional Spatial Filtering Re-
search in General Purpose Computers," W. 
D. Fryer and G. E. Richmond, Cornell Aero-
nautical Laboratory, Inc. 

"A Zero Loss Capacitor Storage Device," 
C. H. Fischer, Hughes Aircraft Company. 

"HCM-202 Thin Film Computer," M. 
M. Dalton, Hughes Aircraft Company. 

Session 27—Research Previews I 

Chairman: D. S. Gage, Northwestern 
University. 

National Electronics Conference is in-
cluding in its 1962 program a type of session 
new to the Electronics field—sessions of 
short ( 10 minute) papers. The purpose of 
these sessions is to include information con-
cerning the most recent developments in in-
dustrial and university laboratories. 

Session 28—Infrared Applications I 

Chairman: F. J. Kocsis, Jr., Servo Cor-
poration of America. 

"A Rugged, Low-Noise Solid-State In-
frared Detection System," M. C. Baum, 
Mnemotron Corporation. 

"Terrain Mapping by Use of Infrared 
Radiation," D. E. Harris and C. L. Ifood-
bridge, HRB-Singer, Inc. 

"An Infrared Signal Generator," Arthur 
Glaser and Allan Ross, Telewave Laboratories, 
Inc. 

"Infrared Hot Box Detectors," Ir. M. 
Felino, Servo Corporation of America. 

Session 29—Circuit and System Theory 

Chairman: S. Louis Nakitai, Northwestern 
University. 
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New Bourns Subminiature Relay— 
Its Reliability Is as High as Its Size Is Small 
You can see that it's little, and you can bet that it's reliable. 
Only .2" x .4" x . 6", but a steady performer even at 40 G, 
55-2000 cps, this subminiature SPOT relay is designed to meet 
all environmental requirements of MIL- R- 5757D. Its features 
include single-coil design, rotary balanced armature, hermeti-
cally sealed case and self-cleaning long- life contacts. Efficient 
coil design and packaging improve sensitivity to just 100 mw 

maximum. 

By subjecting every unit to a 5000-operation run-in, Bourns 
precludes the possibility of relay " infant mortality." To further 
ensure consistent quality, Bourns conducts 100% final inspec-
tion for all important relay characteristics including mass spec-
trometer leak testing. The last and most punishing test of 
quality is the trip taken by monthly samples through the Bourns 
Reliability Assurance Program. This is one of the most extensive 
series of electrical and environmental tests in the electronics 

NUMBER 24— NEW PRODUCT SERIES 

industry, and has long been the reliability double-check for the 
famous TrimpotO potentiometer. With Bourns relays, as with 
Bourns potentiometers, every possible step is taken to see that 
the quality you specify is the quality you get. 

Units are available now from the factory, and will soon be avail-
able through Bourns distributors as well. Write for complete 

technical data. 

Size: . 2" x .4" x . 6" 
Maximum operating temperature: 125°C 
Contacts: SPDT; Rating: 1.0 amp 

resistive, 26.5 VDC 
Coil resistances: 501! to 2000St 
Pick-up sensitivity: 100 milliwatts 
Vibration: 40 G standard, 60 G special 
Shock; 150 G 

ACTUAL SIZE 

1111•1111111111111:11111111111111110111111111111111111 

p OLT R2 'T 

URNA. INC.. TRIMPOT DIVISION 

(31115 MAGNOLIA AVE.. R,VEF:“.:•10E. CAL.E. 

PHONE: OVE.PLAND 4 - 1700 • TWN R Z 92.12Z 

C.:AEJLE: BOURNSINC 

Manufacturer: Trimpote potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, Iowa; and Toronto, Canada 
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"Theoretical Basis and Practical Im-
plications of Band-Pass Sampling," C. L. 
Ackerman, C. S. Miller, and J. L. Brown, Jr. 
Pennsylvania State University. 

"Discrete Orthonormal Exponentials" 
T. Y. Young and IV. H. Huggins, Johns 
Hopkins University. 

"Adaptive System Identification by 
State Variable Operations," H. M. Estes, 
U. S. Air Force Academy. 

"Analysis and Design of Sampled-Data 
Systems Via State Transition Flow Graphs," 
B. C. Kuo, University of Illinois. 

"Miyata's Method Applied to Active 
Network Synthesis," R. E. Thomas, U. S. 
Air Force Academy. 

Session 30—Aerospace Control Systems 

Chairman: Norman Winter, Motorola, 
Inc. 

"Air Space System Design and the 
Resolution of Conflicts," D. F. Babcock, 
Stanford Research Institute. 

"Air Traffic Control System Plans," Neal 
Blake, Federal Aviation Agency, Aviation 
Research Service, System Design Team. 

"Flight Line of the Future," Harold 
Johnson, Directorate of Telecommunications, 
Air Staff, USA F. 

Panel discussion. 

Session 31—Electronics in Hydrospace 

Chairman: R. L. Miller, University of 
Chicago and Woods Hole Oceanographic In-
stitute. 

"New Concepts for Intense Sound Trans-
ducers," R. R. Whyntark, Armour Research 
Foundation. 

"Airborne Bathythermograph System," 
G. Gruener and A. Leum pert, Spatton Elec-
tonics. 

"Electronic Instrumentation for the 
Great Lakes Water Quality Study," J. L. 
Verber, U. S. Public Hea th Service. 

"The Hall Compass " E. A. Keller, 
Motorola, Inc. 

"Radio Coinmunicat ion Within the 
Hydrosphere," R. C. Becker, Amphenol-Borg 
Electronics Corporation. 

Session 32—Communication Systems 

Chairman: Ira Jacobs, Bell Telephone 
Laboratories. 

"Decision Theory," J. C. Hancock, 
Purdue University. 

"Signal Design," R. M. Lerner, Lincoln 

Laboratory, Massachusetts Institute of Tech-
nology. 

"Adaptive Systems," L. S. Schwartz, 
New York University. 

"Coding," I. M. Jacobs, Massachusetts 
Institute of Technology. 

Wednesday Afternoon 

Session 33—Infrared Applications II 

Chairman: T. E. Harr, Martin Company. 
"Some Electronics Problems in Infrared 

Systems Design," F. G. Whelan, Martin 
Company. 

"Optical Techniques for Target En-
hancement and Background Rejection," 
R. S. Neiswander, The TE Company. 

"Recent Advances in Infrared Detectors 
for the 8.5-13.5 Micron Spectral Band," 
J. K. Lennard, Martin Company. 

"Status Report on Thermistor Bolome-
ters," I. J. MeInian and I. M. Meltzer, Servo 
Corporation of America. 

Session 34—Signal Theory 

Chairman: Ilerbert Sherman, Lincoln 
Laboratory, Massachusetts Institute of Tech-
nology. 

"The Space of Essentially Time and 
Band-Limited Signals," H. O. Pollak, Bell 
Telephone Laboratories. 

"Orthonormal Exponentials," D. C. Ross, 
IBM Federal Systems Division. 

"A Note on Orthogonal Digit Coding," 
L. Kurz, New York University. 

"Two Dimensional Signal Representa-
tion Using Prolate Spheroidal Functions," 
D. A. Landgrebe and G. R. Cooper, Purdue 
University. 

Session 35—Trends in Aerospace Ground 
Equipment 

Chairman: Harold Flowers, Avco Cor-
poration. 

"Analog Checkout of Large Systems— 
The Digital Solution," Leo Kaye-, Martin 
company. 

"Digital Computer Checkout of Inertial 
Navigation Systems," J. L. Henry, Auto-
netics. 

"Use of Integrated Circuitry in Digital 
System," Lloyd Thayne, Martin Company. 

"A Simulation—Calibration System for 
Space Flight, Landing and Rendezvous 
Control Systems," W. J. Hollandswirth, 
Missouri Research Laboratories, Inc. 

Session 36—Engineering Writing 
and Speech 

Chairman: A. A. Canfield, Bendix Cor-
poration. 

"The Conditions of Communication," 
J. D. Chapline, Philco Computer Division. 

"Reports as a Measure of Competence," 
1,1'. B. Dennen, Radio Corporation of America. 

"Better Report Writing Pays," R. M. 
Woelfle, Bendix Mishawaka Division. 

"The Poor Writer," R. G. Marolf, Re-
search Laboratories, General Motors Corpora-
tion. 

Session 37—Research Previews II 

Chairman: D. S. Gage, Northwestern 
University 

National Electronics Conference is in-
cluding in its 1962 program a type of session 
new to the Electronics field—sessions of 
short ( 10 minute) papers. The purpose of 
these sessions is to include information con-
cerning the most recent developments in 
industrial and university laboratories. 

Session 38—New Components, 
New Techniques 

Chairman: D. G. Dow, Varian Associates. 
"The Avalanche Injection Diode and Its 

Application as a Switch for High Frequency 
Signals," J. R. Szedon and A. G. Jordan, 
Carnegie Institute of Technology. 

"An Anti-Storage Clamp and a Method 
of Increasing Ip/I, Ratio of Tunnel Di-
odes," IF. T. Rhoades, Hughes Aircraft 
Company. 

"Design of a High Performance S-Band 
Varactor Frequency Multiplier," L. K. 
Staley, The Bendix Corporation. 

"Ceramic Band-Pass Filter with Unsym-
metric, Tuned Hybrid Lattice Structure," 
F. L. Sauerland, Clevite Corporation. 

"A Study of Optimum Switching of 
On-Off Control Systems Through Logic," 
O. I. Elgerd, University of Florida, and L. B. 
Scheiber, AC Spark Plug Division, General 
Motors Corporation. 

Session 39—Microwatt Control of Megawatt 
Systems 

Chairman: To be announced. 
Information regarding opportunities for 

electronics engineers in the power systems 
field will be presented. 
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EW ALFRED 

MODULATORS 

...Especially designed to increase 

the versatility of your microwave 

oscillators and amplifiers. 

PULSE 
GENERATOR 
(MODEL 5-6826P) 

Designed for use with microwave 
amplifiers requiring 300 to 500 
volts pulse signal for "ON-OFF" 
gating or modulation. Provides 
adequate pulse voltage and cur-
rent for modulating high voltage 
grids and control electrodes. 

BRIEF SPECIFICATIONS: Pulse out-
put, 300 to 500 y positive, adjustable 
by panel control; pulse duration, 1 to 
12 µsec, adjustable by panel control; 
rise and fall time, 0.5 µsec or less 
when load capacitance less than 100 
pea; repetition rate, internal, 10 to 
10,000 pps; external, 0 to 10.000 pps 
by application of any positive going 
signal 20 y peak or greater; price, 
$490. 

SAWTOOTH GENERATOR 
(MODEL 325A) 

:.• 
11 e / ; • • • i 

e , 0 ' '• 

A compact, general purpose 
source for sawtooth modulating 
helices of traveling wave tubes 
for generating doppler shift. 
Minimum side band energy con-
tent. Both positive and negative 
going sawtooth voltage signals 
are simultaneously available, 
allowing simultaneous operation 
of two microwave amplifiers. 

BRIEF SPECIFICATIONS: Output, neg-
ative and positive going sawtooth; 
amplitude, 0 to 60 y peak-to-peak in-
dependently adjustable by panel con-
trol; frequency, 0.1 cps to I mc; fly-
back, less than I% of period or 70 
nanoseconds, whichever is greater; 
minimum output load, 5 K, 100 µµf 
maximum; price, $990. 

NEW 1962 CATALOG AVAILABLE 

11 For your copy of our new 16 page full line 
catalog and complete technical bulletins on 
these modulators, call your Alfred engineer-, 
ing representative or write us directly. 

LFED RECTROPICS 
3176 Porter Drive • Palo Alto, California 

Phone: (415) 326-6496 
12 

SQUARE WAVE 
GENERATOR 

(MODEL 305A) 

Provides 0 to 60 volts peak for 
modulating microwave ampli-
fiers, signal generators and TWT 
amplifiers, and for checking re-
sponse of wide band amplifiers. 

BRIEF SPECIFICATIONS: Frequency, 

850 to 1150 cps; rise and fall time, 
0.2 µsec rise. 2 µsec fall; output im-
pedance, less than 2500 O; price, $90. 

PULSED SAWTOOTH 
GENERATOR 

(MODEL 3288) 

When used with Alfred Micro-
wave Oscillators produces fre-
quency scanned pulsed RF sig-
nals for simulating pulse com-

pression radar signals. Produces 
3 video signals, two pulsed saw-
tooth voltages differing only in 
dc value, and a coincident gate 
pulse. Sawtooth signals may be 
applied to cathode and anode of 
the BWO in Alfred Microwave 
Oscillators to develop change in 
frequency. Gate pulse may be 
applied to a crystal switch or 
pulse modulatable microwave 
amplifier to key RF signal "ON" 
during frequency sweep. 

BRIEF SPECIFICATIONS: Output 
sweep width, continuous linear ad-
justment from 1 to 30 µset; sweep 
amplitude, continuously variable from 
0 to 50 v; sweep slope, negative or 
positive; sweep output, two simul-
taneous sawtooth waves of equal am• 
plitude during pulsed sweep interval. 
Output # 1: (Cathode of BWO), 
(ground potential), 15 ma peak. Out-
put #2: (Anode of BWO), 0 to +250 v 
relative to output # I, 50 Pa Peak: 
gate, positive pulse during sweep. 
Gate rise and fall time 0.2 µsec max. 
"OFF" voltage adjustable — 100, —50, 
—25 v; -ON" voltage 0 to +4 V. @ 
0 to 60 ma. Price, $ 1,290. 
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International Symposium on Space Phenomena 

and Measurement 
STATLER-HILTON, HOTEL, DETROIT, M ICH., OCTOBER 15-18, 1962 

The ninth annual meeting of the IRE 
Professional Group on Nuclear Science, the 
International Symposium on Space Phe-
nomena and Measurement, will be held at 
the Statler-Hilton Hotel, Detroit, Mich., on 
October 15-18, 1962. It is co-sponsored by 
NASA and AEC. The program of the Sym-
posium is as follows: 

Session I—Review Session—Recent Satel-
lite Research on Energetic Particles and 

Magnetic Fields 

"Solar Cosmic Radiation," Dr. John 
Winckler, University of Minnesota. 

"A Van Allen Radiation Belt Progress 
Report," Dr. W. N. Hess, Goddard Space 
Flight Center. 

"A Study of the Outer Geomagnetic 
Field," Dr. L. J. Cahill, University of New 
Hampshire. 

"Galactor Cosmic Radiation," Professor 
Peter Meyer. 

Session II—Review Session—Recent Re-
sults in Astronomy and Interplanatary 

Plasma Physics Research 

"Results of the Ionospheric Physics 
Program and its Impact on Future Pro-
gram," Dr. R. E. Bordeaux, Goddard Space 
Flight Center. 

"I nterplanatary Plasma," Dr. Herbert 
Bridge, Massachusetts Institute of Technology. 

"Gamma Ray Astronomy," Dr. G. G. 
Fazio. 

Speaker to be announced. 

Session III—Effects of Space Radiation 
Environment on Semiconductor 

Components 

Chairman: W. C. Scott, NASA. 

Session IV A—Scientific Instrumentation 
and Measurements for Space Exploration 

Chairman: George Ludwig, NASA. 
"A Combination Scintillator and Solid 

Radiation Detector," Mr. Cline. 
"A 2-Parameter 256-Channel Pulse 

Height Analyzer for Space Use," Mr. Way, 
Ludwig Kampko. 

"A Logarithmic Digital Amplifier," 
S. Jones. 

Session IV B—Nuclear Instrumentation 

Chairman: Alex Stripeika. 
"Latest Developments in Solid-State 

Detectors for Particle Counting," S. Fried-
land. 

"Summary of Work in Circuits for 
Picosecond Range," Q. Kerns. 

"Summary on Characteristics and Stabil-
ity of Logarithmic Devices and Amplifiers," 
E. Sikorski. 

"Instrumentation for Pluto Test Reactor 
and its Engineering Problems," G. S. T. 
Leger Barter. 

Session V A—Space Environment 

Chairman: J. E. Kupperian, NASA. 

Session V B—Plasma Diagnostics 

Chairman: William Kerr, University of 
Michigan. 

Session VI A—Detection of Space and 
High Altitude Atmospheric Tests 

Chairman: Dr. Alois Schardt, ARPA. 
"Satellite Based Detection Systems for 

Space Tests," Dr. Richard Paschek, Los 
Alamos. 

"Near Earth Satellite Radiation En-
vironment," Dr. S. Bloom, Lawrence Ra-
diation Laboratory. 

"Ground Based High Altitude Detec-
tion System," author be announced. 

"Radio Wave Phase Shift as a Detection 
Method," Dr. Glenn Gean, NBS, Boulder, 
Colo. 

Session VI B—Detection of Underground 
Tests and Debris from Atmospheric Tests 

Chairman: Dr. Alois Schardt ARPA. 
"Detection of Debris From Atmospheric 

Tests," Dr. Lester Machla, USW Bureau, 
Washington. 

"Sersmic Detection Methods for Under-
ground Tests," Dr. Karl Romney, A F Tech-
nology Application Center, Washington. 

"On Site Inspection for Underground 
Tests," Dr. Charles Bates, ARPA. 

Third New York Conference on Electronic Reliability 
STEVENS INSTITUTE OF TECHNOLOGY, HOBOKEN, N. J., OCTOBER 19, 1962 

The Third New York Conference on Elec-
tronic Reliability, sponsored by PGRQC, 
PEP and CP, will be held on October 19, 
1962 at Stevens Institute of Technology, 
Stevens Center, Hoboken, N. J. The theme 
of this year's Conference is " Reliability En-
gineering in Practice." The program is as fol-
lows: 

Session IA 

"The Practical Significance of Reliability 
Prediction," C. R. Thomas, V. Selman, and 
B. Ellison, IEC. 

"Quality Control—A Small Plant's Phi-
losophy," L. Kuferman, Filtors, Inc. 

"SARADA, IDEP, GMDEP—Part Re-
liability Data Exchange Programs Op-
erated by NOL, Corona," S. Pollack, Naval 
Ordnance Labs. 

Session IB 

"Role of the Reliability Organization in 
the Value Engineering Program," M. Tall, 
RCA. 

"Personnel and Reliability," F. Beachler, 
Bendix Corp. 

"M icrotniniaturization Vs Standard 
Packaging—Comparative Reliability," J. P. 
Marone, Jr., P. R. Mallory and Co., Inc. 

Session HA 

"Calculating the Reliability of Multi-
modal Systems," K. N. Curtin, RCA. 

"Logical Analysis of Redundant Relia-
bility Flow Networks," S. W. Leibholz, 
Auerbach Corp. 

"Graphical Methods of Solving Reliabil-

ity Logic Configuration," W. E. Marshall, 
Minneapolis- Honeywell. 

"Application of Flow Graphs to the Solu-
tion of Reliability Problems," Dr. W. W. 
Happ, Lockheed Missiles and Space Co. 

Session IIB 

"Application of Darnell Report in Com-
ponent Part Specifications," G. Wyler, Bat-
telle Memorial Institute. 

"In- Process Control for High Reliability 
Component Parts," W. R. Arnold, Vitra-
mon. 

"Application of Component Parts in 
Military Equipment," author to be an-
nounced. 

"Reliability Vs Delivery Time in Com-
ponent Parts," author to be announced. 
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Specify proven stability 

with CLEVITE Ceramic Filters 

Does your i-f filter maintain center frequency under vibration and shock? It does if it's a Clevite ceramic 
ladder filter. Center frequency shift is negligible after MIL 202B shock and vibration tests*. • Stability 
like this is worth considering whether your next receiver is ground or airborne. Clevite now stocks 455 
kc and 500 kc ladder filters in 12 bandwidths from 2 kc to 50 kc. Stand-
ard models pack 80 db stopband rejection into a 0.1 cu. in. package. ci_EvITE 
• Write or phone the nearest Clevite office for immediate infor- ELECTRONIC 
mation, prices and delivery on Clevite ceramic ladder filters. 

actual test plots on request. 
COMPONENTS 
DIVISION O CLEVITE CORPORATION 

Field Sales offices: New York, New York/Chicago, Illinois/Denver, Colorado/I nglewood, California. 232 FORBES ROAD. BEDFORD, OHIO 
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Ninth Annual East Coast Conference on Aerospace 

and Navigational Electronics 
EMERSON HOTEL, BALTIMORE, MD., OCTOBER 22-24, 1962 

The Ninth Annual East Coast Con-
ference on Aerospace and Navigational 
Electronics will be held at the Emerson 
Hotel, Baltimore, Md., on October 22-24, 
1962. The Conference is sponsored by the 
Baltimore Section of the IRE Professional 
Group on Aerospace and Navigational Elec-
tronics. The program is as follows: 

Monday, October 22 

Session 1.1—Micromimiaturization I 

Moderator: Dr. R. E. Thun, IBM Labs., 
Neighborhood Road, Kingston, N. Y. 

"Microminiaturization 1940—?, A Sur-
vey," T. E. Harr, Electronic Systems and 
Products Div., The Martin Company, Balti-
more, Md. 

"Distributed RC Networks for Approxi-
mately Maximally Flat Narrow-Band Am-
plifiers," R. W. Wyndrum, Jr., Instructor, and 
G. J. Herskowitz, Instructor, Dept. of Elec-
trical Engineering, New York University, 
New York, N. Y. 

"Band-Pass Amplifiers Using Distributed 
Parameter Networks," G. C. Riddle, Elec-
tronic Sciences Lab., Microsystems Elec-
tronics, Lockheed Missiles and Space Com-
pany, Palo Alto, Calif. 

"A Thin-Film Frequency Discrimina-
tor," P. S. Castro, Microsystems Electronics 
Dept., Electronic Sciences Lab., Lockheed 
Missiles and Space Company, Palo Alto, 
Calif. 

"Effect of Cathode Geometry on the 
Novel Electron-Beam Mode Discharge," 
H. L. L. van Paassen and E. C. Muly, Elec-
tronic Systems and Products Div., The Martin 
Company, Baltimore, Md. 

Session 1.2—Navigation 

Moderator: Dr. I. Kanter, RCA, Moores-
town, N. J. 

"A Second Look at Intertial Navigation 
for Aircraft," E. R. Dayton, Assistant En-
gineering Division Manager, Instrument Div., 
Lear-Siegler, Inc., Grand Rapids, Mich. 

"Considerations of Airborne 'Transit 
Navigation," J. D. Campbell and R. L. 
Hovious, Light Military Electronics Dept., 
General Electric Company, Utica, N. Y. 

"A Continuous Satellite Navigation and 
Guidance System," T. IV. Godbey and A. W. 
Roeder, Light Military Electronics Dept., 
General Electric Company, Utica, N. Y. 

"Spaceborne Radar for Rendezvous 
Guidance and Lunar Landings," D. B. New-
man, Assistant Director of Advanced Design, 
and H. E. Prew, Senior Staff Engineer, 
Electronic Systems Div., Fairchild Stratos 
Corporation, Wyandanch, N. Y. 

"Star Field Recognition for Space 
Vehicle Orientation," S. S. Viglione and 
H. F. Wolf, Astropower, Inc., Douglas Air-
craft Company, Costa Mesa, Calif. 

Monday Afternoon 

Session 2.1—Lasers 

Moderator: Dr. D. F. Nelson, Bell Tele-

phone Laboratories, Inc., Murray Hill, N. J. 
"A Review of Principles and Develop-

ments in the Field of Optical Masers," Dr. 
P. P. Sorokin, IBM Research Center, York-
town Heights, N. Y. 

"The Use of Glass in Lasers of Very High 
Output Energy," Dr. E. Snitzer, American 
Optical Company, Southbridge, Mass. 

"The Communications Potential of the 
Optical Maser," Dr. J. P. Gordon, Bell Tele-
phone Laboratories, Inc., Murray Hill, N. J. 

"New Developments in Gaseous Optical 
Masers," Dr. W. R. Bennett, Jr., Physics 
Dept., Yale University, New Haven, Conn. 

"Solid-State Optical Maser Amplifiers of 
High Gain," Dr. J. E. Geusir, Bell Telephone 
Laboratories, Inc., Murray Hill, N. J. 

Session 2.2—Air Traffic Control 

Moderator: R. P. Pringle, Data Process-
ing and Display Branch Sstems, Research 
and Development Service, FAA, Washington, 
D. C. 

"A Digital System for Air Navigation 
Simulation," S. K. Chao, J. E. Kearns, F. W. 
Wright, Sylvania Electronic Systems, Sylvania 
Electric Products, Inc., Needham, Mass. 

"A Computer Generated Traffic Sam-
ple," S. P. E. Price, Experimentation Div., 
FAA, National Aviation Facilities Experi-
mental Center, Pomona, N. J., and F. 
Cristofano, Control Technology, Inc., A TC 
Systems Branch, NA FEC, Pomona, N. J. 

"Digital Read-In Equipment for Air 
Traffic Control Research," M. J. Criswell 
and J. L. Redifer, Aircraft Armaments, Inc., 
Cockeysville, Md. 

"Time Compression as an Aid to Air 
Traffic Control," B. E. Potter, Surface Arma-
ment Div., Sperry Gyroscope Company, 
Sperry Rand Corporation, Great Neck, N. Y. 

"A New Solid-State Air Traffic Control 
Transponder," by E. O. Kirner, Bendix 
Radio Div., The Bendix Corporation, Tow-
son, Md. 

Tuesday, October 23 

Session 3.1—Microminiaturization II—A 
Look at a New Technology 

Panel Discussion 
Moderator: Dr. IV. M. Spurgeon, Re-

search Laboratories Div., The Bendix Cor-
poration, Southfield, Mich. 

Members of Panel: N. F. Barnes, Light 
Military Electronics Dept., General Electric 
Company Utica, N. Y., Dr. P. K. Weimer, 
Radio Corporation of America, Princeton, 
N. J., R. H. Norman, Fairchild Semicon-
ductor Corp., Palo Alto, Calif., Dr. G. 
Landsman, Associate Director of Research, 
Motorola Inc., Scottsdale, Ariz., Dr. A. E. 
Lessor, IBM Lab., Kingston, N. Y. 

Session 3.2—Systems 

Moderator: Dr. H. Schutz, Manager, 
Control and Computing Systems Develop-
ment, Westinghouse Electric Corp., Air Arm 
Div., Baltimore, Md. 

"A. Simulator Investigation of a Self-
Adaptive Pitch Damper, Utilizing a Digital 
Computer in the Adaptation Loop, for a 
High Performance Fighter Aircraft," D. T. 
Boslaugh, Professor of Electrical Engineering, 
and G. J. Thaler, Professor of Electrical En-
gineering, U. S. Naval Postgraduate School, 
Monterey, Calif. 

"Another Version of a Channel Com-
biner," M. G. Kaufman, U. S. Naval Re-
search Labs., Washington, D. C. 

"A Passive Automatic Direction Finder," 
J. A. Kaiser, NASA, Goddard Space Flight 
Center, Greenbelt, Md.; H. B. Smith, Jr., 
U. S. Naval Torpedo Station, Keyport, 
Wash.; W. H. Pepper and J. H. Little, 
Diamond Ordnance Fuze Labs., Washington, 
D. C. 

"Design Considerations for Space to 
Earth Data Link," R. Hauptman, Research 
Engineer, Armour Research Foundation, 
Illinois Institute of Technology, U. S. Naval 
Engineering Experiment Station, Annapolis, 
Md. 

"A Study of Communications for 
Manned Space Flight," A. M. McCalmont, 
Scientific Analysis Corporation, Concord, 
Mass. 

"Data Compaction with High-Speed 
Circuitry," G. Glen and J. W. Land, Aero 
Geo Astro Corporation, Alexandria, Va. 

Tuesday Afternoon 

Session 4.1—Satellites 

Moderator: Dr. A. J. Kelley, Director, 
Electronics and Control, NASA, Washing-
ton, D. C. 

"Satellite Attitude Determination" A. R. 
Mowlem, Space Systems Ctr., Federal Sys-
tems Div., IBM Corporation, Rockville, Md. 

"Optimal Attitude Control of Space 
Vehicles," W. H. Foy, Jr., and E. J. Lef-
ferts, Electronic Systems and Products Div., 
The Martin Company, Baltimore, Md. 

"Two-Thrust Rendezvous," D. H. Win-
field, Defense Electronic Products, Radio 
Corporation of America, Burlington, Mass. 

"A Commercial Doppler Satellite Navi-
gation System," R. Lieber, Missile and Sur-
face Radar Div., Radio Corporation of Amer-
ica, Moorestown, N. J. 

"Satellite Assisted Tracking Network," 
D. B. Davis, Astro Technology Corporation, 
Palo Alto, Calif. 

"Radar Applications to Geodesy," Dr. 
S. Shucker and A. Reich, Missile and Surface 
Radar Div., Radio Corporation of America, 
Moorestown, N. J. 

Session 4.2— Circuits 

Moderator: Dr. IV. Gore, Dept. of Elec-
trical Engineering, The Johns Hopkins Uni-
versity, Baltimore, Md. 

"Analysis of Automatic Frequency 
(AFC) and Phase (APC) Control," E. M. 
Robinson, Defense Systems Dept., General 
Electric Company, Syracuse, N. Y. 

"A New AFC System for Rapidly Tuned 
Radar Pulses," J. E. Devlin and D. W. C. 

s. 

• 
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Look for the "hidden extras" 

Electrical connectors, made to identical specifications by 

different manufacturers, may look much alike. In opera-

tion, however, great differences may develop. At altitudes 

of 100,000 feet, depths of 30 fathoms—pr even in a 

machine shop— it is reassuring to know the connector 

has complete dependability. 
Our goal, at Scintilla Division, is to provide this depend-

ability by building extra quality into every cornector we 

make. Our engineers are not content merely to meet 

specifications; ihey provide "extras"— by design. And, 

when you specify connectors 

they have the right to say " no" to the smallest deviation 

in quality. To assure this kind of quality control, we main-

tain one of the highest ratios of inspectors-to- production-

workers in the industry. 
These "hidden extras"—quality, integrity, depend-

ability—make Bendix " Electrical Connectors most often 

specified for the most demanding jobs. In fact, the only 

thing that isn't extra is the price. It's competitive. 
Look for these values when you specify connectors. 

Let us tell you about them. Write us at Sidney, N. Y. 

Scintilla Division 

Tit 
CORPORATION 

Canadian Affiliate: Aviation Electric, Ltd., 200 Laurentien Blvd., Montreal 9, Quebec. Export Sales B. Service: Bendix International, 205 E. 42nd St., New York 17, N. Y. 
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Shen, The Moore School of Electrical En-
gineering, University of Pennsylvania, Phila-
delphia, Pa. 

"Application of the Delay Lock Dis-
criminator to the Satellite Rendezvous 
Problem," Ir. G. Weis and M. Evans, Re-
search Lab., Lockheed Missiles and Space 
Company, Sunnyvale, Calif. 

"A Phase-Locked Detector for FM 
Multiplex Applications," D. IV. Ford, En-
gineering Dept., Philco Corporation, Phila-
delphia Pa. 

"Principles of Self-Test Circuits for 
Airborne Radio Navigation Equipment," 
J. M. Tewksbury, Bendix Radio Div., The 
Bendix Corporation, Towson, Md. 

"Quadded NOR Logic," P. A. Jensen, 
Advanced Development, Westinghouse Electric 
Corporation, Baltimore, Aid. 

Wednesday, October 24 

Session 5.1—Microwave Components 

Moderator: N. Lipetz, Chief, Transmis-
sion Lines Section, USASRDL, Fort Mon-
mouth, N. J. 

"The Backward Wave Converter," R. 
Wilmarth and R. J. Blanchard, Electron 

Tube Lab., ITT Components Division, 
Nutley, N. J. 

"Frequency Multiplication with Varac-
tors," R. J. Bauer, Aircraft Armaments, Inc., 
Cockeysville, Md. 

"A Dual-Diplexer Microwave Front-
End," IV. J. Engle, S. Rossen, and A. IV. 
Smith, A CF Electronics Division, Paramus, 
N. J. 

"Strip Line Dual Channel Receiver," 
R. J. Bauer and J. C. Tankersley, Aircraft 
Armaments, Inc., Cockeysville, Md. 

"Electromagnetic Radiation in Biological 
Research," Dr. V. Tomberg, Biophysical 
Research Laboratory, New York, N. 1'. 

Session 5.2—New Trends in Control Theory 

Panel Discussion 
Moderator: G. S. Axelby, Advisory En-

gineer, Space Guidance and Control, West-
inghouse Air Arm Division, Baltimore, Md. 

Discussion by authorities in the new 
field of adaptive control. Subjects to be 
discussed are: Stability—Methods of using 
Lyapunov's method for stability analysis: 
Optimal Control—Definition of optimal 
and examples of the application of optimal 
control theory; Computational and Physical 
Realization. 

Wednesday Afternoon 

Session 6.1—Devices 

Moderator: J. Houston, Manager, Elec-
tronics Dept., Aircraft Armaments, Inc., 
Cockeysville, Md. 

"Low Direct Current-to-Frequency Con-
verter," E. A. Chilton, Project Engineer, and 
G. V. Zito, Senior Project Engineer, Eclipse-
Pioneer Div., The Bendix Corporation, Teter-
boro, N. J. 

"Ultra Stable Transistorized D-C Pre-
amplifier with Thermo- Electric Tempera-
ture Stabilization," B. Kruger, Electronic 
Systems and Products Div., The Maitin 
company, Baltimore, Md. 

"Design Considerations in Reflected Ion 
Beam Recording," I). Forrest, S. Hildum, 
and L. Biltman, Electronic Systems and 
Products Div., The Martin Company, Balti-
more, Md. 

"Applications of Electroluminescence to 

Ground Support Equipment," IV. Brooks, 
Electronic Sciences Lab., Microsystems Elec-
tronics, Lockheed Missiles and Space Com-
pany, Palo Alto, Calif. 

"A Precise, Fast Earth-Rate Direction 
Detector," E. Ohlberg, Nortronics, Northrop 
Corporation, Palos Verdes Estates, Calif. 

Session 6.2—Antennas and Propagation 

Moderator: Dr. T. J. Carroll, Advanced 
Research Apt., Bendix Radio Div., The 
Bendix Corporation, Towson, Md. 

"Experimental Studies of the Correlation 
Bandwidth of the Tropospheric Scatter 
Medium at 5 Gc," 11. S. Patrick and M. J. 
Il'iggins, Martin Afarietta Corporation, 
Orlando, Fla. 

"Atmospheric Attenuation in the Milli-
meter and Submillimeter Wavelength Re-
gion," A. P. Sheppard, The Martin Com-
pany, Orlando, Fla. 

"Microwave Exhaust Characteristics of 
Electrical Space Propulsion Engines," G. 
Levy, Plasma Propulsion Lab., Rupublii 
Aviation Corporation, Farmingdale, N. Y. 

"Adaptive Antenna Systems for Com-
munications," R. G. Roush, Research Div.. 
Electronic Communications, Inc., Timonium, 
Md. 

"Wide Angle Circularly Polarized An-
tenna Techniques for Spacecraft," C. E. 
Ermatinger, V. L. Harrington, II'. G. Scott, 
and C. IF. Westerman, Aeronutronic 
Ford Motor Company, Newport Beach, 
Calif. 

"A Retro-Directive Antenna for Satellite 
Data Transmission," C. Rothenberg, C. 
Belfi, L. Schwartzman, Surface Armament 
Div., Sperry, Gyroscope Company, .Sperry 
Rand Corp., Great Neck, N. 1'. 

Spaceborne Computer Engineering Conference 
DISNEYLAN 

The Spaceborne Computer Engineering 
Conference, sponsored by the IRE Profes-
sional Group on Electronic Computers, will 
be held at the Disneyland Hotel, Anaheim, 
Calif., on October 30-31, 1962. The pro-
gram of the Conference is as follows: 

Tuesday, October 30 

Session I 

Introductory Remarks: 11'. F. Gunning, 
Conference Chairman. 

"Design Problems for Space Environ-
ment," J. F. Shea, Manned Space Flight 
Office, NASA. 

"Space Science Data Devices," W. E. 
Brown, Jr., Jet Propulsion Laboratory, 
California Institute of Technology. 

Tuesday Afternoon 

Session II 

"Design of the Orbiting Geophysical 

D HOTEL, ANAHEIM, CALIF., OCTOBER 30-31, 1962 

Observatory Data Handling System," L. B. 
Kleiger, Space Technology Laboratories. 

"Two Approaches to the Design of 
Spacecraft Data Handling Systems," R. C. 
Baron, R. W. Waller, CoMputer Control 
Company. 

"The Nimbus System," D. IV. Cade, 
California Computer Products. 

"Starfield Recognition for Space Vechicle 
Orientation," S. S. Viglione, H. F. Wolf, 
Astropower, Inc. 

Wednesday, October 31 

Session III 

"The ADI )- 1000 Aerospace Computer," 
D. C. Morse, B. J. Jansen, R. P. Blixt, 
Remington Rand. 

"MAGIC, An Advanced Computer for 
Spaceborne Guidance Systems," E. L. 
Hughes, F. Gurzi, A. H. Faulkner, AC 
Spark Plug Division, General Motors Corp-
oration. 

"Subminiature Computer Design for 
Space Environments," IV. A. England, Min-
neapolis Honeywell Regulator Company. 

"A Micro Computer for Space Naviga-
tion," E. Keonjian, J. Marx, Arma 
American Bosch Arma. Corporation. 

Wednesday Afternoon 

Session IV 

"The D-210 Magnetic Computer," E.T. 
Walendziewicz, Burroughs Laboratories. 

"HCM-202 Thin Film Computer," M. 
M. Dalton, Hughes Aircraft Company. 

"On the Analysis of Reliability Improve-
ment Through Redundancy," H. L. Ergott, 
D. P. Rosenberg, Space Guidance Center, 
IBM Corporation. 

"Microelectron, Micropower Digital Cir-
cuits and Low-Level Amplifiers for Space 
Applications," IV. IF. Gaertner, C. Heizman, 
C. Levy, M. Schuller, CBS Laboratories. 

Keynote Speaker— To be announced. 

4. 
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Riming response of a 20E crystal 
filter 200 Cycles Wets web 

the small overshoot and 
low rinsing. 
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Those non-conformists at Burnell's engineering laboratory 
aren't satisfied with just producing the broadest range of 
crystal filters. toroids and communication networks: through 
their constant efforts to satisfy tomorrow's space age elec-
tronics problems, they have developed a whole new family 
of sophisticated crystal filters, with exceptional and unusual 
characteristics, contributing to increased circuit flexibility as 
graphically demonstrated above. 

'Those same non-conformists have also made considerable 
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progress solving other electronics/space age problems. A 
typical example of this has been their work with the applica-
tion of Time Domain Synthesis; producing an unlimited 
inventory of wave forms for new applications, and resulting 
in substantial reductions of size and weight, eliminating the 
need for complex active circuitry for its support. 

'."Join the nonconformists—write today for your free Non-
Conformiq paper weight and Crystal Filter Catalog XT-455. 
Yes! Your circuits can profit today from tomorrow's research. 

EXECUTIVE OFFICE 
AND PLANT 

DEPT. PI-9 
PELHAM, NEW YORK 

PELHAM 8-5000 
TELET.PE PELHAM 3633 

PACIFIC DIVISION 
SOUTH PASADENA, CAL. 
MFD. IN CANADA 
BY EDO (CANADA) LTD. 
CORNWALL, ONT. 
WELLINGTON 2-6774 

DIVISIONS: Gray 8. Kahn, Inc., Pelham, New York • GIP Elect-onics, Inc., Bristol, Cone. • Guillemin Research Laboratory, Cambridge, Most. 
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Professional Groups*  
Aerospace and Navigational Electronics 
(G-11)—S. H. Dodington, ITT Labs., 500 
Washington' Ave., Nutley 10, N. J.; H. R. 
Mimno, Cruft Lab., Harvard Univ., 
Cambridge 38, Mass. 

Antennas and Propagation (G-3)—S. A. 
Bowhill, 222 Electrical Engineering Bldg.. 
University Park, Pa., Chairman and Edi-
tor. 

Audio (G-1)—R. W. Benson, Elec. Engrg. 
Dept., Vanderbilt University, Nashville 
5, Tenn.; M. Camras, Armour Res. Foun-
dation, Tech. Ctr., Chicago 16, III. 

Automatic Control (G-23)—L. B. Wadel, 
3546 Caruth Blvd., Dallas 25, Tex.; 
G. S. Axelby, Westinghouse Air Arm Div., 
Friendship Airport, Baltimore 3, Md. 

Bio-Medical Electronics (G-18)-0. H. 
Schmitt, Dept. of Physics, Univ. of 
Minnesota, Minneapolis, Minn.; E. F. 
MacNichol, Jr., Dept. of Biophysics, 
Johns Hopkins I niv., Baltimore 18, Md. 

Broadcast and Television Receivers (G-8)— 
J. F. Bell, Zenith Radio Corp., 6001 W. 
Dickins Ave., Chicago 39, III.; C. W. 
Sall, RCA, Princeton, N. 1. 

Broadcasting (G-2)—R. F. Guy, 264 Frank-
lin St., Haworth, N. J.; W. L. Hughes, 
School of Elec. Engrg., Oklahoma State 
University, Stillwater, Okla. 

Circuit Theory (G-4)—Dr. J. H. Mulligan, 
Jr., College of Engrg., New York (« illy., 
University Heights, New York 53, N. V.; 
M. E. Van Valkenburg, Dept. of E.E. 
Univ. of Illinois, Urbana, Ill. 

Communications Systems (G-19)—R. L. 
Marks, Rouie Air Dev. Ctr., Griffiss AFB, 
N. Y.: E. J. Baghclady, Elec. Engrg. 
Dept., 1‘1.I.T., Cambridge 39, Mass. 

Components Parts (G-21)—L. Kahn, Astron 
Corp., 255 Grant Ave., E. Newark, N. J.; 
G. Shapiro, Engineering Electronics Sec., 
Div. 1.6, N BS, Connecticut Ave., & Van 
Ness St., Washington 25, D. C. 

*Names listed are Group Chairmen and TRANS-
ACTIONS Editors. 

Education (G-25)—G. E. Moore, Westing-
house Elec. Corp., East Pittsburgh, Pa., 
S. S. Shamis, Dept. of E.E., New York 
University,University Heights, New York 
53, N. Y. 

Electron Devices (G-15)—R. W. Sears, Bell 
Telephone Labs., Rill 2A-229, Murray 
Hill, N. J.; G. Wade, Spencer Lab., 
Raytheon Co., Burlington, Mass. 

Electronic Computers (G-16)—W'. L. Ander-
son, 1408 Lexington Rd., Falls Church, 
Va.; Prof. N. R. Scott, Dept. of Elec. 
Engrg., University of Michigan, Ann Ar-
bor, Mich. 

Engineering Management (G-14)—E. S. 
White, Warwick Mfg., Corp., 7300 N. 
Lehigh, Chicago 48, III.; A. H. Ruben-
stein, Dept. of Indus. Engrg.. North-
western Univ., Evanston, Ill. 

Engineering Writing and Speech (G-26)— 
J. M. Kinn, Jr., IBM Research Ctr., 
P.O. Box 218, Yorktown Heights, N. Y.; 
F. T. Van Veen, General Radio Co., West 
Concord, Mass. 

Geoscience Electronics (G-29)—R. W. Ol-
son (Acting Chairman) Texas Instru-
ments, Inc., Dallas, Tex.; Editor to be 
advised. 

Human Factors in Electronics (G-28)— 
A. S. Jackson, 111 S. Pittsburgh Ave., 
Ventnor, N. J.; J. I. Elkind, Bolt Beranek 
and Newman, Inc., 50 Moulton St., Cam-
bridge, Mass. 

Industrial Electronics (G- 13)--J. E. Eise-
lein, RCA Victor Div., Camden, N. J.; 
R. W. Bull, Coleman Instruments, Inc., 
42 Madison St., Maywood Ill. 

Information Theory (G-12)—D. Van Meter, 
1716 Cambridge St., Cambridge 38, Mass.; 
A. Kohlenberg, Melpar Inc., II Galen 
St., Watertown, Mass. 

Instrumentation (G-9)—L. D. McClellan, 
420 Via Mesa Grande, Redondo, Calif.; 
G. B. Hoadley, Dept. of E.E., North 
Carolina State College. Raleigh, N. C. 

Microwave Theory and Techniques (G-17) 
—S. B. Cohn, Rantec Corp., 2399 Ventura 
Blvd., Calabasas, Calif.; D. D. King, 
Electronic Commun., Inc., 1830 York 
Rd., Timonium, Md. 

Military Electronics (G-24)—E. N. Ding-
ley, Jr., Electronic Commun. Inc., 1501-
72 St., N., St. Petersburg 10, Fla.; D. R. 
Rhodes, Radiation Inc., Box 37, Mel-
bourne, Fla. 

Nuclear Science (G-5)—Dr. W. A. Higin-
botham, Brookhaven Nat'l. Lab., Upton. 
N. Y.; R. F. Shea, Dig Power Plant 
Engrg., Knolls Atomic Power Lab., Gen-
eral Electric Co., Schenectady, N. Y. 

Product Engineering and Production (G-22) 
—J. W. Trinkaus, Sperry Gyroscope Co., 
Mail Station 1A36, Great Neck, N. Y.; 
D. B. Ehrenpreis, 325 Spring St., New 
York, N. Y. 

Radio Frequency Interference (G-27)--
H. Garlan, Office of Chief Engineer, 
F.C.C., \Vashington, D. C.; O. P. Schrei-
ber, Technical Wire Prods., Inc., 129 Der-
mondy St., Cranford, N. J. 

Reliability and Quality Control (G-7)—L. J. 
Paddison, Sandia Corp., Sandia Base, Al-
buquerque, N. Mex.; W. X. Lamb, Jr. 
22124 Dumetz Rd., Woodland Hills, 
Calif. 

Space Electronics and Telemetry (G-10)- - 
H. B. Riblet, 3300 Plyrrs Mill Rd., 
Kensington, Md.; F. T. Sinnott, Mail 
Zone 549-30, Convair-Astronautics, San 
Diego 12, Calif. 

Ultrasonics Engineering (G-20)—A. FL 
Meitzler, 12 Harding Rd., Morristown, 
N. J.; O. E. Nlattiat Res. Div. Acoustica 
Associates Inc., 415 E. Montecito St., 
Santa Barbara, Calif. 

Vehicular Communications (G-6)—S. C. 
Bartlett, American Elec. Power Service 
Corp., 2 Broadway, New York 8, N. Y.; 
\V. G. Chaney, AT&T Co., 195 Broadway, 
New York 7, N. Y. 

Sections*  
Akron (4)—R. C. Weyrick, 629 Yerrick Rd. 
Akron 12, Ohio; J. R. Shoemaker, 1353 
Shanabrook Dr., Akron 13, Ohio. 

Alamogordo-Holloman (7)—H. T. Castillo, 
2611 Pontiac Ave., Alamogordo, N. Mex.; 
J. T. Bradford, 2704 Highland Dr., Ala-
mogordo, N. Mex. 

Albuquerque-Los Alamos (7)—A. B. Church, 
2900 San Joaquin, S.E., Albuquerque, 
N. Mex.; T. L. l'ace, 1101 Clancy Dr., 
N.E., Albuquerque, N. Mex. 

Anchorage (7)—H. D. DeVoe, Box 644, 
Anchorage, Alaska; (To be advised.) 

Atlanta (3)—W. B. Jones, Jr., School of 
Elec. Engrg., Georgia Inst. of Tech-
nology, Atlanta 13, Ga.; R. S. Johnson, 
1325 Scott Blvd., Decatur, Ga. 

Baltimore (3)—W. C. Gore, 1400 Glendale 
Rd., Baltimore 12, Md.; D. D. King, 
Elec. Communications, Inc., 1830 York 
Rd., Timonium, Md. 

Bay of Quinte (8)—A. S. Robb, 246 Dufferin 

* Numerals in parentheses following sections desig-
nate region number. First name designates Chairman: 
second name Secretary. 

Ave., Belleville, Ont., Canada; E. E. 
Pascal, 558 Victoria Ave., Belleville, Ont., 
Canada. 

Beaumont-Port Arthur (6)—C. H. Burgess, 
Sun Oil Co., Box 2831, Beaumont, Tex.; 
A. B. Long, Box 3265, Beaumont, Tex. 

Benelux—C. B. Broersma, 149 De Lairesse-
straat, Amsterdam 2, Netherlands; G. J. 
Siezen, 3 Konig Willem III Laan, Blari-
cum, Holland. 

Binghamton (1)—D. R. Weisser, Meeker 
Rd., R.D. 3, Vestal, N. Y.; E. L. Blos-
soin, 1304 Seymour Rd., Vestal, N. Y. 

Boston (1)—C. E. Faffick, 28 Moon Hill 
Rd., Lexington 73, Mass.; R. L. Blan-
chard, 1310 Massachusetts Ave., Lex-
ington 73, Mass. 

Buenos Aires—A. DiMarco, Avda. Rivadia 
5639-48, Buenos Aires, Argentina; I. C. 
Grant, Paseo Colon 995, Buenos Aires, 
Argentina. 

Buffalo-Niagara (1)—E. W. Whyman, 375 
Mt. Vernon Rd., Snyder 26, N. Y.; R. W. 
Ames, 132 Evergreen Dr., Tonawanda, 
N. Y. 

Canaveral (3)—W. J. Haberhern, Jr., 123 

Atlantic Blvd., Eau Gallie, Fla.; P. H. 
Betts, Box 609, Cocoa, Fla. 

Cedar Rapids (5)—S. M. Morrison, 2034 
Fourth Ave., S.E., Cedar Rapids, Iowa; 
A. E. Anderson, 1054 34 St., N.E., Cedar 
Rapids, Iowa. 

Central Pennsylvania (4)—E. J. Gelber-
maim, Science Park, Box 60, HRB, Inc., 
State College, Pa; P. Ebaugh, 222 Ham-
mond Bldg., Penn. State Univ., Univer-
sity Park, Pa. 

Chicago (5)—B. G. Griffith, 2379 Oak Tree 
Lane, Park Ridge, Ill.; D. L. Anderson, 
Allen-Bradley Co., 838 S. Desplaines, 
Chicago 7, III. 

Chile—J. del Rio, Corp. de Radio de Chile, 
Casilla 1407, Santiago, Chile; J. de la 
Quintana, IBM World Trade Corp., 
Cassilla 3630, Santiago, Chile. 

China Lake (7)—R. G. S. Sewell, 75- II 
Rowe, China Lake, Calif.; A. S. Brook-
man, 205-A N. Dibb Rd., China Lake, 
Calif. 

Cincinnati (4)—A. I. Bissonette, 119 Robin-
wood Dr., Terrace Park, Ohio; J. W. 
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FOR FULL AREA COVERAGE IN H-F COMMUNICATIONS 

Far air-ground, ship-shore, or any long-haul h-f communications problem involving area 
coverage, the answer is Granger Associates' Model 757 steerable antenna. This broad-
band, vertically-polarized, log-periodic array is the only steerable, truly frequency-inde-
pendent antenna that covers the 3-to-32 Mc range. Patterns are free of lobing— a neces-
sity for air-ground applications. Each curtain has an azimuth beamwidth of 110° and 
an elevation beamwidth of 30° (±10%). Used with a suitable multicoupler on each cur-
tain, Model 757 permits independent clmice of coverage sector for each transmitter or 
receiver. Directive gain is high and VSWR iS low across the frequency 
range. Supplied in largely preassembled kit form, it employs corro-
sion-resistant materials throughout. For information about this and 
other equipment for all-around good h-f ccymmunications, contact our 
engineering representatives or Manager, Applications Engineering. 

Granger 
Associates 

We have opnortunities for qualified antenna and conimLn,cations enqineers. an equal opportunity employer 

vuurgrow«,.. 

Granger Associates / 974 Commercial Street, Palo Alto, California DAvenport 1-4175 (area code 415) 
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Murray, 5603 Green Acres Court, Cin-
cinnati 11, Ohio. 

Cleveland (4)—H. Dennis, 3579 Gridley Rd., 
Shaker Heights 22, Ohio; P. E. Lannan, 
4241 Fulton Parkway, Cleveland 9, Ohio. 

Colombia—W. Westphal, Carrera Fa, #40-
62, Bogota D. E., Colombia, S. A.; B. Al-
zate, Calle 48, #23-26, Apt. 401, Bogota, 
Colombia, S. A. 

Columbus (4)—S. V. Edens, 6422 Havens 
Corners Rd., Blacklick, Ohio; B. C. Potts, 
1448 Shanley Dr., Columbus 24, Ohio. 

Connecticut (1)—S. C. Wadhams, 13 Der-
wen St., Glenbrook, Conn.; P. N. John-
stone, Twin Lakes Rd., North Branford, 
Conn. 

Dallas (6)—L. B. Wadel, 3546 Caruth Blvd., 
Dallas, Tex.; W. D. Mitchell, 2718 Shelby 
Court, Garland, Tex. 

Dayton (4)—W. C. Eppers, Jr., R. R. 1, 
Bellbrook, Ohio; E. S. Wieland, 1605 
Marilyn Ave., Dayton 20, Ohio. 

Denver (6)—C. Twombly, Univ. of Colo-
rado, Eng. Bldg. 1, Rm. 102, Boulder, 
Colo.; W. R. Utlain, National Bureau of 
Standards, Boulder, Colo. 

Detroit (4)—H. W. Farris, Elec. Engrg. 
Bldg., Univ. of Michigan, Ann Arbor, 
Mich.; G. Zacharopoulos, 25136 Ward, 
Taylor, Mich. 

Egypt (9)—H. M. Mahmoud, 24 Falaki St., 
Cairo, Egypt; El-Garhi I. El-Kashlan, 46 
Suez-Kanal St., Engineering City, Im-
baba, Cairo, Egypt. 

Elmira-Corning (1)—J. K. Davis, 201 Pine 
St., Corning, N. Y.; S. Merritt, 35 Shan-
non St., Bath, N. Y. 

El Paso (6)—C. W. Brown, 325 Encino Dr., 
El Paso, Tex.; W. T. McGill, 4201 Hast-
Mg St., El Paso, Tex. 

Emporium (4)—H. W. Herbert, Sylvania 
Electric Products, Inc., Emporium, Pa.; 
R. F. Bergdahl, R.F.D. 2, Emporium, Pa. 

Erie (1)—R. S. Page, 1224 Idaho Ave., Erie, 
Pa.; K. I. Challstrom, Buffalo Rd., 
R.D. 1, Harborcreek, Pa. 

Evansville-Owensboro (5)—F. H. Mul-
lersman, 1736 Navajo Dr., Owensboro, 
Ky.; J. F. Stephens, 2833 Tanglewood Dr., 
Owensboro, Ky. 

Florida West Coast (3)—M. P. Smith, 
Honeywell Inertial Guidance Ctr., 13350 
U. S. Highway 19, St. Petersburg, Fla.; 
R. C. Loudermilch, 1868 Juarez Way, S., 
St. Petersburg 13, Fla. 

Fort Huachuca (7)—R. E. Frese, Deputy 
Director, USAEPG, Fort Huachuca, 
Ariz.; C. M. Giorgi, Box 2505, Fort 
Huachuca, Ariz. 

Fort Wayne (5)—D. W. Von Berg, 4015 
Wedgewood Dr., Fort Wayne, Ind.; 
M. Horowitz, Magnavox Co., 2131 
Bueter Rd., Fort Wayne 4, Ind. 

Fort Worth (6)—S. T. Lanham, Sr., 5017 
Vicki, Fort Worth 17, Tex.; M. F. Shep-
herd, 2324 Clearview, Fort Worth, Tex. 

France (9)—J. R. Pernice, 15 Rue de la Fais-
anderie, Paris 16, France; J D. Lebel, 
Lab. de Physique, Ecole Normal Supe-
reure, 24 Rue Lhomond, Paris 5, France. 

Gainesville (3)—M. E. Forsman, College of 
Engrg., Univ. of Florida, Gainesville, Fla.; 
M. F. Eisenberg, Elec. Engrg. Dept., 
Univ. of Florida, Gainesville, Fla. 

Geneva (9)—G. C. Gross, ur.u., Place des 
Nations, Geneva, Switzerland; J. H. 
Gayer, I.F.R.B., I.T.U., Place des Na-
tions, Geneva, Switzerland. 

Hamilton (8)—W. A. Cheek, 102 Paradise 
Rd., N. Hamilton, Ont., Canada; A. L. 

Dean, 56 Wardrope Ave., N., Stoney 
Creek, Ont., Canada. 

Hawaii (7)—R. E. Partridge, Univ. of 
Hawaii, Honolulu 14, Hawaii; S. B. 
McMenamin, 62 Hoomaha St., Wahiawa, 
Oahu, Hawaii. 

Houston (6)-0. R. Smith, 4606 Stillbrooke 
Dr., Houston, Tex.; W. P. Schneider, 
8417 Bluegate, Houston, Tex. 

Huntsville (3)—J. L. McDaniel, R 2 Noland 
Blvd., Madison, Ala.; J. B. Venters, 2107 
Colice Rd., S.E., Huntsville, Ala. 

India—Officers to be advised. 
Indianapolis (5)—R. 0. Whitaker, 647 E. 

37, Indianapolis, Ind.; F. H. Sauerteig, 
8687 Westfield Blvd., Indianapolis 40, 
Ind. 

Israel (9)—Chairman to be advised; H.Fisch-
ler, Weizmann Inst. of Science, Dept. of 
Electronics, Box 26, Rehovoth, Israel. 

Italy (9)—A. Marino, Via Guido d'Arezzo 14, 
Rome, Italy; G. P. Tarchini, Laboratorio 
Richerche, Elettr., Via de Parlamento N. 
33, Borg°Lombardo, Milan, Italy. 

Ithaca (1)—P. R. McIsaac, 107 Forest 
Home Dr., Ithaca, N. Y.; D. W. Bray, 
Box 81, So. Lansing, N. Y. 

Kansas City (6)—K. D. Benedict, 1032 E. 
Alton St., Independence, Mo.; J. F. 
Ptacek, 16008 E. 17 St., Independence, 
Mo. 

Kitchener-Waterloo (8)—J. S. Keeler, Univ. 
of Waterloo, Waterloo, Ont., Canada; 
S. F. Love, 809 Wellington St., N., 
Kitchener, Ont., Canada. 

Las Vegas (7)—B. H. Carder, 3005 W. 
Merritt, Las Vegas, Nev.; K. L. Dixon, 
3368 Torrey Pines, Las Vegas, Nev. 

Little Rock (6)—A. E. McDonald, 23 
Southmont Dr., Little Rock, Ark.; S. L. 
Berg, 1005 W. Kiehl, North Little Rock, 
Ark. 

London (8)—G. W. Parsons, 1201 Rich-
mond St., London, Ont., Canada; E. 
Dubnicoff, 173 Oxford St., Apt. 12, 
London, Ont., Canada. 

Long Island (2)—W. T. Cooke, 1 Washing-
ton Ave., Glen Head, L. I., N. Y.; H. L. 
Brownman, 576 Pontiac Rd., East 
Meadow, L. I., N. Y. 

Los Angeles (7)—R. A. Lamm, 15573 
Briarwood Dr., Sherman Oaks, Calif.; 
M. M. Hatch, IRE Business Office, 1435 
S. La Cienega Blvd., Los Angeles 35, 
Calif. 

Louisville (5)—H. T. Smith, Kentucky 
Rural Elec. Co-op Corp., 4515 Bishop 
Lane, Louisville 18, Ky.; E. L. Marven, 
Sr., 811 Camden Ave., Louisville 15, Ky. 

Lubbock (6)—L. A. Pease, 2607 49 St., 
Lubbock, Tex.; D. H. Carver, 4516 23 
St., Lubbock, Tex. 

Miami (3)—G. A. Liedholz, 6060 S.W. 114 
St., Miami 56, Fla., Chairman and Acting 
Secretary. 

Milwaukee (5)—T. H. Houle, 1000 S. 56 St., 
West Allis 14, Wis.; K. J. Schlager, 1519 
N. 118 St., Wauwatosa 13, Wis. 

Mobile (3)—C. R. Hicks, 4128 N. Marietta 
Dr., Mobile, Ala; E. G. Schone, Box 
4102, Mobile, Ala. 

Montreal (8)—H. H. Schwartz, 5212 King 
Edward Ave., Montreal 29, Que., Can-
ada; A. Breton, Ecole Polytechnique, 2500 
Marie Guyard Ave., Montreal 26, Que., 
Canada. 

Newfoundland (8)—Chairman to be ad-
vised; F. A. Mulloy, 55 Calver Ave., St. 
John's Newf., Canada. 

New Orleans (6)—G. Allen, 4239 St. Charles 

Ave., Apt. C, New Orleans 15, La.; N. R. 
Landry, 6079 Louisville St., New Orleans 
24, La. 

New York (2)—H. \V. Pollack, 300 Lennox 
Rd., Brooklyn, N. Y.; M. J. Lichten-
stein, 52 Sprain Valley Rd., Scarsdale, 
N. Y. 

North Carolina (3)—W. E. Lanford, 3260 
Nottingham Rd., Winston-Salem, N. C.; 
J. I. Barron, Southern Bell T and T Co., 
Box 240, Charlotte, N. C. 

Northern Alberta (8)—L. N. Donovan, 24 
Birch Dr., Box 136, St. Alberta, Alta., 
Canada; R. A. McLean, 9516 69 A St., 
Edmonton, Alberta, Canada. 

Northern New Jersey (2)—A. W. Parkes, 
Jr., 200 Overlook Ave., Boonton, N. J.; 
A. E. Hirsch, Jr., Bell Telephone Labs., 
Inc., Patent Dept. 3B-324, Murray Hill, 
N. J. 

Northwest Florida (3)—C. D. L. Longaker, 
156 Monahan Dr., Fort Walton Beach, 
Fla.; K. L. Abney, 603 Magnolia Dr., 
Fort Walton Beach, Fla. 

Oklahoma City (6)—D. F. Holaday, 2409 
Maple Dr., Midwest City 10,, Okla.; C. E. 
Maupin, 2124 S. W. 68 St., Oklahoma 
City 59, Okla. 

Omaha-Lincoln (5)—J. A. Rogers, 3815 
Marcy St., Omaha 5, Neb.; C. Hyde, 312 
Ferguson Hall, Univ. of Net.., Lincoln 8, 
Neb. 

Orlando (3)—W. L. Arbuckle, 3600 Squire 
Lane, Orlando, Fla.; E. O. Houseman, Jr., 
1709 Antigua Dr., Orlando, Fla. 

Ottawa (8)—A. R. Molozzi, 82 Stinson Ave., 
Lynwood, Ottawa 6, Ont., Canada; R. H. 
Tanner, 95 Dorothea Dr., Ottawa 1, Ont., 
Canada. 

Philadelphia (3)—H. J. Woll, 123 Third 
Ave., Haddon Heights, N. J.; J. E. Snook, 
Box 121, Hartsville, Bucks Co., Pa. 

Phoenix (7)—L. C. Graham, 2038 W. 
Solano Dr., Phoenix, Ariz.; J. A. Barkson, 
Arizona State Univ., Tempe, Ariz. 

Pittsburgh (4)—J. Lempert, Westinghouse 
Res. Labs., Beulah Rd., Churchill Boro, 
Pittsburgh 35, Pa.; E. F. Sverdrup, 
Carnegie Inst. of Technology, Dept. of 
Elec. Engrg., Pittsburgh 13, Pa. 

Portland (7)—M. L. Morgan, 12907 S.W. 
62 Ave., Portland 19, Ore.; C. H. Moul-
ton, 1625 S.W. 87 Ave., Portland I, Ore. 

Princeton (2)—R. D. Lohman, RCA, Somer-
Ilk, N. J.; O. E. Dow, RCA Labs., 

Princeton, N. J. 
Quebec (8)—J. Y. Caron, 2555 Champ-

fleury, Apt. 4, Quebec 3, P. Q., Canada; 
J. A. Cummins, 2041 Richer St., Apt. 8, 
Ste-Foy, Quebec, Canada. 

Regina (8)—S. K. Smith, c/o Saskatchewan 
Govt. Tel., 2350 Albert, Regina, Sask., 
Canada; G. H. Beuker, 2901 Athol St., 
Regina, Sask., Canada. 

Rio de Janeiro—J. A. Wiltgen, Caixa Postal 
450, Rio de Janeiro, DF, Brazil; C. J. 
Chapin, c/o Riggs National Bank, Du-
Pont Circle Branch, 1913 Massachusetts 
Ave., N.V., Washington 6, D. C. 

Rochester (1)—J. L. Wheeler, 535 Rondo 
Lane, Webster, N. Y.; D. W. Healy, Jr., 
Univ. of Rochester, River Campus Sta-
tion, Rochester 20, N. Y. 

Rome-Utica (1)—C. W. Gordon, 104 N. 
George St., Rome, N. Y.; W. P. Bethke, 
1806 N. James St., Rome, N. Y. 

Sacramento (7)—J. R. Kowalczyk, 3730 Las 
Pasas Way, Sacramento 25, Calif.; W. G. 
Urseny, 3904 Dell Rd., Carmichael, Calif. 

St. Louis (6)—G. E. Barnard, 639 N. 69 St., 
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THAT'S ABOUT THE SIZE OF IT 

Slap 10,000 pf of stable capacitance in just . 176 of a 
square inch of your circuit board with this new Coming 
TY capacitor. It's the TY09, the biggest of a small but 
stable bunch. 

All our TY's give you ultrastable capacitive elements 
of fused glass and foil. The new case and potting com-
pound eliminate inter-component, wire, or chassis short 
circuits. 

You'll find TY's mount easily because we space the 
parallel leads uniformly on . 100" grids and they're 
symmetrical with the case. Welding or soldering is easier, 
too, with the gold-flashed Dumet leads. We weld them 
to the conductive plates to give you greater strength. 

Check this table for the TY sizes and ratings you need. 
All of them perform at 300 volts from _ 55 CC. to 
+ 125°C. with no derating. 

Capacitance Range pf 1 

L+.005" W+.010- T+.005" S-1-.020" 
T 

Min. Max. 

TY06 1 560 .300" .200" .115" .200" 

TY07 560 

1001 

1000 .300" .300" .115" .200" 

. II TY08 2700 .500" .300" .115" .400" 

TY09 2701 10000 .900" .700" . 195" .800" 

Get more information fast from Corning Glass Works, 
3902 Electronics Drive, Raleigh, North Carolina. 

CORNING 
Electronic Components 
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East St. Louis, Ill.; E. A. Kulhman, 9020 
Cardinal Ter., Brentwood 17 Mo. 

Salt Lake City (7)—J. E. Dailey, 3920 South 
1380 East, Salt Lake City 17, Utah; 
D. F. Folland, 2132 Yuma, Salt Lake 
City, Utah. 

San Antonio-Austin (6)—W. L. Donaldson, 
129 El Cerrito Circle, San Antonio 32, 
Tex.; C. R. Graf, 10519 Burr Oak Dr., 
San Antonio 30, Tex. 

San Diego (7)—E. W. Carlson, 3154 Brem-
erton Pl., La Jolla, Calif.; A. C. Greeley, 
2615 Kim Pl., San Diego 11, Calif. 

San Francisco (7)—S. F. Kaisel, Microwave 
Electronics Corp., 4061 Transport St., 
Palo Alto, Calif.; Acting Secretary: A. T. 
Waterman, Jr., Electronics Research 
Lab., Stanford University, Stanford, Calif. 

Schenectady (1)—T. G. Mihran, G.E. Re-
search Lab., Box 1088, Schenectady, 
N. Y.; F. J. Ellert, G.E. Co., Bldg. 37, 
Rm. 578, 1 River Rd., Schenectady, N. Y. 

Seattle (7)—R. M. Lundberg, 9115 N.E. 
21 St., Bellevue, Wash.; E. W. Early, 5318 
Wallingford Ave., Seattle 3, Wash. 

Shreveport (6)—R. M. Steere, 406 W. 
Florida Ave., Ruston La.; A. M. Ran-
dolph, United Gas Corp., Box 1407, 
Shreveport, La. 

South Bend-Mishawaka (5)—E. W. Henry, 
niv. of Notre Dame, Dept. of Elec. 

Engrg., Notre Dame, Ind.; J. S. Doty, 
235 Oak Manor Dr., Elkhart, Ind. 

South Carolina (3)—J. Taylor, 6417 West-
shore Rd., Columbia, S. C.; J. Bouvy, 
4700 Oakwood Rd., Columbia, S. C. 

Southern Alberta (8)—C. W. Johnston, 27 
Hendon Dr., Calgary, Alta., Canada; 
W. L. Freek, Southern Alberta Inst. of 
Technology, Calgary, Alta., Canada 

Syracuse (1)—R. E. Gildersleeve, 110 S. 
Burdick St., Fayetteville, N. Y.; F. J. 
Bias, 419 Parsons Dr., Syracuse, N. Y. 

Tokyo—Miyaji Tomota, Yokogawa Elec. 
Works, Ltd., 3000 Kichijoji, Musashino-
Shi, Tokyo, Japan; Fumio Minozuma, 16 
Ohara-Machi, Meguro-Ku, Tokyo, Japan. 

Toledo (4)—R. B. Williams, Jr., 5945 Sum-
mit St., Sylvania, Ohio; H. R. Holmes, 
3557 149 St., Toledo, Ohio. 

Toronto (8)—W. H. Anderson, 146 De-
Loraine Ave., Toronto 12, Ont., Canada; 
J. L. Jordan, 157 Parkhome Ave., Willow-
dale, Ont., Canada. 

Tucson (7)—R. L. Patterson, 5418 E. Sec-
ond St., Tucson, Ariz.; J. L. Dunn, 725 
W. Comobabi Dr., Rt. 6, Box 319C, 
Tucson, Ariz. 

Tulsa (6)—R. C. Zongker, 4708 E. 23 St., 
Tulsa, Okla.; R. W. Mitchell, Jr., 5803 
E. 31 St., Tulsa, Okla. 

Twin Cities (5)—C. G. Compton, 1011 
Fairmount Ave., St. Paul 5, Minn.; B. J. 
Renk, 3904 Grimes Lane, Minneapolis 
24, Minn. 

United Kingdom (9)-0fficers to be ad-
vised. 

Vancouver (8)—D. H. J. Kay, 4539 Im-
perial St., Burnaby, B. C., Canada; 
D. T. Black, 4030 W. Tenth Ave., Van-
couver 8, B. C. Canada. 

Virginia (3)—A. C. Holub, 317 Cynthia 
Dr., Hampton, Va.; A. R. Richter, Amer. 
Nat'l. Red Cross, Telecommunications, 
617 E. Franklin St., Richmond 19, Va. 

Washington (3)—C. R. Busch, 2000 N. 
Vermont St., Arlington 7, Va.; J. E. 
Voyles, 905 16 St. N.W., Suite 506, Wash-
ington 6, D. C. 

Western Massachusetts (1)—W. B. Con-
over, 100 Plastics Ave., Pittsfield, Mass.; 
D. Carman, 142 Allengate Ave., Pitts-
field, Mass. 

Western Michigan (4)—J. Barfus, 6482 
52 St., S.E., Grand Rapids 8, Mich.; J. 
Czerniak, 2744 Bellevue Rd., Muskegon, 
Mich. 

Wichita (6)—E. Piper, 5711 Perryton, 
Wichita, Kan.; D. E. Schowalter, 833 
Perry, Wichita 3, Kan. 

Williamsport (4)—J. J. Degan, 117 Eldred 
St., Williamsport, Pa.; Secretary to be 
advised. 

Winnipeg (8)—E. Bridges, Univ. of Mani-
toba, Dept. of Elec. Engrg., Winnipeg, 
Man., Canada; R. I. Punshon, Canadian 
Broadcasting Corp., 540 Portage Ave., 
Winnipeg, Man., Canada. 

Subsections  
Buenaventura (7)—F. H. Lund, 270 Avo-

cado Pl., Camarillo, Calif.; K. L. Butler, 
USN Missile Ctr., Box 13, Point Muga, 
Calif. 

Burlington (5)—R. A. Wilcox, Box 561, Apt. 
120, Burlington, Iowa; P. D. Keser, Box 
123, Burlington, Iowa. 

Cambridge (4)—P. J. Riley, 614 Hal-Bar 
Dr., Cambridge, Ohio; R. W. Allen, 1700 
N. 14 St., Cambridge, Ohio. 

Catskill (2)—R. Rhodes, 3 Alder St., Red 
I look, N. Y.; P. N. Conklin, 38 Apple-
tree Dr., Rhinebeck, N. Y. 

Crescent Bay (7)—J. B. Lewi, 28860 Self-
ridge Dr., Malibu, Calif.; L. C. Parade, 
Hughes Communications Div., Bldg. 110, 
M . S. 107, Box 90902, Los Angeles 45, Calif. 

East Bay (7)—E. A. Aas, 2684 Kennedy St., 
Livermore, Calif.; T. Hamm, Jr., 4364 
Colgate Way, Livermore, Calif. 

Eastern North Carolina (3)—V. D. Duncan, 
Country Club Homes, Apt. K-3, Ra-
leigh, N. C.; J. S. Hill, II, 2114 Bucking-
ham Rd., Raleigh, N. C. 

Fairfield County (1)—R. Townsend, 56 
Gardiner St., Darien, Conn.; L. Pritkin, 
2 Boxwood Rd., Norwalk, Conn. 

Lancaster (3)—W. P. Bennett, RCA Victor 
Div., New Holand Dr., Lancaster, Pa.; 
A. L. Morehead, Route 1, Conestoga, Pa. 

Las Cruces-White Sands Proving Ground 
(6)—H. Coleman, Rt. 1, Box 4B, Las 
Cruces, N. M.; Secretary to be advised. 

Lehigh Valley (3)—M. C. Waltz, Bell Tele-
phone Labs., 555 Union Blvd., Allentown, 
Pa.; F. H. Levien, 3936 Wordsworth St., 
Allentown, Pa. 

Memphis (3)—Brother I. J. Haas, Christian 
Brothers College, Memphis 4, Tenn. H. L. 
Althaus, Christian Brothers College, 
Central and East Pkwy., Memphis 4, 
Tenn. 

Merrimack Valley (1)—M. E. Wright, 25 
Hanover St., Newbury, Mass.; G. J. 
Kirwin, 44 Remington St., Lowell, Mass. 

Mid-Hudson (2)—R. J. Domenico, IBM 
Research Lab., Poughkeepsie, N. Y.; 
W. Caddell, 67 Round Hill Rd., Pough-
keepsie, N. Y. 

Monmouth (2)—P. E. Griffith, 557 Cedar 
Ave., West Long Branch, N. J.; V. E. 
Reilly, 25 Lenox Rd., Eatontown, N. J. 

Nashville (3)—G. P. McAllister, 2923 Twin 
Lawn Dr., Nashville 14, Tenn. W. B. 
Kincaid, Jr., 210 Graeme Dr., Nashville 
14, Terni. 

New Hampshire (1)—F. J. Safford, 71 Con-
cord St, Nashua, N. H.; W. R. Lowe, 12 
Rockland St., Nashua, N. H. 

Northern Vermont (1)—R. A. Marcotte, 
Valleyview Dr., RD 1, Essex Junction, 
Vt.; \V. C. Chase, WDEV, 9 Stowe St., 
Waterbury, Vt. 

Orange Belt (7)—R. D. Smith, 1719 Elaine 
St., Pomona, Calif.; R. G. Irvine, 2819 
Rhodelia Ave., Claremont, Calif. 

Palm Beach (3)—R. F. Wernlund, 2115 
Lake Bass Circle, Lake Worth, Fla.; V. F. 
Adams, Jr., 521 Inlet Rd., N. Palm Beach, 
Fla. 

Panama City (3)—J. F. Ault, 1305 Cornell 
Dr., Panama City, Fla.; R. C. Lowry, 
2342 Pretty Bayou Dr., Panama City, Fla. 

Pasadena (7)—W. S. Baumgartner, 1400 
St. Albans Rd., San Marino, Calif.; D. D. 
Erway, 2831 Paloma St., Pasadena, Calif. 

Piedmont (3)—H. S. Landes, Deerpath Rd., 
Bellair, Charlottesville, Va.; W. A. El-
more, 114 Buckingham Rd., Charlottes-
ville, Va. 

Pikes Peak (6)—B. J. Bittner, Garden of 
the Gods Rd., Black Forest, Colo.; A. O. 
Behnke, 204 Westcott Ave., Colorado 
Springs, Colo. 

Reading (3)—L. H. Von Ohlsen, Jr., 2015 
Bernville Rd., Greenfields, Reading, Pa.; 
R. M. LeLacheur, 1637 Dauphin Ave., 
Wyomissing, Pa. 

Richland (7)—E. M. Sheen, 604 Blue, Rich-
land, Wash.; M. R. Wood, Jr., 1915 Harris, 
Richland, Wash. 

San Fernando Valley (7)—K. W. Marsh, 
8936 Garden Grove Ave., Northridge, 
Calif.; B. A. Copeland, 11636 Andasol 
Ave., Granada Hills, Calif. 

Santa Ana (7)—R. W. Johnson, 9372 Hill-
view Rd., Anaheim, Calif.; M. S. Elliott, 
13501 Wheeler Pl., Santa Ana, Calif. 

Santa Barbara (7)—R. S. Hutcheon, 714 
Chiquita Rd., Santa Barbara, Calif.; 
G. L. Sayre, 262 Ravenscroft Dr., 
Goleta, Calif. 

Southern (7)—P. Diamond, Perkin Engrg. 
Corp., 345 Kansas St., El Segundo, Calif.; 
G. \V. Mousel, 909 McCarthy Court, El 
Segundo, Calif. 

Southwestern Ontario (8)—C. M. Jackson, 
815 Mercer St., Windsor, Ont., Canada; 
G. B. Walker, 2557 Gail Rd., Windsor, 
Ont., Canada. 

Tidewater (3)—J. S. Bell, Jr., 720 Sterling 
Point Dr., Portsmouth, Va.: M. S. Mc-
Kenney, Flight Research, Inc., P. 0. Box 
1-F, Richmond, Va. 

Victoria (8)—C. L. Madill, 2786 Murray 
Dr., Victoria, B. C., Canada; A. M. Bax-
ter, 620 Rockland Place, Victoria, B. C., 
Canada. 

Westchester County (2)—S. K. Benjamin, 
59 Cooper Dr., New Rochelle, N. Y.; J. H. 
Millman, 9 Bryant Crescent, White 
Plains, N. Y. 

Western North Carolina (3)—F. F. Bate-
man, 926 Stanfield Dr., Charlotte 9, N. C., 
C. W. Whitley, 2810 Dunlavin Way, 
Charlotte, N. C. 
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«Aar Precision Random Noise Generators 

30°° 

dilicrowave 
dilega-Yodes 

1 kc to 1000 mc tkritra-,Notte 
The Therma-Node is a basic noise source which provides extremely high 
accuracy by utilizing a basic noise generation technique — thermal noise 
from a heated resistive element. 

• Noise figure to 10 db • Output impedance, 50 ohms unbalanced 
• Accuracy +0.1 db • Operates from line or 24 V dc . . . 

2 — 1000 mc, Price $550.00, f.o.b. factory. ($605.00 F.A.S., N. Y.) 

1 kc — 300 mc, add $135.00 ($149.00 F.A.S., N. Y.) 

1 mc to 3000 mc . . . Alteati—.Yelete 3000 

The Mega-Node 3000 is a calibrated random noise source providing out-
put over a wide frequency and power range. It employs a coaxial.type 
noise diode with a tungsten filament as a temperature-limited noise 
generator. 
• Noise figure, 0-20 db • Output impedance, 50 ohms unbalanced 
• Accuracy +.25 db below 250 mc, — 1.0 db below 2000 mc, ±1.5 db at 
3000 mc 

Price $790.00, f.o.b. factory. ($869.00 F.A.S., N. Y.) 

3 mc to 500 mc . . . 

The Mega-Node 403-A is a calibrated random noise source providing 
precise operation over a more limited frequency range at proportionately 
lower cost. 

• Noise figure, 0-19 db • Output impedance, 50 ohms unbalanced 
• Accuracy ±0.5 db 

Price $375.00, f.o.b. factory. ($413.00 F.A.S., N. Y.) 

26,51,102tmc...w. Microwave jtegte-Yottes 
The Microwave Mega-Nodes are precision machined and plated wave-
guide fixtures, utilizing argon, fluorescent, or neon gas discharge tubes. 
Single power supply operates all units. (Power Supply Price, $ 125.00.) 
($138.00 F.A.S., N. Y.) 

• Noise output of 15.8 +.025 db for fluorescent tubes, 15.45 +0.2 db 
for argon, 18.0 ±0.2 db for neon. Supplied with power cables and fittings 

Price $175.00 up. ($ 193.00 F.A.S., N. Y.) 

COMPLETE NOISE MEASUREMENT TEST SET 

Ratia---Yode 
Catalog No. 603-A 

• EASY, STABLE MEASUREMENT 

• BROAD BAND IF AMPLIFIERS 

• COMPLETE FREQUENCY COVERAGE 

The Rada-Node complements the Kay line of noise sources in pro-
viding a complete, precision, radar noise figure measuring set, 
designed to cover the entire range from 5 mc to 400 mc. With 
optional higher-frequency noise sources available separately when 
required, this range may be extended to 26,500 mc. It can also be 
adapted for TV and other applications. 

Features: The Rada-Node consists of two broad band IF ampli-
fiers, an IF detector probe, a single noise diode, an electronically-
regulated IF power supply, and noise diode and gas tube power 
supplies. With optional equipment, it may be used as an IF noise 
source operating in the 5-3000 mc range or as an RF noise source 
in the 1120-26,500 mc range. The IF detector probe may be adapted 
to fit various size tube sockets. 

The IF input is fed through switched attenuators, totaling 21 db, 
and a single, fixed 3-db (2x power) step to the IF amplifiers. These 
amplifiers, centered at 30 mc and 60 mc, are 14 mc wide and have 
a gain of 70 db. Each contains a 2-db " interpolation" gain control, 
as well as "course" and "fine" gain controls common to both 
amplifiers. Each amplifier consists of six successive stages of IF 
amplification and a detector. The detector output is monitored by a 
calibrated db meter and is fed to the video output. 

Price: $ 1595.00 f.o.b. factory ($ 1755.00 F.A.S., N. Y 

Kier 
ELECTRIC COIVIIPALNII, 
MAPLE AVENUE • PINE BROOK, MORRIS COUNTY, N. J. 
DEPT. 1-.9 CAPITAL 6-4000 
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accurate 
amplification. 

of low-level 
signals from 
DC to 

beyond 200 kc? 

Just use a KIN TEL 
121A/A solid-state 

DC Amplifier 

The KIN TEL 121A/A is a non-inverting amplifier 
with response from DC to beyond 200 kc. It 
has fixed gains of 0, + 1, + 10, + 20, + 33, 
+50, + 100, + 200, + 300, + 500, and + 1000, 
and a control that adjusts any fixed gain from 
X1 to X2.2. Amplification is stable within 
0.01%, accurate within 0.1% for all gains 
other than + 1 (0.2% accuracy at + 1), linear 
within 0.005% for outputs up to ± 15 volts 
DC with loads of 200 ohms or more. Input 
impedance is greater than 10 megohms (less 
than 500 pf to 50 kc); output impedance is 
less than 0.3 ohm and 50 ph. Frequency re-
sponse is flat within 0.25% to 2 kc, within 
4% to 10 kc, within 3 db to 200 kc. Drift is 
less than 2.0 pv equivalent input for over 
40 hours at + 1000 gain. Equivalent input 
noise at + 1000 gain is 3 1tv peak-to-peak in a 
20-cps band, 3 ¡Iv RMS in a 50-kc band. Output 
capability is -± 15 volts into 200 ohms, ± 100 
ma into 10 to 100 ohms. Amplifier fits standard 
KIN TEL cabinets and modules. Price $ 1000. 

Representatives in all major cities 

E  Ce r.lec 5, 11,i 

5725 Kearny Villa Road, San Diego 12, Calif. 

Phone 277-6700 (Area Code 714) 

Industrial 
Engineering Notes' 
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ASSOCIATION ACTIVITIES 

The 39th Annual EIA Convention will 
be held June 18-20, 1963, at the Pick-
Congress Hotel in Chicago, Executive 
Vice President James D. Secrest has an-
nounced. A majority of the Committee on 
Arrangements, appointed by Past Presi-
dent L. Berkley Davis, favored this date 
after the Board of Directors had indicated 
it no longer favored holding the convention 
during the week of the Parts Show. Mr. 
Secrest pointed out that the Association 
will be returning to a schedule followed for 
a number of years before tying in with the 
Parts Show. The later date also will permit 
a wider separation between the Spring 
Conference and the Annual Convention. 
. . . ETA's annual statistical and textual 
review of the state of the electronics in-
dustries, previously called the EIA Fact 
Book, will be published in early August 
bearing a new name, a new format, and 
containing a vast amount of new informa-
tion never before consolidated into a single 
volume. The E1A Marketing Services De-
partment, which prepares the traditional 
best-seller, changed the name of the publi-
cation this year to EIA Year Book. Un-
published last year because of a reorganiza-
tion within the department, it will be con-
tinued as an annual publication. Depart-
ment Director Frank W. Mansfield (Syl-
vania Electric Products, Inc.) said the 85-
page Year Book will review the shape of 
the industry in 1961 in greater detail than 
the old Fact Book. A dozen charts and 70 
tables support the text. A limited number 
of copies will be sent to EIA member-com-
panies. Additional copies may be obtained 
by check or money order from the Office of 
Information, EIA Headquarters, at $1 a 
copy for member-company representa-
tives. The price is $2 for non-members.... 
The EIA Marketing Services Department 
announced it is soliciting participation of 
microwave component manufacturers in 
its forthcoming quarterly statistical pro-
gram. Factory dollar sales data will be 
compiled on 16 line items including iso-
lators, circulators, attenuators, switches, 
harmonic generators, mixers, and similar 
microwave components by material types 
such as ferrite and semiconductor. Re-
search and development figures will also 
be collected. All U. S. manufacturers of 
microwave components are eligible to par-
ticipate by reporting their dollar sales data 
each quarter to EIA for which they will re-
cieve the consolidated industry figures in 
return. Data will be compiled beginning 
with the first quarter 1961. Manufacturers 
who wish to participate are asked to con-
tact the Marketing Services Department, 
EIA Headquarters. The reporting program 
is sponsored by the Microwave Compo-
nents Section, EIA Industrial Electronics 
Division, chaired by Dr. Howard Sharf-
man (Raytheon Co.). 

GOVERNMENTAL AND LEGISLATIVE 

Publication of a new magazine for busi-
nessmen was announced by Secretary of 
Commerce Luther H. Hodges. The new 
weekly, entitled " International Com-
merce," succeeds the old "Foreign Com-
merce Weekly," published under various 
names and titles since 1880. The first issue 
of " International Commerce" describes 
more than 300 specific opportunities for 
U. S. trade and investment abroad. It 
also lists upcoming construction projects 
around the world, contains a market sur-
vey of prospects in Cameroon, a full-scale 
review of the business outlook in oil-rich 
Kuwait, how-to-do-it stories for exporters, 
in-depth economic reviews, a calendar of 
events for international traders, and other 
features, Mr. Hodges said. Subscription 
for " International Commerce at $16 a 
year ($5 additional for foreign mailing) 
may be placed with the Superintendent of 
documents, U. S. Government Printing 
Office, Washington 25, D.C., or with Com-
merce Field Offices. Air mail service is 
available to domestic subscribers at an 
additional charge of $21.85 to cover post-
age. The price of a single copy is 35 cents. 

M ILITARY AND SPACE 

A set of management principles for 
common use by contractors of the Depart-
ment of Defense and the National Aero-
nautics and Space Administration in man-
aging complex development projects has 
been adopted by the two agencies. These 
principles are incorporated in a document 
entitled "DOD and NASA Guide, PERT 
COST System Design," which is expected 
to be published July 1. PERT was ex-
plained as a management system useful in 
planning and managing complex develop-
ment and construction programs and for 
forecasting the utlimate ability of con-
tractors to meet scheduled target dates. 
PERT COST is the application of cost to 
the system which enables both contractor 
and program manager to forecast possible 
overrun or underrun of time and cost in 
sufficient time to take preventive action. 
The basic PERT (program evaluation and 
review technique) was first introduced to 
Government-industry use in 1958. Since 
then it has been applied largely to evalua-
tion of schedules and time-related prob-
lems where it has met with "such wide 
success" that it is being extended to pre-
diction and control of cost, the agencies 
said. Since NASA and Defense use vir-
tually the same industrial base, the sev-
eral approaches to the development of 
PERT systems could have required a con-

(Continued on page 40A) 

*The data on which these NOTES are based 
were selected by permission from Weekly Report 
issues of June 11 and 25 and July 2 and 9,1962, pub-
lished by the Electronic Industries Association, 
whose helpfulness is gratefully acknowledged. 
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NEW PD HELICAL MEMBRANE 
AIR DIELECTRIC COAXIAL CABLE 

Iremigtr 

e itr=im'fames = Zia, 

\'011111. AIM& Alum& 

Fast propagation, low signal loss and high temperature 
resistance— all in one efficient, lightweight cable! 

PD Helical Membrane cable marks a new step in the state 

of coaxial cable art for missile, missile launching and 
atomic energy instrumentation applications. 

It combines all the outstanding advantages of PD air 

dielectric coaxial cables— low attenuation, excellent fre-

quency response, uniform electrical properties over wide 

temperature variations and unlimited operating life— 

with even greater speed of propagation and, when used 

with a Teflon® helix, h:gher heat resistance. 

The inner conductor is coaxially supported by a 

polyetnylene helix within a commercially pure, seamless 
aluminum outer conductor. For applications involving 

high temperatures ( 1CO° C-250° C), PD Helical Mem-

brane cable with Teflon® substituted for polyethylene 

is ideal. 

PD Helical Membrane cable of 50, 75 and 100 ohm 

impedance is fabricated in 1000-foot continuous lengths 

and in standard sizes of 1/2 ", and 1" diameters; other 

sizes from 3/8" to 15/8" on order. Complete cable systems, 

including attachments and connectors, are available. 

Your Phelps Dodge representative will be glad to give 

you additional information. PD Helical Membrane cable 

is made by Phelps Dodge Copper Products Corporation 

at Yonkers, N. Y. 

PHELPS DODGE ELECTRONIC PRODUCTS 
CORPORATION • 300 PARK AVENUE. NEW YORK 22. N.Y 
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5 

New, economical 

15/16" dia. 5-watt wirewound 

variable resistors 

2 

Versatile Series AIN 
Available with: 1 Bushing Mounting 2 Twist Tab Mounting 

3 Pull-on, Push-off Switch 4 Straight Tandems 5 Concentric Tandems. 

(The new Series AW wirewound controls can also be used with 

CTS Series 45 be dia. Y2-watt carbon control to make any combina-

tion of straight or concentric tandems desired.) Series AW can be 
supplied in L and T pads. Element wire can be soldered to end 

terminals if required. 

Priced less than larger diameter lower wattage commercial wire-
wound variable resistors. Unique high temperature heat resistant 

winding core and liner permit a 5-watt rating at 25°C, or a 4-watt 

rating at 55°C derated to no load at 105°C. Resistance range is 

one ohm through 25,000 ohms, linear taper. The unit is completely 

enclosed for full protection. 

Write for Catalog 2100. ( West Coast Inquiries to Chicago Tele-
phone of California, Inc., 1010 Sycamore Ave., So. Pasadena, Calif.) 

CTS OF ASHEVILLE, INC. 
SKYLAND, NORTH CAROLINA 

SUBSIDIARY OF CTS CORPORATION • ELKHART, INDIANA 

Industrial 
Engineering Notes 

(Cantiumed from page 38..1) 

tractor to use different systems for differ-
ent jobs, the agencies said. Adoption of a 
single approach by the DOD and NASA is 
expected to minimize such differences. 
Contractors may secure copies of the DOD 
and NASA guide from Government Print-
ing Office, Washington 25, D.C. These are 
expected to be available after July 1. 

ENGINEERING 

Organic semiconductors are still in their 
infancy. How will they affect our tech-
nology when they grow up? That question 
is explored in a report published by the 
Commerce Department's Office of Tech-
nical Services. The report is one of a series 
being specially prepared under the direc-
tion of the Office of Technical Services as a 
new service to science and industry. The 
report emphasizes that "industrial mana-
gers, with the spectacular history of silicon 
and germanium semiconductors fresh in 
mind and with thernmelectrics looming as 
a technological bonanza, are keeping a 
watchful eye on research related to the 
electrical properties of organic materials." 
Research into organic semiconductors and 
their applications has been spurred by al-
leged Russian advances in the held, ac-
cording to the report. The Russians claim 
to have produced stable, electrically con-
ductive materials by subjecting acrylic 
resins to ionizing radiation. Both the poly-
acrylonitrile and silicon-acrylonitrile types 
of polymers are said to be under test at the 
Institute of Semiconductors in Leningrad. 
Although literature dealing with the in-
dustrial applications of organic semicon-
ductors is relatively sparse, the report 
notes that the most significant documents 
dealing with the subject are those resulting 
from government-sponsored research proj-
ects. The report is "Organic Semicon-
conductors—Their Technological Prom-
ise." Clyde Williams and Company, for 
urs. vi pages. (Order PB 181 037- from 
OTS, U. S. Department of Commerce, 
Washington 25, D.C., price 50 cents.) 

BUILDING THE FUTURE 
IS A BIG JOB! 

The radio-electronic engineers who form the 

membership of the Institute of Radio Engi-

neers must remain years ahead of actual 

production, in order to pave the way for the 

products of tomorrow, through research and 

development today. 

The special issues of "Proceedings of the IRE" 

help these men transform the theory of today 

into the production lines of tomorrow. 

Special issues on special subjects are more 

than usually helpful, but every issue of 

"Proceedings of the IRE" is filled with facts 

and figures. 
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DOUBLED PERFORMANCE Bandwidth and speed have 
both been doubled in Mincom's Series G-100 Recorder/Reproducer. This superb all-purpose 
system now has a Direct response of 300 cycles to 600 kc at 120 ips. At 60 ips FM response is dc 
to 20 kc (extended), dc to 10 kc (standard). With fourteen interchangeable analog or FM tracks in 
one standard rack, the G-100 is now even better equipped for its job of static or dynamic testing— 
with Mincom's reliable simplicity. Plug-in card system record/reproduce modules and Mincom's 
exclusive DC tape transport reduce maintenance down time to a minimum. Write today for details 
and complete specifications. 

rri Illincom Division 3 COMPANY 
Los Angeles 25. Califcrni. • Washington 4. D.C. 
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: From WEINSCHEL 

• • ... . • • • • 

EXTENDED 
RANGE 
More Accurate 

Calibration 

Model 64A 

PRECISION 

STEPATTENUATOR 
....... . 

. • • . 

" ....... • • 

Specifically designed to meet your 
most exacting requirements for ac-
curacy and reliability, the Model 
64A Stepattenuator, covering the 
range from 0 to 64 db in 0.1 db steps, 
includes these exclusive Weinschel 
features: 

NEW Calibration data of the highest 
commercially available accuracy-0.02 db 
per 10 db—permanently mounted on the 
front panel for fast, easy reference 

NEW Actual operable frequency range 
—DC to 2 KMC 

NEW Simplified readout 

NEW One male and one female Type 
N connector for each drum to reduce the 
need for adapters 

For complete specifications on the 
Model 64A Precision Stepattenua-
tor, or for information on special 
models to meet other requirements, 
contact our Application Engineering 
Department. 

WEINSCHEL 
ENGINEERING 

4C0 
10503 METROPOLITAN AVENUE 

KENSINGTON, MARYLAND 
Tel.: 949-0141 (Area Code 301) 

TWX: KENS 446 
In California- 631 Wilshire Blvd 

Santa Monica 
«MX: SMON 7185 

IRE People 
::;111111111111111111111111111111111i1111111111111111111111111111111111111111111111111111111111111It110111111111111111111111111lFiilllii111111111111111111111111111111111111111111111111111111111111111111111111111111111P ,, 

Charles F. Horne (A'35-SNI'53-1"58i 
has been elected President of the Elec-
tronic Industries Association for 1962-
1963. He is President of General Dy-
namics/Pomona, Pomona, Calif., and of 
General Dynamics/Electronics, Roches-
ter, N. Y., and a Senior Vice President of 
General Dynamics. 

He is both a veteran naval officer and 
electronics engineer, who had a dis-
tinguished career before retiring from 
Government service to enter the elec-
tronics industry. In 1926, he was gradu-
ated from the Naval Academy. He did post-
graduate. work at the Navy's graduate 
school in communications and electronics, 
and in 1935 he received the M.S. degree in 
communications and electronics from Har-
vard University. During World \Var 
he was a communications and radar officer 
in the Pacific, receiving several combat ci-
tations and campaign ribbons. From 1946 
to 1948, he was Deputy Chief of Naval 
Communications. On loan from the Navy 
to the Civil Aeronautics Administration in 
1949, he was acting director of the Federal 
Airways Division. Upon his retirement 
from the Navy in 1951, with the rank of 
Rear Admiral, he was appointed Civil 
Aeronautics Administrator, serving in that 
capacity until 1953. In that same year, he 
joined General Dynamics' former Convair 
Division as manager of its Pomona Op-
erating Division. 

During 1960-1961, Mr. Horne was a 
member of the IRE Board of Directors. He 
has been a member of the EIA Military 
Products Division, Policy Committee, and 
Chairman of its Military Systems and 
Management Relations Committee. He is 
also West Coast advisor to the Radio Tech-
nical Commission for Aeronautics, member 
of the Board of Directors of the Armed 
Forces Communications and Electronics 
Association. He served as Chairman of the 
Board of Directors of the Southern Cali-
fornia Industry Education Council and is 
a member of the Advisory Board of the 
Los Angeles International Science Center 
and Space Museum, and the U. S. Cham-
ber of Commerce Education Committee. 

Robert Munk 
(M'56) has joined 
the technical staff 
of Electro-Optical 
Systems, Inc., as 
Chief Scientist of 
the company's Ad-
vanced Electronics 
and Information 
Systems Division. 
In this position he 
will be responsible for systems research and 
analysis iict irides for space vehicles and 
weapon s- Runs. 

Prior to joining Electro-Optical Sys-
tems, he was Chief Scientist and Ad-
vanced Systems Engineering Manager for 
Ryan Aeronautical Corp., San Diego, 
Calif., responsible for new business 
planning, the preparation of proposals and 
the management of study programs. Be-
fore that he was manager of the Special 
Equipment Development Department of 
Litton Systems, Inc. Before joining Litton, 
he was head of the Pershing missile guid-
ance and control section for The Martin 
Corn pa ny. 

Mr. Munk received his B.E.E. and 
NI.E.E. degrees from the Polytechnic In-
stitute of Brooklyn. He is a member of the 
National Society of Professional Engi-
neers. 

The appointment of Dr. John P. Nash 
(M'53-SM'54) as a Vice President of the 
Lockheed Missiles and Space Co. was 
announced recently. He has been director 
of the company's research activities since 
1959, and in March, 1962 became Director 
of the Research and Engineering Labora-
tories. In his capacity as Vice President, he 
will continue to provide executive direction 
over the company's Research and Engi-
neering organization. 

He has been with Lockheed since 1957. 
He was first manager of the Information 
Processing Division, and in 1958 became 
associate director, Communications and 
Controls Research. From 1940 to 1946, he 
was an assistant professor of mathematics 
at the University of Notre Dame. From 
1942 to 1946, he was a staff member of the 
MIT Radiation Lab., and from 1946 to 
1950, a research physicist with Kimberly-
Clark Corp. From 1950 to 1957, he was, 
successively, assistant professor, associate 
professor and full research professor in ap-
plied mathematics at the University of 
Illinois. 

Dr. Nash received the B.A. degree in 
mathematics from the University of Cali-
fornia, Berkeley, in 1936, the M.A. degree 
from Rice Institute in 1938, and the Ph.D. 
degree from Rice in 1940. 

Appointment of 
H. Malcolm Ogle 
(S'40-A'41-SM '50) 
as assistant to the 
president of Applied 
Systems, Palo Alto, 
Calif., has been an-
nounced. Before 
joining Applied Sys-
tems, he worked for 
twenty-one years 
for General Electric Company, managing 
such projects as the development of elec-
tronic instruments and systems for nuclear 

(rontinard on 1.,,ge 1,1) 
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New Nanosecond* 

Pulse Transformers 

for Ultra-miniature, 

Ultra-high Speed 

Applications 

Digital circuit designers will find 
the new Sprague Type 43Z Nanosec-
ond Pulse Transformers of consider-
able interest These tiny transformers 
have been carefully designed for the 
all-important parameter of minimum 
rise time at high repetition rates up 
to 10 mc. 

The new Type 43Z series is com-
prised of a broad line of 72 pulse 
transformers in 10 popular turns ra-
tios. They are Sprague's latest addition 
to the most complete listing of pulse 
transformers offered by any manufac-
turer for use in digital computers and 
other low-level electronic circuitry. 

Type 43Z Pulse Transformers are de-
signed so that the product of leakage 
inductance and distributed capacitance 
is at a minimum. They are particularly 

well suited for transformer coupling 
in transistor circuits since transform-
ers and transistors are very compatible 
low impedance devices. Nanosecond 
transformers are equally suitable for 
transmission line mode of operation, 
in twisted-pair transmission line cou-
pling, and in regenerative circuits. 

The epoxy-encapsulated "pancake" 
package is excellent for both etched 
wire board or conventional chassis 
mounting. To simplify etched-board 
design, these ultra- miniature pulse 
transformers are available with leads 
terminating at the side or the bottom 
of each unit. 

For complete technical information 
on Type 43Z Nanosecond Pulse 
Transformers, write for Engineering 
Data Sheet 40235 to Technical Liter-
ature Section, Sprague Electric Co., 
235 Marshall St., North Adams, Mass. 
s mil I i microsecond 

NEW... for "greed-Boarding" 
Your Circuit Designs ... 

Contains 12 spe-
cially- selected 
Sprague Type 32Z 
miniaturepulsetrans-
formers in clear, 
hinged- lid plastic 
case, complete with 
simple instructions. 

SPRAGUE 100Z41 EXPERIMENTAL 
PULSE TRANSFORMER ASSORTMENT 

Helps you choose the right pulse transformer for 

your specific application. 

e Puts at your disposal 58 turns-ratio/primary-

inductance combinations, providing the param-

eters required in most electron tube or tran-

sistorized circuits. 

Primary inductances from 160 microhenries to 

43 millihenries. 

Turns ratios from 1:5 step-up to 6:1 step-down. 

Potted, pre-molded case construction facilitates 

bread-board wiring, permits frequent re- use. 

Once you determine needed transformer characteristics, it's easy to 

get production quantities to your exact requirements from Sprague's 

broad line of hermetically sealed or encapsulated pulse transformers. 

For fast delivery or additional In-

formation on the 100Z41 Pulse 

Transformer Assortment, see your 

Sprague Products Co. Industrial Dis-

tributor, or write Sprague Electric 

Company, 235 Marshall Street, 

North Adams, Massachusetts. 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sprague and 'ED' are registere ¡edema' kb ul the Sprague Electric Co, 
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ATE WS . 

RADIATION EFFECTS OPERATION 
will use equipment such as this 
pulsed nuclear test reactor to solve 
radiation problems. Capabilities 
exist for both simulation and 
basic research in radiation effects. 

44A WHEN WRITING 10 ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE September, 1962 



...OF _DEFENSE TECHNOL OGLES 

NUCLEONICS 
The damaging effects of radiation from nuclear weapons and 
space have introduced a whole new class of problems in the 
design of electronic systems and support equipment. For 
example, gamma radiation ionizes air to provide leakage 
paths for stray currents. Conventional insulating materials 
become partial conductors. The performance of transistors 
and ferrites is altered and voltages are induced in coils, 
wires, and cables. Van Allen radiation darkens the windows 
of space vehicles and causes deterioration of semi-conductor 
materials, such as solar cells. 

The creation of systems and equipment to function reliably 
in these environments requires special test facilities, skills 
tools, and knowledge that have been developing at General 
Electric for more than twenty years. A newly organized 
Radiation Effects Operation is now integrating nuclear and 
electronic disciplines ( nucleonics) and further developing 
the capabilities of the Company in this new field. 

HARDENED ELECTRONICS, such as 
this Thermionic Integrated Micro 
Module board, are being developed. 
TIMM circuits operate above 500°C. 
and can tolerate 1000 times more 
radiation than conventional circuits. 

NUCLEAR DETECTION SYSTEM 
(NUDETS-4771) is the first defense sys-
tem combining nuclear and electronic 
technologies. It is being developed 
for U. S. Air Force to locate and meas-
ure any nuclear explosion in U. S. 

SHIELDING OF SPACE VEHICLES 
from radiation may be possible by 
surrounding them with magnetic 
energy. This new concept, under 
study for NASA, may alleviate the 
need for heavier solid shielding. 

Progress /s Our Most /mporiant % duct 

GENERAL ELECTRIC 
DEFENSE ELECTRONICS DIVISION 

ELECTRO-HYDRAULIC HANDYMAN 
is an example of remotely operated 
servo systems being produced to 
manipulate radioactive materials for 
routine tasks as well as highly 
specialized nuclear research projects. 
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Low-noise TWTs 
wide dynamic range 

DB 
LINEAR DYNAMIC RANGE 

IBM 

NOISE FIGURE = 6.0 DB 

f = 3.0 KM.0 I 

BANDWIDTH OF OBSERVATION _—_- I MC -41morm 
-541mana 
-61ummummintl 
-7°>imunummieLe 
-8° Áb.  -108 100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 

Pin IN DBM 

Huggins low-noise traveling wave tubes provide 10 DBM minimum 
saturation Pout over major portions of octave bandwidths—coinci-
dent with low-noise performance. An example is the HA-89 charac-
teristics shown above. The low noise figure plus high Pout results in 
the maximum degree of linear operation consistent with the present 
state of the TWT manufacturing art. 

S-band low-noise tubes perform at extremely low noise levels, 
shown typically below, in solenoids requiring 150 watts maximum 
power and weighing 25 pounds. 

BROADBAND 

OPTIMIZED 

2.2 

o 

a4.51 

f IN KMC 2.3 

l 

OPERATION 

OPTIMIZED 

29 f IN KMC 3.1 
5.6 to 

5.5 3 

5.4 

5.3 

Huggins low-noise tubes carry a 1500 hour warranty. 

Contact Huggins for further TWT information, including modifi-

cation of standard tubes to your system specifications. 

t4S 

(te  

,Onuf0C1,2 

danlOrtent 

Chitin 

eseorch 

atioPe° 

UGGINS 
LA.1301?..A..'1-1CDRIES 

999 East Argues Avenue • Sunnyvale, California 
Regent 6-9330 • TWX SUNV 908 

IRE People 

(Continued trans page 42:1) 

reactors and jet engines. He holds t‘irenty-
five U. S. Patents on control systems and 
devices. Most recently he was manager of 
General Electric Plasma Diode Project at 
Vallecitos Atomic Labs., Pleasanton, Calif. 
At Applied Systems, Ogle will supervise 
the development of instrumentation in the 
thermoelectric and thermionic energy 
fields. 

Mr. Ogle holds a B.S. in electrical en-
gineering from Johns Hopkins University. 
In 1946 he received the Charles A. Colin 
Award for developing gas turbine controls. 
He is a member of the American Rocket 
Society and the American Institute of 
Electrical Engineers. 

William E. Seaman 
(M'55) has been ap-
pointed to the posi-
tion of Manager of 
Engineering of Ra-
diation Counter 
Laboratories, Inc., 
Skokie, Ill. He will 
be responsible for 
all engineering, re-
search and devel-
opment work within RCL. 

Previously, he headed his own engi-
neering consulting firm, William E. Sea-
man and Associates of Woodside, Calif. 
He has also held key posts with Ampex as 
Chief Engineer, Instrumentation Division, 
and with the Ernest O. Lawrence Radia-
tion Laboratory of the University of Cali-
fornia at Berkeley. In the latter position 
he was responsible for the development of 
a wide range of nuclear instrumentation. 

Mr. Seaman is a graduate of the Uni-
versity of California (1949), a member of 
ISA, American Management Association, 
and other professional organizations. 

Whitney M. Silhavy (A'40) has been 
named Technical Assistant to the Presi-
dent of Varian Associates. Succeeding Mr. 
Silhavy as Manager, Field Engineering, 
Palo Alto Tube Division is Clifton Rock-
wood (S'48-A'50-M'56), formerly Man-
ager, Applications Engineering. 

Manager of Tube Field Engineering 
since 1954, Mr. Silhavy joined Varian in 
1952 as Assistant Director, Applications 
Engineering. Prior to that he was em-
ployed by the Sperry Gyroscope Co. in a 
number of technical sales and engineering 
positions. He attended Pacific State Uni-
versity, UCLA, and Oregon State College. 

Mr. Rockwood joined Varian in 1951 
after holding positions with the Inter-
mountain Broadcasting Co. and as an 
electronics technician for the U. S. Army 
during World War II. He received his 
B.S.E.E. in 1950 from the University of 
Utah. He is a member of Tau Beta Pi and 
the Electronic Sales Managers Associa-
tion. 

(Continned on page 50A) 
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FROM ONE COMPLETELY INTEGRATED SOURCE 

ALITE — with its completely equipped facilities 
for producing high quality, vacuum-tight, 
ceramic-to-metal seals — is geared to meet all 
your requirements for high alumina ceramic-
metal components. From design to finished as-
sembly, every manufacturing step — including 
formulating, firing. metalizing and testing—is 
carefully supervised in our own plant. Result: 
effective quality control and utmost reliability. 

Hermetic seals and bushings made of high 
alumina Alite are recommended for electrome-
chanical applications where service conditions 
are extremely severe or critical. Alite has high 
mechanical strength and thermal shock resist-
ance. It maintains low-loss characteristics 
through a wide frequency and temperature 
range. It resists corrosion, abrasion and nuclear 
radiation. Its extra-smooth, hard, high-fired glaze 
, assures high surface resistivity. 

To simplify design problems and speed delivery, 
Alite high voltage terminals, feed-throughs and 
cable end seals are available in over 100 stand-
ard sizes. However, when specifications call for 
special units for unusual applications, you can 
rely on expert assistance from Alite engineers to 
help you take full advantage of Alite's superior 
properties. 
Write us about your specific requirements today: 

WRITE FOR HELPFUL FREE BULLETINS 

Bulletin A-8 gives useful com-

parative data. Bulletin A-40-R 

describes Alite facilities and 

complete line of Alite Standard 

Bushings. 

4 
ALITE DIVISION U. S. STONEWARE 

BOX 119 ORRVILLE, 01110 

102-G 
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Ferrite ioroids 
increase pulse 

traostormer 
efficiency 

Ferrite toroids offer highest permeabil-
ities over very large frequency ranges, per-
mit rise times in the order of nanoseconds, 
lower core losses and are not subject to 
magnetic deterioration from shock. 

Ferrite toroids offer high efficiencies by 
providing greater inductance per unit size 
than any other core shape. This unique 
characteristic, combined with Ferrox-
cube's precision ferrite material, extends 
core usage and reliability in pulse trans-
former applications. 

Ferroxcube has toroidal material having 
permeabilities of 4500 up to 500 Kc, en-
abling the use of cores with fewer wind-
ings—substantially reducing both cost and 
interwinding capacitance. Ferroxcube fer-
rites are highly stable with time (disac-
commodation, see graph) and offer greater 
temperature stability and consistency from 
lot to lot because of closely controlled 
production batch kiln firing.., plus segre-
gated powder preparation facilities. 
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10 min. 24 hrs. CO 

Users of Ferroxcube toroids benefit 
from "tumbled" cores (at no added cost) 
... eliminating sharp edges. A selection of 
over 100 standard sizes and materials are 
available from stock, and custom parts can 
be manufactured on request. Available 
also are toroids of extremely close induc-
tive tolerances which eliminate the neces-
sity of preselection. 

Write for complete details on Ferrox-
cube toroids and ferrites. 

FERRITES 

FERROXCUBE 
CORPORATION OF AMERICA 

SAUGERTIES, NEW YORK 

NEWS 
New Products 
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Pulse Generator 
Charles E. Rutherford, president of 

Rutherford Electronics Co., P.O. Box 472, 
Culver City, Calif., announces a new pulse 
generator, the Model B7D. This new 
model features variable rise and fall time 
functioning completely independent of 
each other. The rise or fall time may be de-
graded continuously to approximately one 
microsecond without affecting the other. 
Other features of the B7D include simul-
taneous positive and negative 50 volt out-
put and the ability to continuously vary 
the dc level of the output pulses from — 10 
to + 10 volts, by front panel control. 

Other specifications, such as: repetition 
rate to 2 inc, delay and width to 10,000 ms, 
rise and fall time of 15 eis, and 50 volts 
into 50 ohms to 30% duty factor are the 
same as the present Rutherford Model 
B7B. 

The new Model B7D is priced at 
$1,200.00 each, F.O.B. Culver City. 

Itek Appoints Kelly 
Dr. Donald H. Kelly has been named 

a Senior Optical Physicist in the Itek 
Laboratories Graphic Information Re-
search Division, Lexington, Mass. 

Before joining 
I tek, Dr. Kelly was 
a member of the 
Senior Research 
Staff at Techni-
color Corporation, 
where he directed 
the development of 
a new optical com-
ponent which made 
possible color mo-
tion-picture pho-
tography at low light levels previously 
suitable only for black-and-white photog-
raphy. He has also conducted important 
research work in the areas of photographic 
image enhancement and spatial filtering. 

While a Technicolor employee, Dr. 
Kelly also completed his graduate studies 
in vision at UCLA, designed photographic 
research instruments, and was involved in 
projects on color film measurements and 
television bandwidth compression. Pre-
viously, as a U. S. Navy officer, he had 
participated in projects concerned with 
target visibility, atmospheric optics. and 
aircraft camouflage. 

Ietr 

Dr. Kelly is specially qualified in 
applying the techniques of systems engi-
neering and information theory to studies 
on the performance of human vision. At 
Itek Laboratories, he is organizing a visual 
research program to evaluate the human 
eye as a component of information sys-
tems. 

Dr. Kelly received a B.S. degree in 
optics from the University of Rochester, 
and in 1960 was awarded a Ph.D. degree 
in engineering at the University of Cali-
fornia, Los Angeles. His honorary affilia-
tions include Phi Beta Kappa and Sigma 
Xi. 

The author of numerous technical 
articles on vision and image evaluation, 
Dr. Kelly holds 12 U. S. patents and is a 
member of the Optical Society of America, 
and the Society of Motion Picture and 
Television Engineers 

Liquid Laser Material 
Semi-Elements, Inc., Saxonburg Blvd., 

Saxonburg, Pa., announces the newest 
and latest exploratory laser material, rare 
earths doped into liquids. The new liquid 
lasers present the latest in laser technology 
in that by utilizing liquid lasers the cooling 
problem is solved. There are many advan-
tages to liquid lasers. First of all the fre-
quency of the output of the liquid laser 
can be varied by the introduction of a 
second impurity. The liquid laser concen-
trate is put into a chamber similar to the 
chambers used for gas lasers. If the liquid 
laser is to be used for a pulsed operation, 
cooling is unnecessary. But, if continuous 
operation is desired, then the liquid is cir-
culated through a cooling system into the 
laser chambers and, again, through the 
cooling chamber. By maintaining a con-
stant temperature, the index of refraction 
of the liquid is not changed. This is also an 
advantage to the system. From the econ-
omy standpoint one can change to another 
frequency output by merely changing to 
another rare earth liquid. So far, Semi-
Elements has achieved success in putting 
Gadolinium, Neodymium and Samarium 
into a liquid concentrate, the concentra-
tions being 5% of Gadolinium, 2% 
Samarium and 2% Neodymium. The emis-
sions of rare earths in liquid concentrate 
are still being investigated, as well as other 
types of liquids used in conjunction with 
rare earths to find the most efficient liquid. 
Another advantage of the liquid laser is 
that it may be possible to frequency modu-
late the liquid by introducing an addi-
tional conductive liquid, which will vary 
the angstrom output by means of varying 
the voltage potential. Further research 
work is being carried on currently on this 
new phenomenon. The Gadolinium, Sa-
marium and Neodymium concentrates are 
$250.00 per pound. 

(Cnnttnned on page l.Ú,4) 
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High voltage 

High gain 

Low leakage 

Silicon Planar 

DIFFERENTIAL 
AMPLIFIERS 

Matched h FE 

Matched VBE 

Thermally matched 

Fairchild Planar process alone makes this matching practicable in volume production 

Matching  2N2060 2N2223 2N2223A Test 
Characteristics Min. Max. Units Min Max. Units Min. Max. Units Conditions 

Beta Ratio 

Beta Ratio 

VBE Differential 

VBE Differential 

ii.,VBE Tracking 

0.9 1.0 

0.9 10 

0.005 Volts 

0.005 Volts 

0.8 1.0 

0.015 Volts 

10 j,V 'C 25 pV/ ° C 

lc = 1.0 mA 

0.9 1.0 lc = 0.1 mA 

Ic = 1.0 mA 

0.005 Volts Ic = 0.1 mA 

25 µV/0C lc = 0.1 mA 

VCE — 5 ° V 

VcE = 5 0 V 

VCE= 5.0 V 

VCE= 5.0 V 

=-  VCE 5 •° V 

Id H I LICI 

SEMICONDUCTOR 
545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF. • YORKSHIRE 8 3161 • TWA: MN VW CAL 853 

A DIVISION OF FAIRCHILD CAMERA .. 1.11) INSTPLIMENr CURPORAIION 
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ARNOLD: 
WIDEST SELECTION OF 
MO-PERMALLOY POWDER CORES 
FOR YOUR REQUIREMENTS 

For greater design flexibility, Arnold 
leads the way in offering you a full 
range of Molybdenum Permalloy 
powder cores . . . 25 different sizes, 
from the smallest to the largest on the 
market, from 0.260" to 5.218" OD. 
Standard permeabilities are 14, 26, 60 
and 125 Mu, and the high permeabil-
ity range includes cores of 147, 173 
and 205 Mu. 

In addition to pioneering the de-
velopment of the cheerio-size cores, 
Arnold is the exclusive producer of 
the largest 125 Mu core commercially 
available. A huge 2000-ton press is 
required for its manufacture, and in-
sures its uniform physical and mag-
netic properties. This big core is also 
available in 14, 26 and 60 Mu. 
High-permeability cores up to 205 

Mu are now available in most sizes. 
These cores are specifically designed 
for low-frequency applications where 

the use of 125 Mu cores does not re-
sult in sufficient Q or inductance per 
turn. They are primarily intended for 
applications at frequencies below 
2000 cps. 
Most sizes of Arnold M-PP cores 

can be furnished with a controlled 
temperature coefficient of inductance 
in the range of 30 to 130° F. Many 
can be supplied temperature stabilized 
over the MIL-T-27 wide-range speci-
fication of — 55 to +85°C . . . another 
special Arnold feature. 
Graded cores are available upon 

special request. All popular sizes of 
Arnold M-PP cores are produced to 
a standard inductance tolerance of 
or — 8%, and many of these sizes are 
available for immediate delivery from 
strategically located warehouses. 

Let us supply your requirements for 
Mo-Permalloy powder cores (Bulletin 
PC-104C) and other Arnold products. 

ADDRESS DEPT. P-9 

ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES. 
1187R1D 

IRE People 
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The board of di-
rectors of Granger 
Associates elected 
E. W. Pappenfus 
(M '45-SM '50-F'62) 
Vice President, en-
gineering. He will 
assume wide re-
sponsibilities for 
development of the 
company's programs 
in radio communications systems and de-
vices. 

He spent 19 years with Collins Radio 
Co., where he was at the last director of 
development of the firm's largest design 
division. Among his past responsibilities 
was design and technical management of 
several large communications and elec-
tronics programs, including the Air Force 
"Bird Call" single sideband system, the 
radio frequency portion of the Naval tac-
tical data system, Signal Corps vehicular 
and fixed radio devices and Dew Line scat-
ter communications. 

Mr. Pappenf us graduated with honors 
in electrical engineering from the Univer-
sity of Minnesota. He is co-author of a 
book in the single sideband field to be pub-
lished later this year by McGraw-Hill 
Book Co. He holds three issued U. S. pat-
ents and is an enthusiastic radio amateur, 
holding the call letter-, \VOSYF. 

Delmer C. Ports 
(A'38-S'45- F'61), 
Vice President of 
Jansky and Bailey, 
has been selected 
as the recipient of 
the George Wash-
ington University 
Distinguished Engi-
neer Alumni Award 
for 1962. The award 
is granted to an alumnus of the University 
in recognition of notable contributions in 
the engineering profession. As recipient of 
this award, he was invited as Guest Lec-
turer for the Engineer Alumni Associa-
tion's Frank A. Howard Lecture on May 
8, 1962, in the Lisner Auditorium of the 
University. 

Mr. Ports holds a B.S. degree in elec-
trical engineering from George Washington 
University, and a M.S. degree from Ohio 
State University. He has been associated 
with Jansky and Bailey since 1936. 

Edgar A. Post (A'37-SM'47-F'61) man-
ager of the radio and weather sciences lab-
oratory at Stanford Research Institute, 
has been appointed to the Institute's 
European office in Zurich, Switzerland. 
His appointment reflects the Institute's 
increasing engineering activity in Europe 
and the need for additional staff there. 
A specialist in systems engineering, he 

has a long background in the aircraft 
communications and navigation field. 
He was with United Air Lines before 
joining the Institute in 1956. 

(Continued on page 52A) 
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Higher Performance Standards With 
Improved Reliability • • Tung-Sol 

compactrons provide several ad-
vantages that can contribute to 
lower costs and improved per-
formance. For example, the in-
creased number of pins permit 
greater heat dissipation. As a re-
sult, compactrons run cooler with 
higher reliability than conven-
tional tubes. The exhaust tubula-
tion is situated between the pins 
so that broken tips rarely occur. 
This also permits the use of top 

caps for very high voltage de-
signs. In addition, the compactron 
design readily lends itself to com-
bining multiple tube elements 
within a single envelope. 
Compactrons require less 

space on the chassis or printed 
circuit boards, less height than 
conventional tubes, less air cool-
ing volume per function. More 
space between pins improves 
element isolation, allows higher 
voltage ratings, simplifies printed 
circuit and chassis design. 

Tung- Sol compactrons are 
available in production volume for 
numerous circuit requirements, 
including radio, tv, hi-fi and 
stereo, controls and instrumenta-
tion equipment. Write for Tung-
Sol compactron data file which 
includes the following types: 
6AX3, 6GE5, 6011, 12AX3, 
12GE5, 8149, 8150 and 1AJ2. 
Other types will soon be avail-
able and special designs will be 
considered. Tung- Sol Electric 
Inc.. Newark 4, N.J. TWX: NK193. 

TUNG-SOL COMPACTRONS 

TUNG-SOC 
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Honeywell AC Iron Vane meters, available in a wide selec-

tion of case styles, are counterparts to the popular 

Honeywell DC line. Whether you prefer conventional 
round or square meter cases or the distinctive Honeywell 

Medalist series, you can enhance the appearance of your 
equipment and instrument panels by using matching 

case styles for both AC and DC meter requirements. 

• Honeywell's AC Iron Vane meters deliver top perform-
ance at moderate cost. Scale linearity equals or exceeds 

that of any comparable meters and for applications 

where space is at a premium, the shallow depth of 

Honeywell AC Iron Vane meter cases is a distinct advan-

tage. For a catalog write to: Honeywell Precision Meter 

Division, Manchester, New Hampshire. 
MM3 (3Vr") Case style illustrated. Note high readability of extended scale. 

Honeywell 
Picuiees,vt, H  

N1N43 
MINNEAPOLIS - H( 
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(Continued from page 50,1) 

Charles K. 
Raynsford (A'53— 
M'59) has been ap-
pointed engineering 
and research man-
ager for the Para-
mus plant of ACF 
Electronics, a divi-
sion of ACF Indus-
tries, Inc., it was 
announced recently. 
He comes to ACF from Vitro Laboratories 
in West Orange, N. J. where he was chief 
engineer. He will be responsible for tech-
nical and administrative direction at the 
plant of five engineering laboratories, prod-
uct design and technical services. Mr. 
Raynsford is a graduate of the Massachu-
setts Institute of Technology. 

Mischa Schwartz 
(S'46—A'49—M'54— 
SM'54) Acting Head 
of the Electrical 
Engineering De-
partment of the 
Polytechnic Insti-
tute of Brooklyn, 
was elected to the 
Board of Directors 
of Burmac Elec-
tronics Co., Inc. of Farmingdale, N. Y. 

He joined the teaching staff of Brook-
lyn Polytechnic ill 1952, soon became 
Professor of Electrical Engineering and 
has been Acting Head of the department 
since January of this year. From 1947 to 
1952 he was a project engineer with the 
Sperry Gyroscope Co. assigned to the 
Basic Systems Study Group of the Radar 
Engineering Department. His work in-
cluded microwave systems analysis and 
evaluation, systems engineering and basic 
studies in noise theory. 

Dr. Schwartz received his Bachelor's 
degree in electrical engineering from 
Cooper Union, his Master's degree from 
Brooklyn Polytechnic and his Ph.D. de-
gree in applied physics from Harvard Uni-
versity. He is a member of the American 
Society of Electrical Engineers, Tau Beta 
Pi, Sigma Xi, and Eta Kappa Nu. 

Peter N. Sherrill (M'60) has resigned 
as Publications Manager of Hewlett-
Packard Company to accept appointment 
as a senior associate and member of the 
Plans Board of West Associates, a I.os 
Angeles and Palo Alto communications 
firm. He will assume cErection of \Vest 
Associates' Palo Alto facility. He will also 
undertake a full graduate program in 
mass communications research at Stan-
ford University. 

He joined H-P in 1954 following ex-
tended Navy service. He has directed the 

(Continued on page 54A) 
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This is the new DTS-400 from Delco Radio .. one of the highest voltage silicoi power tralsistcrs available. The DTS 400 

offers Vceo, Vcbo and Vces of 430 volts. Because of its high vo!tage capabilities and its ability to withstand high temperatures, 

this transistor offers a significant advancement in the art of power conversion. 

Toe Delco DTS-400's capabilit es make possib'e " direct to line" voltage hook-um elimirati -ig, : he need for transformers or 

other devices in between ... and their related space and weight requirements. Production samples of the new DTS-400 silicon 

power transistcr are available now to help you ; educe the size, weight and cost of your power package. For complete eng:neer-

ilg data, write or call our nearest sales office. 

Union, New Jersey Detroit, Michigan Santa Monica, California Syracuse, New York Chicago, Illinois 
324 Chestnut Street 57 Harper Avenue 726 Santa Monica Blvd. 1054 James Street 5150 N. Harlem Ave 
MUrdock 7-3770 TRinity 3-656C UPton 0-8807 GRalite 2-2668 775-5411 
AREA CODE 201 AREA CODE 313 AREA CODE 213 AREA CODE 315 ,MEA CODE 312 

General Sales Office: 700 E. Fiume, Kokomo, Ind Gladstone 2-8211—Ext. 500 • Area Code 317 • Divisnre of £1 Motors. Kokomo, bd. 

DELCO 
RADIO 
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COUPLINGS 
Illustrated are a few of the stock miniature and 
standard Millen couplings. Flexible or solid — 
insulated or non- insulated — normal or high 
torque. Also available with inverted hubs to 
reduce length. 

JAMES MILLEN MFG. CO., INC. 
MAIDEN 

MASSACHUSETTS 

ELECTROPLATED WIRES Many years of experience 
and production plus advanced facilities for continuous electroplating—(ccn-

sidered largest in the industry)—enable us to produce coatings that are ex-
ceptionally uniform and well-bonded to the base wire...Purity of metals and 
quantity deposited are always precisely controlled...We plate Gold, Silver, 

Nickel, Tin, Indium and many other metals onto clad wire or Nickel, Phosphor 

Bronze, Copper, Silver, etc... . Send us your requirements. 

SIGMUND COHN 
Mfg. Co. Inc. 

121 South Columbus Ave. 

Mount Vernon, N. 1'. 

PHU A\190 ( 

Quality 
With 

Economy 

SIGMUND COHN CORP. OF CALIFORNIA • ISIC NORTH MAPLE STREET, BURBANK, CAKIFORNIA 

IRE People 

(Continued from page 52A) 

highly regarded technical literature pro-
gram on behalf of Hewlett-Packard instru-
ments and systems for eight years. 

Mr. Sherrill is an engineering graduate 
of the U. S. Naval Academy. He is very 
active in Peninsula engineering and elec-
tronic industry affairs, and is a current 
executive committee member of the San 
Francisco section of the IRE. In 1961, he 
served as public relations chairman of the 
Western Electronic Show and Convention 
in San Francisco. He is also a past director 
of the San Francisco Chapter of the 
American Astronautical Society. 

• 

Dr. Malcolm L. 
Stitch (SM'58) has 
been named man-
ager of the newly 
created laser de-
velopment depart-
ment of Hughes 
Aircraft Co. He will 
work on systems 
applications of the 
laser to range find-
ers and surveillance devices, and study 
effects of laser radiation on materials and 
biological specimens. 

(Continued on page 56A) 
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KHP Series, Dust Cover 

This new Pa a.c. relay 
deserves your critical appraisal 

'Ite;74fi: 

This remarkable new a.c. relay gives you these advantages: 

SMALL SIZE. Only slightly larger than a cubic inch, yet has MULTI-POLE CAPACITY. Available 

in 4 form C or 2 form Z contact arrangements. Contacts are rated at 3 AMPS at 115 volts a.c., 

or 30 volts d.c. resistive. LONG LIFE. Engineered for millions of operations. LOW POWER 

REQUIREMENTS. Consumes only 1.2 volt-amps at nominal voltage. SPECIFY P&B's KHP17A. 

Available Hermetically Sealed 

a.c. or d.c. Specify KHS Series 

PROVEN DESIGN 
Thousands of these relays designed for d.c. 
are successfully being used in such diverse 
applications as telephone carrier equipment, 
citizens band transceivers and business 
machines. If you use d.c., specify KHP17D. 
For a.c. applications, ask for KHP17A. 

WRITE FOR DATA SHEET 

P& B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 

0 POTTER L. BRUMFIELD 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY • PRINCETON, INDIANA 

IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 
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MARCO 
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TOPLEX 
The most advanced error correcting 
telegraph equipment in existence 

ERROR PROOF 
HF TRAFFIC 

nee( 
40% less capital cost per channel 
75% reduction in size 
75% reduction in weight 
90% reduction in power consumption 

eimatialee  

Considerable savings in manpower; 
spares and maintenance 

code converters and stores sur-
pass fully transistorized designs 
by significant reduction in power 
and saving in space. 

* One cabinet houses equipment for two 

2-channel circuits which may be operated as 
one 4-channel circuit 

* Modular construction means greater 

reliability and greatly simplified mairtenance 

* Built-in character storage for 4 or 8 character 
repetition cycle 

* Fully automatic phasing including re-

phasing in traffic with no loss or duplication 
of characters 

* Average rephasing time in traffic 4 seconds 

* Mis-routing of sub-channels is impossible 

even with sub-division on all channels 

* Error rate improvement factor of 100-10,000 

MARCONI 
SOLID STATE AUTOPLEX 

accurate ERROR CORRECTION MULTIPLEX TELEGRAPH SYSTEMS 
MR. J. S. V. WALTON • MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED 

SUITE 1941 • 750 THIRD AVENUE • NEW YORK 17 • N. Y. • U.S.A. 

MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED • CHELMSFORD • ESSEX • ENGLAND 
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From 1949 to 1951 he was an instructor 
in physics at Sarah Lawrence, Bronxville, 
N. Y., and the following year at Cooper 
Union College of Engineering, New York, 
N. Y. From 1953 to 1956, he was a re-
search physicist at Varian Associates, Palo 
Alto, Calif., and since 1956 he has been 
with Hughes. 

Dr. Stitch received the B.A. degree in 
French and the B.S. degree in physics 
from the Southern Methodist University, 
Dallas, Tex., both in 1947, and the Ph.D. 
degree in physics from Columbia Univer-
sity in 1953. He is a member of the Phys-
ical Society, the American Association of 
Physics Teachers, AAAS, Physical Society 
of Japan, New York Academy of Sciences, 
and Sigma Xi. 

Donald M. Stuart 
(A'39-SM'46-F'62), 
Vice President and 
General Manager of 
Hazeltine Techni-
cal Development 
Center, Inc., of Ha-
zeltine Corp., has 
received the 1962 
Pioneer Award of 
the IRE Profes-
sional Group on Aerospace and Naviga-
tional Electronics. He was presented with 
the award at the 14th Annual National 
Aerospace Electronics Conference in Day-
ton, Ohio, May 15, 1962, in recognition of 
his contributions to electronic aids to air 
navigation. 

He was graduated from the University 
of Minnesota with a degree in electrical 

engineering. In 1929, he joined the Na-
tional Bureau of Standards to help de-
velop radio aids to air navigation and con-
tinued in this field with the Bureau of Air 
Commerce, the Civil Aeronautics Admin-
istration (CAA) and the Federal Aviation 
Agency (FAA). He was responsible for the 
development of the VHF marker beacon 
system, and also designed the modulation 
system for the VHF visual-aural range 
(VAR) and the instrument landing system 
(ILS) localizer. As Director of Technical 
Development for CAA, he was responsible 
for the development of the VHF omnidi-
rectional range (VOR) and was instru-
mental in bringing about its acceptance as 
the international standard en route navi-
gation aid. In 1959, he was elected Vice 
President and General Manager of Hazel-
tine Technical Development Center, Inc. 
A former chairman of the Indianapolis 

Section of the IRE, Mr. Stuart has been 
honored by the National Business Aircraft 
Association, the National Civil Service 
League and the U. S. Department of Com-
merce in the past. 

el> 

(Continued on page 58A) 
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Sanborn 
data 
amplifiers 

(Three types available now — more on the way) 

Match amplifier characteristics much more closely to your 
over-all system requirements — and pay for only the per-
formance you need — by choosing from these newly-
developed, all solid-state DC data amplifiers now available 
from Sanborn. Ask your local Sanborn Sales-Engineering 
Representative for complete specifications, application 
help and a copy of the Industrial Division Catalog — or 
write the Main Office in Waltham. 

Wide Band, Floating Input— Floating Output "FIFO" 

Bandwidth DC to 3 db down at 10 KC • Input isolated 
from output • Max. gain 1000, smooth gain covers inter-
mediate ranges or switch out for calibrated gains of 1000 to 
50 • Input impedance 100 meg. min. at DC, output im-
pedance 60 ohms • Output capability ± 10 V at 10 ma • 
Common mode rejection (1000 ohms in either input lead) 
160 db at DC, 120 db at 60 cps • Linearity ± 0.1% of 
10 V full-scale at DC • Recovery from 500% overload is 
3001.sec to 1% of fs. output • Recovery from 20 V over-
load is 1 millisecond to 1% of f.s. output • Model 860-
4000 "FIFO", $825. Model 860-4000P (grounded output 
± 5 Vat ± 100 ma, impedance less than 1 ohm), $900. 

(Specifications and prices subject to change without notice; prices are FOR Waltham, Maud 

ZERO GAIti 
TRIM "RIM 

DC-50 KC, 3-Terminal Floating Amplifier 

Gain 1000 to 10 in 1, 2, 5 ratios; does not phase invert • 
Input impedance 100 meg. at DC • Output ± 10 V ± 100 
ma, impedance less than 0.2 ohm • Linearity ± 0.01% of 
10 V output • Gain stability ± 0.01% at DC at constant 
ambient for 40 hours • Model 860-4200, including internal 
power supply, $650. 

Narrow Band, Floating Input — Floating Output 

Bandwidth DC to 3 db down at 100 cps • Optional plug-in 
output filters to limit bandwidth • Floating input isolated 
from floating output • Gain 1000 to 10; fixed step attenu-
ator, gain trim and zero trim controls • Input impedance 
300,000 ohms min., output impedance 75 ohms • Output 
± 5 V, ± 2.5 ma • Linearity ± 0.05% of 5 V output • 
Recovers from ± 10 V overload in 200 ms • Common mode 
rejection (1000 ohms in either input lead) 130 db at 60 cps • 
Model 860-4300, $425. 

INDUSTRIAL ece7 DIVISION 
ES C> IMt 4CPIVIFI, 4=1. 

175 Wyman Street, Waltham 54, Massachusetts 

A SUBSIDIARY OF HEWLETT-PACKARD COMPANY 
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The appointment of 
James L. West 
(A'47-M'55-SM'55) 
as Vice President 
of Intercontinental 
Instruments Inc., 
Farmingdale, N. Y. 
was recently an-
nounced. 

He was previ-
ously associated 
with the General Applied Science Labora-

tories, Inc. where, as Supervisor of Ad-
vanced Development, he contributed sig-
nificantly to studies in the fields of low 
frequency electromagnetic wave propa-
gation and sampled data systems. He came 
to GASL following broad experience at 
Link Aviation, Inc. as Manager of Analog 
Computer Development and, subsequently 
as Director of their Binghamton Lab-
oratories. He is a former Member of the 
Staff of both the Bell Telephone Labora-
tories and Columbia University's Elec-
tronics Research Laboratory, where he 
also served as an Instructor in the De-
partment of Electrical Engineering. 
A Graduate of the College of the City 

of New York and Columbia University, 
Mr. West is a member of Eta Kappa Nu, 
Tau Beta Pi, and Sigma Xi. He holds 

VLX MINIATURE RECEIVER Deigned for rocket and 
satellite use to receive keyed CW signals on specified 
frequencies between 2 through 300 kc. I.F. bandwidth is 
500 cycles at 6 db down; 2000 cycles at 60 db down; 
audio bandwidth of 150 cycles at 3 db down. The output 
of this battery powered receiver is compatible with 
standard telemetry. A companion instrument, the CKX 
Ground Checkout Unit is also available. 

URI 

emminissionwee" 

e 
* 

tb  

RIO M ET ER• MARK RA highly stable and sensitive in-
strument that precisely measures changes in ionospheric 
absorption of extra-terrestrial radio noise caused by 
variations in electron density — either natural or man-
made—within the ionosphere. Constructed to withstand 
rugged field use, and employing transistor circuitry, 
the Mark It operates from either batteries or standard 
AC voltages. Available at frequencies from 3 to 120 mc. 

PORTABLE PRECISION CLOCK A timing source de-
signed to operate in laboratories from standard line 
sources or at field sites from 30V batteries. The unit is of 
solid-state design and requires a minimum of power. 
Primary control is a crystal oscillator with a drift rate 
of the order 1 x 10-8 per day. Digital divider circuits 
provide jitterless output in decades from 10 psec to 1 sec, 
and at one minute. Special design allows pulse setting to 
within 1 msec of another time reference. Stability over 24 
hours of operation is within 1 millisec. Higher or lower 
stabilities and sidereal time bases also available. 

LOOP ANTENNA SPECIFICALLY DEVELOPED TO RECEIVE LOW AND VLF SIGNALS WHERE ELECTROSTATIC 
SHIELDING IS REQUIRED FOR PROPER RECEPTION, THE LOOP IS BALANCED, SELF-SUPPORTING AND DE-
SIGNED FOR OUTDOOR INSTALLATION IN ANY ENVIRONMENT. Other Aerospace Research, Inc. Products. 
Caliverter — provides VLF reception on HF receiver. CKX Ground Checkout — provides "on-the-pad" checkout of 
VLX Receivers. Antenna Multicoupler — Couples single loop to three VLX Receivers. VLF Receiver — Receives time 
standard station NBA at 18.0 kc. Loran-C Receiver — provides reception of Loran-C pulses. Frequency Standardiza-
tion & Timing System — for precise frequency and timing markers synchronized with NBA and a number of Loran-C 
transmitters. WWV Preamplifier — simultaneous amplification of signals at 5, 10. 15, 20 mc. to aid in reception of 

WWV timing signals. For further information write to: 

aerospace research, inc. 
153 CALIFORNIA ST., NEWTON 95, MASSACHUSETTS 

TELEPHONE 617-969-7900 

numerous patents and is the author of sev-
eral papers on computing devices. 

Ralph E. Willison 
(M'60) has been 
named Manager, 
Engineering and 
Development, of 
the Electronics Di-
vision of Research-
Cottrell, Inc., Bound 
Brook, N. J. He 
was formerly Chief 
Electrical Engineer 
for Research-Cottrell. The firm's new 
Electronics Division has been formed to 
design and manufacture custom high-
voltage, high-energy power supplies, con-
trols, and related equipment, for such ap-
plications as radar, electron-beam process-
ing, plasma and ion propulsion research, 
and missiles and space vehicles. 

Before joining Research-Col trell in 
1949, he was associated for several years 
with the Naval Research Laboratory, 
Field Station, Boston, Mass., working es-
pecially on pulse techniques and special 
radar systems. During his wartime Navy 
service he was assigned to the NRL and 
the Massachusetts Institute of Technol-
ogy's Radiation Laboratory. At Research-
Cottrell, Willison's work has included de-
velopment and design of high-voltage, 
high-energy power supplies and controls. 
He holds several patents in these fields. A 
graduate of Case Institute of Technology, 
Mr. Willison is a member of Eta Kappa Nu. 

Melvin N. Abramovich (S'36-A'46-
M'47-SM'50) has recently retired from 
active service with the U. S. Air Force and 
has joined Frederick Research Corp., 
Wheaton, Md., as Director of Test Equip-
ment Engineering. In this capacity he will 
be responsible for the planning, coordina-
tion, and direction of all electronic test 
equipments, techniques, and standardiza-
tion programs handled by the company. 

He is well-known for his work in the 
test equipment field. His efforts led to the 
establishment by the Secretary of Defense 
of the Department of Defense Electronic 
Test Equipment Coordination Group, 
which helped formulate a well-defined and 
coordinated program of research, de-
velopment, and standardization in that 
field. He served as the Group's first Execu-
tive Secretary and later as its Chairman. 
He was also instrumental in establishing 
the Joint Army-Navy-Air Force PROJ-
ECT SETE at New York University. 

Mr. Abramovich is a graduate of the 
Institute of Technology of the University 
of Minnesota and has received additional 
training at Massachusetts Institute of 
Technology and George Washington Uni-
versity. He also attended the Army's 
Signal Corps School at Fort Monmouth, 
N. J. He later joined the Curtiss-Wright 
Corp. 

In 1940 he was called to active duty 
and served in various electronic and com-
munications assignments, including the 
Communications Department of the 

(Continued on page 60A) 
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From Raytheon/ Rheem: 

1N3730/110750 subminiature power diodes feature high 
conductance 1 Amp @1 volt at nanosecond switching speeds 

High-speed, high-current core driving This 
Raytheon/ Rheem . 107"-diameter silicon diode com-
bines high power dissipation plus ultra-high conduct-
ance — typically I Amp I volt. Result: cooler 
junctions and more reliable operation. Switching 
speed is 15 nanoseconds max. at 10 mA (VR = — 6Vi, 
• 75 ohms); power dissipation rating is 750 mW 
— three times that of conventional diodes. The high 
current capabilities of the 1N3730 provide substan-
tial operating stability for greater reliability. 

Miniaturized power supplies The 1N3730/ 
RD750 marks a big step lorward for low frequency 
power supply design. Extremely fast turn-on time — 
• (peak) is typically 1.0 volt at Ir = 750 mA — 

prevents impulse distortion and undesirable voltage 
feedback. Superior turn-off results from a low stored 
charge ( typically less than 20 picocoulombs per mA). 

Computer switching This subminiature diode is 
ideal for a large number of computer applications 
because of its wide switching current range — 1.0 mA 
to 5 Amps. Actual specification at several current 
levels is your assurance of ultra-fast reverse recovery 
over a wide range. Direct correlation to stored charge 
is also provided. 

For complete details, please call or write the 
Raytheon Field Office nearest you, or write Raytheon 
Semiconductor Division, 900 Chelmsford Street, 
Lowell, Massachusetts. 

KEY PARAMETERS 

• Switching Speed  15 nanosecond max. 

• Forward Conductance  1 Amp ((r 1 volt typical 

• Power Dissipation  750 mW max. q_t 25°C. 

SEMICONDUCTOR DIVISION 

LOWELL, MASSACHUSETTS 

FAST TURN-ON TIME 

FIVE AMPERE PULSE SCOPE TEST — COMPARING 

TURN-ON TIME OF 1N3730/RD750 WITH STANDARD 

COMPUTER DIODE 

10 , SEC. 5 AMPERE PULSE 
REP. RATE 5 KC 

STANDARD HIGH CONDUCTANCE 
COMPUTER TYPE 

RAYTHEON/RHEEM 1N3730/R0750 

05 10 15 
TIME — , sec 

RAYTHEON 



Tarzian Tuners—the 

"world's finest tuners for 

the. world's finest sets." 

QUALITY.. 
DEPENDABILITY 
AND 
EXCELLENT 
PERFORMANCE 
AT LOW COST 

Engineering excellence, reliability and sensible pricing 

on ALL Tarzian products are a part of our approach to 

"Practical Ingenuity in Electronics." You'll find it in all of 

these electronic products from SARKES TARZIAN, INC.: 

TV and FM TUNERS SEMICONDUCTORS . . . . AIR 

TRIMMERS .... RADIO and TV BROADCAST EQUIPMENT 

.... CLOSED CIRCUIT TELEVISION for Educational and 

Commercial use.... MAGNETIC TAPE.... FM RADIOS 

and AM/FM RADIOS. 

Electronic Products of Tomorrow— Today 

\iSARKES TARZIAN INC 

  east hillside drive • bloomington, indiana edison 2-7251 
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Armored Force School at Fort Knox, 
Research and Development Division of 
the Office of the Chief Signal Officer, 
Watson Labs. (now Rome Air Develop-
ment Center), and AAF Liaison Office of 
the Navy's Bureau of Ships and Head-
quarters, USAF. While overseas during 
World War II, he served as Deputy Chief 
Radar Officer of the Mediterranean Allied 
Coastal Air Force. Upon returning to ci-
vilian status in 1946, he joined Cambridge 
Electronics Corp., Baltimore, Md. In 1947 
he was again recalled to active duty to be-
come the technical liaison officer for the 
Engineering Division of the Air Materiel 
Command with duty station at the Naval 
Research Laboratory. He later served in 
the Electronics Directorate at Head-
quarters, Air Research and Development 
Command. In 1954 he was selected to be-
come a member of the staff of the Director 
of Electronics for the Assistant Secretary 
of Defense (R & D). From 1957 until his 
retirement from the Air Force, he was 
Electronics Officer and Chief of the ARDC 
(later Air Force Systems Command) Re-
gional Offices, Washington, D. C. 

Mr. Abramovich has been a member of 
the Panel on Tubes, Panel on Component 
Parts, Panel on Test Equipment, and Ad-
visory Group on Reliability of Electronic 
Equipment (AGREE) of the former Re-
search and Development Board of the 
Department of Defense. He was also a 
member of Joint Test Equipment Sub-
panel of the Joint Communications-Elec-
tronics Committee, Joint Chiefs of Staff, 
and of the RETMA Reliability Commit-
tee and the EIA Value Engineering Com-
mittee. He is a meipber of IRE Profes-
sional Groups on Engineering Manage-
ment and Military Electronics, Armed 
Forces Communications-Electronics As-
sociation, American Association for the 
Advancement of Science, Institute of 
Navigation, and is a Charter Member of 
the Engineers Club of Washington and of 
the Society of American Value Engineers. 
He is a Registered Professional Engineer 
of the District of Columbia. 

J. Chuan Chu 
(A'48—M'55) has 
been appointed As-
sociate Director of 
the Product Plan-
ning Division of 
Honeywell Elec-
tronic Data Proc-
essing. He was 
former Director of 
Engineering, Uni-
vac Division, Sperry Rand Corp. He will 
be responsible for formulating new equip-
ment programs and broadening the Honey-
well EDP product line. 

He had been with Univac since 1956. 
For several years he was Chief Engineer 
on the LARC Project. He also served as 
Manager of Product Planning, Manager 
of Commercial Engineering, and Manager 

(Contin-ted on page 62A) 
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New RCA mechanized assembly lechnicpue 
arrays high-speed low- drive cores into 

high densoty word strips, utilizes deposited 

windings for current paths. 

This Revolutionary New RCA Memory Stack 
Completes A Full Cycle In 300 Nanoseconds With Only 350 ma Drive 

Now, a major advance in Ferrite Stack 

Design and Construction by RCA makes 

65- Nanosecond Switching a reality. 

Here is the industry's first commercially available 
Microferrite Memory Stack with complete read/ 
write cycle time of 300 nanoseconds at drive current 
levels below 350 ma—bit outputs of 50 mv. 

This revolutionary two-core-per-bit word-address 
system bypasses today's experimental memory tech-
niques by using proved, reliable ferrite cores in a 
high-density array of advanced design. Check these 
important benefits: 

• High Packing Density...1,000 to 2,000 bits per 
cubic inch. 

• Superior Stability and Ruggedness ... Printed 
wiring assures positive, rigid contact to each 
core. Planes designed to meet Military Mechani-
cal and Environmental Specifications. 

• Precision Uniformity... Mechanized fabrication 
e:hninates many hand-assembly variables. 

• Outstanding Reliability.. Mechanized production 
techniques permit more precise control of each 
fabrication step—produce a rugged, high-relia 
bility structure. 

• Broad Capacity Range... Available in 32 word x 
30 bit size, and in any multiple of this size. 

• Plug-In-Convenience... Each stack incorporates 
standard plug connections for fast, easy installa-
tion. 

• Complete Service... Whatever your require-
ments, custom or RCA standard, your local RCA 
Semiconductor and Materials Division Field Rep-
resentative is prepared to provide a completely 
coordinated application service for all RCA Com-
puter-Memory Products. Call him today at your 
nearby RCA Field Office. 

For complete technical information on new RCA 
Microferrite Memory Stacks, write RCA Semicon-
ductor and Materials Division, Commercial Engi-
neering. Section FT-9, Somerville, N. J. 

THE MOST TRUSTED NAME IN ELECTRONICS 

TENTATIVE DATA 
TYPICAL DRIVE REQUIREMENTS Al zrc 

Amplitude Rise Wm Biagi« 

(me) (am) leteel 

Read Pulse 350 34 100 

Partial 
250 20 45 

Write Purim 

Dien Pulse 70 15 OS 

MT OUTPUT (Two-Core/lit Word-Address) 

tledleterbell IMilleturbed 
•1 .0n) 1).(irml 

Sit 
Amplitude 
Sensieg 

60 12 

Out 
BiPotar 
Sensoig +50 —so Puts 

RCA SEMICONDUCTOR I MATERIALS DIVISION [IUD OFFICES 

... EAST: N• N I. 744 Broad St., ISO 5-5900 • (Camden. 
P101adelphla Area) ( Mon. N I., 605 Marlton Pike, NA 0-4802 • 
Syracuse, N V. 731 runes St., Pei 402, CR 4-5591 • Baltimore. 
Md., EN 91850 • x0,1)51051: Needham Heights 94, Mass., 64 
•.A" St., ell 4.72.0 • SOUTHEAST: Orlando. Fla 1520 Edge-

water, Dr., Suite • I. GA 4-4768 • EAST CENTRAL: Detroit 2. 
Mich , 714 Nee Center Bldg.. TB 5-560rt • CEN'RRAi Chisel°. 
Ill, Suite 1154, Merchandise Merl Pima, WI4 4.2900 - 
menu 5, Ind , 211 East 52nd St CL 1.:405 • Minneapolis IS. 
Minn, 5805 faces., Bird , WE 40676 • Denver II, Colorado. 
Cont nental Te-rare Bldg , Suite 301. 2785 N. Sees Bled 477-
16138• WEST: Los Angeles 22, Cant 6801 E. Wash-met. Blot. 
RA 3.8361 • (Sart Francisco Area) Burlingame. Calif , 1838 El 
Camino Real, fik 7.1620 • Seattle 4, Mush, VS0 7irst Are. S., 
MA 2.8816 • SOUTNWEST: Dallas 7, Texas, 7905 Cement« 
Freertas, ME 1-9 / 20 • COTT: Dayton, t)hio, 224 N. matins. 
St., BA 6-2366 • Walnington. D C, 1725 • .K." St, N W.. 
FE 74500 • ICI INTERNATIONAL 0191510M, 30 Racketellee 
Pier., New Turk 20, IS T. Cable Address: RnEtIOINTER, N. V. 
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"A' BAIIERI 
EIONINKTORS 

For 
Demonstrating and 

Testing Auto Radios 
TRANSISTOR OR vienKion OPERATED 

6 Vet m 12 Volt! 

HO Models • , • Designed for testing D.C. 

Electrical tWave DrY Disc 

Apparatus on RegUI3f A.C. Lines. 

Equipped wih Full- Type -- 
Rectifier, Assuring Noiseless, Interference-

Free Operation and Extreme Long 
life and Reliability. 

620C EUT 

D.C. OUTPUT 
VOLTS AMPERES 

Cont. Int. 
1 6 10 201 

  12 -or- 6 12f 

{6 20 401 -or. 
12 10 20f 

SZITP. USER 
PRICE 

VNEW MODELS vNEW DESIGNS VNEw LITERATURE 
• "A"lialtery Eliminators • DE•AC Inyecten . Auto Radio Vibrators 

ATR ELECTRONICS, INC. 
Formerly American Television &Radio Co AIR Quality Products Since 1931 
ST. PAUL 1, MINNESOTA—U.S.A. 
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of the Division's Philadelphia operations. 
At the time he joined Honeywell, he was 
responsible for research, product develop-
ment and systems planning and was Chair-
man of Univac's Standards Council. He 
had previously been a Senior Scientist and 
Manager of the Computer Department, 
Argonne National Laboratory, University 
of Chicago; Professor of Electrical Engi-
neering and Acting Department Head, 
Fournier Institute; Senior Engineer, 
Reeves Instrument Company; Research 
Associate and Instructor, University of 
Pennsylvania; and Television Engineer, 
Philco Corp. 

Mr. Chu is a member of the Research 
Society of America, Society for the Ad-
vancement of Management, American 
Management Association, Eta Kappa Nu 
and Sigma Xi. 

Election of Christopher Buff (A'45-
M'48-SM'55) as Vice President and Chief 
Engineer of American Cable and Radio 
Corporation has been announced. He will 
be responsible for all engineering activities 
of the Corporation's four operating com-
panies. He joined AC and R in 1946, and 
has served in various engineering capaci-
ties since that time. He holds two patents 
and has three others pending in the radio 
telegraphy field. 

.§› 

John M. Clayton 
(S'16-A'2 3-M'2 6-
SM'43) will retire 
this month after 30 
years with General 
Radio Company. 
Born in Arkansas, 
he completed his 
secondary educa-
tion at Little Rock 
High School in 1917, 
and went on to the Student Army Training 
Corps program at Cornell University dur-
ing World War I. After the War, he became 
active in the American Relay League and 
was appointed Technical Editor of QS7' 
the radio amateur trade magazine. He was 
subsequently asked to serve as Secretary 
of the IRE, where he was instrumental in 
a substantial increase in its membership. 

In 1930 he accepted the position of 
Manager of Operations of the Globe Wire-
less Limited, a subsidiary of the Dollar 
Steamship Lines (presently known as the 
American President Lines). 

Mr. Clayton began his career with 
General Radio as a designer of amateur 
radio equipment and parts in 1932. In 
1935 he was appointed Manager of the 
Advertising Department. The only break 
in his service occurred when he left 
temporarily from 1942-1944 to help in the 
operations of the Naval Research Labora-
tories. His work for the Na s y won him 
the Meritorious Civilian Service Award. 

(Continued rage (i6.4) 

for ANTENNABILITY 

F,I,YLON 
LOOK TO 

Towers in guyed and 
self-supporting types 
for Microwave, FM 
and TV antenna sup-
port, Vertical Radia-
tors, loran, etc. in 
all materials. 

Antennas for all serv-
ices from VLF to 
UHF including Log 
Periodics, Rhombics, 
Corner Reflector, Ver-
tical Radiators, etc. 

TRYLON offers outstanding 

Antenna and Tower capability. 

Use this knowledgeable, experienced 
source that offers: 

1. Worldwide experience in military, 
civilian and government applications. 

2. Full service and responsibility includ-
ing: research, development, manufacture 
and installation. 

3. Resourceful, experienced personnel 
with outstanding records of achievement. 

4. Worth-while economies becaJse we 
do our own manufacturing. 

Full line of accessories. Full capability 

and facilities for testing, research and 
development. 

Write, wire, or phone and let us help 
you on your requirements. 

WIND TURBINE COMPANY 
ELVERSON, PA. Phone: WHitney 2-2981 

TRYLON TOWER AND ANTENNA SYSTEMS 
RESEARCH • DEVELOPMENT • MANUFACTURE • INSTALLATION 
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another © series from MOTOROLA 

100 0A 

1 mA 

10MA 

50 mA 
100 mA 

2N2501 

the most completely specified 
silicon epitaxial planar logic switch! 

Whether you're designing switching circuits at 100 µA or 

as high as 100 mA, you can design with confidence using 
the new Motorola 2N2501 NPN silicon epitaxial planar logic 
switch. 

This new high-gain transistor is characterized over its opti-
mum usable current range, with beta specified from 100 eLA 

to 100 mA, including measurements at 1, 10, and 50 mA. 

And, with the specified active region time constant and to-
tal control charge parameters, you can more closely predict 
performance at various operating conditions (using a 
standard formula) than ever before. 

In addition, saturation voltage is specified at 10, 50, and 
100 mA, with extremely low values for these critical ratings. 

The Motorola 2N2501 (T0-18 package) is specifically de-
signed for low-level logic switching in the 100 /LA to 100 mA 

region, and is supported by fuller, more definitive specifica-
tions than available in any present device. 

Units are immediately available to meet your production 
requirements, or if you have a present application in which 

you would like to evaluate this new type, contact your near-

est Motorola District Office. An engineering representative 
will advise you how you may obtain free samples. 

Boston / Chicago / Cleveland / Dallas / Dayton / Detroit / Garden City 
Los Angeles / Minneapolis / New York / Orlando / Philadelphia / Phoe-
nix / San Diego / San Francisco / Syracuse / Washington / Toronto 

MOTOROLA 2N2501" PERFORMANCE SPECIFICATIONS 

teem 40 volts (min) 

BVci 20 volts (mini 

130tio &volts (ialin 

idi Vex = 1 V 

lc = 100 ”A 

20 (min) 

Vallee 
e le = 101. 

le = I mA 

30 (min) 

le = 10mA I le = 50 me 
0.2 V (mail 0.3V (max) 

lc = 10 mA 

50 min) 
150 (max) 

lc = 10 mA 
@ —55°C 

20 (mini 

lc = I. = lor 10mA 

1 lc i- 50 mA lc = 100 mA 

40 (mini 301.1.1 

le = 100 
0.4 V (mall 

15 rISP7 (man' 

re 
(Active Region Time Constant) 25 nsec ¡ mast 

•11118 Package 

The following Motorola silicon epitaxial logic transistor types are 
also available from your nearest Motorola Industrial Distributor or 
District Office: 

2N834 2N835 2N744 
2N914 2N706 2N753 

2N708 
For your copy of the complete electrical specifications on the new 
Motorola 2N2501 transistor, call or write Motorola Semiconductor 
Products Inc., Technical Information Department, 5005 East Mc-
Dowell Road, Phoenix, Arizona. 

MOTOROLA 
Sernicc ncluctor Productor Inc. 

A SUBSIDIARY Of MOTOROLA P. 3007 
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BULOVA BULOVA BU LOVA 
FREQUENCY STANDARDS SERVO AMPLIFIERS OSCILLATORS 

BULOVA 
OVENS 

BULOVA BULOVA BULOVA 
COI LS TUNING FORKS SYSTEMS & SUB SYSTEMS 



BOLO VA 
MAKES 
TIME 

IN 
FREQUENCY 
CONTROL 

Bulova has added new muscle and 

technical scope in frequency con-

trol through the integration of the 

American Time Products and the 

Electronics Divisions, and through 

the addition of the development 

and production facilities of the 

Keystone Controls Corp. ... now 

one versatile design / production 

complex making millions of 

frequency control devices for defense and industry. 11 

This growth in engineering and production capabilities 

provides a new range in frequency control, generation, 

selection and measurement from one proven source 

. Bulova. It includes tuning fork and crystal based 

oscillators, frequency standards, filters, power supplies, 

and choppers; as well as coils, ovens and servo- loop 

products. II The alert Bulova engineering staff, together 

with its smoothly- functioning production lines can 

deliver reliable performances in custom designing and 

manufacturing miniaturized components, systems — to 

meet or exceed the most demanding specifications and 

schedules. Write Bulova Electronics Division, 61-10 

Woodside Avenue,   

Woodside 77, New '  

York, for full 

information. 

INDUSTRIAL/DEFENSE GROUP j 

BU LOVA 
ELECTRONICS DIVISION 



Sub-Miniature Indicator Lights 
Conform to applicable Military Specifications. 
Mount from FRONT of Panel in 15/32 Clearance Hole 

NEON 
Assemblies with Built-in Resistor 

(A patented DIALCO feature-U.S. Pat. No. 2,421,321) 

Conform to MS25257... Accommodate T-2 
Neon Glow Lamps: Type NE-2D (MS25252) 

T-2 is recommended for general service on 105-125 volts AC or DC. The High Bright-
ness type NE-2J (not MS) may be used on 110-125 volts AC only. 

Features: Stovepipe lens molded of high-heat plastic gives 180° light spread; available 
in choice of signal colors ... Two terminals ... Rugged construction; phenolic insulation 
of Mil. Spec. grade... Anti-rotation (locking) features prevent rotation of unit while 
being tightened to panel... For complete data request Brochure L-159C. 

(actual cize) 

No. 162-8430-931 I 

Id, INCANDESCENT 
Assemblies conform to MS25256 

— Accommodate T-1-3/4 Incandescent bulb with 
midget flanged base, in voltages ranging from 1.3 
to 28 (the 6 V. and 28 V. conform to MS25237). 
For complete data request Brochure L-156E. 

Samples on Request— at Once— No Charge 

No. 137-8836-931 

T-1% 

DIALCO 
PILOT LIGHTS 

"The Eyes of Your Equipment" 

Foremost Manufacturer of Pilot Lights 

DIALIGHT 
CORPORATIION 

60 STEWART AVE., BROOKLYN 37, N.Y. • Area Code 212, HYacinth 7-7600 

SWITCH 
TO THE 

BEST 

lOuNDEO 933 

• 20,000 volt peak flashover at 60 cps 

• 40 ampere current carrying capacity 

• Current carrying members 
heay.ly silver plated 

• Coin silver contact shoes 

MODEL 90 SWITCH 

IMN WITH tIVIlaT011 
MARLBORO, NEW JERSEY 
Telephone: HOpkins 2-6100 

• Low loss silicone impregnated 
steatite stators and rotors 

• White glazed steatite spacers 

• Nylon detent wheel 

• Stainless steel detent arm 

• Sleeve bearings 

IRE People 

11(11111ed f'Ufji il.'tj 

Harold B. Coleman (A'50-M'58) has 
been designated Manager, Satellite Inter-
ception, in the office of Defense Systems 
Studies of Aerospace Corporation's Sys-
tems Research and Planning Division. 

Harold B. Coleman came to Aerospace 
Corp. in March, 1962 from the Lockheed 
California Company. While at Lockheed, 
he was the Guidance and Controls Stall. 
Engineer in the Spacecraft Division. Prior 
to this, he was Project Manager for engine 
controls on PLUTO (nuclear Ramjet) 
Engine Controls at the Marquardt Corp. 

He received a B.S. degree in 1946 and a 
M.S. degree in 1947, both in mathematics 
and physics, from the University of Michi-
gan. He is a member of the American 
Rocket Society, the Association for Com-
puting Machinery and the National Man-
agement Association. 

E. Paul Cote (A'52-
M'56) has been 
appointed Manager 
of Special Prod-
ucts Marketing for 
MEI,ABS, Palo 
Alto, Calif. He will 
be responsible for 
sale of MELABS 
special microwave 
systems. He was 
formerly with Zenith Radio Research 
Corporation, Menlo Park, Calif., in their 
microwave marketing department. His 
experience in the microwave field is 
comprehensive and extends over an eight 
year period. He is a graduate of Valpariso 
Technical Institute, and is a member of 
the Air Force Association and the Navy 
League. 

Arthur F. Dickerson 
(SM'55) has been 
named Manager 
of Advanced Engi-
neering for the Ad-
vanced Product 
Planning Opera tion 
(APPO) of General 
Electric's Elec-
tronic Components 
Division. He was 
formerly Advance Project Planning Man-
ager for the operation. In his new post, he 
will be responsible for all engineering 
activities of APPO which serves as the 
master planning group in identifying and 
recommending new business opportunities 
for the departments of the Electronic Com-
ponents Division. 

He has been with General Electric 
since his graduation from the University 

(Continued on page 684) 

Coming soon! 
IRE DIRECTORY! 
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• 

END RECTIFIER VOLTAGE 
TRANSIENT PROBLEMS WITH1 

CONIHOELED 
AVALANCIlf 

The revolutionary 12 amp ZJ218 
Controlled Avalanche Rectifier 
protects itself and the rest of the 
circuit up to 3900 watts peak 
power dissipation in the reverse 
direction. You get new high 
reliability standards up to 1200 
PRV, protection of other circuit 
components, simplified rectifier 
series operation in high voltage 
applications, continuous operation 
in avalanche breakdown region 
at high voltage, and built-in 
"zener" diode protection even 
well beyond 1200 volts. 

iO KV RECTIFIER 
(3-E 4JA421EH20ABI 

\a 

UTC S-49 TRANSFORMER 
OR EQUAL. II? VOLT PRI, 
4 KV SECCNOART, 10 MA MIN. 

NEEDLE SPARK GAP. 
ADJUST FOR SPARKOVER 

e AT 5000 VOLTS 

lo 
OHMS 

12poo OHM, 2 WATT 
CURRENT LIMITING 
RESISTOR. 

VOLTAGE PROBE 

' TEST RECTIFIER 

CURRENT PROBE 

This reverse impulse test will 
prove how the Controlled Avalanche 
Rectifier withstands typical 
transient circuit voltages as high 
as 5000 volts, dissipates high 
levels of peak power in the reverse 
direction. Peak reverse power 
for rectifiers with avalanche 
voltages above 800 volts Is over 
250 watts in this circuit. ( Connect 
a scope between the Indicated 
voltage and current taps and 
ground to view impulse voltage 
and current.) 

TEST IT YOURSELF . . . and prove beyond any doubt that your derating headaches are a thing of 

the past, that your transient voltage problems are solved more efficiently, more economically than 
ever before possible. The Reverse Impulse test circuit shown is all you need . .. along with the 
new G-E Z3218 Controlled Avalanche Rectifier. 

The 2J218 Controlled Avalanche Rectifier is available in 600, 800, 1000 and 1200 PRV types. See 
your General Electric District Sales Manager and find out how to end your voltage transient problems 
with no derating. Or write Rectifier Components Department, Section 23174, General Electric 
Company, Auburn, New York. In Canada: Canadian General Electric, 189 Dufferin Street, Toronto, 
Ontario. Export: International General Electric, 159 Madison Avenue, New York 16, New York. 

GENERAL ELECTRIC 
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Togetherness, with Greater Isolation... 

by new NEMS-CLARKE' Multicoupler 

Another new addition to the Nems-Clarke line of telemetry equipment 
is the Solid State Multicoupler, SSM-101. It accepts the output of an 
antenna-mounted preamplifier and provides eight outputs with a minimum 
isolation between any two outputs of 50 db. The gain is held to approxi-
mately unity and is flat within 3 db across the band. 

The SSM-10 I is designed for use in the 225-260 megacycle telemetry band 
but can be supplied to cover other bands between 55 and 300 megacycles. 
Input and output connections are made at rear of the unit through type C 
connectors. Its integral power supply will also energize the Nems-Clarke 
Solid State Preamplifier, SSP-101. 

Write for Data Sheet 899. 
Vitro Electronics, 919 Jesup-Blair Dr. 
Silver Spring, Maryland 
A Division of Vitro Corp. of America 

Specifications 

I. Pass Band   225-260 megacycles 

2. Uniformity response   within 3 db 

3. Gain   approximately unity 

4. Isolation . between outputs 50 db minimum 

5. Receiver outputs   8 

6. Impedance . . . . Designed to operate in 

50 ohm syskm 

7. Power source 

115 v, 60 cps. . approximately 6 watts 

I. Connectors   type C 

IRE People 

(Continued from page 06,1) 

of Texas in 1946 with a B.S. degree in 
electrical engineering. His experience in-
cludes service as engineer with the fortner 
Receiving Tube Sub-Department in 
Schenectady; commercial engineer in 
New York and Chicago; consulting engi-
neer to the Air Froce under a G-E con-
tract, at Wright-Patterson Field, Dayton, 
Ohio; application engineer, and Manager 
of Product Planning for the Receiving 
Tube Department at Owensboro, Ky. He 
was named Advance Project Planning 
Manager for AAPO in September, 1960. 

Mr. Dickerson is co-author of an Air 
Force book, "Techniques for the Applica-
tion of Electron Tubes in Military Equip-
ment," published in 1952, and has written 
articles for publications in the electronics 
field. 

William F. Eiseman 
(M '58) has been ap-
pointed Senior Proj-
ect Engineer of 
Chesapeake Instru-
ment Corporation's 
Underseas Systems 
Laboratory, where 
he will be in charge 
of advanced sonar 
systems develop-
ment. He joined Chesapeake after six years 
with Westinghouse Electric Corporation 
as a computer engineer in all phases of 
computer development work. His respon-
sibilities included memory design of the 
first airborne digital computer system and 
design of the Molecular Computer. Prior 
experience includes positions in computer 
engineering with ACF Industries, IBM 
and the National Bureau of Standards. 

He received the B.S.E.E. degree from 
the University of Maryland in 1953. He 
currently has several patents pending, 
including nondestructive readout mem-
ories and electrically alterable memory 
systems. 

Harlan W. Frerking 
(S'46-A'49 -M '55) 
has been appointed 
manager of engi-
neering for Micro-
wave Electronics 
Corp., Palo Alto, 
Calif. He formerly 
was associated with 
Sperry Electronic 
Tube Division at 
Gainesville, Fla., where he was Head of 
Microwave TWT Tube Product Engineer-
ing. With the Sperry organization since 
1949, he held similar responsibilities at 
Sperry Gyroscope Co., Great Neck, N. Y. 
During 1942-46 he was a communications 
officer with the U. S. Air Force. 

Mr. Frerking received the B.S. and 
M.S. degrees in electrical engineering from 
the University of Michigan, where he was 
active in Eta Kappa Nu, Tau Beta Pi and 
Sigma Xi. 

(Continued on page 704) 
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NEW from National 
FOR THE FIRST TIME. „ AN ATOMIC 

FREQUENCY STANDARD FOR UNDER $10,000. 

The most important breakthrough in frequency measure-
ment since National's pioneering introduction of the 
Atomichron® in 1956 — the new NC-1601 — a primary ce-
sium beam atomic frequency standard for under $10,000.1 

The introduction of the new NC-1601 Atomichron makes 
available for the first time at a price under $10,000, a fre-
duency standard superior to any other commercially avail-
able equipment — with the exclusive operational advan-

tages of National's higher-accuracy Atomichrons — fail-safe, 
self-calidrating, life-lorg, drift-free performance as a result 
of the use of National's proprietary Cesium Beam tube. 

If you have a frequency standard application and would 
prefer a primary standard at less than the price of some 
secondary standards, we invite you to contact us on your 
letterhead for further i -iformation. 

NC-1601 
ATOMICHRON 

Cesium Beam 

Primary 

Frequency 

Standard 

Nati.onal 

(Pr 

NC- 1501 

Catalog Atomichron 
models for military, 
scientific, and indus. 
trial application with 
long-term stabilities 
of up to 5 parts in 
_0" forever! NC- 1001 

H(Jd ou(2 
NATIONAL RADIO COMPANY, INC. 

37 Wash•ngton Street, Melrose, Massachusetts 

A Mont/ Owned Subsidiary of National Company 



0 TO 1500 V 

compliance 

feG 

with 
ELECTRONIC 
MEASUREMENTS 

constant-current 
POW E R 

SUPPLIES 
You'll find a whole new spec-
trum of application in Electronic 
Measurements Constant- Cur-
rent Power Supplies. Take the 
husky Mcidel C638A shown 
here. It'll deliver up to 1500 V 
DC at any output current from 
a few microamperes up to 100 
MA. There are other features 
too... a modulation input, pro-
grammability, less than 0.01% 
+1 µa ripple ... and the all-
important voltage control that 
lets you set the maximum volt-
age compliance. 
For complete information ask 

for Specification Sheet 3072( .. 

BRIEF SPECIFICATIONS 

CURRENT RANGE 

MODEL MIN. MAX. 

tVOLTAGE 
COMPLIANCE 

MAX. MIN. 

C612A 1 pa 
C631A 1 pa 
•C638A 0.5 pa 
C624A 2.2 pa 
C632A 2.2 pa 
•C636A 2.2 pa 
C629A 2.2 pa 
C633A 2.2 po 
C620A 5 pa 
C621A 5 pa 
C613A 10 pa 
C614A 10 pa 
•C628A 10 pa 
*C630A 10 pa 
•C625A 22 pa 
•C626A 22 pa 
*C615A 22 pa 
•C618A 22 pa 

• Voltage limiting control standard. Op-
tional on all other models. 

t For current vs. voltage compliance 
curves, request Specification Sheet 3072C. 

100 ma. 260 V 100 V 
100 ma. 420 V 300 V 
100 ma. 2100 V 1500 V 
220 ma. 260 V 100 V 
220 ma. 420 V 300 V 
220 ma. 735 V 600 V 
300 ma. 205 V 150 V 
3CIO ma. 420 V 300 V 
500 ma. 110 V 50V 
500 ma. 160 V 100 V 
1 AMP 115 V 50 V 
1 AMP 170 V 100 V 
1 AMP 215 V 150 V 
1 AMP 280 V 200 V 
2 AMP 150 V 75 V 
2 AMP 190 V 100 V 
3 AMP 125 V 50 V 
3 AMP 170 V 100 V 

EI—Eicir Fi C I N IC 

IVI E JAILS LA Ft E NI E NI "I'S 
(0 ..IYANY Iry,,rte• DRP — CD 

IRE People 

(Continued froni page 68.4) 

William F. Garmon 
(M'60) has been 
appointed Director 
of Manufacturing 
of Interstate Elec-
tronics Corporation, 
Anaheim, Calif. He 
brings to Interstate 
an extensive back-
ground in adminis-
tration, manufac-
turing and engineering. 

Most recently he was General Manager 
—with full responsibility for manufactur-
ing, sales, engineering and administration 
—of California Technical Industries, de-
signers and manufacturers of aerospace 
instruments and test equipment. Immedi-
ately prior to this he was Vice President in 
charge of Manufacturing and Engineering 
for DIT-MCO, Inc., of Kansas City, Mo. 
He also has had a number of years ex-
perience in digital computer research with 
IBM Corporation, New York, N. Y. as a 
Technical Staff Engineer. 

Mr. Garmon received the B.S. degree 
in electrical engineering and did graduate 
work in electronics and business. He is a 
member of the American Management 
Association, Western Electronic Manu-
facturers Association, and various other 
professional organizations. 

e:e 

Anthony A. Guido (S'59-M'60) has 
been appointed Applications Engineer of 
PRD Electronics, Inc.. Brooklyn, N. Y. 
Prior to joining PRD, he spent two years 
with the Digital Communications depart-
ment of the RCA Surface Communica-
tions Division, New York, N. Y. as a 
project engineer. He was responsible for 
the supervision and planning of special 
digital communications test equipment for 
checking the "Minuteman" missile's com-
munications system. 

From 1955 to 1960, he was a member of 
the staff of the New York University's 
Electrical Engineering Research Depart-
ment. At N.Y.U., he designed and de-
veloped new circuits, for which patents are 
pending, for use in countermeasures sys-
tems and character recognition circuits. 
In 1954, he joined the Bell Telephone 
Laboratories, Murray Hill, N. J., where 
he was technical aide in the Test Main-
tenance Department, responsible for the 
calibration and maintenance of frequency 
counters, oscilloscopes, and other elec-
tronic measuring equipment. 

Mr. Guido received the B.E.E. degree 
from the New York University College of 
Engineering and a certificate from RCA 
Institutes, New York, N. Y. He is a 
member of Eta Kappa Nu and Tau Beta 
Pi. 

(Continued on page 72.4) 

Coming soon! 
IRE DIRECTORY! 

SHOCK IT, DROP IT 
SHAKE IT DRII7Efl 

NETIC & CO-NETIC MAGNETIC SHIELDINGS PERMANENTLY 

PROTECT YOUR COMPONENTS ... never require rejuvenation . . . 

have negligible residual magnetism . . . make your sensitive components 

impervious to outside magnetic disturbances. 

Because of their proven reliability, both are widely used in satellites and missiles as well 

as on the ground to protect recording tapes, components or systems. The proprietary char-

acteristics of these alloys enable you to design compactly and to improve overall performance. 

The Magnetic Shield Division has the industry's widest choice of magnetic shields for components and 
structures, ranging from micromodules to mobile shielded rooms. Tell us your shielding requirement and 
let us help solve it. 

MAGNETIC SHIELD DIVISION 
Perfection Mica Company / EVerglade 4-2122 

1322 N. ELSTON AVENUE, CHICAGO 22, ILLINOIS 

ORIGINATORS OF PEf?MANENTLY EFFECTIVE NE TIC CO.NET/C MAGNE TIC SI:11E LDS 

70A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE September, 1962 



AEROCOM PRESENTS 
VHF AM TRANSMITTERS 

and RECEIVERS 
AEROCOM communications equipment is designed with 

both performance and reliability in mind, and is produced 

by experienced personnel using high-quality materials. The 

following features are found in all three transmitters: Single 

crystal controlled frequency (plus an additional frequency 

1/2 % away from main frequency): stability ± .003% or 

.001% over temperature range of 0° C to + 55° C, any humid-

ity up to 95%; audio system incorporates high level plate 

modulation, with compression; forced ventilation with air 

filter is employed. Welded steel cabinets. 

4 Model 10V1-A-1000 Watts output—Successfully being used in Troposcat service for communications with aircraft 

beyond the optical horizon. Frequency range 118-153 mc. 

Can be completely remote controlled by using AEROCOM's 

remote control equipment. All tuning from front panel by 

means of dials. Power requirements 210-250 V 50/60 cycles, 

single phase. 

Model VH-200-200 Watts output in range 118-132 mc. 

Excellent for both point-to-point and ground-to-air communi-

cations. Press-to-talk and audio input may be remoted using 

single pair of telephone lines. Power requirements 105-120V 

50/60 cycles. Also available for use above 132 mc; output 

drops gradually to 150 watts at 165 mc. 

Model VH-50-50 Watts output. Frequency range 118-153 
mc. Outstanding low power transmitter for ground-to-air 

service. With remote control provisions; main power control 

with front panel switch. Convection cooling for press-to-talk 

service—otherwise forced air cooling. Power requirements 

115/230 V 50/60 cycles. 

Model 85 VHF Receiver. A high performance, low noise, 
single channel crystal controlled, single conversion VHF re-

1/- ceiver. Stability normally ±- .001% (with oven 

crystal -± .0005%) over temperature range 0° C 

to + 55° C. Sensitivity 1/2 microvolt or better 

for 1 watt output with 6 db signal to noise ratio. 

Standard selectivity bandwidth 30 kc; other 

widths available. Spurious response down 90 db. 

Frequency range 118-154 mc. Power require-

ments either 115 V or 230 V 50/60 cycles. Made 

for standard rack panel mounting. 

As in all AEROCOM products, the quality and workmanship of this VHF equipment is of the highest. 

All components are conservatively rated. Replacements parts are always available for all AEROCOM equipment. 

Complete 
technical data available 

on request 

3090 S. W. 37th Avenue— Miami 33, Florida 

FCC Type Accepted 
for Aviation Service 

111111MMIMIMIRsateers.... . eeerwateimelMesaffleleineseets.Nef elwrweeeeramommernafflowe-var, 
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BALLANTINE Wide-Band VIM 
Measures 300 0V to 300 V 
at frequencies 10 cps to 11 Mc 

Logarithmic scales with 
high precision and 
constant accuracy 
at any point 
• • • • • • • • • • • • • • • • 

Usable as 100 V null 
detector, or as wide-
band amplifier to 20 Mc 
• • • • • • • • • • • • • • • 

Binding post, or 
coaxial input to 
reduce ground 
current error mirm=2:zgui_ 

0 • • • •••••••••••• e e 

C411 

Cathode follower probe • • 
has high input impedance 
of 10 Mf2 —7 pF 
•• •• ••• • e•••••• • 

se 

model 317 
Price: $495. with probe 

A stable, multi-loop feedback amplifier with as much as 50 db feedback, and 10,000 hour 
frame grid instrument tubes operated conservatively, aid in keeping the Model 317 within 
the specified accuracy limits over a long life. Its uses extend from simple audio frequency 
measurements to accurate RF measurements made directly in the circuit using the low-
loading cathode-follower probe. Individually calibrated logarithmic scales provide uniformly 
high accuracy over their entire length. AccJracy is 2%, 20 cps to 2 Mc; 4%, 2 Mc to 
4 Mc; 6%, 4 Mc to 11 MC. 

Write for brochure giving many more details 

Since 1932 es 

BALLANTINE LABORATORIES ire. 

Boonton, New Jersey 
CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACJUM TUBE VOI.TMETERS, REGARDLESS OF YOUR REQUIREMENTS FOR 
AMPLITUDE. FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC 'DC AND DCAC 
INVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT-READING CAPACITANCE METER, OTHER ACCESSORIES. 

IRE People,, 

(Continued from page 7(I.4) 

Leonard M. Jeffers, 
Jr. (S'33-A'35-SM 
'62) has been ap-
pointed Manager 
of Technical Pub-
lications for the 
Electronic Defense 
Laboratories (EDL) 
of Sylvania Electric 
Products Inc. He 
is responsible for 
all technical literature originated at EDL 
and for various phases of customer rela-
tions. 

With EDL since he joined Sylvania in 
1955, he has over 20 years of engineering 
and liaison experience. He previously was 
chief engineer for the City of San Fran-
cisco Utilities Engineering Bureau. During 
the Korean War, he served as a Captain 
in the U. S. Air Force at Wright-Patterson 
Air Force Base, performing duties as air-
borne early warning project officer. During 
World War II, he attended radar and elec-
tronics courses at Harvard University and 
Massachusetts Institute of Technology 
prior to assignments as a radar officer. He 
also served with the Genera) Services 
Administration in San Francisco in elec-
tronics and aircraft work. 

Mr. Jeffers received the B.S. and M.S. 
degrees in engineering from Stanford Uni-
versity. He is a member of the American 
Institute of Electrical Engineers. 

Robert L. Jones 
(S'50-A '52-M '54-
SM'59) has been 
appointed Mann-
facturiug Manager 
for Dickson Elec-
tronics Corpora-
tion, Scottsdale, 
Ariz. In his new 
capacity he will be 
responsible for the 
overall administration and direction of 
product managers and their operations. 
He was previously Production Manager 
for Dickson Electronics. His experience in 
the R and D, engineering, and production 
phases of the semiconductor industry was 
ideal preparation for his new position. 

His experience includes development 
work on diodes and transistors at CBS-
Hytron Semiconductor Division during 
1952 and 1955. During the latter part of 
this period, he held the position of Chief 
Production Engineer. From 1955 to 1956, 
he was Production Manager of Hoffman 
Semiconductor Division, supervising man-
ufacturing, quality control, material con-
trol, and production engineering. From 
1956 to 1959 he was employed by the 
Semiconductor Division of General Elec-
tric Company as Project Engineer on 
switching, core driver, and medium power 
transistors. Immediately prior to joining 

(Continued on page PA) 
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TRUSTWORTHY NAMES IN 
ELECTRICAL PROTECTION 

Save Time and Trouble by standardizing 
on BUSS Fuses —You'll find the right fuse 
every time ... in the Complete BUSS Line! 

By using BUSS as your source for fuses, you can. 

quickly find the type and size fuse you need. The com-

plete BUSS line of fuses includes: dual-element "slow-

blowing", single-element "quick-acting", and signal or 

visual indicating types . . . in sizes from 1/500 amp. up— 
plus a companion line of fuse clips, blocks and holders. 

BUSS Trademark Is Your Assurance Of Fuses 
Of Unquestioned High Qualuty 

For almost half a century, millions upon millions of 

BUSS fuses have operated properly under all service 

conditions. 

To make sure this high standard of dependability is 

maintained... BUSS fuses are tested in a sensitive 

electronic device. Any fuse not correctly calibrated, 

properly constructed and right in all physical dimen-

sions is automatically rejected. 

Should You Have A Special Problem In Electri-

cal Protection . . . BUSS fuse engineers are at your 

service—and in many cases can save you engineering 
time by helping you choose the right fuse for the job. 

Whenever possible, the fuse selected will be available 

in local wholesalers' stocks, so that your device can be 

serviced easily. 

For more information on the complete line of BUSS 

and FUSETRON Small Dimension Fuses and Fuse-

holders, write for BUSS bulletin SFB. 

BUSS: The complete line of fuses and 
fuse mountings of unquestioned high quality. 

BUSSMANN MFG. DIVISION 
McGraw-Edison Co. 
St. Louis 7, Mo. 
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STANDING WAVE RATIO INDICATOR 
The TMC Model SWR-I K (IM-166/URT) is a multi-purpose instrument 

which will instantaneously provide visuai indications of Forward Power, 
Reflected Power, and Voltage Standirg Wave Ratio. 

The SWR-1K may be used in any 50 or 70 ohm unbalanced transmission 
system covering 2-30 MCS with average powers up to 1000 watts. 

The SWR-1K is used as an operational and maintenance tool at trans-

mitter stations and in electronic plants for production testing of transmitters 
and in laboratories for RF transmission system measurements. 

For additional information about the SWR-1K and other 
test equipment, please contact TMC Test Equipment Division, 
Mamaroneck, New York. 

The Test Equipment Division 01 

THE TECHNICAL MATERIEL CORPORATION 
World Wide Suppliers of Electronic Communications Equipment 

and Subsidiaries MAMARONECK, NEW YORK 
OTTAWA, CANADA•ALEXANDRIA, VIRGINIA. GARLAND, TEXAS•LA MESA, CALIFORNIA. POMPANO BEACH, FLORIDA 

TODAY'S MOST 
STABLE PLUG-IN 
FREQUENCY AND 

SPECIFICATIONS 

Stability: 5 x 10-'/ Day. Frequency: 1 
mc to 5 mc normal range; 31.25 kc to 50 
mc extended range. Oven: DC type pro. 
portional control. Power: 28 volt input. 
Output: 1.25 volts into 5 K ohm load. 
Dimensions: 2" x 2" x 4.5" seated height, 
Write for data sheet. James Knights Corn. 
pony, Sandwich, Ill. 

JKTO-43 
Transistorized 
FREQUENCY 
STANDARD 

Designed for both 
laboratory and field service 

IRE People 

(Continued front page 72.4) 

Dickson Electronics Corporation in Sep-
tember, 1961, he was Production Manager 
for Silicon Alloy and Mesa Transistors at 
Hughes Semiconductor Division. 

Mr. Jones is a member of AILE, 
ASQC, and Tau Beta Phi, and was a past 
President of Alpha Pi Mu. He received 
the M.S. degree in industrial engineering, 
from Stanford University, the B.I.E. de-
gree from Syracuse University (Cum 
Laude) and the B.E.E. degree from 
Rensselaer Polytechnic Institute. 

Leonard I. Kent 
(S'49-A'51-M ' 55-
SM'58) has been 
appointed to the 
position of Vice 
President for Engi-
neering of Antenna 
and Radome Re-
search Associates, 
Westbury, N. Y. In 
this capacity he will 
be responsible for the company's design, 
research and development efforts which 
will include those in the fields of solid 
state and ferrite devices. 

He was president of Consolidated 
Microwave Corporation whose assets were 
acquired by Antenna & Radome Research 
Associates. Among the previous positions 
he has held, have been of Vice President 
of Engineering of MSI Inc., Director of 
Engineering and Chief Engineer of Narda 
Microwave Corporation. Among his ac-
complishments have been contributions in 
the fields of directional couplers, ridged 
waveguides, millimeter wave techniques, 
bolometric and solid state devices. Several 
papers have been written by him on these 
subjects. 

Mr. Kent is a graduate of The Cooper 
Union School of Engineering where he 
received a B.E.E. degree. He has also 
been awarded an M.E.E. and is completing 
requirements for the D.E.E. at Polytechnic 
Institute of Brooklyn. He is a member 
of the Committee on Wavegnides and 
Fittings of the Electronic Industries As-
sociation, and of the Transducer Com-
mittee of the ISA. 

Frank N. Kirby 
(S'49) has been ap-
pointed Riverdale 
Plant Manager for 
ACF Electronics, a 
division of ACF 
Industries, Incorpo-
rated. For the past 
year he had been 
Engineering Man-
ager of the plant. 

He joined ACF Electronics from the 
Missile and Space division of the Ray-
theon Company, Bedford, Mass., where 

(Continued on page 77A) 
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WHAT 
IS 
THE 

"HH" SERIES? 

The "HH" series is Hitachi's new superior line of television receiver 
tubes, the ultimate in far-reaching reception of television waves. 

For RF amplifier of VHF television tuners, specify the 4R-HH2 and 
6R-HH2 which feature very high transconductance, high sensitivity and 

low noise. These twin triode tubes replace the 4BQ7A and 6BQ7A 

without change of circuit. 

For frequency convertor and local oscillator of VHF television tuners, 

specify 5M-HH3 and 6M-HH3 twin triodes which replace the 5J6 and 

6J6 without change of circuit. 

The "HH" series is another fine quality line from Hitachi, one of the 

most completely integrated electrical manufacturers in the world. 

INTERNATIONAL IMPORTER INC. 

2242 South Western Avenue, 

Chicago 8, Illinois, U.S.A. 

34;itcte,„, •  
0,4 
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THE ONLY SIMPLE FORMULA 
FOR 

C I 1$1616Idebblehtilddilthltiehlto 

Llidigidáig 111110 e COMPLETE 
t eleleee l eviV 

eee 

INTERFERENCE 
MEASUREMENTS 

o 

LOW FREQUENCY • Model NF-105 HIGH FREQUENCY • Model NF-112 

14 KC-1000 MC 1000-15,000 MC 

ENTIRE 
FREQUENCY 
RANGE 

14 KC-15 KIVIC 

Through years of hard field use Model NF- 105 has acquired an outstanding reputation as a noise and 

field intensity meter for the frequency range from 150 kilocycles to 1000 megacycles. The versatility 

of this instrument has now been expanded through the introduction of a new tuning unit extending 

its coverage down to 14 kilocycles. What is more, this unique measuring equipment has been 

joined by Model NF- 112 which covers the frequency range from 1000 to 15,000 megacycles. The 

same simplicity, accuracy and speed of operation and reliability of performance which made 

Model NF- 105 so successful have been designed into Model NF- 112. Each instrument uses an 

impulse generator as its calibrator; each combines in one basic unit the components common to all 

frequency ranges, including the power supply, calibrator, attenuators and metering circuits. All 

frequency determining components and circuits are contained in plug-in tuning units. Model NF- 112, 

incidentally, uses one single antenna for the entire range from 1000 to 10,000 megacycles. 

You save considerably in SIZE, WEIGHT and COST by letting these two instruments do your entire 

interference measuring job from 14 KC all the way up to 15,000 MC. 

Approved for testing to 10 KMC under Specifications MIL- I-11748, MIL- I-6181D, Category A and MIL- I-26600, Category A. 

For complete technical information, Plan to attend our next seminar on interference 
send for Catalog 614. instrumentation. Details upon request. 

EMPIRE DEVICES, Inc. 
AMSTERDAM, NEW YORK • VICTOR 2-8400 

MANUFACTURERS OF: FIELD INTENSITY METERS • DISTORTION ANALYZERS • IMPULSE GENERATORS • COAXIAL ATTENUATORS • CRYSTAL MIXERS 
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he was Technical Director. Prior to that 
he was associated with the Canadian 
Marconi Company, Montreal, and the 
Electronics division of American Machine 
and Foundry Company, Boston, Mass. 
He served four years with the RCAF 
during World War II on British Air 
Ministry experimental radar assignments 
and was a Reserve Technical Officer with 
the Royal Canadian Electrical Mechanical 
Engineers after World War II. He is a 
graduate of the University of Manitoba, 
Canada, and a member of the Professional 
Engineering Society of Quebec. 

Bernard G. Kuhse (M'59) has been 
appointed as Central Midwest Field Engi-
neer for the Sprague Electric Company, 
Interference Control Field Service Labo-
ratory, Vandalia, Ohio. 

Prior to joing Sprague, he was em-
ployed by the Hallicrafters Company, 
Chicago, Ill, for seven years, during which 
he performed duties as mechanical engi-
neer and as an electronics engineer. His 
mechanical engineering duties included 
the design and packaging of various air-
borne electronic systems and equipments. 
As an electronics engineer, he was the 
Radio Frequency Interference Control 
Engineer in Hallicrafters' Electronics War-
fare Passive Division, being responsible 
for the design of RFI suppression tech-
niques and RFI testing of a number of 
airborne systems. 

Mr. Kuhse attended Iowa State Col-
lege, Ames, Iowa, and the American Insti-
tute of Technology, Chicago, Ill., and 
holds a B.S.E.E. degree. 

Dr. Haldon A. 
Leedy (SN I '46—F'61) 
has been elected 
to the Board of 
Directors of Stew-
art-Warner Corpora-
tion. He is director 
of the Armour Re-
search Foundation 
of Illinois Institute 
of Technology. 

He joined Armour Research Founda-
tion as a scientist in 1938 after receiving 
the Ph.D. degree in physics from the Uni-
versity of Illinois. In 1950 he became 
Executive Vice President and Director of 
the Foundation. He also is a Director of 
Link-Belt Company; Signode Steel Strap-
ping Company; Nuclear-Chicago Corpo-
ration; and Business Capital Corporation. 
He is a trustee of North Central College 
and of Chicago Theological Seminary. 

Dr. Leedy is a member of the Sigma 
Pi Sigma, Sigma Xi and Tau Beta Pi, a 
fellow of the American Institute of Elec-
trical Engineers, and a member of the 
American Institute of Physics and the 
American Physical Society. 

There are no stop signs in space There will be temporary barriers, 
and an ever increasing number of problems to face in space technology, but 
the challenge will continually be met with new and improved systems to 
combat and overcome these obstacles. The scientists and engineers at 
SES-Central wiil continue to play a significant role in the development 
of advanced communications and navigation systems and techniques to 
further man's knowledge in this vital field. 

CONTRIBUTORS URGENTLY NEEDED to man current and anticipated 
space, surface and sub-surface communication, navigation and command 
and control systems projects. Staff and management openings exist at all 
levels for BS. MS candidates with backgrounds in. systems requirements, 
design, development and research and familiarity with techniques employed 
throughout the frequency spectrum. In-house programs include the recently 
acquired MINUTEMAN radio launch control system contract for the U. S. 
Air Force Ballistic Systems Division We are located ten miles northeast of 
Buffalo in the picturesque suburban community of Williamsville, New York. 

SYLVANIA ELECTRONIC SYSTEMS 
(G NN Government Sysiems "Nlanagement 
*WS 

for GENERAL TELEPHONE &ELECTRON/CS 

Please send resume in confidence to 
Robert E. Artman 

SYLVANIA ELECTRONIC SYSTEMS— CENTRAL 

1181 Wehrle Drive Williamsville, N.Y. 

An Equal Opportunity Employer 
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PUREST OBTAINABLE 

00000  

ALL YOU NEED 
—from the foremost producer 

of atmospheric gases! 

• Produced under continuous mass 

spectrometer control. 

• Fast nationwide delivery. 

• Guaranteed ultra- high purity. 

• Scientifically blended and tested 

mixtures for any need. 

• Quality based on more than 50 

years of rare gas know-how. 

• Complete technical service. 

SEND FOR NEW 20-PAGE 
ONE-SOURCE RARE GAS BOOKLET 

First comprehensive 
price and specification 

list for all rare gases 
and mixtures... 

CLIP COUPON — ATTACH TO 
BUSINESS LETTERHEAD 

Rare Gases, Dept. IRE-9 
Linde Company 
Division of Union Carbide Corporation 
270 Park Avenue, New York 17, N. Y. 

D Please send a copy of your booklet 
listing prices, specifications, and in-
formation on LINDE Rare Gases. 

Ei Have a representative 
contact me. 

LINDE 
UNION 

CARBIDE 

COMPANY 
"Linde" and "Union Carbide" arc registered 
trade marks of Union Carbide Corporation. 

 _J 

Stability 

Front panel 
frequency control 

SPECIFICATIONS 

FREQUENCY 
- STANDARDS 

MODEL 2.5° 

Output 1 volt to 50 ohm load at 
2.5 Mc, 1 Mc and 100 Ko 

1 x 10-'" or better 
over 24 hours 
over ambient temperature range 

-4-5 to .4-35 degrees C 
With power supply variation from 

22 to 32 volts (at % amp) 
for load variation ±-20% 

linear, with range of 
100 x 10 -9 

sensitivity of 5 x 10 -11 
per division 

Compact - Rugged 

All 
Solid State Units 

MODEL 5A 

/ volt to 50 ohm load at 
5 Mc, 1 Mc and 100 Kc 

5 x 10-" or better 
over 24 hours 
over ambient temperature range 
—10 to t 60 degrees C 

with power supply variation from 
22 to 32 volts (at % amp) 

for load variation .±20% 

linear, with range of 
100 x 10 -9 

Sensitivity of 1 x 10-lo 
per division 

Size 4 x 4,/," x 11%" for shelf, 41/2 " x 41/2 " x 11 3/4 " for shelf, 
bulkhead or rack mounting bulkhead or rack mounting 

Standby power supply Model 5P (10 hours battery) for use with either unit. 

41/2 " x 41/2 " x 11 3/4" 

This unit controlling the frequency of National Bureau of Standards radio station WWV 
with a reported stability of 5 x 10-, per day 

SULZER LABORATORIES, INC. 
5526 DORSEY LANE • WASHINGTON 16, D.C. 

The Choice of the Discriminating 
Communication Engineer . . . the 
Man who Never Settles for Anything 
Less than THE-VERY- BEST! 

iellte.,X "BEAMED-POWER" 
ANTENNAS and ANTENNA SYSTEMS 

Provide optimum performance and 
reliability per element, per dollar. 
Antennas from 300 Re to 1300 Me. 
Free PTAS condensed data and pricing 
catalog, describes military and com-
mercial antennas, systems, accessories, 
Towers, Masts, Rotators, "Baluns-

and transmission line data. 

J Communication and TV Antennas 

e rex_ 
LABORATORIES 

Asbury Park 41, New Jersey, U.S.A. 

DIRECT-READING 
ROTATING VANE 
ATTENUATOR 

GE\9 Model X1121A is a contin-
uously variable, precisely cali-
brated, direct-reading attenuator 
specifically designed to provide ex-
treme accuracy and reliability. At-
tenuation range is 0 to 50 DB with 
a calibration accuracy of 0.1 DB 
or ±- 2%, whichever is greater. Ex-
cellent time/stability is combined 
with an input power capacity of 
10 watts average, insertion loss of 
1 DB max. and a VSWR of 1.5 max. 
olv2e4r Gthceisf.ull band width of 8.2 to 

Model X1121A 
Available from stock $247." 

GF .\® 

BUDD-STANLEY CO. 
175 Eileen Way, Syosset, Long Island, N. Y. 

NEW 1962 CATALOG AVAILABLE UPON REQUEST 
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Professional 

Group on 

Audio 

The IRE Professional Group on 

Audio is the oldest and one of the 
most active Groups in the IRE. 
Formed on June 2, 1948, the 

Audio Group now serves the spe-

cialized technical needs of over 
4000 Group members who wish to 
keep abreast of progress in com-
munication at audio frequencies, 
the audio portion of the radio fre-
quency spectrum, and recording 
and reproducing. 

Perhaps the most important ac-
tivity of the Group is its technical 
publication, called TRANSAC-
TIONS, which is sent bi-monthly 
to all Group members who have 

paid the $2 assessment. The 
TRANSACTIONS provides an 
invaluable source of authoritative 
information concerning the latest 
developments in the audio field. In 
addition to technical papers the 
TRANSACTIONS contains in-

formative technical editorials and 
news items pertaining to the audio 
field. To date, Group members 
have received 67 issues comprising 

2250 pages of material devoted to 
their specific field of interest. 

Supplementing its program of 
national meetings, the Audio 
Group has established 17 Chapters 
in cities throughout the country 

which, in cooperation with IRE 
Sections in those areas, hold fre-
quent local meetings on subjects of 
timely interest to the audio en-
gineer. 

Thus the Audio Group, through 
its publications, national confer-

ences, and Chapter meetings, ren-
ders a valuable service which no 
audio engineer can afford to be 
without. 

emit. (Odin, 
Chairman, Professional Groups Committee 

tee ciee' 
I'vue15" 

IRE 
Transactions 

iRE 
anteaCtlOtCM. tli - 

mom«. seisffesegià 

• 

an AUDIO 

n 
sections 

IRE 
T realasettans 

on imaretraw. Ilbaorp Tiosiwwq... • 

At least one of your interests 
is now served by one of IRE's 
29 Professional Groups 
Each group publishes its own specialized papers in its Transactions, 
some annually, and some hi-monthly. The larger groups have organ-
ized local Chapters, and they also sponsor technical sessions at IRE 
Conventions. 

Aerospace and Navigational Electronics (G 11) 
Antennas and Propagation (G-3) 
Audio 1G I') 
Automatic Control (G 23) 
Bio-Meilical Electronics (G 18) 
Broadcast & Television Receivers (G 8) 
Broadcasting (G 2) 
Ciscuit Theory (G 4) 
Communication Systems (G 19) 
Component Parts (G 21) 
Education (G 25) 
Electron Devices (G 15) 
Electronic Computers ( t; 16? 
Engineering Management (l_r 14) 
Engineering Writing and Speech (G 26) 
Geoscience Electronics (G 29) 
Human Factors in Electronics (G 28) 
Industrial Electronics PG 13) 
information Theory (G 12) 
Instrumentation (G 9) 
Microwave Theory and Techniques (G 17) 
Military Electronics (G 24) 
Nuclear Science (G 5) 
Product Engineering and Production (G 22) 
Radio Frequency Interference (G 27) 
Reliability and Quality Control (G 7) 
Space Electronics and Telemetry (G 10) 
Ultrasonics Engineering (G 20) 
Vehicular Communications (G 6) 

Fee $3 
Fee $6 
Fee $2 
Fee $4 
Fee $4 
Fee $4 
Fee $2 
Fee $4 
Fee $4 
Fee $3 
Fee $3 
Fee $5 
Fee $4 
Fee $3 
Fee $3 

Fee $3 
Fee $3 
Fee $4 
Fee $3 
Fee $4 
Fee $4 
Fee $3 
Fee $2 
Fee $2 
Fee $3 
Fee $3 
Fee $2 
Fee $3 

IRE Profe:sional Groups are only open to thobe who are already 
members of the IRE. Copies of Professional Group Transactions 
are av-ti!able to non-members at twice the cost-price to IRE members. 

The Institute of Midi° Engineers 
I East 79th Street, New York 21, N.Y. 

USE THIS COUPON 

Miss Emily Sirjane 
IRE-1 East 79th St., New York 21, N.Y. 

Please enroll me for these IRE Professional Groups 

PG-9-62 

Name   
Address   
Place   

Please ettclose remittance with this order 
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Proceçe 

Poles and Zeros 

Seattle. 1.1 accurdance with 
the established custom of peri-
odically holding IRE Board of 
Directors' meetings near the 

grass roots, the Board met in Seattle, Washington, in May, in 
conjunction with the 7th Region Conference. Members of the 
Board had the opportunity to participate in the Conference 
and to view firsthand the strength, vigor, and problems of the 
region. President Haggerty gave an inspiring address, " Elec-
tronics. Machines, and Man," Director W. G. Sheppard 
chaired a papers session, and Director Dan Noble gave a 
"Crystal Ball" paper on " Electronic Nirvana." During odd 
moments, meeting breaks, and, for some, an extra day, the 
Directors managed to ride the monorail, scale the space 
needle, and see U. S. and International Exhibits. Most talked 
about were the exhibit of France in the Coliseum and " hard-
ware art" in the Art Museum. 

France. The French exhibit drove home, as only the 
French can do it, our heritage, the problems of today's world, 
and the Seven Golden Keys to the Future, which are educa-
tion, research, study of modern life, modern methods of opera-
tional research and decision making, a new urbanism and, gen-
erally, an environment adapted to man, organization of leisure 
more in harmony with nature, and refinement of sensitiveness 
by the practice of art. Here's hoping the French exhibit will 
be reduced to film and circulated so that those who cannot 
visit Seattle can share in this emotional experience and the 
extended contemplative aftermath. 

Electronics, Machine, and Man. In his Seattle address 
President Haggerty used \ i\id examples in reminding his 
Seattle audience that technological progress is a product of 
the present and very recent past and has moved at a greatly 
more rapid pace than any comparable achievement in history. 

Among the factors enabling the United States to develop 
its needed effectiveness are natural resources, size of the na-
tion and its market, governmental hands-off policy (" for 
most of the period") which encouraged individual effort, 
"frontier spirit" (exuberance, courage, willingness to risk. 
self-confidence, self-reliance, acceptance "of personal responsi-
bility for one's own status in life"), the private enterprise 
system which rewards accomplishment, incentive and disci-
pline resulting from profit- making ("succeed or fail"), strong 
emphasis on the useful resulting in demand for, obtaining of, 
and use of engineers in large quantity. 

President Haggerty drew a word-picture of the engineer 
as "contributor of useful products and services to the larger 
society," and one who understands society's needs, is in-
creasingly competent in theoretical and applied science, has 
a "solid feel" for the functioning of the economic system, is an 
able communicator of ideas—verbally and in writing, and has 
"knowledge of where our society came from and judgment as 
to where it is going." 

Although American "organizational and managerial ap-
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proaches . . . have given us our relative and enviable posi-
tion in this world of ours . . . now the situation is changing." 
The international wage and salary differential remains "quite 
sizable"—in Japan, one-sixth that of the United States; in 
Europe, one-third—and although Western Europe's wages 
and salaries will increase more quickly in the next five years 
than those at home, in most cases they will still be at least 50 
per cent below-those in the United States. Wages and salaries 
in Japan can be expected to decline even more under pressure 
of a growing labor force. 

Republican forms of government, the institution of pri-
vate property, and private enterprise are " much more likely 
to succeed than communism," he said, and comprise a " much 
more tenable solution" of problems. 

President Haggerty cited statistics reinforcing his state-
ment that there is nevertheless "cause for concern about the 
scientific and technical manpower buildup in the Soviet Un-
ion, because it has become the principal source of Communist 
strength." 

He said there are indications that the United States does 
not understand its own system: 
—An improved living standard comes from our approach 

to organization, deliberately useful results of technology, and 
the improved productivity resulting from them. 

—Attitudes seem to be developing that profits are "sus-
pect"—at best, "a price to pay." He called profits "essential" 
to the American system. 

—There is " failure to appreciate that a large part of the 
virtue of our system is its flexibility and responsiveness"; and, 
therefore, the system is restricted by wage laws. " undue fear 
of bigness, and exaggerated privilege for the mass voter, 
whether as represented by the farmer or labor organizations." 

The engineer—particularly the electronics engineer—"has 
a critically important role to play in improving national effec-
tiveness at a rate sufficient to ensure competiveness," because 
electronics offers " the tools .. . ( which). . . augment our brain." 

"It is our responsibility as engineers to improve the ef-
fectiveness of our productive machine at a rate sufficient to 
keep it competitive with those of our sister nations of the 
\Vest and superior to the oppressive systems behind the Iron 
Curtain." 

Standards. Copies of "Standards on Electron Tubes: 
Methods of Testing" are available free to members and sub-
scribers who request them. See Page 1974 for information on 
this important document. 

International. The establishment of Region 9 by the IRE 
Board, which results from a steady growth of IRE Member-
ship in Europe and countries bordering the Mediterranean, 
represents a major step in development of the International 
character of IRE. The charter sections are Benelux. Egypt, 
France, Geneva, Israel, Italy, and the United Kingdom. Re-
gional Director is H. R. Rinia of Phillips Electric, Ltd.. 
former Chairman of the Benelux Section.—T.F. J. 



G. A. Woonton 
Director, 1962-1964 

G. A. Woonton (A'40-SNI'44-F'51) was born in London, Ontario, Canada, on July 9,1906. 
He entered the University of Western Ontario in 1922 and was awarded the B.A. degree in 
commercial economics in 1925. After a few years with the Bell Telephone Company of Canada 
and a short time at the University of Chicago, he returned to the University of Western 
Ontario, and was granted the M.A. degree in physics in 1931. In 1955 he was given a D.Sc. 
degree (Hon.) by that University. 

From 1931 to 1939 he held the joint appointment of Research Fellow in the Department of 
Physiology and Demonstrator in the Department of Physics at the University of Western 
Ontario. During that period he worked with a group concerned with the physiology of the 
cerebral cortex; in the Department of Physics he carried on research on the diffraction of 
electrons. With the advent of the war in 1939, he became a full-time member of the Depart-
ment of Physics and a member of the team working with the National Research Council on 
the development of radar. In the Department of Physics, he held the appointments of Lecturer, 
Assistant Professor, Associate Professor, and (in 1946) Research Professor. In 1948 he was 
appointed Professor of Physics at McGill University, Montreal, P. Q. He became Director of 
the Eaton Electronics Research Laboratory in 1950, and in 1955, Macdonald Professor and 
Chairman of the Department of Physics. 

After the war he became interested in analogies between optics and the properties of micro-
wave radiation, in the interaction of electrons in long electron beams, and in the mechanisms 
responsible for the generation of noise in beams at microwave frequencies. During that same 
time he was a member of one of the teams engaged in the development of the prototype of the 
warning system now known as the Mid-Canada Line, and was also a member of the group organ-
ized at the Massachusetts Institute of Technology by the U. S. Navy to look into the problems 
of air defense of the North American Continent. 

During the last five or six years his research has centered in the subjects which are some-
times combined under the heading of Quantum Electronics. He and his associates are inter-
ested in the interactions between the spin systems of paramagnetic ions and the vibrations of 
the crystal lattice, and in a group of phenomena primarily associated with the magnetic proper-
ties of solids. 

Professor Woonton has served the IRE as a student representative at the University of 
Western Ontario, as a member of the Education Committee ( 1945-1946) and as Chairman of 
the London, Ontario section ( 1945). In the International Union of Scientific Radio (URSI) he 
was International Chairman of Commission VII ( Electronics) ( 1952-1957). He was elected 
Vice President of the Union in 1957, a position which he still holds. He is a past President of 
the Canadian Association of Physicists ( 1948-1949), and a member of the American Physical 
Society and Sigma Xi. He was elected a Fellow of the Royal Society of Canada in 1950. 
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Scanning the Issue 

IEEE Ballott (pp. 1892-1897). 
How to Obtain the IRE Standards on Electron Tubes: 

Methods of Testing, 1962 (p. 1974)—This month the IRE is 
publishing the largest standard in its history. Because of its 
unusual size ( 160 pages), it was not feasible to include it in an 
issue of PROCEEDINGS. However, any IRE member or PRO-
CEEDINGS subscriber may obtain one free copy by writing to 
IRE Headquarters and asking for Standard No. 62 IRE 7. SI 
(IRE Standards on Electron Tubes: Methods of Testing, 
1962). In addition to its large size, this standard is noteworthy 
for its comprehensive scope. Consisting of ten parts, it covers 
methods of testing receiving, cathode-ray, gas, microwave 
duplexer, photo, microwave, camera and cathode-ray charge 
storage tubes, as well as methods of measuring cathode-inter-
face impedance and noise in linear twoports. A detailed descrip-
tion and contents listing continues on page 1975. The value of 
standards such as these to the profession is presumably well-
appreciated by most engineers. But one wonders whether 
many people have any idea of the amount of work that goes 
into producing them. In the present case, 167 of the top elec-
tron tube specialists in the profession voluntarily devoted an 
estimated 50,000 man-hours over a seven year period in devel-
oping this Standard. This is comparable, no less, to the man-
hours expended by the National Television System Committee 
in formulating the U. S. color television broadcasting stand-
ards in the early 1950's—probably the greatest cooperative 
effort our profession has witnessed. The result is a document 
which establishes a quantitative base for a major area of radio 
engineering and provides an indispensable tool for those work-
ing in the electron tube and allied fields. Interested readers 
are urged to write for their copy of the Standard promptly. 

Quantum Effects in Communications Systems (Gordon, 
p. 1898)—In the radio frequency portion of the electromag-
netic spectrum, the ultimate limit on the performance of a 
communication system is normally set by thermal noise. With 
communication at infrared and optical frequencies now be-
coming a distinct possibility, we are on the threshold of a 
frequency region where quantum effects come into play and, 
indeed, provide the ultimate limit to our ability to transmit 
information. This paper examines the information capacity 
of various communication systems, taking quantum effects 
into account, and establishes the relative efficiency of ampli-
fiers, heterodyne and homodyne converters and binary count-
ers as a function of frequency and signal or noise power. The 
results will be of timely value to anyone studying coherent 
optical communication systems, providing them a theoretical 
basis for evaluating such systems. 

Negative Impedance Electrometer Amplifiers—Introduc-
lion (MacNichol, p. 1909)—This issue brings together three 
papers describing recent work done in laboratories in New 
York, Bethesda and Copenhagen on developing wide-band 
amplifiers having a very high input impedance. The papers 
are noteworthy in several respects. First, the laboratories in 
question are not electronics organizations; each is engaged in 
medical and biological research. Secondly, the amplifiers they 
have developed have a much higher input impedance than 
any previous wide-band vacuum-tube amplifier design. 
Finally, the technique by which this has been accomplished, 
namely, the use of negative capacitance, thus far seems to 
have been employed only by neurophysiologists in connection 
with the measurement of bioelectric potentials. It is hoped 
that with publication of these papers, this class of amplifier 
will find much broader application in fields such as photoelec-
tric measurements, variable capacitance and piezoelectric 
transducers, electrostatic memory devices, and others. As a 
preface to the three papers which immediately follow, the 
Editor of the IRE TRANSACTIONS ON BIO-MEDICAL ELEC-

TRONICS, who was instrumental in bringing these papers to-
gether, has prepared an excellent, brief introduction to the 
subject, to which he has added a short description of an inter-
esting circuit which employs a field effect transistor instead 
of a vacuum tube. 

Cathode Follower and Negative Capacitance as High In-
put Impedance Circuits (Guld, p. 1912)—In the first paper of 
the aforementioned series, the author is concerned with the 
problem of measuring the potential across the membrane of 
single cells, a problem which calls for an extremely high im-
pedance, low grid current input circuit. He describes a cathode 
follower circuit and a negative capacitance circuit and an-
alyzes and tests them with respect to neutralization of input 
capacitance, noise and grid current. The result is an excellent 
description of the theoretical and practical considerations that 
led to the design of an important and useful circuit. 

Stabilized Wide-Band Potentiometric Preamplifiers 
(Moore and Gebhart, p. 1928)—The second paper of the three 
in this issue dealing with wide-band high impedance ampli-
fiers, in addition to analyzing and describing several suitable 
circuits and providing an excellent discussion of previous work 
in the field, introduces the use of a chopper to stabilize this 
type of amplifier against drift. Also of special interest is the 
authors' use of a simple analog computer as a design aid in 
simplifying the analysis. 

Bandwidth Limits for Neutralized Input Capacity Amplifier 
(Schoenfeld, p. 1942)—The final paper of the series uses the 
root-locus technique for studying the behavior of different 
input capacity neutralization circuits. The analysis yields 
design criteria for maximizing the performance of this class of 
amplifier and provides an excellent theoretical basis for evalu-
ating future neutralization schemes. It also provides an excel-
lent theoretical complement to the preceding two papers. 

On the Reception of Quasi-Monochromatic, Partially 
Polarized Radio Waves (Ko, p. 1950)—The response of a re-
ceiving antenna to a completely (elliptically) polarized radio 
wave has been thoroughly discussed in the literature. How-
ever, electromagnetic waves caused by natural radiation are 
only partially polarized, that is, the electric field vector traces 
out an ellipse whose shape and orientation, instead of remain-
ing constant, is continuously changing. Such waves arise, for 
example, in radio astronomy, microwave plasma diagnostics, 
passive radar mapping, and have long been familiar to physi-
cists in the optics field, a field which is now rapidly becoming 
important to radio engineers. Thus this paper makes a note-
worthy contribution both to antenna theory and practice, 
and, significantly, does so in terms that are compatible with 
modern optical theory. 

Coherent FDM /FM Telephone Communication (Develet, 
p. 1957)—With an active communication satellite, Telstar, 
already in orbit, little further need be said about the timeliness 
of a paper which deals with the design of telephone communi-
cation systems which utilize satellite repeaters. The principal 
results of the paper, namely, establishing the bounds on the 
performance to be expected when employing coherent recep-
tion in FDM/FM satellite communication, are of broad ap-
plicability and will be widely useful, especially since the 
author has adhered to the internationally-approved CCIR 
definitions and standards in deriving his results. 
A Piezoelectric-Piezomagnetic Gyrator (Onoe and Sawabe, 

p. 1967)—A new method has been found for realizing that 
somewhat elusive and intriguing circuit element, the gyrator, 
by means of a clever electromechanical system. This element 
is put to good use to produce a unilateral passive network 
element which, unlike previous gyrator-type isolators, main-
tains a high forward-to-backward ratio at all frequencies. 

Scanning the Transactions appears on page 2005. 
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Letter Accompanying Ballot for IEEE Directors 

August 14, 1962 

AMERICAN INSTITUTE OF 

ELECTRICAL ENGINEERS 

345 East 47 Street 

New York 17, N. Y. 

and THE INSTITUTE OF RADIO 

ENGINEERS, INCORPORATED 

1 East 79 Street 

New York 21, N. Y. 

To the Voting Members of the AIEE and IRE: 

We are happy to report that the Voting Members of our two Institutes have ratified 
the Agreement of Merger (as published in Part II of the April, 1962, issue of the PROCEED-
INGS OF THE IRE, and in Section II of the April, 1962, issue of ELECTRICAL ENGINEERING, 
by a vote of 29,464 aye, 4383 no in AI EE, and 36,221 aye, 5489 no in IRE. This agreement 
provides, in paragraph 3, that the IRE and AIEE Boards of Directors shall nominate a 
slate of 25 Directors for the continuing organization (to be named IEEE), one of whom is 
to be designated President and one designated a Vice President, and that the Voting 
Members of the AIEE and IRE shall vote to accept or reject the slate as a whole. The 
enclosed ballot contains this slate. If you are a Voting Member of both the IRE and AIEE, 
you will receive two ballots and are entitled to vote both. Please mark the ballot for or 
against the slate as a whole, insert it in the plain envelope, seal the plain envelope and insert 
it in the mailing envelope enclosed, and write your signature in the place indicated on the 
mailing envelope. 

In order to be counted, your ballot must be received at the Headquarters designated on the 
mailing envelope before 12:00 noon on October 1, 1962. 

For your information, we enclose biographies of each of the 25 nominees. If elected, they 
will serve, as provided in the Agreement of Merger, until the next ( 1964) Annual Assembly, 
that is, for a term of approximately one year. 

Also provided for your information is a statement on the proposed future organization 
of the Board of Directors of the continuing organization. 

Please mark your ballot "for" or "against" the slate as a whole and return it promptly. 

Very sincerely, 

fre t2-()/ ccti-teice 
B. Richard Teare, Jr. 

President, AIEE 

Patrick E. Haggerty 

President, IRE 
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Ballot 

I hereby vote 

FOR D AGAINST D 

the following persons to be Directors of the continuing Corporation after the merger of the American Institute of 
Electrical Engineers and The Institute of Radio Engineers, Incorporated: 

President—ERNST WEBER (AIEE Fellow '34; IRE Fellow '51) 

Vice President—B. RICHARD TEARE, JR. (ALEE Fellow '42; IRE Fellow '51) 

Director—LLOYD V. BERKNER (IRE Fellow '47; AIEE Fellow '47) 

Director—HENDLEY BLACKMON (AIEE Fellow '49; IRE Senior Member '57) 

Director—WARREN H. CHASE (AIEE Fellow '51; IRE Senior Member '51) 

Director—W. RUSSELL CLARK (AIEE Fellow '61; IRE Senior Member '47) 

Director—JOHN W. DAVIS (AIEE Member '55) 

Director—JOSEPH H. ENENBACH (A1EE Member '61) 

Director—PATRICK E. HAGGERTY (IRE Fellow '58; AIEE Member '62) 

Director— FERDINAND HAMBURGER, JR. (ALEE Fellow '48; IRE Fellow '53) 

Director—JOHN T. HENDERSON (IRE Fellow '51; AIEE Member '57) 

Director—HERBERT O. HODSON (ALEE Fellow '62) 

Director—LYNN C. HOLMES (IRE Fellow '49; ALEE Fellow '51) 

Director—TITUS G. LECLAIR (ALEE Fellow '40) 

Director—CLARENCE H. LINDER (AIEE Fellow '57; IRE Senior Member '62) 

Director—J. ELIOT McCORMACK (AIEE Fellow '44) 

Director—RONALD L. McFARLAN (IRE Fellow '61; AIEE Member '62) 

Director—DANIEL E. NOBLE (IRE Fellow '47) 

Director—BERNARD M. OLIVER (IRE Fellow '54) 

Director—WALTER E. PETERSON (IRE Senior Member '50; AIEE Associate Member '46) 

Director—HARADEN PRATT (IRE Fellow '29; AIEE Fellow '37) 

Director—JOHN D. RYDER (ALEE Fellow '51; IRE Fellow '52) 

Director—WILLIAM G. SHEPHERD (IRE Fellow '52; AIEE Member '51) 

Director—EUGENE C. STARR (MEE Fellow '49) 

Director—F. KARL WILLENBROCK (IRE Senior Member '61) 

Note: Nominees for Directors are listed alphabetically, with date of highest grade of membership. 
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Future Organization of the Board of Directors 

of the Continuing Corporation 

T-` HE AGREEMENT OF MERGER and its Ex-
hibits provide for the appointment of Officers and 
the designation of Directors to particular duties. 

The Resolution of Merger provides for a 14-Man 
Merger Committee to "prepare for and take all neces-
sary steps to implement the merger." Pursuant to this 
Resolution and in the event that the slate of Directors 
presented herewith is approved by the memberships of 
the two Institutes, it is the intention of the Merger 
Committee to suggest to the elected Board, the follow-
ing designations: 

I) Vice President Teare as representing the Sections Committee 

2) Director Oliver as a Vice President representing the Profes-
sional Technical Groups Committee 

3) Director Pratt as Secretary 

4) Director Clark as Treasurer 

5) Director Ryder as Editor 

6) Director Blackmon as representing the Technical Operating 
Committee 

7) Director Berkner (Senior Past President IRE) 

8) Director Chase (Junior Past President AIEE) 

9) Director Haggerty (Junior Past President IRE) 

10) Director Linder (Senior Past President ALEE). 

It is further the intention of the Merger Committee 
to suggest to the Board the establishment of nine geo-
graphical Regions. The preliminary boundaries, which 
are subject to adjustment, of seven Regions in North 
America, including Hawaii and Alaska, are indicated in 
the accompanying map. The Committee, using the best 
information available to it, established these tentative 
boundaries for the purpose of indicating the general 
areas of the Regions so as to have a guide for selecting 
candidates for Regional Directors. The final boundaries 
will not be established until after recommendations have 
been submitted after consideration by all member 
groups directly interested. The Committee will suggest 
the establishment of a Region 8, to cover the member-
ship generally in Europe, the Near East, and North 
Africa, including existing Sections in Benelux, Egypt, 
France, Israel, Italy, Geneva, and the United Kingdom, 
and the establishment of a Region 9 to comprise those 
areas of the World not covered in Regions 1 thru 8. 
The Committee will suggest the designation of the fol-
lowing elected Directors as Regional Directors: 

Region 1—Director Holmes 
Region 2—Director Hamburger 
Region 3—Director Davis 

Region 4—Director Enenbach 

Region 5—Director Hodson 
Region 6—Director Noble 
Region 7—Director Henderson 
Region 9—Director McFarlan 

Note: The Director for the proposed Region 8 will be 
selected in accordance with the Consitution and By-
laws of the continuing Corporation. 
The Committee will further suggest the creation of 

the Honorary title of Director Emeritus and will suggest 
that this title be conferred on Dr. Alfred N. Goldsmith 
and Mr. Elgin B. Robertson. Their biographies are pro-
vided for the information of the Voting Members. 
The members of the 14-Man Merger Committee are: 

Warren H. Chase, Co-chairman for AIEE (AIEE F'5I; IRE SM'5I) 
Junior Past President AIEE; Vice President, Ohio Bell Telephone 
Co., Cleveland Ohio. 

Patrick E. Haggerty, Co-chairman for IRE (IRE F'58; AIEE M'62) 
President IRE; President, Texas Instruments Incorporated, Dallas, 
Tex. 

Lloyd V. Berkner (IRE F'47; ALEE F'47) 
Junior Past President IRE; President, Graduate Research Center 
of the Southwest, Dallas, Tex. 

Hendley Blackmon (AIEE F'49; IRE SM'57) 
Director AIEE; Engineering Manager, Association Activities, 
Centra Laboratories, \Vestinghouse Electric Corp., Pittsburgh, Pa. 

W. Russell Clark (A I EE F'61; IRE SM'47) 
Treasurer AIEE; Assistant to the Vice President, Technical 
Affairs, Leeds and Northrup Company, Philadelphia, Pa. 

John T. Henderson (IRE F'5I ; ALEE M'57) 
Past President IRE; Principal Research Officer, National Re-
search Council, Ottawa, Canada. 

Clarence H. Linder (A I EE F '57 ; IRE SM '62) 
Senior Pa-t President AIEE; Vice President, General Electric 
Company, \ew York, N. Y. 

Ronald L. McFarlan (IRE F'61; AIEE M'62) 
Senior Past President IRE; Consultant Chestnut Hill, Mass. 

Walter E. Peterson (IRE SM '50; AIEE AM'46) 
Past Chairman IRE Los Angeles Section; President, Automation 
Development Corporation, Culver City, Calif. 

Haradan Pratt (IRE F'29; AIEE F'37) 
Secretary IRE; Consultant, Pompano Beach, Fla. 

Elgin B. Robertson (AIEE F'45) 
Past President AIEE; President, Elgin B. Robertson, Inc., 
Dallas, Tex. 

Lawrence M. Robertson (AI EE F'45) 
Past Vice President AIEE; Engineering Manager, Public Service 
Co. of Colorado, Denver, Colo. 

John D. Ryder (IRE F'52, AIEE F'5I) 
Past President IRE; Dean, College of Engineering, Michigan 
State University, East Lansing, Mich. 

B. Richard Teare, Jr. (Al EE F'42; IRE F'5I) 
President AIEE; Dean, College of Engineering and Science, Car-
negie Institute of Technology, Pittsburgh, Pa. 



TENTATIVE REGIONAL BOUNDARIES OF IEEE (Subject to Adjustment) 

Region iLincludes Alaska and Hawaii. 

Region 7 - Canadian Region. 

Region 8 - European Region, including the following 

IRE Sections: Benelux, Egypt, France, Geneva, 

Israel, Italy, United Kingdom. 

Region 9  - The rest of the world, including the 

following IRE Sections: Buenos Aires, Chile, 

Colombia, India, Rio de Janeiro, Tokyo. 
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Biographies of Nominees 
(In order as listed on the ballot.) 

ERNST WEBER-President, Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y. Born 1901. Ph.D. ( 1926) University of Vienna; 
D.Sc. (1927) Technical University, Vienna. President IRE, 1959; 
Vice President IRE, 1962; IRE Director, 1952-62. AIEE Commit-
tees, 1937 to date; IRE Committees, 1941 to date. AIEE Fellow 
(1934) citation: "For investigations and publications on electron flow, 
field transients, nonlinear circuits, and electromagnetic units." IRE 
Fellow (1951) citation: "For his outstanding service and achievement 
in the field of engineering education and for his many contributions 
to electromagnetic theory." Recipient, Electrical Engineering Edu-
cation Medal, 1960 

B. RICHARD TEARE, JR.- Dean, College of Engineering and 
Science, Carnegie Institute of Technology, Pittsburgh, Pa. Born 
1907. D. Eng. ( 1937) Yale University. President AIEE, 1962; Vice 
President AIEE, 1957-59; AIEE Director, 1957-59, 1961 to date; 
AIEE Committees, 1934 to date; IRE Committee, 1944. AIEE Fel-
low ( 1942) citation: "For research and development of control and 
conversion devices and contributions to electrical engineering educa-
tion." IRE Fellow ( 1951) citation: "For contributions in teaching and 
research in the fields of engineering methods, network theory, and 
servomechanisms." Recipient, George Westinghouse Award, 1947. 

LLOYD V. BERKN ER-President, Graduate Research Center 
of the Southwest, Dallas, Tex. Born 1905. B.S.E.E. ( 1927) University 
of Minnesota. D.Sc. ( hon.) ( 1955) Polytechnic Institute of Brooklyn 
and honorary doctorate from Uppsala, Sweden; Calcutta, India; U. 
of Notre Dame; Columbia University; University of Edinburgh, 
Scotland, IRE President, 1961; IRE Director, 1959-62; IRE Com-
mittees, 1937 to date; AIEE Committees, 1947-51, 1958-59. IRE 
Fellow (1947) citation: "For his investigation of ionospheric phen-
omena and his contribution to airborne radar development." AIEE 
Fellow (1947) citation: "For pioneering exploration of the properties 
of the ionosphere." Recipient, Gold Medal of Congress. 

HENDLEY BLACKMON-Engineering Manager, Association 
Acti% ities, Central Laboratories, Westinghouse Electric Corp., Pitts-
burgh, Pa. Born 1903. B.Sc. ( 1925) Georgia Institute of Technology. 
AIEE Director, 1959-62. AIEE Committees, 1949 to date; IRE 
Committees, 1943. AIEE Fellow ( 1949) citation: "For special pro-
ficiency in contributions to electrical literature." Recipient, West-
inghouse Order of Merit. 

WARREN H. CHASE-Vice President, Ohio Bell Telephone 
Co., Cleveland, Ohio. Born 1898. S.B. ( 1924) Harvard University 
School of Engineering. President AIEE, 1961-62; Vice President 
AIEE, 1958-61; AIEE Director, 1958-62; AIEE Committees, 1954 to 
date. AIEE Fellow ( 1951) citation: "For contributions to the engi-
neering of a large telephone system." Recipient, Outstanding Engi-
neer of the Year Award, Cleveland Society of Professional Engineers, 
1960. 

W. RUSSELL CLARK-Assistant to the Vice President, Tech-
nical Affairs, Leeds and Northrup Co., Philadelphia, Pa. Born 1907. 
D.Sc. ( 1938) University of Pennsylvania. Treasurer AIEE, 1960-62; 
AIEE Director, 1956-62; AIEE Committees, 1944 to date. AIEE 
Fellow ( 1961) citation: "For contributions by invention, development 
and design to recording, measuring and control instruments and 
systems." 

JOHN W. DAVIS-Assistant Vice President, Southern Bell 
Telephone and Telegraph Co., Atlanta, Ga. Born 1898. B.S. in physics 
(cum laude) (1921), Georgetown College. D.Eng. (hon.) (1960) 
Clemson College. AIEE Vice President, 1960-61; AIEE Director-at-
large, 1961-62; AIEE Committees, 1960-62. 

JOSEPH H. ENENBACH-District Marketing Manager ( Data), 
Illinois Bell Telephone Co., Chicago, Ill. Born 1923. B.S.E.E. Illinois 
Institute of Technology. Chairman AIEE Chicago Section. Past 
President National Electronics Conference. AIEE Committees, 1958-
62. 

PATRICK E. HAGGERTY-President, Texas Instruments In-
corporated, Dallas, Tex. Born 1914. B.S.E.E. ( 1936) Marquette Uni-
versity; LL.D. ( hon.) ( 1959) St. Mary's University; LL.D. ( hon.) 
(1960) Marquette University. President IRE, 1962. Director IRE, 
1960-62; IRE Committees, 1954 to date. IRE Fellow ( 1958) cita-
tion: "For leadership in the advancement of semiconductor devices." 

FERDINAND HAMBURGER, JR.- Professor and Chairman, 
Electrical Engineering Department and Director, Radiation Lab-
oratory, The Johns Hopkins University, Baltimore, Md. Born 1904. 
D. Eng. ( 1931) The Johns Hopkins University. IRE Editor, 1960-61; 
IRE Director, 1950-51,1959-61; AIEE Committees, 1933-39,1951-
62; IRE Committees, 1951-61. AIEE Fellow ( 1948) citation: "For 
contributions in the fields of electrical insulation and radio engineer-
ing; for consulting and outstanding leadership in engineering educa-
tion." IRE Fellow ( 1953) citation: "For his leadership as a teacher 
and author in the electronics and electrical engineering fields." 

JOHN T. HENDERSON-Principal Research Officer, National 
Research Council, Ottam a, Canada. Born 1905. Ph.D. ( 1932) Univer-
sity of London. President IRE, 1957; IRE Director, 1953-59. IRE 
Fellow ( 1951) citation: "For his contributions in the field of radio di-
rection-finding systems and, in particular, for his work in the develop-
ment of Canadian radar during the war." Member of the Order of the 
British Empire, 1943. 

HERBERT O. HODSON-Vice President in charge of engineer-
ing and power, Southwestern Public Service Co., Amarillo, Tex. Born 
1909. B.S.E.E. ( 1930) South Dakota School of Mines and Technology. 
AIEE Committees, 1951-59. AIEE Fellow ( 1962) citation: "For con-
tributions to the engineering, construction and operations of a rap-
idly growing electric utility system." Recipient, Outstanding Engi-
neer of the Year Award, Texas Society of Professional Engineers, 
1953. 

LYNN C. HOLMES-Executive Assistant, Research and Engi-
neering, General Dynamics/Electronics, Rochester, N. Y. Born 1904. 
M.E.E. (1932) Rensselaer Polytechnic Institute. Vice President 
AIEE, 1958-60; AIEE Director, 1958-62; AIEE Committees, 1947 
to date. IRE Fellow (1949) citation: "For his contributions to theory 
and practice in the field of magnetic recording." AIEE Fellow (1951) 
citation: "For important contributions to the development of sound 
recording." 

TITUS G. LECLAIR-Reactor Applications Manager, General 
Atomic Division, General Dynamics Corp., San Diego, Calif. Born 
1899. B.S.E.E. (1921) D.Sc. (hon.) (1951) University of Idaho. 
President AIEE, 1950-51; Vice President A I EE, 1946-48; A IEE 
Director, 1941-51. AIEE Fellow (1940) citation: "For original con-
tributions to relaying and protective devices and the design of high 
voltage transmission systems." 

CLARENCE H. LINDER-Vice President, General Electric Co., 
New York, N. Y. Born 1903. M.S.E.E. ( 1927) University of Texas; 
D. Eng. ( hon.) ( 1955) Worcester Polytechnic Institute; D. Eng. ( hon.) 
(1956) Clarkson College of Technology. President AIEE, 1960-61; 
Treasurer AIEE, 1958-60; AIEE Director, 1956-61; AIEE Commit-
tees, 1956 to date. AIEE Fellow (1957) citation: "For his contribu-
tions in coordinating electrical development and cultivating engineer-
ing talent." 

J. ELIOT MCCORMACK-Vice President, Consolidated Edi-
son Co. of New York, New York, N. Y. Born 1904. E.E. ( 1926) Poly-
technic Institute of Brooklyn. AIEE Committees, 1934-38,1944-48, 
1959-62. AIEE Fellow ( 1944) citation: "For engineering designs and 
innovations in connection with large power supplies." 

RONALD L. MCFARLAN-Consultant, Chestnut Hill, Mass. 
Born 1905. Ph.D. ( 1930) University of Chicago. President IRE, 1960; 
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IRE Director, 1957-62; IRE Committees, 1958-62. IRE Fellow 
(1961) citation: "For contributions to systems applications of elec-
tronic computers and for effective administrative activities during 
formative periods of technical advancement." 

DANIEL E. NOBLE—Director and Executive Vice President, 
Communications, Semiconductor, Solid State Systems and Military 
Electronics Divisions of Motorola, Inc., Phoenix, Ariz. Born 1901. 
B.S. ( 1929) University of Connecticut; D.Sc. ( hon.) ( 1957) Arizona 
State College. IRE Director, 1957-62; IRE Committees, 1940 to 
date. IRE Fellow ( 1947) citation: " In recognition of his contributions 
to the design and application of very- high-frequency voice communi-
cation systems for police and other emergency services." 

BERNARD M. OLIVER— Vice President, Research and Devel-
opment, Hewlett-Packard Co., Palo Alto, Calif. Born 1916. Ph.D. 
(1940) California Institute of Technology. IRE Director. 1959-61; 
IRE Committee, 1954-61. IRE Fellow ( 1954) citation: "For his 
contributions to communications, particularly in the field of informa-
tion theory and coding systems." 

WALTER E. PETERSON—President, Automation Develop-
ment Corp., Culver City, Calif. Born 1921. B.S.E.E. ( 1943) Univer-
sity of California. Chairman, IRE Los Angeles Section, 1955-56. 
Chairman WESCON Board of Directors, 1961. MEE Committee, 
1955. 

HA RADEN PRATT—Consultant, Pompano Beach, Fla. Born 
1891. B.S. ( 1914) University of California. IRE President, 1938; IRE 
Treasurer, 1941-42; IRE Secretary, 1943-62; IRE Director, 1935-62. 
IRE Fellow (1929) citation: " In recognition of his engineering con-
tributions to the development of radio, of his work in the extension 
of communications facilities to distant lands, and of his constructive 
leadership in Institute affairs." MEE Fellow ( 1937) citation: "For 
contributions to the extension of international radio communica-
tion and to the standardization of radio engineering systems and de-
vices." Recipient, IRE Medal of Honor ( 1944); IRE Founders Award 
(1960). 

JOHN D. RYDER—Dean, College of Engineering, Michigan 
State University, East Lansing, Mich. Born 1907. Ph.D. ( 1944) Iowa 
State University. IRE President, 1955. IRE Editor, 1958-59; IRE 
Director, 1952-59; IRE Committees, 1945-46, 1948 to date; AIEE 
Committees, 1945-60. AIEE Fellow ( 1951) citation: "For inventions 
in the field of instrumentation and control, and contributions to 
electrical engineering literature and education." IRE Fellow ( 1952) 
citation: "For his contributions in industrial applications of elec-
tronics circuits and to education in radio and allied fields." 

WI LLIAM G. SHEPHERD—Professor and Head of Electrical 
Engineering, University of Minnesota, Minneapolis, Minn. Born 
1911. Ph.D. ( 1937) University of Minnesota. IRE Director, 1960-62; 
IRE Committees, 1951-60. IRE Fellow (1925) citation: "For his 
contributions to the development and design of electron tubes, par-
ticularly the reflex klystron." 

EUGENE C. STARR—Consultant, Bonneville Power Adminis-
tration, Portland, Ore. Born 1901. E.E. ( 1938) Oregon State College. 
ALEE Director, 1958-62; AIEE Committees, 1941-62. AIEE Fellow 
(1949) citation: "For research in high voltage phenomena and con-
tributions to electrical engineering education." 

F. KARL W I LLENBROCK—Associate Dean and Director of 
Laboratories, Division of Engineering and Applied Science, Harvard 
University, Cambridge, Mass. Born 1920. Ph.D. ( 1950) ( Applied 
Physics) Harvard University. IRE Director, 1962; Chairman. IRE 
Boston Section, 1959-60. 

Note. The following are biographies of two members not listed on the 
enclosed ballot. The Merger Committee will suggest to the elected Board 
that they each be designated " Director Emeritus." 

ALFRED N. GOLDSMITH—Consulting Engineer, New York, 
N. Y. ( IRE Founder and Charter Member). Born 1889. Ph.D. ( 1911) 
Columbia University. Sc.D. (hon.) (1935) Lawrence College. IRE 
President, 1928; IRE Secretary, 1918-27 ;IRE Editor, 1912-28, and 
1930-53; IRE Editor Emeritus, 1954 to date; IRE Director, 1912-
62; IRE Committees, 1913-53. IRE Fellow (1915) citation: "For his 
contributions to radio research, engineering and commercial develop-
ment, his leadership in standardization, and his unceasing devotion 
to the establishment and up-building of the Institute and its PRO-
CEEDINGS." AIEE Fellow ( 1920) citation: "For pioneering in the de-
velopment of radio communications." Recipient IRE Medal of 
Honor, 1941; IRE Founders Award, 1954. 

ELGIN B. ROBERTSON—President, Elgin B. Robertson, Inc., 
Dallas, Tex. Born 1893. E.E. ( 1915) University of Texas. D. Eng. 
(hon.) ( 1954) Southern Methodist University. MEE President, 
1953-54; AIEE Director, 1947-56; AIEE Committees, 1944-61. 
AI EE Fellow ( 1945) citation: " For original designs of outdoor sub-
station structures, important developments in transformers and 
switchgear, and outstanding service to the War Production Board." 
Honorary Member, AIEE, 1959. 
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Quantum Effects in Communications Systems* 

J. P. GORDONt 

Summary—The information capacity of various communications 
systems is considered. Quantum effects are taken fully into account. 
The entropy of an electromagnetic wave having the quantum sta-
tistical properties of white noise in a single transmission mode is 
found, and from it the information efficiency of various possible sys-
tems may be derived. The receiving systems considered include 
amplifiers, heterodyne and homodyne converters and quantum 
counters. In the limit of high signal or noise power (compared to 
hpB, where h is Planck's constant and y and B are, respectively, the 
center frequency and bandwidth of the channel) the information 
efficiency of an amplifier can approach unity. In the limit of low 
powers the amplifier becomes inefficient, while the efficiency of the 
quantum counter can approach unity. The amount of information 
that can be incorporated in a wave drops off rather rapidly when the 
power drops below hpB. 

I. INTRODUCTION 

W
ITH THE ADVENT of the possibility of 
broad-band communications at frequencies in 
the infrared and optical range, it has become 

important to investigate the effects of the quantization 
of radiation on the capacity of electromagnetic waves 
to transmit information. Unlike the situation prevail-
ing in the microwave range, where thermal noise gen-
erally provides an ultimate limit to our ability to 
transmit information, in the infrared and optical range 
this limit is provided by what may be called quantum 
noise. 
Our work stems principally from the classic work of 

Shannon' on discrete and continuous information 
channels. Gabor" introduced the concept of quantiza-
tion into electromagnetic communication channels and 
coined the term "quantum noise." In consideration of 
the problem of field measurements by a receiver, he used 
an electron beam probe. The shot noise in the beam in-
fluenced his results in an important and, in the light of 
present knowledge, unnecessary way. Stern4.5 has con-
sidered information rates in "photon channels." His 
conclusion' that the information efficiency of a linear 
amplifier can be no greater than 50 per cent conflicts 

" Received March 22, 1962; revised manuscript received June 7, 
1962. 
t Bell Telephone Laboratories, Murray Hill, N. J. 
' C. E. Shannon and W. Weaver, "The Mathematical Theory of 

Communication," University of Illinois Press, Urbana, III.; 1949. 
2 D. Gabor, "Communication theory and physics," Phil. Mug., 

vol. 41, pp. 1161-1187; 1950. 
a D. Gabor, "Lectures on Communication Theory," Res. Lab. of 

Electronics, M.I.T., Cambridge, Mass., Tech. Rept. No. 238; April 
3, 1952. 

T. E. Stern, "Some quantum effects in information channels," 
IRE TRANS. ON INFORMATION THEORY, vol. IT-6, pp. 435-440; 
September, 1960. 

6 T. E. Stern, " Information rates in photon channels and photon 
amplifiers," 1960 IRE INTERNATIONAL CONVENTION RECORD, pt. 4, 
pp. 182-188. 

with the results presented here. The major difference 
may be traced to the fact that he takes no account of 
the information that may be stored in the signal phase; 
and phase information approaches 50 per cent of the 
total possible information in the large signal-to-noise 
case where the quantum theory and the classical theory 
approach one another. Lasher6.7 has also obtained ex-
pressions for information capacity based on quantum 
mechanical principles. His results agree qualitatively 
with ours; the quantitative differences presumably 
arise from the approximate methods which he used. 
We' have previously discussed some of the ideas which 
are utilized in this paper. In other recent work the im-
portant question of the statistical properties of quantum 
noise in linear amplifiers has been studied."" 
Our ruminations will be limited to waves existing in a 

transmission system for which only a single transmission 
mode of the field is utilized. That is, the polarization and 
distribution of the field over any plane perpendicular to 
the direction of propagation are considered invariant. 
This situation is typical of transmisssion in a coaxial 
line or in a waveguide. It will also very likely be true 
for long-distance broad-band optical communication 
systems. A possible departure from such a single-mode 
system would involve the use of the two orthogonal 
field polarizations to provide two independent channels. 

During the course of passage from transmitter to re-
ceiver, the signal is presumed to suffer a large attenua-
tion and, in general, to be supplemented by some 
amount of additive white" noise power. At the receiver 

6 G. J. Lasher, "A quantum statistical treatment of the channel 
capacity problem of information theory," in "Advances in Quantum 
Electronics," J. R. Singer, Ed., Columbia University Press, New 
York, N. Y., pp. 520-536; 1961. 

7 G. J. Lasher, "Channel capacity of optical frequencies," pre-
sented at the NATO-SADTC Symp. on Technical and Military 
Applications of Laser Techniques, The Hague, Netherlands; April, 
1962. 

J. P. Gordon, "Information capacity of a communications 
channel in the presence of quantum effects," in "Advances in Quan-
tum Electronics," J. R. Singer, Ed., Columbia University Press, 
New York, N. Y., pp. 509-519; 1961. 

9 W. H. Wells, "Quantum formalism adapted to radiation in a 
coherent field," Ann. Phys. ( N. Y.), vol. 12, pp. 1-40; January, 1961. 

J. P. Gordon, W. H. Louisell, and L. R. Waller, "Quantum 
fluctuations and noise in parametric processes. II," to be published. 
" J. P. Gordon, W. H. Louisell, and L. R. Walker, "Quantum 

statistics of maser amplifiers and attenuators," to be published. 
12 Since we are concerned with a very broad range of frequencies, 

neither thermal noise nor quantum noise is truly "white," as this 
would imply a uniform spectral density. Rather, the noise is "colored"; 
its spectral density is generally a function of frequency. Since, how-
ever, the systems we consider are all narrow band, in the sense that 
the bandwidth is always much smaller than the carrier frequency, 
the noise may be considered to be white within the bandwidth. Cases 
in which the spectral density of the noise varies appreciably across 
the band may be treated by dividing the band up into smaller seg-
ments, and treating each such segment as an independent channel. 
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Fig. 1—Typical communication system. 

as much as possible of the information remaining in 
the received wave is extracted. The receiver may in-
corporate an amplifier at the carrier frequency or it may 
not. We will investigate both of these cases. Fig. 1 shows 
a typical communications channel such as we have 
described. 

So long as the electromagnetic waves may be de-
scribed classically, i.e., without quantization, Shan-
non' has shown that the information capacity C of a 
signal of average power S in the presence of additive 
white noise power N in a channel of bandwidth B is 
given by 

C = B log (1 4- —S ) 
N 

(1) 

If the logarithm is taken to the base 2, C is in units of 
bits per second. To realize this capacity the signal must 
be modulated in such a way as to have also the statis-
tical randomness of white noise. 

In deriving ( 1) Shannon noted that information and 
entropy were closely allied quantities. In fact he identi-
fied information as prescribed entropy. He was able to 
show that the entropy rate R of a continuous wave, 
having the statistical properties of narrow-band white 
noise and average power P, could be expressed as 

R = B log (—I) (2) 
Po 

where the constant Po is arbitrary. To obtain ( 1) he 
subtracted the entropy rate for the noise alone from the 
entropy rate for the combined signal and noise. The 
latter also has the statistical properties of white noise 
when both signal and noise have these properties in-
dependently. Thus the constant is cancelled out and 

C = B log 
/S +N) N S 

Blpg (—) = B log (1 —). 
Po Po 

Cis the additional entropy occasioned by the presence of 
the signal. Since the signal is completely prescribed, the 
added entropy is prescribed entropy, or information. 

Eq. ( 1) says that the information capacity ap-
proaches infinity as the signal-to-noise ratio approaches 
infinity. This is because as the noise decreases we can 
make more and more accurate measurements of the 
state of the signal field. However, the uncertainty prin-

ciple of quantum mechanics tells us that in fact we can-
not measure a field to arbitrary accuracy, and so as 
N-->0, fundamental quantum limitations on information 
capacity make their appearance. 

II. ENTROPY OF W HITE NOISE 

The fact that an electromagnetic wave is quantized 
allows us to obtain an absolute value for its entropy 
without the arbitrary constant of ( 2). Consider the wave 
in a transmission line traveling toward the receiver. 
Assume that the wave velocity is y and that there is no 
dispersion. Then, in time t, the receiver measures the 
field which had previously occupied a length L=vt of 
the line. To describe this field we can expand it into a 
series of orthogonal modes, and then measure the state 
of excitation of each mode as well as possible. A com-
monly used expansion is a spatial Fourier series. For 
this expansion the qth mode varies with distance and 
time according to the exponential factor 

2r 
exp [iq — (z — vi)]. 

The condition for ort logonality of the modes is that the 
different values of q differ by integers. It is also clear 
from the above expression that the mode q has fre-
quency qv/L. Thus the frequency separation between 
adjacent modes is Ai, =v/L. In a bandwidth B there are 
B/Av=-BL/y orthogonal modes. Since L = v1 we see that 
in time t the receiver measures the state of excitation of 
Bt such modes. The rate of arrival of independent 
field modes at the receiver is therefore B. 
The complete description of the field requires meas-

urement of the state of excitation of each mode. Clas-
sically this would involve independent simultaneous 
measurements of the amplitude and phase of each 
mode, or equivalently simultaneous measurement of the 
electric and magnetic fields associated with each mode. 
Thus, classically, we make 2B independent measure-
ments per second to identify the wave. In quantum 
mechanics the measurements of electric and magnetic 
fields are not independent, so we must consider that we 
make only B independent measurements per second, 
each measurement specifiying the state of one particular 
field mode. 
Now we know that a white noise wave must have the 

most random possible excitation of the various modes 
consistent with the average power in the wave. This 



1900 PROCEEDINGS OF THE IRE September 

allows us to calculate the entropy of such a wave. Let 

us specify the state of each mode by assigning to it ex-
actly m photons, i.e., an excitation energy mhv. From 
statistical mechanics'' we know that the entropy per 
mode for a large number of modes is given by the ex-
pression 

'H = — E p(m) log p(m) 

where p(m) is the probability that a mode will contain 
just m photons. The average energy per mode is given 
by 

= hvez = 1w E mp(n) 

and of course since p(m) is a probability, the p(m)'s 
must fulfill the requirement that 

E P(n) = 1. 

To find the most random possible excitation consistent 
with a given average power, we must maximize H by 

varying the probabilities p(m) while keeping Zp(m) and 
Zmp(m) constant. This is a simple problem in the cal-
culus of variations. The set of p(m) which maximize H 
are 

P(m) =  1 itri yn 
1 ± tii 

The average power P in this wave is 

P = EB = tTzhvB 

since E=rTzhv is the average energy per mode and B 
modes per second are incident on the receiver. This 
exponential probability distribution for the excitation 
of the modes is consistent with the exponential power 
distribution which we know is characteristic of white 
noise. The entropy per mode for white noise is thus 

= — E p(m) log p(m) 

= E p(m) [log(1 -F trt) m log ( 1 +1 Ti el )1 

1 
= log ( 1 -1- ir/) tTz log (1 ± 

eTt 
(3) 

Since rrt =P/ity13 where P is the average power in the 
wave, we may express the entropy per mode as 

H = log (1 P hB hvB P log ( 1 -F hvB 
v P 

One may object that the specification of the excita-

13 R. C. Tolman, "The principles of statistical mechanics," Oxford 
University Press, Oxford, England, 1938. See also Shannon and 
Weaver.' 

tion of each mode in terms of exact numbers of photons 
is not the only possible way. However, the number of 
distinguishable excitations within an energy range from 

E to E-1-ZIE should be independent of the quantities 
used for the field specification, and so we are free to 
choose the most convenient specification, as we have 
done. Finally we note that the rate of arrival of entropy 
at the receiver for a white noise wave is 

hvB 
R = HB = B log (1 —  —  log 1 ± 

hvB hv P 
(4) 

Eq. (4) is the quantum equivalent of (2). 
Of the terms in (4) the first has a form quite similar 

to the classical expression and predominates when the 
average number of photons per mode is large compared 
to unity. We can call it the mode entropy. It is equal to 
the rate of arrival of modes, B, times the logarithm of 
tr/±1, which may be thought of rather loosely as the 
number of frequently occurring mode occupation num-
bers in a typical noise wave. By mode occupation num-
ber we mean the number of photons in the mode. 
The second term of (4) is of fundamental quantum 

origin. It is the predominant term at power levels less 
than hvB where the mean occupation number ni becomes 
less than unity. We can call it the photon entropy. It is 
equal to the rate of arrival of photons, P/hv, times the 
logarithm of the number of frequently occurring in-

tervals (i.e., modes) for each photon. We shall see that 
at least part of this entropy can take the form of in-
formation which is recoverable if we use a photocell or 
some other energy-sensitive device as a receiver. 

If we approach classical theory by the frequently used 
artifice of supposing that h becomes very small, it may 
be seen that (4) approaches (2) with the arbitrary con-
stant evaluated as 

Po= hvB/e 

where e is the Naperian base for natural logarithms. 
Since the arbitrary constant contains h, it is clear that 
it could not be determined from a classical description. 

III. ENTROPY AND INFORMATION 

In Section II we found an absolute expression for the 
entropy of white noise, utilizing a particular quantum 
mechanical description of the possible excitations of the 
field modes. It is not obvious, however, that all of this 
entropy can be prescribed as a signal, and so constitute 
information. This is not to say that we cannot modulate 

a CW carrier wave in such a way as to give the resulting 
wave the statistical properties of white noise in the 
prescribed bandwidth B, but rather that there is very 

likely some part of the resulting entropy which is 
essentially irretrievable as information. We must confess 
that we do not know at present the answer to this 
problem. In any event the entropy of the wave is cer-
tainly an upper limit to the amount of information it 
may contain, and as such it is a useful quantity. 
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IV. INFORMATION CAPACITY IN THE PRESENCE 
OF ADDITIVE NOISE 

Suppose we have a signal with average power S ac-
companied by additive white noise with average power 
N. Following the ideas of Shannon we note that the in-
formation in the wave can be no greater than the en-
tropy of the combination of signal plus noise less the un-
informative entropy of the noise alone. The entropy of 
the combined signal and noise is maximized when the 
total wave has the statistics of white noise. Quantum 
mechanically as well as classically, this implies that the 
signal alone should also have the characteristics of white 
noise. The entropy rate for the combined wave is then 
given by (4) with P = S±N, while the entropy rate for 
noise alone has P = N. The upper limit to the informa-
tion in the wave, which we will label Gave, for a signal 
of average power S in the presence of white noise of 
average power N is thus given by 

G ave = R(p—s+N) — 

or 

(wave = B log (1 
N hvB 

S ± hvB hvB 
 log (1 ± ) log (1+  )• (5) 

kv S X X 

For a bandwidth of 109 cps and an additive noise power 
N taken as arising from a black body at 290°K, i.e., 

X = hvB [exp   1]-1 , 
290k 

the information limit, Gave, is plotted in Fig. 2 as a 
function of frequency for power levels ranging from 10-7 
to 10-'3 watt. 

A. Classical Limit 

If the noise power N is considerably greater than hvB, 
we have a situation where a classical description of the 

wave should be adequate. Expansion of (5) to first order 
in the small quantities hi,B/N and (hvB)/(S±N) 
yields 

S hvBS 
Cwave = B[log(1 —  log e • • •]. 

N) 2N(S N) 

Under the assumed condition N»hvB, the second 
term is always much smaller than the first, independent 
of the value of S/N, so the classical description which 
results in ( 2) is quite good. 

If there is no additive noise, but the signal is much 
larger than hvB, we find 

= B [log (I —)+ log e +IzvBI • • • I 

10" 1012 1013 1014 
FREQUENCY IN CPS 

1015 1016 

Fig. 2--Upper limit to the information that may be incorporated into 
an electromagnetic wave in a single transmission mode. Thermal 
noise, as originating from a black body at 290°K, is assumed to 
accompany the wave. 

In the limit of very high signal power this ,expression is 
nearly the same as one would obtain from the classical 
expression ( 1), by assuming the presence of an equiv-
alent "zero-point" noise power hvB/e. Note, however, 
that this equivalence is not exact. 

V. INFORMATION CAPACITY AFTER TRANSMISSION 

As our transmitted signal travels toward the receiver, 
it is attenuated and usually some noise power is added to 
it. If we assume that the added noise is white then the 
information capacity of the received wave is limited by 
(5) where S is the received signal power and N the 
added noise power. 

V.I. INFORMATION CAPACITY AFTER 
COHERENT Am PM FICATION 

Suppose now that the first element of the receiver is 
an amplifier at the carrier frequency. This could be a 
maser, a nondegenerate parametric amplifier or any 
other type of linear amplifier. Assume that the amplifier 
has high gain. There is always internal white noise 
generated in such an amplifier which, referred to the in-
put, may be described by an effective input noise, Arp11. 
In the case of the maser this noise is known to be 

X = KhvB, 

where K=•n2/(n2—ni) and n2 and n1 are, respectively, 
the densities of upper-state and lower-state atoms in the 
active medium. In terms of a negative temperature of 
the active medium T„„ we have 

K =[1 — exp 
kl T„,11_1 • 
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For the parametric amplifier Neff may be written in a 
similar way, with K also greater than or equal to unity." 
After much amplification the additive noise, given by 
the gain times the sum of the incident noise plus the 
effective input noise," is always much greater than hvB 
and so the classical formula applies for the information 
capacity. We find, therefore, that after much amplifica-
tion the information capacity of the wave is reduced to 

Camplifier = B log (1  S 
N ± KhvB 

(6) 

where S is the incident signal, N is the incident noise 
and K> 1. Thus the best possible amplifier, for which 
K=1, retains only the first term in the incident wave in-
formation limit, (5). We now can define the information 
efficiency of an amplifier as amplifier/C.. For the 
interesting case of a perfect amplifier this is plotted for 
various values of signal strength in Fig. 3. The incident 
noise is assumed the same as for Fig. 2. 

After much amplification we may assume that all of 

1.0 

0.8 

02 

o 
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Fig. 3—Information efficiency for an ideal amplifier of high gain. 
Because of spontaneous emission, the ideal amplifier has an 
effective input noise power of hvB, which is responsible for the 
lowering of its efficiency at high frequencies. 

24 W. H. Louisell, A. Yariv, and A. E. Siegman, "Quantum fluctu-
ations and noise in parametric processes. I," Phys. Rev., vol. 124, pp. 
1646-1654; December, 1961. 

14 It has now been established9.1°,11 that the simple addition (volt-
agewise) of the amplified effective input noise to the classically 
amplified signal and real input noise accounts for all fluctuations in 
the output wave. That is, if the signal wave leaving the transmitter 
has the form y. cos (cd.1-1-0.), then the amplified wave has the form 
(GIL)" y, cos (wi +(to +Gin y. cos (cut+45„), where G and L are the 
gain and loss of the amplifier and attenuator, respectively, and where 
the added term in the amplified wave is the fluctuating white noise 
voltage. This is rigorously true no matter how small, in terms of 
quanta per mode, the signal may be at the amplifier input. We are of 
course assuming that the gain and loss are not subject to fluctuations 
caused by such things as variations in the density of attenuating or 
amplifying particles, variations in pumping of a parametric amplifier, 
etc. 

the information remaining in the wave can be extracted, 
so (6) also gives the information capacity of a system 
using a high gain coherent amplifier at the carrier fre-
quency as the first element of the receiver." For small 
N the efficiency drops off for signal levels less than 
about hvB, indicating a substantial loss of information 
in this region for such a system. 

VII. THE HETERODYNE RECEIVER 

Instead of amplifying the wave we might immediately 
make use of a photoelectric device in a heterodyne re-
ceiver."'" To do this we might let the signal and power 
from a CW local oscillator fall simultaneously on a 
photosensitive element. 
Then the photocurrent is proportional to the in-

stantaneous power Pine incident on the element. If the 
quantum efficiency of the photosensitive device is e, the 
current is given by 

Spinet 
= - q 

hv 

where q is the electronic charge. Let the signal frequency 
be cosig and the local oscillator frequency be CO local. If the 
local oscillator power is much greater than the signal 
power, the instantaneous power will have the form 

Pleca l -F 2N/Ps igPiocal cos (wsig — wioeui)t -I- • • • 

where P.ig is the instantaneous input signal power and 
P1.1 is the local oscillator power. The photocurrent thus 
consists of a dc component 

eq 
Jo = — Plocal 

and a signal current at the intermediate frequency whose 
mean square is 

2 eq 
I sis 2 = 2 (--) SPlocal 

hv 

where S is the average input signal power. Because of the 
dc current there will be shot noise, whose mean square 
is 

1 N2 = 2q1013 = 2 (-E—)q2PlocalB. 
hp 

16 t might appear that we are departing somewhat from common 
usage here by speaking of the information capacity of a system using 
a specific receiver. The reason for it is that in quantum mechanics the 
properties of the measuring apparatus (i.e., the receiver) inevitably 
influence to some extent the quantities to be measured. Thus, while 
we can obtain from entropy considerations an upper limit to the 
capacity of any system, from which we may derive "efficiencies" for 
particular systems, this upper limit cannot be termed a capacity. It 
would seem that we cannot obtain any expression which might 
properly be called a channel capacity unless we include as an essen-
tial part of the channel such elements of the receiver as are necessary 
to insure that subsequent measurement can be performed with no 
further appreciable reaction back on the channel itself. 

17 A. Javan and R. Kompfner, private communication. 
14 B. M. Oliver, "Signal-to-noise ratios in photoelectric mixing," 

PROC. IRE, vol. 49, pp. 1960-1961; December, 1961. 
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_ 
The ratio /„4,9//N2 is the signal-to-noise ratio at the IF, 
which comes out to be simply ES/hvB. This implies an 
information capacity for the IF signal of 

S 
Chetcrodyne = B log ( 1 -I-

hvB 

It is not difficult to include the effect of incident additive 
noise coming in with the signal. This simply reduces the 
signal-to-noise ratio at the IF to 

S 

1 
.V — hvB 

E 

l tin. information capacity to 

S 
(.1..terotlyete = B log I 1 ±  

1 
N — hvB 

E 

The information capacity of a system using a heterodyne 
receiver thus has the same form as that of a system using 
a coherent amplifier, with K replaced by e'. 

VIII. THE HOMODYNE RECEIVER 

It was pointed out by B. M. Oliverw9 that the homo-
dyne receiver has quite interesting properties. In this 
case we confine the modulation to amplitude modula-
don, along with an allowed phase shift of 7r, and then 
use a local oscillator in the receiver which has exactly 
the same frequency and phase as the signal carrier. Since 
cos(co,, ig — coloco)t is then always equal to ± 1, the in-
stantaneous power incident on the photocell is 

P = P local -F 2N/ P sig / Plow -I- • • • • 

where the quantity N/P.,,, may range through positive 
and negative values according to the modulation ampli-

tude and phase. The dc component of the photocurrent 
is again 

Ey 
lo — Plocal• 

hv 

For this case, however, the signal current is at baseband 
and has bandwidth B/2, where B is the high-frequency 
band used for transmission. The mean-square shot 
current at baseband is therefore 

IN2 = 2qlo(B/2) = (—he vb 2PloralB, 

while the mean-square signal current is now 

= 4 SP ic,„„1 
hv 

'9 B. M. Oliver, "Comments on Noise in photoelectric mixing,'" 
PRoc. IRE (Correspondence), vol. 50, pp. 1545-1546; June, 1962. 

where again S is the average signal power, i.e., the aver-
age of Psis. The signal-to-noise ratio is therefore 

ES 
= 4 , 

hvB 

and so the information capacity of the baseband sig-
nal is 

ES 
Chomodyne = — log (1 + 4 --) • 

2 hvB 

As in the heterodyne case we may include incident noise 
without too much difficulty. The result is 

Chomodyne = — log 
2 

2S 
1 -F 

1 
N ± — hvB 

2E 

where N is the average received noisé in the high-fre-
quency band B. 

Oliver pointed out that in this case the equivalent in-
put quantum noise is only half as large as that occurring 
in the heterodyne receiver or in the equivalent maser. At 
first sight this is somewhat curious. In fact it simply 
indicates that perhaps one cannot always deduce the 
effects of quantum noise simply on the assumption of 
some fixed equivalent input noise which is the same in 
all situations. In no case is the capacity of a system 
using a homodyne receiver greater than the capacity 
limit, (5), of a wave of average power S in the presence 
of the average incident noise N. Such a result would be 
truly surprising. In Fig. 4 the information efficiency for 

1.0 

0.8 

COHERENT AMPLIFIER 

0.2 

o 
to ll 

S/hvB 
to 1 ot ont 

S I0I1 WATT 
B .109 C P S 
TN = 290°K 

BINARY COUNTER 

10 12 10 13 
1014 

FREQUENCY IN CPS 
1015 *16 

Fig. 4—Information efficiency for various receivers for an average 
received signal power of 10-n w, a bandwidth of 10t cps, and an 
external noise temperature of 290°K. Note that at the higher fre-
quencies the coherent amplifier is not as good as the other types 
of receivers. 
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an ideal (e = 1) homodyne system is also plotted against 
frequency, for a signal power of 10-" w and an external 
noise temperature of 290°K. For comparison the in-
formation efficiency of an ideal amplifier is plotted also, 
as well as that of an ideal detector using a binary quan-
tum counter (see Section IX-A, and note that for fre-
quencies of 10'4 cps or greater the external noise may be 
completely neglected). 

IX. THE QUANTUM COUNTER 

Instead of using any of the aforementioned receivers, 
we might simply allow the signal to fall on some photo-
electric device and count the photoelectrons as they are 
produced. If we could do this with unity quantum 
efficiency and with perfect discrimination between 
different numbers of photoelectrons, we would surely 
have an ideal power-sensitive receiver. The information 
capacity for this general case can in principle be found 
since the probability distribution for the various num-
bers of received photons resulting from the transmission 
of some known number of photons has been computed." 
Unfortunately, attempts to calculate the information 
capacity of a communication system using such a re-
ceiver encounter rather great computational difficulties. 
Nevertheless in some simple cases the problem can be 
solved approximately. When S/Ind3 is either much 
larger or much smaller than unity, we may obtain 
approximately correct values for the capacity. 

A. The Binary Counter 

For the case S«hvB, the average number of photons 
per independent field mode is much smaller than unity, 
so that only the two events, no photon received or one 
photon received, have appreciable probabilities. Con-
sider, then, the following communication system. The 
transmitted signal consists of a series of pulses, each of 
duration 1/B and of constant amplitude. The pulses 
occur in a statistically random sequence with the 
probability Q of sending a pulse in any particular time 
interval. A typical transmitted message would then 
appear as in Fig. 5. The average power in the signal is Q 
times the pulse power, or if the energy in each pulse is 
E the average power is QEB. The receiver measures the 
number of received photons in each time interval 1/B; 
thus it makes B measurements per second, which is 
consistent with the notion that there are B independent 
field modes received per second. If the receiver simply 
distinguishes between no photons received or some 
photons received, we will have a system which should 
do nearly as well as possible when the average number of 
photons received per interval is much smaller than unity 
but of course is rather inefficient for larger average 

numbers of photons. This system has the advantage 
that one can compute its information capacity exactly, 
and we shall now proceed to do this. 

Fig. 6 shows the communications channel under con-
sideration. In each time interval 1/B the transmitter 
either emits a pulse or it does not. The probability of 
occurrence of a pulse in any particular time interval is Q. 
If the receiver detects at least one photon in any time in-
terval, it records a 1; if not, it records a 0. To simplify 
matters, let us assume that the quantum efficiency of the 
receiver is unity, and at first let us assume that there is 
no noise in the channel. In this case if the transmitter 
does not send a pulse, the receiver definitely records a 0. 
This is indicated in Fig. 6. On the other hand if the 
transmitter sends a pulse, the receiver does not definitely 
record a 1. There is a finite probability that no photons 
reach the receiver even when the pulse is sent. This 
probability is known, however. So long as the number of 
photons in the transmitted pulse is reasonably well 
known, the probability distribution q(m) for the various 
numbers m of photons received after large transmission 
loss is a Poisson distribution, from which 

q(m) = — 
m! 

Here the average or expected number of received 
photons in the pulse is labeled s. Thus the probability of 
receiving no photons is e-8, and the probability of re-
ceiving at least one is of course 1 These probabili-
ties are also indicated on Fig. 6. 
Now to compute information capacity we must use 

some further results of Shannon's work.' He showed 
that the information I per symbol (i.e., time interval) 

Fig. 5—Typit-al sequence of pulses in a message suitable ior a binary 
communication system. The statistical probability for the occur-
rence of a pulse is 0.25 in this message. 
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20 K. Shimoda, H. Takahasi, and C. H. Townes, "Fluctuations Fig. 6—Schematic diagram for a noiseless binary channel. The vari-
in the amplification of quanta with applications to maser amplifiers," ous probabilities necessary for the solution of the information 
J. Phys. Soc. Japan, vol. 12, pp. 686-700; June, 1957. problem are indicated on the diagram. 
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for such a discrete communication channel is given by 

I = H(y) - Hz(y) 

where H(y) is the entropy per symbol of the received 
message, given by 

H(y) = - E p(y) log p(y) 

summed over the probabilities p(y) for the possible re-
ceived symbols y, while H(y) is the conditional 
entropy of the received message, given by 

H(y) = - E p(x) E p(y) log MY). 

Here the quantities 

[- E Px(Y) log Px(y)1 Y 

are the entropy per symbol of the received message when 
the transmitted symbol (x) is known, and II(y) is this 
entropy averaged over the probability distribution 
p(x) for transmitted symbols. Thus H(y) is the total 
received entropy, while H(y) is that part of the re-
ceived entropy which does not contain information. 
With the help of these formulas we are able to com-

pute the information capacity of the channel. For a 
probability Q of sending a pulse, the total probabilities 
for receiving a 1 or a 0 are 

p(1) = Q(1 - e-8); p(o) = 1 — Q(1 - e-8) 

while the conditional probabilities are 

Ppuixe(0) = e-8; = 1 — e-8, Pn. pulse(0 ) = 1, 

P o pulse(1) = 0. 

The received entropy is then 

H(y) = — Q(1 — e—a) log [Q(1 — e-8] 

- [1 - Q(1 - e-8)] log [1 — ()( 1 — e- ' 11 

and the conditional entropy is 

H(y) = - Q[e-8 log e-8 -F ( 1 - e-8) log ( 1 - 

- (1 - 42) [0]. 

Subtracting the two, we find 

I = - Q(1 - e-8) log Q - [1 - Q(1 - e-a)] 

• log [1 - Q(1 - e-8)] Qe-8 log ea. 

To find the maximum information per symbol we 
must maximize I with respect to Q, under the constraint 
that the average power remain constant. Now since s is 
the average number of received photons per pulse, and 
Q the probability of sending a pulse, the average number 

of photons per time interval is Qs. This is the quantity 
which must remain constant and was called trt in Sec-
tion I. If we therefore substitute Q=ei/s, where ñ t is a 
constant, into I, differentiate with respect to s and set 
the result equal to 0, we obtain the condition for maxi-
mum I. This is 

rs 1]=   
Lm 

( ea 1) 
s 1 

To find ',flax this transcendental equation must be solved 
for s, assuming some value of iii, and then the result 
used to evaluate I. In Fig. 7, s is plotted against /W. It 
may be seen that s does not drop off very rapidly for 
small in. Finally I,„„x can then be calculated, and the in-
formation capacity of this system 

Cbinary = irnaxB 

may be compared to the information limit for a noise-
less wave of the same average power (i.e., ITzln,B) at the 
receiver input. The efficiency of the system 

Cbinary/Cwavo 

is plotted in Fig. 4. It may be seen to approach unity 
slowly at small signal levels. One can in fact show that at 
very very small signal levels, i.e., for loge(l/tTz)>>1, the 
information per symbol approaches 

1 
-->Imax ñi log —  • 

if/ 

This may be compared to H of (3). 

4 5 2 

rT1 

AVERAGE SIGNAL STRENGTH IN PHOTONS PER INTERVAL 

6 

Fig. 7—Optimized average received pulse amplitude for the noiseless 
binary channel as a function of the average number of received 
photons per available time interval. The probability of sending a 
pulse is given by Q=s/s. 
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Fig. 8—Schematic diagram for a noisy binary channel. 

From this fairly simple example the mathematical 
complexity of the quantum counter system is reason-
ably evident. However, the case of the binary counter 
with noise is also simple enough to be calculated. There 
are two cases of possible interest involving noise. The 
first is when the noise in the counter results from 
noise power in the transmission mode accompanying 
the signal. It is then important to consider the effects 
of interference between noise and signal. However, there 
seems little use in calculating information capacities 
for this case since, for a given noise temperature, the 
number of noise photons per interval 1/B, as a function 
of frequency, is for the greater part of the frequency 
range either greater than one—when hv < kT, or much 
less than one when hv>kT. In the former case the 
binary counter is clearly not the most efficient receiver, 
in the latter the noise may be ignored so long as it is 
much less than the signal. 

The second case involving noise in the counter is when 
the noise and signal are statistically independent. This 
would occur if the noise results from dark current in the 
photodetector, or from the effects of stray light incident 

in the receiver from modes other than the transmission 
mode or at frequencies outside of the useful band. If we 
assume that the noise photoelectrons arise from a large 
number of statistically independent causes, then the 
probability distribution of noise photoelectrons is also a 
Poisson. From this the conditional probabilities given in 
Fig. 8 follow. The results of a calculation of L ax for 
these probabilities, based on the equations of the previ-
ous section, are given in Fig. 9. For comparison, for 
the noiseless case, is plotted there also. 

B. The Quantum Counter When S>>hvB 

In the previous subsection we considered a particular 
communication system using a quantum counter for 
which the capacity could be calculated exactly, but 

which approximates an ideal receiver only when 
S-1-N«hvB. We can also obtain an approximate result 
for an ideal quantum counter system which is valid at 
high power levels. We assume again that the transmitter 
sends out a sequence of pulses, each of duration 1/B, 
but with varying amplitudes. We suppose that the re-
ceiver tells the exact number of photons it receives in 

each such time interval, and we may assume that in the 
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Fig. 9—Information efficiency of a binary counter perturbed by 
various amounts of incoherent noise. The numbers n represent 
the average number of noise photoelectrons per pulse interval 
. Note that the efficiency drops off when nisr13> S, and that for 

n greater than 0.1, the efficiency of the binary counter is always 
less than that of the coherent amplifier. 

great majority of intervals it receives a reasonably 
large number of photons. 

The calculation is carried out in the Appendix and 
gives the results that an exponential probability dis-
tribution for the energy of the transmitted pulses is 
approximately optimum, and that for this distribution 
and no noise the information capacity of the counter 
system is [see ( 13)] 

Ccounter = B[log + 0.289 log el. (7) 

In the limit of very high power the constant term can be 
neglected, and the quantum counter then extracts half 
of the information in the wave. It is likely that when the 
wave capacity is small enough so that the second term 
begins to be significant, the exponential distribution is 
no longer optimum. 

Having gone this far we perhaps should go on to add 
noise to the wave and again calculate the information 
capacity. In fact one can do so using similar approxi-
mate methods. Again one finds that in the limit of high 
power the counter system achieves half the capacity of 
the wave. The calculation is much like that in the Ap-
pendix, and in order not to bore the reader excessively, 
we shall omit it here. 
The fact that a system using an energy-sensitive re-

ceiver has a capacity no greater than half of the wave 
capacity in the limit of high power (i.e., high signal-to-
noise ratio) is just what we might expect. In this limit 
the classical theory should give an adequate description 
of physical phenomena. Classically, when the signal-to-
noise ratio is high, then equal amounts of information 

may be obtained from measurements of amplitude and 
measurements of phase; and the energy sensitive re-
ceiver automatically rejects all phase information. 
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X. SUMMARY 

We have found an expression for the absolute rate at 
which entropy is carried by an electromagnetic wave 
having the statistical properties of white noise, in a 
transmission medium which supports a single trans-
mission mode. Further, we have found an upper limit 
for the information capacity of a wave consisting of sig-
nal with average power S in the presence of white noise 
with average power N. We have investigated the in-
formation capacity of a number of communication sys-
tems. The results of this investigation may be sum-

marized as follows: 

1) When the received signal or noise power is much 
larger than hvB, where y is the center frequency of 
the wave and B its bandwidth, a receiver using an 
ideal coherent amplifier or an ideal heterodyne 
converter can extract essentially all the informa-
tion that can be incorporated in the wave, while 
an ideal energy-sensitive receiver is limited to 
about half the capacity of the wave. The ideal 
homodyne converter is intermediate between 

these two. 
2) When the total received power is much less than 

hvB, a binary quantum counter can extract essen-
tially all the information that can be incorporated 
in the wave, while the other types of receivers be-

come increasingly less efficient. 
3) For a given power and bandwidth, the upper limit 

to the information which can be incorporated in an 
electromagnetic wave begins to drop off fairly 
rapidly when y increases beyond P/hB. Viewed 
from another angle, for a given frequency and 
bandwidth there is a kind of threshold for received 
power below which the information capacity of a 
communications channel drops off rapidly. When 
external noise is absent, this power level is about 

hvB. 

APPENDIX 

THE QUANTUM COUNTER W HEN S>>hvB 

Our first step will be to calculate the conditional 

entropy 11.(y). If the transmitter sends a pulse of M 
photons in a particular interval with any reasonably 
small uncertainty and there is no additive noise, the 
probability distribution for received photons is, as be-
fore, known to be a Poisson; that is, the probability of 
reception of m photons when M were sent is 

(iTz)me '74 
Pm (m) —   

m! 

Here ni is the expected number of received photons. 
ni is of course MT, where T is the transmission co-
efficient of the transmission line. By supposition, T is 
much less than unity. The conditional entropy of the 
received signal, Hm(m), may then be written as 

Hm(m) = — E p(m) E Pm(m) log Pm (m). 
.11 

Now 

log Pm (m) = m log tri — fit log e — log (m!) 

and since we assume m is large in the great majority of 
instances we may use Stirling's approximation for ni!, 
which is 

log m! (m + 4) log m — m log e + log V-27t. 

Using this relation we find 

log Pm (m) re. log tTz — (m 4) log m — (m — Fri) log e 

— log Vfli, 

whence 

E pm(m) log Pm(m) 
rn 

= ni log tTz — log V2it — E Pm(m)(m + 4) log m. 

It remains to evaluate the last term. To do this we ex-
pand log m in a power series in (m—t7i)//ii, according to 
the prescription 

m—ni 
log m = log tTz ± log [1 ±  

trz 

= log tTz 
— tTz 1 — 1702 

 +... log e. L tTz 2 m-2 

We can then make the necessary summation in terms of 
the moments of the Poisson distribution Pm (m), for 
which we know that 

E Pm(m)(m — = 0, 
rn 

E Pm(m)(m — /1-1). = ni, etc. 

Doing this we find that 

E Pm (m)(m 4) log m = 

E Pm(m)(m — 17'02 = fh-

(rTz + 4) log ig + 4 log e + 0(1/ni). 

Substituting this in (8) we find the relation 

— E Pm(m) log Pm(m) --= 4 log (22ree  
tTz 

and so the conditional entropy is given very nearly by 

1 
Hm(m) = — E p(m) log (27tetTz). 

2 m 

Since M is exceedingly large over most of its significant 
range, we can replace this summation by an integral, 

thus 

rim (m) f edMp(M) log (27e17t) 
2 o 

and finally since irz is a known function of M, we have 

Hm(m) f 'dtTzp(tri) log ( 27teeTz) 
2 o 

(9) 
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where p(tTt) is the probability distribution of the ex-
pected value of the number of photons incident on the 
receiver and p(Ft)diTt = p(m)dm. 
Now let us ask how the conditional entropy varies 

with the choice of the expected signal distribution 
p(tii). We must know this in order to maximize the in-
formation content of the signal. As before we can ex-
pand log(2retTi) in a power series in et — Tel, where ITt is 
the average value of over the distribution pte. 
Thus 

log 27erW 

= log 27rein ± log (1   
rn 

= log 2trem log e 

.ré. -m\ itTz — 1 —  

L\ m / 2 \ 3 e / 

where 

m = f ITtp(in- ) dirt. 

Substituting this in (9), we find 

Hm(m) 4 log 27re in ± Elog e) 

(fiL— 1.02 4_ 1 (07 — -M) 3 
]p(ITI)dfii. (10) 

2m2 3 & 

It is clear from ( 10) that if th is large, and if the dis-
tribution p(iii) is any reasonably sharp distribution, the 
conditional entropy is very nearly given by the first 
term alone; i.e., 

Hm(m) 4 log ( 27rem) 

and thus is dependent only on the average signal power. 
Thus the problem of maximizing the information in the 
signal subject to a given average power (therefore, a 
given value of WO reduces simply to the problem of 

maximizing the received entropy. This we already know 
how to do. It requires an exponential probability dis-
tribution for received photons. For this distribution 
the received entropy is given by (3) with in replacing 
ni, and for large ni may be approximated by 

H(m) log ni ± log e = log (cm). (11) 

The most straightforward way to obtain an exponen-
tial probability distribution at the receiver is to gen-
erate an exponential probability distribution at the 
transmitter. Our final task is then to check whether our 

result for the conditional entropy at the receiver is valid 
for this very broad distribution as well as for narrow 

ones. For the exponential distribution with a reasonably 
large average, the probability distribution for the ex-
pected number of received photons may be assumed to 
be very nearly continuous and given by 

1 
p(ift) = — exp — 

For this distribution the series expansion ( le), for the 
conditional probability converges embarrassingly slowly, 
so we must go back to the integral form (9). Doing this 
we obtain for the conditional entropy 

1 1 
Hm(m) - J e' dift (--) exp ( trt— —) log (27effl) • 

2 0 

Substituting x=-- we find 

1 1 
m(m) — log (brat) — f dx exp (— x) log x. 

2 2 0 

The integral evaluates to 0.577 log e, so that 

I I m(m) = 4 log (27rein) + 0.289 log e. (12) 

Comparison of this result with ( 10) shows that by going 

to the broad exponential distribution we have slightly 
increased the conditional entropy, but probably not 
enough to invalidate the conclusion that for large e the 
exponential distribution is the optimum one. 

Finally, we obtain for the information per symbol ob-
tained by the ideal quantum counter, 

I = H(m) — Ifm(m) 

where lim(m) is given by ( 12) and Il(m) by ( 11 We 
can express this as 

I = 411(m) — (4 log 27 0.289 log e). 

Since 13 II (m) for thise case is just the information capac-
ity of the wave, we find for the information 
capacity of the ideal quantum counter, at high power 
levels, the expression 

C,„„„,„ = BI 4C 80 — B(4 log 27 -I- 0.289 log e). (13) 
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Negative Impedance Electrometer Amplifiers_ 
Introduction* 

EDWARD F. MACNICHOL, JR., MEMBER, IRE 
Editor, IRE Transactions on Biomedical Electronics 

The following brief article, prepared at the invitation of the Editor, serves 
as an excellent introduction to the three papers which follow it —The Editor 

/
T SOMETIMES happens that a group of scientists 
will develop a useful device for its own needs 
which could have application in a much wider field, 

but which remains practically unknown to the engineer-
ing profession as a whole. A case in point was the de-
velopment of stable low-level dc amplifiers in physio-
logical laboratories under pressure of the need for meas-
uring small bioelectric potentials. Before World War II 
it was not uncommon for a physicist or an engineer 
faced with the problem of measuring a few microvolts 
from a source having an impedance of the order of a 

megohm to borrow a suitable instrument from the 
physiology laboratory of the local medical school, since 
one was not obtainable elsewhere. During World War 
II the technique of dc amplification was greatly ad-
vanced to fulfill the needs of such equipment as auto-
matic tracking radar and analog computers used in 
gun pointing and precision bombing. 
The steady drift inherent in vacuum-tube dc ampli-

fiers was avoided by the use of contact modulators 
(choppers) that convert the dc input signal to a low-

frequency carrier that can be amplified and demodu-
lated by conventional means. The bandwidth limitation 

of the chopper amplifier was circumvented by the in-
vention of the chopper stabilized amplifier which uses 
a dc amplifier in parallel with a chopper amplifier that 
compares its output, suitably attenuated, with the 
input and applies a drift correction. The chopper stabil-
ized amplifier appears to be the ultimate in drift-free 
amplification of signals in the range of zero frequency 
to at least several megacycles. Unfortunately, however, 
its input impedance, as ordinarily used, is limited to a 
few megohms at most. 
The class of amplifiers discussed in the next three 

papers has a much higher input impedance than any 
previous wide-band vacuum-tube amplifier design. This 
high impedance is achieved both by the use of negative 
feedback, which also stabilizes the gain, and by the use 
of positive feedback through a capacitance that has the 
effect of cancelling out not only the input. capacitance 

I Received July 23, 1962. 

t Thomas C. Jenkins Department of Biophysics, The Johns Hop-
kins University, Baltimore, Md. 

of the amplifier, but that of the source as well. 
The use of capacitance neutralization of narrow-

band amplifiers goes back to the "neutrodyne" circuit 
of the 1920's which made possible stable triode RF and 
IF amplifiers and therefore radio receivers having suffi-
cient power output to drive a loudspeaker. Even though 
the pentode has supplanted the triode in receiving 
equipment, neutralized amplifiers are still used in most 
transmitting equipment. 

Capacitance-neutralized wide-band amplifiers, on 
the other hand, are a comparatively recent development. 
As in the case with low-level dc amplifiers they have 
been brought to their present stage of development 
through necessity in physiology laboratories. All the 
authors of the three succeeding papers are intimately 
associated with electrophysiological research. However, 
it is to be hoped that when better known the circuits 
discussed will have much broader applications in fields 
such as photoelectric measurements, variable capaci-
tance and piezoelectric transducers, electrostatic mem-
ory devices, etc. It is for this reason that these three 
papers are presented together in the PROCEEDINGS. 

It is of interest that all three authors discuss basically 
the same circuit which is the most straightforward of 
the many configurations that have been employed to 
accomplish the same results. In this writer's opinion, 
none of the others, while admittedly workable, offer 
any real advantages and only make mathematical cir-
cuit analysis more complicated. The original circuit was 
developed by P. R. Bell' during World War II, as a 
pickup device for an electrostatic storage tube used in a 
radar moving target indicator. This writer was privi-
leged to be associated with Dr. Bell at the time and 
subsequently he and others have used the circuit in 
electrophysiological amplifiers.' However, Solms, Nas-
tuk, and Alexander' should be given priority for 
first describing its use for this purpose. 

P. R. Bell, "Negative-capacity amplifiers," in "Waveforms," 
M.I.T. Rad. Lab. Ser., McGraw-Hill Book Co., Inc., New York, 
N. Y., vol. 19, especially Appendix A; 1949. 

2 See bibliographies in next three papers. 
3 S. J. SOIMS, W. L. Nastuk, and J. T. Alexander, "Development 

of a high fidelity preamplifier for use in recording bioelectric poten-
tials with intracellular electrodes," Rev. Sci. Instr., vol. 24, pp. 960-
967; October, 1953. 
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The three papers presented here represent the latest 
developments of the sanie basic principles in three dif-
ferent laboratories. The first paper, by Guld, describes 
an elegant circuit in use in his laboratory in Denmark 
and gives in detail the theoretical and practical consid-
erations that led to its design. 
The second paper, by Moore and Gebhart, also de-

scribes a circuit that is in use in the laboratory and the 
design considerations involved. Two items are worthy 
of special attention. The first is the use of an analog 
computer to simulate the circuit on a much longer time 
scale, thus avoiding the effect of stray capacitances, 
parasitic inductances, etc. This permits determining 
which circuit parameters are really important and tests 
the closeness of fit between the real circuit and the 
mathematical model represented by the analog. The 
second item is the application of chopper stabilization 
to reduce drift. To this writer's knowledge, this is the 
first time chopper stabilization has been applied to very 
high impedance amplifiers. 
The third paper, by Schoenfeld, provides a theoreti-

cal basis for optimizing gain, bandwidth, and noise 
figure within the limitations of existing circuit elements. 

Cable 
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12pf 

o (7.7.7.:0 
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2-14 pi 
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Although it does not arrive at any practical circuit de-
sign for a particular application, it provides the designer 
with sufficient insight into the problem for doing so. It 
should form a sound basis for future developments. 

Also of potential future importance is the application 
of neutralization of negative impedance to solid-state 
amplifiers so that they may compete with vacuum-tube 
electrometer circuits. Although positive and negative 
feedback can be applied to junction transistors to raise 
the input impedance to several megohms the noise in-
creases rapidly, particularly at low frequencies, as the 
source impedance is raised. The advent of commercially 
available field effect transistors with guaranteed noise 
figures as low as 0.5 db when used with a 1 megohm 
source impedance' has opened up new possibilities. 
A circuit5 using a field effect transistor is under de-

velopment by this writer. It is shown in its present, ad-
mittedly tentative form in Fig. 1. It comprises an ampli-
fier package that uses a silicon field effect transistor Qi 
as an input device followed by junction transistors G 

4 Crystalonics Type C624, Fairchild Type FSP-400. 
5 Supported by National Science Foundation Grant G-18886. 
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Fig. 1—Circuit diagram of field effect transistor electrometer. All resistors under 1 megohm are 1/2 w, metal film 1 per cent. All high resistors 
are Victoreen Hi Meg. (21 Crystalonics C622 silicon field effect transistor. Q2, (2,, Q6 Raytheon 2N1037 silicon PNP transistors. 124, Qs, 
Raytheon 2N336 silicon NPN transistors. 
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and Q4 as an amplifier and emitter follower. The junc-
tion transistor G is used as a level setting device and 
provides a low impedance for the emitter of Q2. The 
amplifier package has an open-loop voltage gain of ap-
proxiately 50. 

Negative feedback ( 3= 0.5) is applied to the source 
of 121 in analogy with the vacuum-tube circuit to give 
the amplifier a stable voltage gain of very nearly 2. In 
addition, "floating" 6-v positive and negative supplies 
are provided by voltage divider networks and the trans-
istors Q6 and G. These have the same variational volt-
age as the source of Q1 but are displaced from it by + 6v. 
These supplies have two functions: 1) they increase the 

dynamic range of the amplifier by supplying electrode 
potentials that are independent of the magnitude of the 
input signal and 2) they permit compensation by sup-
plying current through a 100-megohm resistor con-
nected to a source of adjustable voltage that has the 
same variational voltage as the source of Qi which makes 
the compensating current very nearly independent of 
the size of the input signal.' Compensation for input 
capacitance is obtained by connecting a variable capac-
itor between the output and the input as in the equiva-
lent vacuum-tube circuit. However, vacuum tubes have 
an input resistance at low frequencies of thousands of 
megohms, so that compensation for input resistance is 
unnecessary. This is not so in the case of the field effect 
transistor and the circuit was found to have an input 
impedance of slightly over 100 megohms. This can be 
increased greatly by connecting an effectively negative 
resistance of the same magnitude to the amplifier input. 
This negative resistance is obtained by connecting a 68-
megohm resistor to an adjustable fraction of the ampli-

fier output. 
Fig. 2 shows the response of the amplifier to a 1000-

cps square wave. The top line shows the response from 
a low impedance source and indicates a voltage gain of 
2. The second line shows the response to the same signal 
applied through 100 megohms with 10 iztif shunting the 
amplifier input. Capacitance compensation was ad-
justed for optimum response but resistance compensa-
tion was disconnected. The signal voltage attenuation 

of nearly 2 indicates an effective input resistance of 
slightly over 100 megohms. The bottom line shows the 
effect of adding resistance compensation to restore 

initial gain of 2. 
The noise figure, although not yet measured directly, 

appears to compare favorably with most of the equiva-
lent vacuum-tube circuits, as shown in Fig. 3. The bot-
tom trace shows the output with a 10-µv PP square 
wave from a low impedance source. The top line shows 
the output when a 1-mv PP square wave is applied 

° J. Y. Lettvin, B. Howland, and R. C. Gesteland, "Footnotes 
on a headstage," IRE TRANS. ON MEDICAL ELECTRONICS, vol. 
PGME-10, pp. 26-28; March, 1958. 

II I 

Fig. 2—Response to 1-kc square wave. Small rectangle on each trace 
is 100-mv PP 1-kc square-wave input at same oscilloscope gain 
as amplifier output. Top trace—response to square wave from low 
impedance source. Middle and bottom traces—amplifier response 
to 100-mv square wave through 100 megohms with 10-pf shunting 
amplifier input. Middle trace with capacitance but without 
resistance compensation. Bottom trace—resistance compensation 
adjusted to give gain of 2. Capacitance compensation optimal. 

Fig. 3—Amplifier noise. Top trace—response of amplifier with 1-mv 
PP 1-kc square wave applied to amplifier input shunted by 10 pf 
through 100 megohm resistor. R and C compensation optimal. 
Bottom trace-10-v PP square wave applied to amplifier from 
50-ohm source. 

through 100 megohms with the amplifier adjusted for 
best compensation. The noise voltage is certainly less 
than an order of magnitude greater than the 125-µv 
rms Johnson noise that would have been generated in 
a 10-kc bandwidth in a 100-megohm resistor at room 
temperature. In addition, the troublesome microphonics 
generated in vacuum-tube amplifiers were conspicuously 
absent. 

It must be emphasized that the above circuit is only 
a first attempt at applying the principle of impedance 
neutralization to wide-band solid-state amplifiers. The 
power consumption is only 60 mw and could probably 
be made much less. Microminiaturization is certainly 
possible so that it should be feasible to locate an array 
of many electrodes and preamplifiers in a small space 
and thus record from a large number of nerve cells 
simultaneously so that their interactions can be studied. 
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Cathode Follower and Negative Capacitance 

as High Input Impedance Circuits* 

CHRISTIAN GULDt 

Summary—Action potentials recorded across membranes may 
have a maximum rate of rise of up to 103 v/sec and the impedance 
of the electrode plus the generator is of the order of 10 M. There-
fore, to reduce distortion of the recorded signal, it is necessary to 
diminish the effective capacitance of the input circuit to about 1 pd. 
It is also requisite to reduce the currents which pass through the bio-
logical specimen, both the input grid current (< 10-'3 A) and the cur-
rent charging the input capacitance ( < 10-, A). The performance of a 
cathode follower and a negative capacitance as to reduction of input 
capacitance was measured by the damping factor a and the time 
constant T' of the second-order transfer function. An equivalent in-
put time constant Te„=aT' of 10 µsec ensures small distortion and 

negligible current through the cell. Whether a cathode follower or a 
negative capacitance is the more suitable depends on the value of 
that part of the input-ground capacitance C„, which cannot be re-
moved by screening. When C, is large (microelectrode deeply im-
mersed in the specimen) a negative capacitance is advantageous; 
with a small value of C, (electrode immersed < I mm) the cathode 
follower may neutralize to a Te,, =30 µsec as does a negative capaci-
tance with a cutoff frequency of 200 kc. A T,„ GIO µsec was obtained 
with a negative capacitance by extending its frequency range to a 
cutoff frequency of several megacycles or by the use of an oscillatory 
response (a < 1). The last mentioned procedure ascertains low noise. 
Compensating the grid current through a large resistor (10 12 It) a 
small value of n„ can be combined with a low noise factor. Te„ and 
the resistance of the electrode can be tested accurately by applying 
the test signal to the input via a small condenser. 

Symbol 

.1' 

.l o 
a 

1. LIST OF SYMBOLS 

Gain of the feedback path 

Amplitude of step voltage 
Low-frequency gain of A' 
Damping factor on the sec-
ond-order transfer func-
tion 

Equivalent input capaci-
tance after neutralization 

Feedback capacitance 
Total input-ground capaci-

tance 
Input-ground capacitance 
without signals 

Cathode-ground capaci-
tance in cathode followers 

Capacitor for application 
of test signal 

Definition 

Appendix I 
(31) 

Appendix I 
Fig. 1 

(3) 

(8) 
Fig. 1 

(25) 

Fig. 7 

(10) 

Fig. 7(b) 

* Received, May 14, 1962. The work was supported by a grant 
from the Michaelsen Foundation, Copenhagen. Based on material 
presented at the 4th International Congress on Medical Electronics, 
New York, N. Y., July, 1961. 
t Institute of Neurophysiology, University of Copenhagen, Den-

mark. 

1 
ic 

R,. 
R,., 

T' 
Te„ 

ve 

vi 

VA. 

Vo 

1/.0' 

AVM 

AVO2 

Stray parallel capacitance 
of model resistor 

Total input capacitance 

Total mean-square noise 
from amplifier input and 
electrode 

Noise factor 
Cutoff frequency of the 
feedback path (cf., Ti) Figs. 10 and 12 

Strength of impulse 
Current charging the equiv-

alent input capacitance 
Resistance of the electrode 
Equivalent noise resistance 

at short-circuited input 
Normalizing time constant 
Equivalent input time con-

stant after neutralization 
Time constant of the feed-

back path (cf., fi) 
Laplace transform of the 

voltage 14. applied to the 
electrode tip 

Laplace transform of the 
voltage vi at the impulse 
grid 

Laplace transform of the 
test voltage vk applied to 
Ck 

Laplace transform of the 
output voltage vu, re-
ferred to unity gain 

Laplace transform of the 
output voltage vu' at 
gain A 

Error on the action 
tial proportional 
first derivative 

Error on the action poten-
tial proportional to its 
second derivative 

Fig. 7(a) 
Section I I I-
D 

poten-
to its 

(17) 
(18) 

(24) 

(8a) 
Fig. 1 
Appendix I I 

(52) 
(2). 

(7) 

Fig. 1 

Fig. 1 

Fig. 1 

Fig. 7(b) 

Fig. 1 

Fig. 1 

(4b) 

(4c) 

II. INTRODUCTION 

HE POTENTIAL across the membrane of single 
cells is usually measured with an electrolyte-filled 
glass pipette microelectrode placed inside the cell. 

Perforation of the cell with a microelectrode with a 
diameter of for example 2 j.r injures the membrane and 
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inevitably changes its state. The errors in measurement 
caused by the injury are of minor importance when the 
diameter of the tapering tip of the electrode is less 
than 0.5 At [1]. These electrodes, filled with 3 m KCl, 
have impedances in the range of 5 to 50 Ma 
The potential measured across the membrane is also 

influenced by the circuit composed of amplifier input 
impedance, electrode impedance and membrane im-
pedance. When the membrane potential changes a cur-
rent flows in the circuit and charges the input to ground 
capacitance; in addition there is a steady flow of grid 
current through the electrode and the cell membrane. 
Two types of error arise from these currents: 

1) The currents may induce a change in the state of 
the cell membrane or may even damage it. 

2) The currents cause a voltage drop over the elec-
trode resistance+ membrane impedance and the voltage 
recorded differs from the correct transmembrane poten-
tial by this voltage drop. 
To eliminate these errors input circuits are required 

which have a high input impedance and a low grid 
current. The input impedance can be increased by re-
ducing the capacitance of the amplifier input and micro-
electrode, and the types of input circuit used in biology 
are: 

1) The input cathode follower introduced as a 
teiode cathode follower [2] and used later as a pentode 
cathode follower [3]. In these circuits the input capaci-
tance is reduced by connecting the screen around the 
input lead to the cathode. 

2) The so called "negative capacitance" [3]— [9]; the 
input capacitance is reduced by introducing positive 
feedback to the amplifier input via a capacitance. 
Each of the two circuits has its own merits and the 

choice depends on the demands of the experiments in 
question. These requirements are in general 

1) the frequency spectrum to be transmitted through 
the recording system (microelectrode + input 
stage) without distortion, 

2) the amount which can be tolerated of the current 
charging the input capacitance, 

3) the amount of grid current which can be tolerated, 
and 

4) the maximum acceptable noise. 

The question is then which intrinsic properties of the 
input stage satisfy a certain set of requirements, and 
which are feasible? A rigorous analysis of the perform-
ance of the cathode follower and the negative capaci-
tance would provide an answer to these questions and 
in particular put the choice between the two circuits on 
a more rational basis. 

Previously the frequency spectrum transmitted by 
the negative capacitance has been calculated solely for 
the critically damped response [10], [ 11]. In the cal-
culation of the frequency spectrum of the cathode 
follower [3], [4], [ 12] the input-ground capacitance 
was disregarded. It will be shown below that this capaci-

tance determines whether the response of a cathode 
follower is oscillatory or not. The analysis of the noise 
problem in these circuits has been qualitative [8], [9] 
or approximate [ 13] and the dependence of noise upon 
the degree of reduction of input capacitance is not 
known. 

The purpose of the present study is to fill these gaps 
by an analysis of the performance both of the cathode 

follower and of the negative capacitance not restricted 
to the critically damped response. It will be shown that 
other types of response may be advantageous; and that 
frequency response, noise and grid current are deter-
mined somewhat by the same circuit parameters. This 
interdependence is unfavorable in that improvement of 
one characteristic often involves deterioration of others. 
A compromise between the different requirements is 
sometimes inevitable and I will discuss below how the 
best compromise can be obtained. The applicability of 
the theory is examined on a cathode follower and a 
negative capacitance of improved performance, whereby 
it is shown that the performance of the given circuits can 
be predicted from theory. A prerequisite for this com-
parison is a correct measurement of the input impedance 
and electrode impedance and the methods to achieve 
this are analyzed and discussed. 

III. NEUTRALIZATION OF INPUT CAPACITANCE1 

A. General Considerations 

The theory of capacitance neutralization is similar for 
the cathode follower and for the negative capacitance. 
The general circuit is shown in Fig. 1. Cf represents the 
sum of capacitances exposed to feedback from the 
amplifier output to the amplifier input. C. represents 
the sum of input-ground capacitances from the elec-
trode and from the amplifier input. The feedback 
amplifier A' is characterized by the low-frequency 
amplification Ao and by the time constant T1. The 
analysis is idealized by the use of a pure resistance R. 
as model of membrane and electrode, and by assuming 
that the output impedance of the amplifier is zero. 
The system composed of amplifier and electrode 

(Fig. 1) has the transfer function [Appendix I (35), (36) 
and (38)] 

VO 1 
(1) 

V. 1 ± saT' s2(jr)2 

This is a general transfer function of second order char-
acterized by the normalizing time constant T' and the 
damping factor a. The constants of amplifier and elec-
trode determine a and T' by the equations 

T' = 2[Re(Cf CG)T,] 112 (2) 

1 The term "Neutralization of input capacitance" indicates the 
reduction of input capacitance in the cathode follower and in the 
negative capacitance. The term "negative capacitance amplifier" is 
somewhat misleading and "negative capacitance" or "negative input 
capacitance" are used instead. 
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Ve 

Fig. 1—Input capacitance neutralization in the cathode follower and 
in the negative input capacitance. R,—electrode resistance, C,— 
input-ground capacitance, c,—feedback capacitance, Air—low-
frequency gain, T1—time constant of the feedback path, y,— 
voltage at the electrode tip, '4— voltage at the input grid, ro'— 
voltage at the amplifier output. vi=vo'/A 0. 
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Fig. 2—Amplitude frequency response from the second-order trans-
fer function ( 1) for the neutralizing input capacitance of Fig. I. 
The response is calculated from (39). u—angular frequency, T' 
normalizing time constant ( 2) and a damping factor ( 3). 

and 

aT' = Re(C, Cf AoCf) + Ti. (3) 

The significance of a and T' is seen from the amplitude-
frequency responses ( Fig. 2), the step responses ( Fig. 3) 
and the impulse responses (Fig. 4) associated with the 
transfer function (1) (see Appendix I). T' determines 
the range of frequencies transmitted or the time to a 
given response and a the amplitudes of the responses at 
a normalized frequency or time. The response is crit-
ically damped when a = 1, damped oscillatory when 
0 <a < 1 and overdamped when a>1. 
The analysis of the transfer function is subdivided in 

1) a determination of the values of a and T' required 
to obtain the desired accuracy of recording 
(Section 111-B), and 

2) a determination of the extent to which these 
values of a and T' can be obtained with a cathode 
follower (Section III-C) and with a negative 
capacitance (Section III-D). 

1 

th,,. VT, 

a 'I 

Fig. 3—Solid curves—Step responses corresponding to Fig. 2 ! calcu-
lated from (40)—(42)1. The step applied to the electrode tip has 
amplitude A volt. Stippled curve—step response of a first-order 
transfer function with time constant 71101. 
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Fig. 4—Impulse response corresponding to Fig. 2 [calculated from 
(43)—(45)1. The impulse applied to the electrode tip is / volt X 
See. 

B. Required Values of a and T' 

The necessary values of a and T' are determined from 
the requirements of 1) a transmission of the recorded 
membrane potential without distortion and 2) a charg-
ing current to the input capacitance which does not 
change the properties of the membrane. 
When neutralizing the input capacitance, the input 

circuit is described by the transfer function of second 
order (1). Its critically damped response is comparable 
with that of a transfer function of the first order with 
the time constant T' (see Fig. 3). Therefore, at a = 1, 
it was suggested to determine distortion [ 10] and input 
charging current [S] by the methods available for the 
first-order transfer function [4], [ 1213]. The following 
analysis of the second-order transfer function concerns 
also the oscillatory and overdamped cases (a> 1). 
By rearranging (1) and translating to the time domain 

the following equations are obtained: 

ve(i) vo(t) eivoi -1- teoz (4a) 
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with 

d(vo(t)) 
Avoi = aT'   

dl 

1 evo(1)) 
Ave = — T"  

4 dt2 

(4b) 

(4c) 

Thus the membrane potential vo(t) can be calculated 
from the recorded potential and its first and second 
derivatives when a and T' are known. Instead of cor-
recting for the distortion an attempt is made below 
to determine the values of a and T' at which the dis-
tortion can be disregarded when recording nerve and 
muscle potentials with a fast initial phase. In this 
evaluation the maximum values are considered. The 
fast transmembrane action potential has an amplitude 
of about 100 mv; at half amplitude of the rising phase 
the first derivative reaches its maximum value of about 

(dvo/dt)„, = 103 v/sec (5) 

and the second derivative reaches maximum at the 
foot and near the top of the rising phase with values 
of about 

(d2vo/dt2)„, = + 109 v/sec2. (6) 

These values are considered independent of a and 
T', since the main effect of small distortions is a delay 
of the action potential [4]. 
The errors Attoi and Avoz as functions of a and T' are 

seen in Fig. 5. When T' is less than 100 µsec and a 
larger than 0.2, Avo2 is small relative to Avoi, and the 
error on the action potential is proportional to the time 
constant (4b) 

T, =- aT' (7) 

denoted as the equivalent input time constant. This 
error can be reduced either by using a small value of 
T' or by using an oscillatory response (a < 1). With an 
error of 10 mv at half amplitude of the rising phase the 
equivalent input time constant Te.2=ar required is 10 
µsec. This time constant is obtained for example with 
T' = 30 µsec and a = 0.3; the error Avo2 
than 3 mv. 
The final question is whether the current, charging 

the input capacitance is sufficiently low with an equiv-
alent input time constant of 10 µsec. With an electrode 
resistance Re and from ( 7) the equivalent input capac-
itance is 

T, aT' 
Ceq = = — • 

Re Re 

The charging current is then 

being still less 

(8) 

ie = Cog • (dvo/dt). (8a) 
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Fig. 5—Maximum errors on the rising phase of an action potential as 
function of the normalizing time constant T' and the damping 
factor a. 'Um (4b), is given at dvo/dt =103 v/sec and Avo2 (4c), at 
d2vo/dt2= ± 107 v/sec2. 

With R,=10 M9, the equivalent input capacitance, 
corresponding to Teg =10 µsec, is Co« = 1 Ne, giving a 
charging current (8a), (5) of 10-9 A. Let us assume that 
a charging current which causes a voltage drop of less 
than 1 mv does not change the properties of the mem-
brane. With a charging current of 10-9 A, the membrane 
impedance seen from the electrode tip can be up to 1 
MO. The smallest cell whose transmembrane properties 
have been measured is the toad motor neuron; the 
total dc resistance of the membrane is 5 MS2 [ 14]. The 
membrane impedance falls during the rising phase of 
the action potential, and it is reasonable to assume 
that it is less than 1 MS2 at half amplitude, i.e., at 
maximum charging current. In most instances, there-
fore, the charging current of 10-9 A is negligible, and a 
To, of 10 µsec ensures distortion free recording of the 
action potential and negligible current through the cell. 
Amatniek [7] and Bak [8] suggest that time constants 
of the order of 2-3 µsec are necessary; in fact this is so 
only, as at nodes of Ranvier, when the membrane re-
sistance approximates 50 Ma 

C. The Cathode Followers 

The principal circuit for neutralization (Fig. 1) ap-
plies to the cathode follower when: 

1) the feedback capacitance Cf is equal to the capaci-
tance between the input lead and its cathode-
connected screen plus the capacitance between 
grid and cathode of the input tube. 

2) the input-ground capacitance Co is equal to the 
sum of the capacitances from the electrode, the 
stray input capacitance and the grid anode 
capacitance of the input tube. 

3) Ao is the amplification from the input to the 
cathode of the cathode follower [ 15], thus 

A o = [1 ± et-1 (g.Rk)-1]-1 (9) 



1916 PROCEEDINGS OF THE IRE September 

where Rk is the cathode resistor, µ the amplifica-
tion factor and gm the transconductance of the 
tube. 

4) the time constant of the feedback path is that of 
the cathode output 

(10) 

where Ck' is the capacitance between cathode and 
ground, including the capacitance of the output 
cable. 

To analyze the neutralization in the cathode follower, 
the conditions (9) and ( 10) are inserted in (2) and (3). 
After rearranging and applying (8) we obtain the equiv-
alent input capacitance C„ and the normalized time 
constant T' as 

aT' 1 1 1 
Ceq =  = Co+ Cf Ck'   (11) 

Re g„,Rk g„,R, 

provided and g„,Rk>>1 

T' = 2[Re(Cf + Co)CkY (12) 

Eq. ( 11) gives the contributions to the equivalent 
input capacitance of the total input-ground capacitance 
C., the total input cathode capacitance Cf and the 
cathode-ground capacitance Ck '. The proper choice of 
the constants of the cathode follower makes the con-
tributions of Cf and Ck ' to C„ negligible (see below). 
Then ( 11) is reduced to 

aT' = ReCo (13) 

which shows that the equivalent input time constant 
T,„=aT' (7) in a cathode follower can be reduced to 
the time constant of the electrode resistance and the 
stray input-ground capacitance; the damping factor a 
is given by the relation between T, and the time con-
stant T'(12). Thus a critically damped response is ob-
tained when T' = ReCo. When T' < R,Co the response is 
oscillatory and when T'>R,C, the response is over-
damped. To obtain a certain value of T' mainly de-
pends upon the selection of a proper value of the 
cathode-ground capacitance Ck i. 

To obtain a small contribution from Cf and Ck' to 
C, (11), it is essential to use a pentode cathode fol-
lower, i.e., a cathode follower in which the screen grid 
follows the cathode potential. Due to its high the 
reduction of Cf (11) is then obtained by a large value of 
g,oRk. Furthermore there is no contribution to Cg from 
the grid-anode capacitance, since the capacitance to the 
screen grid is included in Cf. When the input (includ-
ing an input switch, the tube and the electrode holder), 
is surrounded by a screen connected to the cathode, 
the stray input capacitance is reduced to a degree that 
the capacitance of the electrode alone determines C9. 
The minimum value of the electrode capacitance is 

2-3 µµf and is obtained when only the tip of the micro-
electrode is immersed. The equivalent input time con-

stant T,, which corresponds to an electrode with a 
resistance of 10 M12, is 30 µsec. This is close to the 
value of 10 µsec required to ensure that the recorded 
action potential is but little distorted and that the 
input current is so small as not to affect the membrane 
(see Section III-B). When T' is 30 µsec as well [a = 1 
in ( 13)1 the error from the second derivative is negligible 

(Fig. 5). The conditions necessary to obtain the desired 
value of T' are described in Section VII-A. 

D. The Negative Capacitance 
• 

Fig. 1 represents a negative capacitance with a single 
feedback amplifier, which has at least two stages of 
amplification to obtain the positive feedback of a gain 
Ao larger than unity. The amplifier is assumed to have 
a maximally flat amplitude frequency characteristic 
whose upper limiting frequency fi determines the in-
ternal amplifier time constant Ti=1/(27rfi).2 The feed-
back capacitance Cf may be separate or include the 
capacitance between the inner core and the screen of an 
input cable. 

To analyze the negative capacitance (2) and (3) are 
rearranged, using (8) 

aT' Ti 
C„  = C„ + Cf(1 — Ao) + — • (14) 

Re • 

T' = 2[Re(Cf + C.)Ti] 112. (15) 

With the amplification Ao exceeding unity, the con-
tribution of Cf in ( 14) to the equivalent input capaci-
tance ce, is negative and compensates that from the 
input-ground capacitance C.. By adjusting the three 
parameters Ao, Cf and C„ either singly or in combina-
tion, C„ and T„ can be reduced to values near zero. 
Eq. ( 15) shows that the normalizing time constant T' 
at a certain electrode resistance Re is determined by the 
product of the total input capacitance Cf and the 
time constant Ti of the feedback amplifier. This product 
can be reduced to a degree that T' becomes less than 10 

µsec (see below). Thus values of T,, T' and of the 
damping factor a= T,[1.' can be obtained which are 
requisite for negligible distortion and input current 
when transmembranal action potentials are recorded 
(see Section III- B). C„ and a are determined by a 
small difference between the two first terms on the 
right-hand side of ( 14). A small variation in Cg, Ao or 
Cf causes a large variation in C„ and a, hence these 
three parameters must be stable. On the other hand, 
the damping factor a varies only with the half power 
of the electrode resistance Re [( 14) after insertion of 
T'(15)]. This is an advantage because Re is rather un-
stable. 

2 When the characteristic falls off with 20 db/decade,f; is the fre-
quency at amplitude 3 db down; with a fall of 40 db/decade,fi is half 
the frequency at amplitude 6 db down. 
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T' is brought to a minimum when the product of 
total input capacitance Ct = Cf+ CO and the internal 
time constant 7.1 in ( 15) is minimum. It is necessary to 
find the minimum of the product CiTi as a reduction of 

one of the factors may result in an increase of the other 
factor, the product remaining constant. The minimum 
of the product CiTi occurs at a certain low gain Ao. 
Eq. ( 14) shows that an increase in Ao reduces Cf at a 
given value of C0. On the other hand, since the "gain-
bandwidth product" is constant (cf., the theory of 
wide-band amplifiers) an increase in Ao is also asso-
ciated with an increase in T. A minimum in Ti is ob-
tained by cascading a certain number of amplifying 
stages; at low amplification this number is small. With 
gains of 2 to 4 times and with four stages of amplifica-
tion the minimum of C,Ti is rather flat. A placement of 
the input tube close to the biological specimen to reduce 
C, is of no advantage since Ti is increased by the capac-
itance of the connection between the input tube and 
the main amplifier. The lowest value of CiTi is obtained 
with a short input cable, using the capacitance between 
its inner core and its screen as the feedback capacitance 
Cf. The only efficient way of reducing Ct Ti is by the use 
of tubes with high transconductance. However, since 

low input grid current is required, these tubes can only 
be used in the stages following the input tube. 

IV. THE NOISE 

In most instances the noise from high impedance 
electrodes exceeds the noise from the amplifier itself. 
The neutralization of capacitance extends the frequency 
range of the input circuit and thus increases the noise 
from the high impedance electrode. However, when a 

high degree of neutralization is obtained, there is an 
additional increase in noise, the total noise exceeding 
the electrode noise. The additional noise originates from 
the amplifier-input noise, which is increased by neu-
tralization. The increase is explained by the transfer 
function from a voltage Ei in the amplifier input (Fig. 
6) to the output voltage Vo given by 

Vo 1 ± sRe(Cf + Co) 

— 1 ± saT' 52(1T')2 

[Appendix II, (50)]. 
This transfer function differs by the term sRe(Cf+ Co) 

from the transfer function from a voltage at the elec-
trode tip ( 1). Thus, the higher frequencies are trans-
mitted from the amplifier input with an amplitude 
response which increases by 20 db/decade above the 
response from the electrode tip [8]. The noise from the 
amplifier input is thereby increased relative to the noise 
from the electrode and at a high degree of neutralization 
the amplifier noise may be the larger. Therefore, in the 
input stage of a neutralizing input capacitance the 
same precautions are required to reduce noise as in an 
amplifier for low-level signal recording. The excess noise 
is present independent of whether the neutralization 

(16) 

Fig. 6—General circuit for calculation of transfer functions and time 
responses of the neutralizing input capacitance. ei: equivalent 
input noise with the input grid connected to ground. Other sym-
bols as in Figs. 1 and 7. 

is obtained in a cathode follower or in a negative 
capacitance, since the transfer function for noise ( 16) 
is valid for both amplifiers. The mean-square noise 
of a neutralizing input capacitance is calculated in 
Appendix II. The total mean-square noise from elec-
trode and amplifier in volt2 at room temperature is 

4 X 10—" [ Re,„ ± Co)] . (17) 
ent2 _  1+ + 

aT' R. Ti 

Re, is the equivalent noise resistance of the amplifier 
with short-circuited input. 
The factor in front of the parenthesis is the noise 

from the resistance of the electrode in the frequency 
range obtained by the neutralization. Therefore the 
terms in parenthesis represent a noise factor F indicat-
ing how many times the total noise exceeds the elec-
trode noise. As the frequency range is determined by 
the equivalent input time constant 

Teg =aT'=a2N/Re(Cf-FC0)Ti 

the noise from the electrode is independent of whether 
Te, is reduced by a small damping factor a obtained 
by an oscillatory response or reduced by a small 
internal time constant Ti to reduce T'. The noise 
factor F is independent of the damping factor a, but 
increases when Ti is diminished. Hence the lowest 
noise is obtained when the equivalent input time con-
stant Te, is reduced by the use of an oscillatory re-
sponse (a < 1). On the other hand, a certain reduction 
of T' is necessary to diminish the error originating from 
the second derivative of the action potential (4c). The 
question then arises how to compromise between error 
and noise. With electrodes of high impedance (Re»Re„) 
the noise factor is independent of the electrode resist-
ance R.. The noise factor is given by 

F 1+ R,(C1 C„)/Ti. (18) 

When the noise from the amplifier is equal to the noise 
from the electrode (F=2) the time constant Ti of the 

feedback path is [from ( 18)] 

T,„, = R„(Ci C0) (19a) 
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and the corresponding normalizing time constant T' is 
[from (2) and ( 19a)] 

T'„, = 2/RR„(Cf ± C9). (19b) 

and T'„, are figures of merit of a neutralizing input 
capacitance. A good performance as to both noise and 
error is obtained by minimizing Tim and Tim. This de-
mands a minimum of the total input capacitance Cf+ C, 
composed of all capacitances connected to the input 
whether grounded or exposed to feedback and input 
signals [Appendix I, (37)]. Including the capacitance of 
a deeply immersed electrode ( 10 mg) the total input 
capacitance is hardly less than 20 µµf. Minimizing Tim 
and T'm demands the same precautions to reduce noise 
in the input stage as in a low-level input amplifier. The 
minimum equivalent noise resistance R„ is about 10 
ka With a 10 M9 electrode resistance the T'm corre-
sponding to R„=10 k9 and £,+C9=20 if is 13 µsec. 
Since low distortion could be obtained with T' less 
than 30 µsec in both the cathode follower and the nega-
tive capacitance there is little additional noise when 
underdamping is used to reduce distortion of the first 
derivative type. When utilizing the step response di-
rectly as in voltage clamp experiments (for references 
see [ 19]) underdamping may be a disadvantage and a 
fast response with critical damping may be preferred. 
In this case, in spite of the increase in noise, T' is re-
duced to its minimum by reducing Ti. 
The increase in input noise was due to the rise in 

amplitude of 20 db/decade of higher frequencies trans-
mitted from the input grid of the amplifier ( 16). There-
fore it has been suggested that the noise be reduced by a 
40 db/decade low-pass filter following the neutralizing 
input capacitance [8]. However the denominator in the 
transfer function ( 19) provides a 40 db/decade cutoff 
at high frequencies which is identical with a low-pass 
filter in the output. 
The time constant T',,, (19b) which gives a noise fac-

tor 2 was also calculated by Weimann [ 13], assuming a 
flat frequency response from the electrode tip from dc 
to a frequency fi and zero response of frequencies above 
h. A comparison between Weimann's results and the 
author's show that the time constant T'„, found by 
Weimann's less accurate calculation is a factor 20 too 
small. 

V. THE INPUT GRID CURRENT 

A low input grid current is usually obtained by run-
ning the input tube at a small anode current [16], for 
example 10 µa [5]. Thereby the transconductance of 
the input tube is reduced [ 17a] and the equivalent noise 
resistance increased .[17b]. The low transconductance 
furthermore reduces the gain-bandwidth product of the 
feedback amplifier and thereby limits its frequency 
range, which determines the normalizing time constant 
T'. Thus, minimum grid current does not comply with 
minimum input rise time and minimum noise, and it is 

of interest to reduce the grid current in other ways than 
by lowering the anode current. 
The grid current can be reduced by compensation, 

and this procedure may allow an anode current of the 
order of 0.1 ma, since the corresponding grid current 
of 10-11 A (average on 100 EF804) can be compensated 
such that the current through the biological specimen 
is less than 10-13 A. This input current is sufficiently 
small for most purposes and is of the sanie order as that 
obtained with an input electrometer tube but the proce-
dure has the advantage of lower microphony and noise 
and a wider amplifier frequency range. 
The compensation is provided through a large resistor 

connected to the input grid. Unless this resistor is 
sufficiently large it loads the cell with a current larger 
than the resulting current from the grid, because the 
cell generally introduces dc voltages in the input cir-
cuit of the order of 100 mv. A 1010 9 resistor causes an 
input current of 10-" and compensation to 10-14 A 
offers no advantage. If a 10" 9 resistor (the largest 
available) is not sufficient for this purpose, the resist-
ance can be increased by positive feedback 19]. 
To obtain this high input impedance Teflon and 

ceramics are used as insulating material in the input 
circuit. To ascertain that the insulation is maintained 
during experiments a long test pulse is applied to the 
input through another large resistor. 

VI. TEST PROCEDURES 

The resistance of the microelectrode is mainly 
situated in the tip and determined by its diameter, 
whereas the capacitance is distributed along the elec-
trode with about 1 µµf/mm. Since the transmembrane 
potential acts on a few AL of the tip, the electrode can 
be represented to a first approximation by a pure 
series resistor and a capacitance to ground in parallel 
with the input (Figs. 1 and 7). It is therefore customary 
to test the response of a neutralized input capacitance 
by applying a rectangular pulse to a resistor in series 
with the input [3], [5], [ 7]. This test procedure is not 
suitable when neutralizing to input capacitances of the 
order of 1 µµf, because resistors have a parallel capac-
itance of the same order [Fig. 7(a)]. This parallel 
capacitance diminishes the rise time of the response to 
a rectangular pulse [ 18]. For this reason several in-
vestigators [4], [5], [7] found responses with much 
shorter time constants than should be expected, cal-
culating from (2) with the parameters of their ap-
paratus. To avoid this error it has been suggested [9] 
that the test resistor Re be connected to ground and 
that the test voltage vk be fed to the input via a small 
condenser Ck [Fig. 7(b)]. 

A. Measurement of a and T' 

When a test voltage is applied to 

1) a resistor with parallel stray capacitance C, 
[Fig. 7(a)], 
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(C) 

Fig. 7—Measurement of the performance of capacitance neutraliza-
tion. 

(a) The test signal V. was applied to a resistor R. with stray 
capacitance Cp. 

(b) The test signal Vk was applied to a small condenser Ck ( Cp 
was grounded). 

(c) The test signal V. was applied to a pure resistor R. (e.g., the 
tip of a microelectrode) (C5 and C, were grounded). 

Ce': Input-ground capacitance without signals. For other sym-
bols, see Fig. 1. 

2) a small condenser Ck connected to the input 
[Fig. 7(b)], 

3) a pure resistor R. [Fig. 7(c)1, 
the transformed responses are, respectively [from 
Appendix I (34)] 

(20) 
V e SV 6 

VOA = R eCp - e 
N N 

SVk 
VOB = ReCk 

N 
(21) 

V. 
Voc = — (22) 

N 

where the denominator is 

N --- 1 ± saT' s2(1T')2 (23) 

with a and T' determined from (2) and (3) by the con-
stants of the circuit Ao, Ti, Cf and Cg. 
By applying a step voltage V. to a pure resistor [(22), 

Fig. 7(c)] the step responses of the second-order transfer 

function are recorded (Fig. 3). A step voltage Vk of 
amplitude Ak applied via the small condenser [(21), 
Fig. 7(3)] gives the impulse responses of the second-
order transfer function (Fig. 4), the strength I of the 
impulse being 

/ = ReCkAk volt X sec. (24) 

When a step voltage V. is applied to a resistor with a 
parallel capacitance [(20), Fig. 7(a)] a sum of step and 
impulse responses is recorded and the resulting rise 
time is shorter than T' due to the fast rising phase of the 
impulse response. The rise time is reduced about 4 
times by neutralizing to an equivalent input capaci-
tance of the same size as the stray parallel capacitance 
G [18]. On the other hand, a reliable measure of the 
response constants a and T' is obtained when the test 
impulse is applied through the small condenser: with a 
step voltage Vk applied to Ck, the peak of the impulse 
response (cf., Fig. 4) measures the normalizing time 
constant T' and the undershoot gives a measure of the 
damping factor a. With Vk as an integrated rectangular 
pulse (i.e., a triangular pulse) the step-type response 
(Fig. 3) is proportional to the response to a rectangular 
pulse applied to the electrode tip [(21), Fig. 7(c)] and 
the rising phase and the overshoot measure a and T'. 
The total input-ground capacitance 

C. = C.' C, Ck (25) 

is identical in Fig. 7(b) and (c) in spite oi the different 
connection of Ck, i.e., independent of whether the test 
voltage is applied to Ck or to the pure resistor R.; 
therefore the same values of T' and a are measured by 
the two responses [see Appendix I (37)]. 

Thus, the performance of a neutralizing input 
capacitance with a model resistor of known value is 
measured by comparing its frequency or pulse re-
sponses with those of Figs. 2-4. This comparison 
gives the values of a and T'. Conversely, the frequency 
or pulse response of a neutralized input capacitance can 
be fitted to a response of desired values of a and T' by 
adjustment of the appropriate constants of the cath-
ode follower or of the negative capacitance ( Figs. 11 
and 13). 

B. Testing of Electrode Impedance 

The resistance of an electrode has previously been de-
termined before recording of an action potential by 
measuring the voltage division between the electrode 
and a resistor of known value [3], [4]. To use the same 
procedure as control of the neutralization [4] is inac-
curate, since the parallel stray capacitance of the test 
resistor introduces an error of the sanie type as testing 
performance by a series input resistor [Fig. 7(a)]. Test-
ing of performance through the small condenser [Fig. 
7(b)] gives in addition to a measure of a and T' a correct 
value of the electrode resistance and the test can be per-
formed during and after recording of an action potential. 
Testing with a triangular voltage gives a step response 
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(Fig. 3) whose final amplitude is proportional to the 
electrode resistance R, (21). An approximate triangular 
pulse can be obtained by a large rectangular voltage of 
amplitude V, applied to an integrating RC filter in front 
of Ck [9]. When C>>Ck the load on the RC filter from 
the amplifier input is negligible, and V0= Vr/(1 -1— sRC). 

Inserting this value of Vk in ( 21) and assuming T'«RC, 
the transfer function is 

ReCk V,. 
Von -= X — • 

RC N 

With N=1, (23), nu is the final amplitude of the 
response, indicating that convenient scales for R, as a 
function of Vog can be obtained by adjustment of CO3 V r 

or of the time constant RC. 

When a rectangular pulse was applied to C0 the re-
sponse consisted of two short spikes of opposite sign 
each being of the impulse type ( Fig. 4). The currents, 
which flow through the specimen during the two spikes, 
compensate each other and the resulting current is 
small relative to that from testing with a ramp applied 
to C0. From (24) and Fig. 4 the amplitude of the spike is 
given as 

ReCk 
A, = Are (a)   Ak 

T' 
(27) 

where A „.(a) is the maximum of the relative amplitude 
of the impulse response as function of the damping 
factor a. Inserting ( 2) in (27) gives 

[ R. -1112 
A, = Ar.(a)CkAk   (28) 

(Cf ± Co) TJ 

The amplitude A. is proportional to R," and represents 

a measure of R,. Since this amplitude also depends on 
the damping factor a, A. is a less accurate measure of 
the electrode resistance than is the amplitude (26) of the 
response to a triangular test pulse. Furthermore A. 
varies with the total input capacitance c, +C9. There-
fore, to maintain a constant value of Cf+ Cg during im-
mersion of an electrode, the neutralization in the nega-
tive capacitance ( Fig. 8) is adjusted by variation of a 

condenser in parallel with the input when the amplifica-
tion Ao of the feedback amplifier and the feedback 
capacitance C'f are constant. Cf+ Cg remain constant be-
cause the increase in capacitance due to immersion of 
the microelectrode corresponds to a decrease in capac-
itance of the variable input capacitor. A calibrated 

variable capacitor can be used to measure the electrode 
capacitance as a function of depth of immersion. 
To obtain a correct measurement of the rise time of a 

neutralizing input capacitance, Haapanen [6] suggested 
that the test pulse be delivered via a transiently con-
ducting diode. The input capacitance was charged dur-
ing the transient and the passive decay after cutoff 
represented the measurement of the equivalent input 
time constant. However, after cutoff, the diode operates 
as a small condenser introducing a test signal as de-

scribed in Fig. 7(b) and (21). Hence, when the output is 
thought to be underdamped, it is still overdainped, as 
indicated by the absence of oscillations associated with 
underdamping (Fig. 7 D in [6]). 
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Fig. 8 Negative capacitance with extended frequency range ( modi-
fied from [51). The input coaxial cable operates as the feedback 
capacitance Cf. The phase advance networks in the wide-band 
amplifier and the capacitance compensation of the feedback volt-
age divider is adjusted to flat frequency response ( Fig. 12). C1 re-
duces the noise of the amplifier; the influence of CI on loop gain is 
compensated by R2C2. Designed for low drift; 1-watt carbon film 
resistors unless otherwise specified. 

VII. MEASUREMENTS 

A. The Cathode Follower 

In a single cathode follower the frequency range fi of 
the feedback is limited by the cathode-ground capaci-
tance C0 ' (10). This consists mainly of the capacitance 
of the output cable and the stray capacitance to ground 
of the screen of the input cable. To obtain a wide band-
width, C0 ' should be as small as possible. For this pur-
pose a three-stage cathode follower (Fig. 9) is used in 
which the cathode of the input tube is loaded only by 
the capacitance of the grids of two additional cathode 
followers, one of which drives the screen of the input 
cable, and the other supplies the output. The former has 
a large transconductance and a frequency range of more 
than 5 Mc. The over-all frequency range of the feedback 
is therefore determined by the input tube and is about 1 
Mc (Fig. 10). By additional capacitances C01 this fre-
quency range can be reduced to 200 kc and to 80 kc. 
The performance of the cathode follower was ascer-

tained by measuring the frequency response and the 

noise with a 10 Mn model electrode (inset in Fig. 11). 
To measure the frequency response a sine wave was ap-
plied to the input via a RC-Ck filter. The experiments 
1 through 3 (Table I, Fig. 11) demonstrate how the 
response changes with the frequency range fi of the 

feedback path. When fi is reduced from 1 Mc to 80 kc, 
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the frequency response is transformed from an over-

damped (a,•,, 2) via a critically damped response (a,---,1) 

to an underdamped response (ct ,-. 0.6). The degree of 

reduction of input "cathode" capacitance Cf is found by 

increasing it from 30 µbtf in experiment 1 to 130 in 

experiment 4. The approximate estimation of C„ shows 

a corresponding increase of 0.9 µid or 110-fold reduction 

of input cable capacitance. This is consistent with the 

amplification of the two CF stages (9). 

AR = Api X A02 (1 — 3 X 10-3)(1 — 6 X 10-3) 

1 — 9 X 10-3. 
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Fig. 9—Three-stage cathode follower with wide frequency range in 
the feedback path. 

CF1—with low input grid current and small cathode-ground 
capacitance Ca. 

CF2—with wide-frequency range (4=5 ma) to drive the input 
screen. 

CF2—output cathode follower. 
CFI and CF2 operate as pentode-CF at ac and as triode-CF at dc. 
The gain variation of CFI is compensated by the circuit in the out-
put [see (28) and (29)1. The input switch connects the input grid to 
1) the electrode, 2) ground, and 3) the 10-M2 model electrode. 
Grid current compensation is adjusted with open input. 
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Fig. 10—Frequency responses of the feedback path of the two first 
stages of the cathode follower in Fig. 9. The cutoff frequency fi is 
varied by means of the cathode-ground capacitance a l of the 
input cathode follower. 
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Fig. 11—Frequency responses of the three-stage cathode follower 
(Fig. 9) with a 10 MI/ resistor as model electrode, measured by 
way of the small condenser method [Fig. 7(b)1. 175 is a sine wayk, 
integrated through the filter RC. The figures on the curves denote 
the experiment number and refer to the data of Table I. Curve 1 
also represents the response through a 10 MO micropipette elec-
trode placed in a screened electrode holder and with (he tip of 
the electrode immersed I mm. 

TABLE I 

NEUTRALIZATION OF INPUT CAPACITANCE IN THI. 3-STAGE CF IN FIG. 9 

Exp. 
No. (cf., 
Fig. 11) 

Upper Cutoff 
Freq. of the 
Feedback 

Path ( Fig. 10) 
fi c/sec 

Total 
Input 

Capacitance _,_,,a _ f 
c.) -" 1.44 " 

Normalizing 
Time 
Const. 

(2)* T' µSeT' 

Equiv. 
Input Time 

Const. 
T.q 
µSee 

Equiv. 
Input 

Capacitance 
(8) * 

ei Ceg d 

Damping 
Factor 

(7.74)4' ' ° = "t , ' 

Total Noise e„, ii I' 

Measured at 
the Response 
in Fig. 11 

Calculated 
from 
(17)* 

Noise Factor 
F from 
(18)* 

1 

2 

106 30 15 (26) (2.6) 2 78 90 6 

2.5 

1.5 

25 

2.1cP 30 29 30 3.0 1 55 55 

3 

4 

8.104 30 50 (30) (3 . 0 ) (0.6) 47 47 

10* 30+100$ 31 (35) (3.5) 1 135 160 

5 106 30+311 15 52 5.2 3.5 54 60 6 

* R.=10 Mu, Ti=1/(2itli), R.<,=20 
Teo = IMarfeq) where fe, is the frequency in Fig. 11 with amplitude 0.7 in exp. 1, 4 and 5 and half the frequency with amplitude 0.5 in 

exp. 2 and 3. 
Added to Ci between input and "cathode." 

11 Added to C„ between input and ground. 
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Thus, the unavoidable input-cathode capacitance of 30 
µµf is reduced to 0.3 µµf and represents only 10 per cent 
of the equivalent input capacitance C„ of 3 NA' (meas-
ured in experiment 2). Therefore the main contribution 
to C„ is from stray capacitance between input and 
ground, including the parallel capacitance of the model 
electrode. A 10 M1.1 microelectrode in a screened elec-
trodeholder with only its tip immersed in solution gave 
a Ce„,-,3 ktµf, i.e., the same value as found with the 10 
MIZ model electrode. 
The measured and calculated rms noise of the CF 

were nearly identical (Table II). This confirms the 
existence of noise factors F larger than 1 indicating an 
excess noise in cathode followers due to neutralization 
of the input capacitance. Experiment 1 shows the dis-
advantage of a too-wide frequency range of the feedback 
path since the noise factor is larger than 2 [cf., (19a)]; 
experiment 4 shows the importance of a small total in-
put capacitance [cf., (19b)]. The conditions in experi-
ment 2 represent a good compromise between low noise 
and a frequency response such as to distort the recorded 
action potential but little (cf., Fig. 5). 

TABLE II 

M EASURED TOTAL NOISE e„, OF THE NEGATIVE CAPACITANCE 
SHOWN IN FIG. 8 WITH THE FREQUENCY RESPONSES 

OF FIG. 13 

Upper Cutoff 
Frequency ( Fig. 12) 

h Mc 

e„, aV rms 

a=1 a=0.5 a=2 

4.0 190 280 125 

0.8 86 120 60 

0.16 44 62 32 

The use of pentode coupling in the input cathode fol-
lower and in the cathode follower which drives the input 
screen is essential to obtain the low equivalent input 
capacitance of 3 µW. In the cathode followers in Fig. 9 
pentode coupling is obtained by supplying the screen 
grid via a resistor and by connecting the screen grid to 
the cathode by a capacitor. This coupling replaces the 
battery previously used for this purpose [3], but intro-
duces two minor disadvantages: 

1) The resistor in the screen grid is in parallel to Rk 
and reduces the gain (9). 

2) With a dc input the input tube operates as a triode 
cathode follower, the gain being lower at dc than 
at higher frequencies. 

This difference in gain is compensated by the equaliz-
ing circuit in the output. The ratio between the resistors 
R3 and R4 in the equalizing circuit is given by the ratio 
between the gains of the triode and the pentode cou-
plings. With a large cathode resistor Rki and a large screen 
grid resistor R1 a first approximation is 

R4 

= Mg2g1 
R3 

(29) 

where µ02„1 is the amplification factor of the tube as a 
triode. Assuming the current to the screen grid /6,2 to be 
a constant fraction n of the anode current I,„ the equal-
izer has the time constant 

(R3 + R4)C4 
1 + n 

where RIC' is the time constant in the screen grid of the 
input tube. This equalizing circuit can be adjusted to 
compensate the difference in gain rather exactly. With a 
symmetrical input of two pentode cathode followers to a 
difference amplifier a common mode rejection ratio of 
about 1:105 has been obtained at high amplification, in-
cluding the frequency range of transition from triode to 
pentode gain. 

B. The Negative Capacitance 

The measurements were performed on the negative 
capacitance shown in Fig. 8. The stages following the 
input stage compensate for its poor high-frequency 
response and provide sufficient gain for the positive 
feedback. This was obtained by a negative feedback to 
the cathode of the input tube [5]. A wide frequency 
range was obtained by a three-stage wide-band 
amplifier ( Fig. 8). The networks for phase and frequency 
correction of the negative feedback loop could be ad-
justed stepwise simultaneously with the gain to ensure 
a flat frequency response at high frequencies (Si in Fig. 
8). The frequency range of 5 Mc decreased slightly with 
increasing amplification ( Fig. 12). To obtain a small 
noise factor and to enable neutralization of the capaci-
tance of deeply immersed microelectrodes [ 18], the fre-
quency range could be reduced to 1 Mc or to 200 kc (S2 
in Fig. 8). 
The frequency response for a signal through a 10 MO 

resistor as model electrode was measured by a sine wave 
applied to the input through a RC-Ck filter ( Fig. 13). By 
adjustment of the neutralization the shape of the fre-
quency response experimentally found was fitted to the 
theoretical frequency responses (Fig. 2), in the critically 
damped (a = 1) the underdamped (a = 0.5) and the 
overdamped (a = 2) condition, at the three frequency 
ranges of the feedback amplifier (Fig. 12). The rms noise 
determined at the different frequency responses in Fig.. 
13 are given in Table II. 
At critical damping (a = 1) the calculated and the 

measured value of the normalizing time constant T' 
and of the total rms noise e., are compared in Table 
III. Experimental and calculated values agreed at 
fi = 0.8 Mc and 0.16 Mc. At fi = 4 Mc the experi-
mentally determined value of T' was larger and the noise 
was less than the calculated: the values of T' and noise 
measured atfi= 4 Mc were those to be expected atfi= 2.6 
Mc. The author has no explanation to offer for the dis-
crepancy. 
The noise measured when a = 0.5 and a = 2 (Table 

II) differed by a factor 2, and was related to the noise at 
a = 1 by Nfi, corresponding to the variation of the rms 
noise e.t with Cr112 (17). 

(30) 
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The increase of the amplifier noise above that from 
the electrode [given by F (18)] is shown in Table IV. To 
test the calculations Cf+ Ca was increased and Ti was 
decreased five times. The measured and the calculated 
noise agree in experiment 1.A and 1.B. In experiment 
2.B in which T.; was extremely small the deviation was 
the same as in Table III when fi= 4 Mc. Since T' is not 
changed from .4 to B (Table IV) the noise from the 
electrode resistance is identical ( 17) and the increase in 
noise in B originates solely from an increase in the noise 
of the amplifier input, as indicated by the marked in-
crease in the noise factor. 

0.7 

0,5 

o 
1. OS 

02 

3 S 7 103 IX 2 3 3 7 104 LS 2 

frequency .i/lec 

0,5 

Fig. I2—Frequency responses of the positive feedback path of the 
negative caeacitance in Fig. 8 measured at the "feedback capaci-
tance gains 0.5, 1, 2 and 5 [A0-1 in ( 14)1 at the widest fre-
quency range, and at "gain" 2 at the two lower frequency ranges. 
fi— the measured upper frequency limits giving the rise times 
Ti= lAhrh) used in Tables Ill and IV. 

I Is 2 3 S 7 IS IS 20 

frequency Yc/SIPC 

Fig. 13—Frequency responses of the negative capacitance in Fig. 8 
with a 10 Mn resistor as model electrode measured by way of the 
small condenser [Fig. 7(b)1; Vg, is a sine wave integrated through 
the filter RC. fg— the frequency ranges of the positive feedback 
amplifier (from Fig. 12). Neutralization is adjusted to responses 
which fit those in Fig. 2 at corresponding values of the damping 
factor a. Measurements of noise at these responses are given in 
Table II, and a comparison between measured and calculated 
noise e„g and time constant T' is given in Table III. 

TABLE III 

MEASURED AND CALCULATED NORMALIZING TIME CONSTANT T' 
AND TOTAL NOISE e, OF THE NEGATIVE CAPACITANCE IN FIG. 8 

WHEN ADJUSTED TO A CRITICALLY DAMPED RESPONSE (a = 1) 

Upper Cutoff 
Freq. ( Fig. 12) 

fi 
Mc 

T' µsec e,,, z V rills 

Measured Calculated 
on Fig. 13* from 

a =1 (2)t 

Measured 
(Table II, 
a =1) 

Calculated 
from 
(17)f 

4.0 6 7.5 190 270 

0.8 14 15 86 90 

0.16 30 30 44 41 

* T'=1/rf, where f' is the frequency with amplitude 0.5 in 
Fig. 13, a=1. 

R, =10 Mn, Cf+Cg =  20 1.ted, = 1/(2rfi), R,.,-t= 20 ktt. 

TABLE IV 

TOTAL NOISE e„, OF THE NEG. CAPACITANCE IN FIG. 8 AT DIFFERENT VALUES OF Cf C, AND T1 WHEN T' = 2 VR,(Cf+Co)Ti is CONSTANT 

Exp. No. 
Total Input 
Capacitance 
c,+ c. µid 

I. A 20 

Time Constant of 
the Feedback Am-

plifier T1 psec* 

1.0 

Equiv. Input 
Time Constant 

T' µsec t 

e„, µV rusa 

Measured Calculated ( 17)t 

Noise 
Factor F 
(18)f 

30 44 

I. B 

2. A 

110 0.2 30 100 

41 

110 

20 0.2 14(15) 86 90 

2. B 110 0.04 14(15) 240 380 

I .4 

11 

3 

51 

* T=1/(2wfi), where fi is from Fig. 12. 
t R.-10 MIZ, Re„ = 20 kit, a = 1. 
Frequency response: in experiment 1 is as Fig. 13 lower curve a = 1, in experiment 2 as Fig. 13 middle curve a1. 
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VIII. DISCUSSION AND CONCLUSIONS 

This report describes an analysis of the cathode 
follower (CF) and a similar analysis of the negative 
capacitance (NC) with respect to neutralization of in-
put capacitance, noise and grid current. 
As for neutralization of input capacitance, the NC is 

generally considered superior to the CF since the NC 
can neutralize a capacitance C. between input and 
ground whereas the CF only reduces the capacitances 
Cf connected to its cathode. Whether a NC or CF is 
more suitable depends on the design of the circuits and 
on the experimental situation. When only the tip of the 
microelectrode is immersed the equivalent input 
capacitance C„ is about 3 µµ1 both with one of the com-
monly used NC circuits [5], [7]— [9 ] and with the CF 
circuit described in this report. The CF has the ad-
vantage that adjustment of neutralization is unneces-
sary and that there are no self-oscillations, which occur 
in a NC when the neutralization is adjusted to com-
pensate too large a capacitance. 
With the NC a C., of less than 1 µµf can be obtained 

when the frequency range of the positive feedback is 
extended to several megacycles. As long as only the very 
tip of the microelectrode is immersed in the specimen it 
is only the high-frequency NC which is advantageous as 
compared with the CF. On the other hand when the 
microelectrode is deeply immersed in the specimen it 
contributes about 10 µµf to the input-ground capaci-
tance and only a negative capacitance can reduce this 
amount of input-ground capacitance. A negative input 
capacitance whose positive feedback amplifier has a 
bandwidth of a few hundred kilocycles is sufficient for 
this purpose. A higher degree of neutralization is not 
feasible because the capacitance of the deeply immersed 
electrode is mixed with a small portion of the electrode 
resistance in a distributed manner [ 18]. 
A value of 0.2-0.3 µµf has been suggested as the 

proper equivalent capacitance of an input circuit [ 7] , 
[8]. At present it is hardly possible to obtain such 
values. It is also questionable if the electrode properties 
allow the use of such small values of C., [18]. An 
estimation of the relation between the error on the 
action potential and the value of the equivalent input 
capacitance has shown that a C., of about 1 µµf is suffi-
cient for nearly all types of intracellular measurement of 
action potentials. With this C„ the error at the maxi-
mum rate of rise of an action potential is less than 10 
mV. The current which passes through the cell under 
these conditions does not change the state of the cell 
membrane even when recording from small *cells (toad 
motor neuron) with a "total membrane resistance" of 
5 M12 [ 14]. This assumption seems justified because the 
current causes a voltage drop over the membrane of less 
than 2 mv. 

In a negative input capacitance it is customary to 
adjust neutralization to the so-called critically damped 
response. The critically damped response is of advantage 
in voltage clamp experiments [19] in which the potential 
level of the membrane is changed in a controlled way. 

When action potentials are recorded across the mem-
brane it is possible to reduce errors on the recorded 
potentials by using an oscillatory response. There are 
two types of error: 1) an error proportional to the first 
derivative of the action potential and 2) an error propor-
tional to the second derivative of the action potential. 
Due to the absence of discontinuities in the first deriva-
tive of the action potential, the error proportional to the 
second derivative is small relative to the error propor-
tional to the first derivative, and the first derivative 
error is reduced as effectively by an oscillatory response 
(a < 1) as by extension of the frequency range of the 
feedback amplifier. Thus, when recording action 
potentials the oscillatory response gives an effective re-
duction of C., without extension of the feedback ampli-
fier frequency range. 
A high degree of neutralization in a CF may be 

associated with an oscillatory response [3], 112a], i.e., 
a response with a damping factor of less than 1. The 
author has calculated how the damping factor depends 
on the constants of the CF when the residual input-
ground capacitance C. is taken into account. This calcu-
lation has shown that a given small value of C5 requires 
a correspondingly wide frequency range of the feedback 
path in the CF to avoid the oscillatory response. A criti-
cally damped response with µµf is obtained with a 
frequency range of several hundred kilocycles, which re-
quires a small cathode-ground capacitance of the input 
CF. This has been obtained by introducing' two addi-
tional CF's which separate the capacitance to ground of 
the output cable and of the screen of the input cable 
from the cathode of the input CF. 

It has previously been suggested [4]-16] that meas-
urement of the equivalent input capacitance C„ via a 
series input resistor may be influenced by the stray 
parallel capacitance of the resistor. This method gives 
a value of Ce, which is four times too small if C, is of 
the order of 1 µµf [ 18]. This explains why some investi-
gators [5], [7] have found a smaller value of C., than 
to be expected from the parameters of their circuits. 
Among the methods suggested to overcome this diffi-
culty [6], [9], [10] the only suitable one is testing 
via a small condenser [9]. Testing with a triangular 
wave to the small condenser charges the interior of the 
biological specimen. The author has replaced the tri-
angular wave by a rectangular, thereby avoiding a final 
current through the cell. 
When the input capacitance is neutralized the feed-

back causes an increase in noise of the amplifier input. 
Hence the summated noise from the amplifier and the 
electrode is greater than the noise from the electrode 
alone. The excess noise is present both in the CF and in 
the NC and is enhanced by the wide frequency range 
necessary to reduce C. It is, however, possible to 
reduce the input capacitance to about 1 µµf (at critically 
damped response) without appreciable excess of noise. 
With µµf, obtained with a low-capacitance, low-
noise amplifier input, the noise factor is less than 2, 
i.e., the noise from the electrode is still larger than that 
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from the amplifier input. The corresponding frequency 
range of the feedback amplifier is about 1 Mc. A further 
reduction of C,i, by extending the frequency range of the 
feedback amplifier is associated with a noise factor 
larger than 2, whereas a C,„ of less than 1 1.4, obtained 
by the use of an oscillatory response, preserves a noise 
factor of 2. 

The grid current can be reduced to 10-'3 A or less by 
the use of electrometer tubes [8], [9] or by reduction 
of the anode current in common tubes to less than 10-6 
A. The disadvantages of these methods, increased noise 
and microphony and diminished frequency range of the 
feedback amplifier, can be largely avoided by com-
pensating the grid current via a large resistor. 

APPENDIX I 

Transfer Functions and Time Responses 

The transfer functions used in this report are special 
cases of the general transfer function for the circuit in 
Fig. 6. 
The amplifier has the low-frequency gain Ao and is 

characterized by the single time constant T, thus 

Ao 
A' =   

1 
(31) 

There is a single feedback capacitance Cf and a single 
input-ground capacitance Cg'. The output Vo' is cal-
culated for the following three input voltages present 
simultaneously: 

1) A voltage v, applied to the electrode R, with the 
parallel capacitor C.. 

2) A voltage vk applied to the capacitor Gk. 
3) A voltage ei in the amplifier input which is an 

equivalent measure of the noise originating in the 
amplifier. 

The voltage 14 between amplifier input and ground is 
the resultant of the superposition of the signals 1, 2 and 
3. If the Laplace transforms of the above time functions 
are V«, Vk,E; and V, the current equation for the node 
at the amplifier input is 

(Vk — Vi)sCk (V,— V i)(1/ Re+ sC,) 

± (— V i)sC ± (Vo' — V i)sCi = 0. (32) 

Furthermore 
V o' = Ai(V (33) 

Eliminating V; and A by introducing (31) and (33) in 
(32) and solving for Vo= V0'/A0, i.e., the output referred 

to unity gain, gives 

V,+ V esR,C „4- V ksReCk-i- Ei(14-sRe(Cf-1-00)) 
Vo=   (34) 

11-saT'±e(iT')2 

where a and T' in the denominator are given by 

aT' = R,(C, Cf AoCf) Ti, (35) 

T' = 2N/R,(Cf C,)T,. (36) 

C. in (34)-(36) is 

C9 = C, C. (37) 

which shows that the neutralization concerns the total 
input-ground capacitance C., which consists of all the 
capacitances connected to the input whether grounded 
or connected to an input voltage. Thus for a given set 
of the circuit constants (Ao, Ti, Cf, C'9, Ck, Cp and R.) 
the value of a and T' applies to outputs from all sig-
nals 17,, V, and E.,. 
With the signal V, applied to a pure resistance I?, 

as electrode, the transfer function is found from (34) 
when Vie, E1, C,=0, 

Vo 1 

V, 14- saT' s'(4T')2 
(38) 

The corresponding amplitude frequency characteristic 
is obtained by replacing s with jcu and by determining 
the numerical value 

Vo [ 1 1 112 

V, 1 
1 ± — 1-)(cor)2 (cor)4 

(39) 

The frequency characteristics for different values of 
a with col' as the variable are given in Fig. 2. 
When ve(t) is a step voltage of amplitude A volt, the 

output vo(t) in volts is obtained from a table of Laplace 
transforms (e.g., no. 51 in Pipes [ 19]). According to the 
value of a the time course of vo takes three different 
forms: 

1) for a =1 

vo(t) 
= [1 it ± _2i\ exp -)]A (40) 

T' ) T' 

2) for a > 1 

vo(t) = [1— 4(a2 — 1)-112 1 eXp (— u 
u 

1 

where u=a—(a2-1) 112 and v 

21\ 

T') 

exp (— 2/)11 
T' 

= 1) 112 (41) 

3) for a < 1 

vo(t) = [1 — ( 1 — 

21 . 2/ 
sin a2) + exp (— a — T')11, 

T'  

where tan ct.= (a-2 1) 112. (42) 

The outputs for different values of a as function of 
¡IT' are given in Fig. 3. 
When v,(1) is an impulse voltage the output is the 

derivative of (40)-(42), since the Laplace transforms 
of the unit step and the unit impulse functions differ 
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by a factor s. Thus when the impulse voltage has the 
strength I volt Xsec the output is in volts: 

1) for a=1 

1 t ( 21 
vo(t) = — — exp —a —) I, 

T' T' T' 

2) for a > 1 

1 
4(0 = ( a 2 1)-1 / 2 

T' 

2/ 
• [exp (—u — exp (- 2/ 

T' 

where u and y is as in (41), 
3) for a < 1 

1 
yo(t) = — 2(1 — 

—111, 
T' 

(43) 

(44) 

21 2/ 
• exp (— a —) sin [(1 — a') U2 /. (45) 

T' T' 

The outputs for different values of a as function of 
tir' are given in Fig. 4. 

APPENDIX II 

The Noise 

The output noise originating from the microelectrode 
and the amplifier is calculated from 

eo2 = i Hciun 12sumf 

where e,,2 is the mean square of the output noise when an 
input signal with power density spectrum SU) is 
applied to a linear system having a transfer function 
H(j2rf). This expression can be evaluated by means of 
contour integration. It is convenient to change the vari-
able of integration to the complex frequency s. Hence 
the above integral can be written as 

1 +Igo 

e,,2 = — f H(s)II(—s)S(s)ds 
27rj 

where the path of integration is along the imaginary 
axis. If 

s[H(s)H(—s)S(s)] —› 0 for s —> co (46) 

the last integral can be replaced by the contour integral 

ir 
e,,' = — f H(s)H(—s)S(s)ds 

273 c 

where C is the infinite semicircle of the left half plane. 
From Cauchy's theorem follows 

-e,72 = E Res [il(s)H(—s)S(s)] (47) 

where the residues are evaluated at the poles in the left 
half of the complex s plane. 

Use of (47) is made in the following cases: 
1) The normal noise voltage from a resistance RI 

transmitted through a network consisting of a single 
time constant T,. In this case 

H(s) = 1/(1 -I- sTi), 

S(s) = 2kTRi, 
(48) 

where k is Boltzmann's constant and T is the tempera-
ture in °K. Since the condition (46) is fulfilled, the mean-
square noise (47) is 

e,,2 = Res 
1  

Li ± sr, 1 _ sr, 

Ti 1 — sTi 2k TR1 T1 

2k TRi] 

kTRi 

when kT= 4 X 10-21, (T= 290°K), is 

en i2 = 2.5 X 10-2°Rfi (49) 

where fi = 1/(27r Ti) is the frequency at the amplitude 3 
db down of the frequency response to (48). 

2) The effect of neutralization on the mean-square 
noise of the amplifier input. In this case the appropriate 
transfer function of the amplifier input noise is obtained 
from (34) when V.= Vk=0: 

Vo 1 + SRe(Cf ± Co) 
H(s) = =   (50) 

E. (4r)2(s — si)(s — 52) 

where Si and h are the poles 

(si, s2) = (2/ T')( — a ± N/a2 — 1). (51) 

The appropriate power density spectrum is 

S(s) = 2kTR„ (52) 

where R,„ is the equivalent noise resistor of the neutral-
izing input capacitance, found by measuring its mean-
square noise e.12 with the input short circuited. When 
e,,,2 is measured with an amplifier characterized by a 
single time constant (48) R, is obtained from (49). 
We thus have the residue (47) from (50) and (52) 

[ 1 — s2(Re(Ci C9))2 2k TRel 
Res (si) =   

(4 T')4(s si)(s2 — s22) 

and the analog residue for s = so. Summating the resi-
dues, inserting Si and s, from (51) and using (36) gives 
the mean-square noise 

= kTR, [ + Ti J Re(Cf Cal 
aT' 
  1 (53) 

3) The mean-square noise e„,.' from the electrode 
resistance R. when the noise is transmitted through the 
neutralized input capacitance. The proper transfer tune-



.1962 Guld: Cathode Follower and Negative Capacitance 1927 

don H(s) is (38) and t he power spectrum is S(s) = 2k TR,. 

Evaluation of (47) gives 

kTR, 
e,,r2 = — 

aT' 
(54) 

By summating (53) and (54) the total noise from the 

electrode and the neutralized input capacitance is ob-

tained 

kTR,[ R, R„(Ci C.)] 
e,,t2 = —  1 —   

aT' R,. T, J 

where kT= 4 X10-21 at T= 290°R.. 

(55) 

BIBLIOGRAPHY 

[1] G. Ling and R. W. Gerard, ,"The normal membrane potential of 
frog sartorius fibres," J. Cellular Comp. Physiol., vol. 34, pp. 
383-396; December, 1949. 

[2] A. L. Hodgkin and A. F. Huxley, " Resting and action potentials 
in single nerve fibres," J. Physiol., vot 104, pp. 176-195; 
October, 1945. 

[31 W. L. Nastuk and A. L. Hodgkin, "The electrical activity of 
single muscle fibres," J. Cellular Comp. Physiol., vol. 35, pp. 39-
72, February, 1950. 

[4] S. J. Solms, W. L. Nastuk, and J. T. Alexander, " Development 
of high-fidelity preamplifier for use in recording of bioelectric 
potentials with intracellular electrodes," Rev. Sci. Instr., vol. 24, 
pp. 960-967; October, 1953. 

[51 E. F. MacNichol, Jr. and H. G. Wagner, "A high impedance 
input circuit, suitable for electrophysiobgical recording from 
micropipette electrodes," Nat,. Med. Res. Inst., vol. 12, pp. 97-
118; April. 1954. 

[6] L. Haapanen and D. Ottoson, "A frequency compensated input 
unit for recording with microelectrodes," Acta Physiol. Scand., 
vol. 32, pp. 271-280; November, 1954. 

[7] A. F. Bak, "A unity gain cathode follower," EEG Clin. Neuro-
physiol., vol. 10, pp. 745-748; November, 1958. 

[8] E. Amatniek, "Measurements of bioelectric potentials with 
microelectrodes and neutralized input capacitance amplifiers," 
IRE TRANSACTIONS ON MEDICAL ELECTRONICS, vol. PGM E-10, 
pp. 3-14; March, 1958. 

[9] J. Y. Lettvin, B. Howland, and R. C. Gesteland, "Footnotes on 
a head stage," IRE TRANSACTIONS ON MEDICAL ELECTRONICS, 
vol. PGME-10, pp. 26-28; March, 1958. 

[10] C. C. Yang, J. P. Hervey, and P. E. Smith, "On amplifiers used 
for microelectrode work," IRE TRANSACTIONS ON M EDICAL 
ELECTRONICS, vol. PGME-10, p. 25; March, 1958. 

[11] W. H. Freygang, Jr., "An analysis of extracellular potentials 
from single neurons in the lateral geniculate nucleus of the cat," 
J. Gen. Physiol., vol. 41, pp. 543-564; January, 1958. 

[12] P. E. K. Donaldson, " Electronic Apparatus for Biological Re-
search," Butterworths Scientific Publications, London, England; 
1958. a) pp. 259-262. b) pp. 551-556. 

[131 M. Robinson and J. Weimann, " Negative-capacitance ampli-
fier noise," Electronic Technology, vol. 37, pp. 127-129; March, 
1960. 

[14] J. C. Eccles, "The Physiology of Nerve Cells," The Johns Hop-
kins Press, Baltimore, Md., p. 16; 1957. 

(151 S. Seely, " Electronic Engineering," McGraw-Hill Book Co., 
Inc., New York, N. Y., p. 137; 1956. 

PM E. Fairstein, "Grid current in electron tubes," Rev. Sri. Instr., 
vol. 29, no. 6, p. 524; 1958. 

[171 K. R. Spangenberg, "Vacuum Tubes," McGraw-Hill Book Co., 
Inc., New York, N. Y., 1938. a) p. 210. b) p. 312. 

1181 C. Guld, "Factors limiting capacitance neutralizing in micro-
electrode amplifiers," Proc. 2nd Internal?. Conf. on Med. Elec-
tronics, Paris, France, June, 1959, Iliffe and Sons Ltd., London, 
England; 1960. See pp. 28-32. 

[19] J. W. Moore, " Electronic control of some active bioelectric 
membranes," PROC. IRE, vol. 47, pp. 1869-1880; November, 
1959. 

[20] L. A. Pipes, "Applied Mathematics for Engineers and Physi-
cists," McGraw-Hill Book Co., Inc., New York, N. Y.; 1958. 



1928 PROCEEDINGS OF THE IRE September 

Stabilized Wide-Band Potentiometric Preamplifiers* 

J. W. MOOREt, SENIOR MEMBER, IRE, AND J. H. GEBHARII 

Summary—The need for a wide-band preamplifier to measure 
bioelectric potentials from a source with high internal resistance 
and shunt capacitance has stimulated the development of instru-
ments which should be generally useful. Consideration is given to 
the simultaneous attainment of such factors as low grid current, 

linearity, low drift, and improved dynamic response by compensation 
for input capacitance. An analysis of a simplified circuit is augmented 

by the use of an analog computer to simulate the system for a pre-
amplifier having either a first- or second-order response. 

Some examples of circuits suitable for bioelectric measurements 
are described. It has been possible to chopper-stabilize such pre-
amplifiers against drift without significant degradation of their high 

input impedance characteristics. 

I. INTRODUCTION AND DESIGN REQUIREMENTS 

HE REQUIREMENT of a wide-band elec-
trometer, stabilized against drift, arose in the de-
velopment of a technique for controlling the 

potential across the membrane of the squid axon' as 
measured with a micropipette electrode. It has been 
well established that a glass micropipette, drawn to a 
fine tip and filled with potassium chloride solution, may 
be used to impale some cells without injury." Fig. 1 
shows electron microscope photographs of typical micro-
pipette tips. The KC1 filled micropipette may be con-

sidered an electrolyte bridge from the interior of the 
cell to some external nonpolarizable metal electrode con-
nected to an amplifier. Most of the resistance of such a 

salt bridge is concentrated within a few hundredths of a 
millimeter of the tip.' and may be as large as 50 to 100 

megohms even when a nearly saturated electrolyte (3 
molar KCI) solution is used. Intracellular resting and 
action potentials, both in the neighborhood of 100 mv, 
have been measured in many excitable tissues with this 

technique.2-8 
There are two requirements for low-input stage grid 

current. In the first place, the current through the elec- . 
trode must be small enough to avoid an appreciable IR 
drop in the tip; for such an effect to be less than 0.5 mv 
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1962. 
t Department of Physiology, Duke University Medical Center, 

Durham, N. C., and a National Neurological Research Foundation 
Scientist. Formerly with National Institutes of Health, Bethesda, Md. 

Wesley Theological Seminary, Washington, D. C. Formerly 
with National Institutes of Health, Bethesda, Md. 

J. W. Moore, " Electronic control of some active bioelectric mem-
branes," PROC. IRE, vol. 47, pp. 1869-1889; November, 1959. Also, 
K. S. Cole and J. W. Moore, " Ionic current measurement in the squid 
giant axon membrane," J. Gen. Physiol., vol. 44, pp. 123-167; Sep-
tember, 1960. 

2 G. Ling and R. W. Gerard, "The normal membrane potential of 
frog sartorius fibres," J. Cellular Comp. Physiol., vol. 34, p. 382; 
December, 1949. 

3 W. L. Nastuk, and A. L. Hodgkin, "The electrical activity of sin-
gle muscle fibres," J. Cellular Comp. Physiol., vol. 35, pp. 39-72; 
February, 1950. 

4 J. W. Woodbury, " Direct membrane resting and action potential 
from single myelinated nerve fibres," J. Cellular Comp. Physiol., vol. 
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Fig. 1—Electron microscope photographs of ends of glass micropi-
pettes; left, machine drawn tip of about 0.3 micron 0.0.; right, 
hand drawn tip of less than 0.1 micron O.D. 

in a 50 megohm tip, the grid current must be less than 
10-" a. A few millivolts of IR offset might be tolerated 

were it not for the possibility of errors encountered when 
the resistance is changed by the tip being plugged or 
broken; an additional difficulty arises from the fact that 
the passage of current can change the tip resistance.9 
The second limitation on the grid current is that the cur-
rent flow into the interior of the cell through the tip 
should not be enough to introduce an appreciable 

change in the potential of the membrane under meas-

urement. This depends on both the effective area and 
permeability of the cell membrane. Some investiga-
tore'," have found that currents of only about 10-" a 

6 J. W. Moore and K. S. Cole, " Resting and action potentials of 
the squid giant axon in vivo," J. Gen Physiol., vol. 43, pp. 961-970; 
May, 1960. 
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December, 1955. 
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are large enough to alter the electrical excitability of 
nervous tissue. For these reasons, it seems necessary to 
limit the grid current to the 10-11 to 10-" ampere 
range. 
The achievement of such a low grid current for an 

amplifier makes accurate resting potential measure-
ments possible, but the need for faithful reproduction of 
action potentials (lasting only a few tenths of a milli-
second) imposes a further requirement on the measur-
ing system. The capacitance across the glass wall of the 
micropipette (between the inside KCl solution and the 
extracellular electrolyte) has been calculated and found 
to be in the order of 1 pf/mm of tip immersed.' Usually 
the cell surface must be covered with 1-3 mm extracel-
lular electrolyte which is connected to the ground lead of 
the amplifier. Woodbury' showed that the micropipette 
in Fig. 2(a) could be approximated by the distributed 
equivalent circuit, Fig. 2(b), or the lumped circuit in 
Fig. 2(c) with reasonable accuracy. The attenuation of 
the high frequency components of the signal by the 
capacitance across the micropipette wall in parallel 
with the amplifier input capacitance may be equalized 
by proper high frequency compensation following the 
output.' However, this method depends on a known and 
constant tip resistance; it has already been shown that 
this cannot be assured. MacNichol and Wagner" 
pointed out that, even when the dc grid current has 
been made very small, a capacitive current propor-
tional to any rate of change of the input signal will pass 
through the tip; this current amounts to 10— '2 a per 
picofarad per volt per second. The rate of change of 
bioelectric action potentials may exceed a kilovolt per 
second and give rise to a tip current" of 10-e a per pico-
farad of input capacitance. This capacitive current 
would cause a voltage drop of 100 mv across a 20 
megohm tip for an input capacitance of only 5 pf. Not 
only would such a current give an intolerable distortion 
but it might also be sufficient to change the membrane 
potential of the cell under measurement. 

Still more stringent requirements must be met for the 
increasingly used " voltage clamp" experiments." The 
micropipette signal not only monitors the membrane 
potential but, in addition, it is fed back to a control 
amplifier so that the membrane is forced to follow po-
tential steps with rise times of a few microseconds. For 
a 100 mv change in potential to occur in 10 µsec, the tip 
capacitive current would be increased to l0-8 a/pf. This 
places a premium on the quality of input capacity 
neutralization. In addition, it is desirable that the re-
sponse to a voltage step at the micropipette tip be as 

It E. F. MacNichol, Jr. and H. G. Wagner, "A High Impedance 
Input Circuit Suitable for Electrophysiological Recording from 
Micropipette Electrodes," Nay. Res. Inst., Bethesda, Md., vol. 12, 
pp. 97-118, Rept. No. 7; 1954. 
" ./tip=Cdv/dt, where C is the total effective input capacitance 

and Vis the voltage across C. 
14 A. L. Hodgkin, A. F. Huxley, and B. Katz, "Measurement of 

current-voltage relations in the membrane of the giant axon of Lo-
ligo," J. Physiol., vol. 116, pp. 424-448; April, 1952. 
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Fig. 2---(a) Scale drawing of inicrodectrode tip (0.5 inin long) in 
electrolyte solution. (b) Approximate equivalent circuit for this 
micropipette filled with 3 ni KCI. (c) Lumped circuit approximat-
ing the distributed circuit for a 2 min length ill external solution 
(reproduced, courtesy of J. W. Woodbury' and J. Cellular Comp. 
Physiol.). 

fast and smooth as possible, so that the over-all control 
loop rise time can be made small. Furthermore, it is 
necessary to stabilize the preamplifier because any drift 
in its baseline would be indistinguishable from a signal 
and produce an undesired and unknown change in the 
steady membrane potential. 

II. PREVIOUS DEVELOPMENTS 

A number of investigators have tackled the problem 
of recording faithful reproductions of membrane ac-
tion potentials from micropipettes and have developed 
some sophisticated and elegant circuits. 

Nastuk and Hodgkin3 first measured intracellular ac-
tion potentials by means of a cathode follower with the 
shield around the input lead driven from the cathode to 
reduce the effect of the input cable capacity. They used 
a 6AK5 tube at reduced electrode potentials and se-
lected for low grid current. 

So1ms, Nastuk and Alexander" cascaded two cathode 
followers to increase the input impedance. Krakauer" 
reduced the " Miller capacity" of the input tube by 
causing the plate as well as the cathode to follow the 
voltage changes on the grid in his " Electrometer Triode 
Follower." Lettvin, Howland and Gesteland" have also 
described rather similar circuits. Bak" designed a 
cathode follower whose gain could be set to unity by 
adjustment of the in-phase signal fed to the screen grid 
from an auxiliary amplifier of greater than unity gain. 
A somewhat similar circuit in which the plate of the 
input triode is driven with the saine excursion as on the 

" S. J. Solms, W. L. Nastuk, and J. T. Alexander, " Development 
of a high-fidelity preamplifier for use in the recording of bioelectric 
potentials with intracellular electrodes," Rev. Sci. Instr., vol. 24, pp. 
960-967; October, 1953. 
" S. Krakauer, " Electrometer triode follower," Rev. Sci. 

vol. 24, pp. 496-500; July, 1953. 
17 J. Y. Lettvin, B. Howland, and R. C. Gesteland, " Footnotes on 

a headstage," IRE TRANS. ON M EDICAL ELECTRONICS, VOL ME- 10, 

pp. 26-28; March, 1958. 
18 A. F. Bak, "A unity gain cathode follower," ElecIroencephalog. 

and Clin. Neurophysiol. J., vol. 10, pp. 745-748; November, 1958. 
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grid has also been described by Haapanen and Ottoson.I9 
Macdonald" has independently developed very high 
input impedance circuits with wide dynamic range 
for Hall-effect measurements and high quality audio 
isolation stages. 

Bell" developed and described a "negative-capacity 
amplifier" for use with video signals. He fed back an 
amplified in-phase signal to the input grid through a 
small capacitor to neutralize the effect of input ca-
pacitance. 22 Several of the designers noted above pro-
vided for such neutralization by additional auxiliary 
amplifiers to boost the signal gain above unity. Mac-
Nichol and Wagner'2 have used Bell's circuit configura-
tion with a conventional receiving tube, operating at 
low electrode potentials, as an input electrometer ele-
ment followed by a gain package with negative feedback 
to the input cathode to stabilize the net gain at 3. Wood-
bury 23 and Amatniek" have also developed essentially 
equivalent circuits. 

There has been considerable difficulty and some mis-
understanding in establishing an appropriate test and 
measure of the response of the preamplifier and micro-
pipette system. Some workers have estimated the cir-
cuit time constant by applying a square wave at an 
electrolyte solution into which the microelectrode was 
dipped. This procedure gives a deceptively fast re-
sponse because the capacitance of the electrode tip is in 
parallel with the source resistance as in Fig. 3(a). When 
the micropipette has been made to just penetrate a cell 
membrane (the bioelectric potential generator) the out-
side of most of the glass wall is in contact with the 
grounded exterior solution and the equivalent circuit is 
approximately that in Fig. 3(b). Nastuk and Hodgkin3 
recognized this and tested their system response by 
driving a bath which the microtip just touched but 
placed a small drop of electrolyte solution (on a grounded 
loop of silver wire) around the micropipette just above 
the surface of the bath. This technique is approximately 
simulated by the circuit of Fig. 3(b) but it is tedious, 
time consuming, and does not allow the operator to 
monitor the response during or after penetration. If the 
tip is partially occluded or broken, the response time 
will change from the originally measured value. 

1° L. Haapanen and D. Ottoson, "A frequency compensated input 
unit for recording with microelectrodes," Acta Physiol. Stand., vol. 
32, pp. 271-280; 1954. 

2° J. R. Macdonald, "An ac cathode-follower circuit of very high 
input impedance," Rev. Sci. Inste., vol. 25, pp. 144-147; 1954. Also, 
J. R. Macdonald, "Some augmented cathode follower circuits," IRE 
TRANS. ON AUDIO, vol. AU-5, pp. 63-70; May- une, 1957. 

21 P. R. Bell, "Cathode-compensated amplifier, in "Waveforms," 
Rad. Lab. Ser., Cambridge, Mass., vol. 19, Appendix B, 1949. 

n Although this principle is old and widely employed in " Neutro-
dyne" radio circuits in the 1920's, Bell's publication has served to 
point out its usefulness in instrumentation. 
" J. W. Woodbury, "Recording central nervous activity with in-

tracellular ultramicroelectrodes: Use of negative-capacity amplifier 
to improve transient response," Federation Proc., vol. 12, p. 159; 
March, 1953. 
" E. Amatniek, "Measurement of bioelectric potentials with mi-

croelectrodes and neutralized input capacity amplifiers," IRE 
TRANS. ON M EDICAL ELECTRONICS, vol. ME-10, pp. 3-14; March, 
1958. 

(a) 

(e) 

Fig. 3—Methods of testing micropipette—preamplifier response and 
corresponding equivalent circuits. (a) Test pulse drives solution 
into which tip dips. ( b) Same, but with grounded solution just 
above tip. (c) Test current pulse injection by means of small 
capacitor and ramp voltage. 

The most effective method for injection of a current 
step to the grid for monitoring the system response is 
by application of a short, steep voltage "ramp" (i.e., a 
voltage which changes linearly with time) to a small 
capacitor connected to the preamplifier grid as in Fig. 
3(c). If the slope of the voltage ramp is considerably in 
excess of the rate of change of potential on the grid, a 
step of current will be injected into the system at the 
grid. The feedback capacitor may be increased to in-
clude compensation for the additional "ramp capaci-
tor," which is in parallel with the other capacities to 
ground. With this technique, the micropipette tip re-
sistance may be continuously monitored and the system 
response adjusted before, during, and after penetration 
of the cell membrane, and the response to a test pulse 
recorded along with each bioelectric response. The 
superiority of this method of Lettvin, Howland, and 
Gesteland" arises from the fact that a small capaci-
tance can be a very pure element, i.e., its resistance can 
be essentially infinite, particularly if a small air capaci-
tance is used. 25 In contrast, a high value of resistance is 
not a pure element because of associated longitudinal 
and distributed capacitances (to a nearby shield), and 
attempts to inject current steps through such elements 
lead to ambiguous results." A photomultiplier "current 
source" was found to have a minimum dark current of 

26 Guld has suggested that the application of a short voltage pulse 
to a might be less injurious to the cell than the continuing current 
introduced by a voltage ramp. He gives examples of the output wave-
forms in response to such test pulses in "Medical Electronics," Proc. 
Second Internan Conf. on Medical Electronics, Iliffe and Sons, Ltd., 
London, England; p. 28, 1959. 
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10-9 a, several orders of magnitude too large for intra-
cellular work." 
We have adopted the MacNichol and Wagner circuit 

configuration for purposes of analysis and further de-
velopment because of its simplicity in both concept and 
design. We have been concerned with stabilizing such a 
preamplifier against drift and improving its speed of re-
sponse (as far as expedient) for use in active membrane 
voltage control experiments. 

III. CIRCUIT ANALYSIS 

Analyses of the response of capacity-neutralized am-
plifiers have been made," assuming lumped input cir-
cuit constants and an amplifier with a single time con-
stant response to a low impedance source step. A rather 
similar analysis will be developed here and includes an 
input shield capacitance driven by the negative feed-
back point. 
A schematic diagram of the circuit (neglecting dc po-

tentials) to be treated is shown in Fig. 4. The micro-
pipette input resistance is represented by Ri while the 
capacitances of the signal grid to plate" (or screen grid) 
of the tube, micropipette, wiring, and ramp input are 
lumped in Ci. The capacity of an input shield which is 
driven at approximately unity gain from the negative 
feedback point may be lumped in parallel with the grid-
to-cathode capacity Ce of the input tube. Approximate 
"neutralization" of the input capacitance (or "anti-
capacity feedback") may be accomplished by proper 
adjustment of a feedback capacitor C/o. The negative 
feedback network is assumed to be composed of re-
sistors whose values are low enough to make the voltage 
contributions of the currents through the input tube and 
the Ce capacitor negligible. In addition, the phase 
shift caused by stray capacitances normally associated 
with such a network is assumed negligible at frequencies 
passed by the amplifier. 
By Kirchhoff's law, the sum of the currents to the 

amplifier input grid will be zero when the grid current is 
negligible and the following equation may be written: 

E — V 
R CipV Cfbp(Vo— V) ± Cep(i3V0— V)= 0, ( 1) 
i 

where the operator p is equivalent to d/dt. Upon rear-
ranging, 

E — V — ripV ribp(Vo — V) ± rep(fiVo — V) = 0, 

26 C. C. Yang, J. P. Hervey, and P. E. Smith, "On amplifiers used 
for microelectrode work," IRE TRANS. ON MEDICAL ELECTRONICS, 
vol. ME-10, p. 25; March, 1958. 

27 W. H. Freygang, Jr., "A derivation of the input-output relations 
in a negative capacity preamplifier," Aux. Pub. Serv., Amer. Doc. 
Inst., Library of Congress, Washington, D. C. 

28 The voltage gain of the electrometer-operated input tube will 
usually be low (often 4 or less) so that the Miller effect may not be 
the dominant factor. This capacitor lumping will introduce an error 
at high frequencies where the plate lags the grid. In several circuits, 
the plate or screen is driven by a voltage in phase with (and of the 
same magnitude as) the input signal, and the Miller effect is elim-
inated. 

Fig. 4—Schematic circuit diagram of capacitance-neutralizing pre-
amplifier. Conventional negative feedback is used around a gain 
package symbolized by the triangle; the output has the same po-
larity as the input signal. 

where 

ri = RiCi, rfb = Re», re = RiC„k. 

If the response of the amplifier package (with negative 
feedback having a closed loop gain of A, at dc) to a zero 
impedance source potential is assumed to be first order, 
we have 

Vo A, 

V 1 + 

where re is the closed loop time constant of the amplifier. 
Substitution of ( 2) into ( 1) gives 

(2) 

VO 

E p2 + 042 

where 

(31 

1 1 
(.0„2 =   =   (4) 

ro(ri ± rib ± To) ralti(Ci Cfb Cpb) 

and 

Ti rrb(1 — 
=  , the damping factor. (5) 
hv --1- Tib ± re) 

Eq. (3) is of the same form as those often encountered 
in the description of the performance of servomecha-
nisms; 29 the transient response is well known and is 
usually plotted in terms of dimensionless time (coot) for 
various values of as in Fig. 5. When k= 1 the system 
is critically damped and the solution of (3) is given by 

Vo 
— = A,[1 — (1 + cont)e—"1. (6) 
E 

The value of the feedback capacitor Cfb to exactly 
neutralize an input capacitor Ci call be easily deter-
mined for the case of a scalar amplifier, i.e., one of 
infinite bandwidth at constant gain. The input capacitor 
current, of magnitude Cif, V, may be supplied via the 
feedback capacitor and is given by the expression 

29 G. S. Brown and D. P. Campbell, " Principles of Servomecha-
nisms," John Wiley and Sons, Inc., New York, N. Y.; 1948. 
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%IC 

Fig. 5—Family of second-order system responses to a step input for 
various values of the damping coefficient E. 

Cibp(Vo— V). For a scalar amplifier 170=An17 and the 
proper setting of the feedback capacitor would be 

Cfb = 
Ci 

A c — 1 
(7) 

In practice, this value of Cfb will generally cause a 
real system in which A has limited bandwidth to ring or 
oscillate; a somewhat smaller value must be used to ob-
tain a monotonic or a slightly underdamped response. 
Because Cfb is imbedded in the expressions for both co„ 
and E, it is more convenient to study the effect of Cfb on 
the system response with an analog computer (see Fig. 
9) than to develop the analysis further. 
Some discussion of the limiting factors in this method 

of capacitive compensation method seems appropriate 
at this point. First, it is important to observe that all 
of the capacitances connected to the grid, including the 
compensating feedback one, enter with equal weighing 
into the denominator of the expression for w„, the factor 
which determines the speed of response. Therefore, at-
tention should be given to the problem of minimizing 
each of these capacitances. The microtip and holder 
capacity are usually determined by mechanical and 
physiological considerations and range up to 10 pf or 
more for deep tissue penetrations. We have seen that 
the maximum value of the feedback capacity for best 
compensation varies directly with Ci and inversely with 
the closed loop amplifier gain. Intracellular recordings, 
of about 0.1 y full scale, may often be made with satis-
factory signal-to-noise ratios without an input shielded 
cable in areas where strong stray fields have been mini-
mized. If an input shield . is required, its capacitance 
(lumped into the Co, term) limits the maximum speed 
of response in much the same manner as microtip or 
stray capacity to ground. For the case where the ampli-
fier time constant r„ is very small compared to that of 
the input circuit, it is possible to ground the shield and 
increase the compensating capacity slightly to give a 
response which is almost identical to that in which the 
shield is connected to the cathode (see Fig. 10). 

The procedure yielding the minimum total capaci-
tance in the expression for co„ in situations requiring a 
shielded input lead makes the coaxial cable capacitance 
perform the function of C'/b. MacNichol and Wagner'2 
introduced this scheme and connected the cable shield 
to the wiper of a potentiometer across the output. The 
effect of a fixed feedback capacitance driven by an 
adjustable fraction of the output voltage is equivalent 
to that of a variable capacitance driven from the full 
output, as was illustrated in Fig. 4. Another approach 
to this problem has been to use an integral microelec-
trode holder and input tube cathode follower connected 
by flexible cable to the remainder of the circuit. Consid-
erable care must also be exercised with this arrange-
ment because the limited transconductance of electrom-
eter tubes cause the cathode follower to have a rela-
tively high output impedance. 

In order to obtain some notion as to the effectiveness 
of neutralization of the input capacitance for various 
amplifier characteristics, the appropriate value of the 
feedback capacitor may be calculated for the critically 
damped case. If the damping factor e as given by (5) 
is set equal to unity, we have the relation 

where 

r„[1 M NX] = 2ro-VM N (8) 

M = 
Ti 

Ta 

N = 
rib 

Ta 
X = (1 — 

and roc has been assumed equal to zero for simplicity. 
This equation can be expressed as a quadratic in N and 
the roots given by 

= 2 — X(1 + M) ± 2-V A c(1 — X M) 
N   

X2 
(9) 

where the root of interest is that with the negative sign 
before the radical. Solutions to (9) have been found as a 
function of the dc closed loop gain of the amplifier for a 
number of time constants and are summarized in Fig. 6. 
The ratio tn/ri is plotted as a function of the amplifier 

gain where ri is the time constant RiCi, and ta is the 
time for the output voltage to reach to within e--' of the 
steady-state value. It is of interest to note that in order 
to obtain any appreciable input capacity neutralization, 
the amplifier time constant must be in the neighbor-
hood of one-tenth that of the input circuit. The critically 
damped output response time can be further reduced in 

proportion to the square root of the reduction of the 
amplifier's time constant (for a given re). This can also 
be seen easily from the square root-reciprocal relation 

between co„ and rn in (5) and the fact that con is the 
factor determining the time scale in the critically 
damped response expression (6). The speed of the 
amplifier appears to be much more important than its 
gain because the improvement in the system response 
time in going from a gain of 3 to 10 is not appreciable. 
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Fig. 7—Feedback capacitance (as per cent of value for scalar ampli-
fier) required for critically damped responses as a function of the 
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Fig. 6—Ratio of time for preamplifier output to rise to 1/e of its final 
value to input time constant for several values of amplifier gain 
and time constant. Each dashed line represents an amplifier (with 
a given figure of merit) and shows the effect of varying the nega-
tive feedback ratio to exchange closed loop gain for speed of re-
spouse. 

It might have been expected that more change would be 
seen in the response time because there would be a corre-
sponding change in the value of Cfb from 0.5C; to 0.11C; 
[from ( 7) j for a scalar amplifier. 
Another way of viewing these results is to plot the 

value of the feedback capacity as a per cent of its maxi-
mum compensating value (for a scalar amplifier) for 
various combinations of amplifier gain and time con-
stant. Such a normalization also shows, in Fig. 7, that 
the percentage of maximum compensation used in the 
critically damped case is rather independent of gain 
but strongly dependent on the amplifier time constant. 

If an amplifier of given open loop gain Ao having a 
first-order dynamic response time constant of ro is 
operated with negative feedback, it can be shown 
(Appendix I) that the closed loop gain A f. and time con-
stant ro are proportional; i.e. 

r« 
A, = — A o . 

ro 
(10) 

The factor A 0/70 may be looked upon as a "figure of 
merit" for the amplifier package. The effect of varying 
the negative feedback factor to trade gain for speed 
is illustrated by the dashed lines in Fig. 6, each line 
representing an amplifier of a given figure of merit. The 
choice of closed loop gain for a particular application 
may be made after consideration of ihe speed and ampli-
tude requirements for the output signal. For example, 
the level of bioelectric signals across cell membranes is 
in the neighborhood of 0.1 v. A gain of 2 to 3 would be 
quite adequate for driving fast oscilloscopes which are 

available with input sensitivities of 50 mv/cm and 
would permit the compensation to approach the maxi-
mum for a given amplifier. 
The results of this analysis are for the rather arbitrary 

case of critical damping and are probably useful only 
for showing general trends with parameter variations. 
An appreciably faster response may be obtained by 
use of a damping coefficient of 0.6, with a 10 per cent 
overshoot which is acceptable for many applications. 
The assumption of a first-order amplifier package also 
limits the usefulness of this analysis. In general, a 
multistage amplifier will have a higher-order dynamic 
response unless carefully designed so that the over-all 
phase shift and amplitude cutoff is dominated by a 
single time constant which is much longer than any of 
the others in the amplifier. The omission of the capacitor 
Co in (9) to simplify the study of the roots also intro-
duced some errors in the analytic results. 

IV. CIRCUIT SIMULATION OF AN ANALOG COMPUTER 

Because of these limitations in the analysis and the 
complexity and tedium of handling more realistic equa-
tions, it appeared attractive to study the system on an 
analog computer because of the 

1) Speed and convenience of varying design param-
eters and plotting out the associated transient 
responses on an X - Y plotter. 

2) Ease of handling a multiple time constant ampli-
fier. 

3) Ease of studying the effect of positive feedback. 
4) Possibility of investigating alternate methods of 

input capacity compensation. 

It is possible to program such a computer to solve for 
Vo directly from ( 1). However, because both CA and 
Ce are imbedded in the coefficients of V and Vo, the ef-
fect of variation of either of these for a real amplifier 
system would require a change of two potentiometers 
on the computer. Furthermore, the amount of this 
change would depend on the values of other parameters 
in the circuit. It seemed more convenient to simulate 
the circuit after a fashion in which the amplifier source 
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impedance, amplifier gain and phase, shield and feed-
back capacitors, etc., could be directly associated with 
components in the computer circuit. 
An analog computer (Donner 30) was programmed 

to simulate the lumped tip parameters and a preampli-
fier of the MacNichol and Wagner configuration (see 
Fig. 4). The machine time scale was chosen slow enough 
so that a servo driven X-Y plotter could accurately fol-
low the output. The use of a ratio for machine-to-real 
time of 1O, and input resistors in a one-to-one cor-
respondence, meant that a capacity of 1 µf on the simu-
lator represented a real input capacity of 10 pf; there-
fore, stray wiring capacity in the simulator could be 
neglected. In addition, a scalar amplifier could be ap-
proximated because the flat frequency response of the 
analog operational amplifier exceeds the highest fre-
quencies of interest in machine time by several decades, 
or an amplifier described by first- or second-order equa-
tions could also be simulated by addition of passive 
networks. With analog simulation, it is also possible to 
have all signals of interest in the real amplifier, including 
the capacitor currents, available for recording at low 
impedance levels. 
A schematic of a simplified simulator circuit is shown 

in Fig. 8. Lumped constants were used for the microtip 
and input tube; it is also feasible to arrange for dis-
tributed constants if desired. The triangles represent 
operational amplifiers" which force the input grid to 
remain at or near ground potential by negative feedback 
from the output. 

In order to gain some understanding of the operation 
of the circuit, let us consider first what happens when 
both C ok and Cfb are set at zero. A positive step function 
of voltage at E will cause the output of operational 
amplifier no. 1 to generate a voltage — V which will 
approach a steady value in an exponential fashion with 
a time constant of RC,. This signal is changed in sign 
to ± V by the unity gain inverter no. 2; V corresponds 
to the potential on the input grid of the preamplifier be-
ing simulated. The sum of this potential and the nega-
tive of that on the input cathode — j3 Vo is amplified by 
operational amplifier no. 3 which simulates an amplifier 
with an open loop dc gain of A 0; its time constant is set 
by C.. If the closed loop amplifier response r0 is fast 
compared to Ti, the output voltage response time con-
stant will approximately equal ri. 

If C ok is now set to a value corresponding to the sum 
of the grid-to-cathode capacity and the driven shield 
capacity, a small additional current equal to 
C,,kP(aVo— V) will enter the summing point of ampli-

" When the operational amplifier grid current is small, the sum 
of currents entering the grid lead (or summing point) via input im-
pedances must leave through the feedback impedance. From this, 
the ratio of the output ( V) to input (E) voltage can be derived and 
shown closely to approximate Z,/Z1 for a high gain amplifier where 4 
and Zi are the input and feedback impedances respectively. A stand-
ard text on analog computers may be consulted for a more detailed 
discussion, e.g., C. L. Johnson, "Analog Computer Techniques," 
McGraw-Hill Book Co., Inc., New York, N. Y.; 1956. 

Fig. 8—Diagram of simplified analog circuit for simulation of capaci-
tance-neutralizing preamplifier. The triangles represent the op-
erational amplifiers of the analog computer. 

fier no. 1; the term ( V0— V) is generated by amplifier 
no. 4. Because the magnitude of the grid potential V 
normally exceeds a Vo by a small amount, the whole 
term will be negative and is net effect will be to slow 
somewhat any transient change at V. 

Neutralization of input capacity may be obtained by 
introducing the proper value of capacitance between 
output and the input grid of the real amplifier. In the 
analog, the voltage difference between the output and 
the input grid is generated by operational amplifier no. 
5. The current that flows to the summing junction of 
amplifier no. 1 will be c.,..p(v.- v). This can supply most 
of the current for C, (the lumped tip and grid to ground 
capacity) and cause V to rise much more rapidly than 
when Cfb was at zero. 
The amplifier characteristics first used in this simpli-

fied analog simulator were taken from the NIacNichol 
and Wagneru circuit: dc open loop gain A0-57 and 
To 8.4 µsec. A negative feedback factor e of 0.2 was 
normally used so that the net gain was 4.6 and the 
closed loop time constant, r., was 0.68 µsec. The input 
circuit usually simulated consisted of a 20 megohm 
input resistance shunted by 10 pf. Thus ri/r0 would 
have a value of 

200 
= 300. 

0.68 

Transient responses recorded from the simulator under 
these conditions are shown in Fig. 9 for several values 
of the compensating feedback capacitor C/o. The value 
of t. for Cjd=2.3 pf is 28 µsec, and this gives a t./ri ratio 
of 0.14, in agreement with the analysis as illustrated in 
Fig. 6. The system rings badly for values of Cfb which 
are appropriate for a scalar amplifier as given by ( 7). 
Fig. 10 indicates the slowing of the over-all response by 
the addition of the capacitance of an input cable whose 
shield is either connected to the negative feedback point 
(curve 2) or to ground (curve 3). The neutralizing ca-
pacitor has been adjusted to give nearly identical re-
sponses for these two cases. 
The effect of changing the time constant of the ampli-

fier at a fixed gain is illustrated in Fig. 11. The feedback 
capacitor was adjusted in each case for the fastest rise 
with no more than about a 1 per cent overshoot. The 
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Fig. 9—Analog response to step input voltage for several values of the 
feedback capacitor Co,. The closed loop gain is 4.6; the appropriate 
values of Cfb for a scalar amplifier of this gain would be 2.78 pfd. 

Fig. 10—Analog transient responses showing the effect of the addi-
tion of a shielded input lead capacitance of 20 pfd (equivalent to 
several inches of coaxial cable). Curve 1—No shield. Curve 2— 
Shield tied to negative feedback point. Curve 3—Shield tied to 
ground. 

results of a number of such simulator runs are summa-
rized in Fig. 12; in general, the over-all picture is much 
the same as was obtained analytically for the case with 
critical damping. 
A more complex circuit was also developed to simu-

late a second-order amplifier and is shown in Fig. 13. It 

included provision for simulation of the type of positive 
feedback which we were planning to add to the Mac-
Nichol-Wagner" preamplifier design (see next section). 
For these purposes, it was convenient to simulate the 
input stage as a first-order device and to follow this with 
a first-order gain package representing the balance of the 
amplifier. The equivalent circuit for such a system and 
its equation ( 11) are given in Section V. The left half 
of Fig. 13 generates a voltage simulating that on the 
input grid of the preamplifier and is essentially un-
changed from the original circuit ( Fig. 8). The output 
of the analog operational amplifier no. 3 represents the 
potential on the plate of the input tube. The voltage 
gain for signals applied the control grid (A9) of the 5879 
input tube is about 4 under the conditions used by Mac-
Nichol and Wagner." The corresponding voltage gain 

9 

7 - 

o 210 

I 1 I  
40 50 60 70 80 90 100 

TIME ( microseconds) 

Fig. 11—Analog records showing the effect of the amplifier band-
width on the over-all transient response with the standard 20 meg, 
10 pfd source. The open loop gam is 57 and the open loop time 
constants are 8 µsec (curve 1), 3 µsec (curve 2), and 1 µsec 
(curve 3). 
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Fig. 12—A summary of analog results in which the compensated rise 
time (0.1 to 0.9 of final value) is plotted as a function of the 
square root of the closed loop time constant for three values of fi 
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Fig. 13—Circuit diagram of analog simulator for second-order ampli-
fier with positive feedback to the input screen grid. 

for signals on the screen grid (.48) of this tube is about 
0.8. The ratio .4,/.4„ was therefore taken as 0.2. The 
negative feedback ratio was fixed at 0.2 for a nominal 
net gain of 5. The positive feedback fraction a could be 
varied from 0 to 1. The variable feedback capacitor in 
the original simulator has been replaced by an equiva-
lent circuit consisting of a fixed capacitor driven by a 
variable fraction of the potential difference between the 
input grid and the output. 
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Fig. I4—Transient responses obtained with the simulator of Fig. 13. 
(a) Effect of increasing open loop gain ( first order) from 57 (curve 
1) to infinity (curve 2) by positive feedback; 1 megohm source 
resistance. (b) Illustrates compensation for a 20 megohm source 
with first-order amplifier (curve 1) and the improvement obtained 
by peaking its high frequency response (curve 2). 

Two results obtained with this simulator are il-
lustrated in Fig. 14. An increase of open loop gain from 
the original value of 57 to ailibnity" increased the out-
put voltage to precisely 5 times the input but gave 
essentially no change in the compensated rise time [Fig. 
14(a)]. When the amplifier time constants were ad-
justed to give a 10 per cent overshoot in response to a 
step from a low resistance source, the compensated rise 
time for a high resistance source was appreciably short-
ened over that for the amplifier with a first-order re-
sponse [Fig. 14(b) J. 

V. IMPROVEMENTS IN PREAMPLIFIER DESIGN 

Over a period of some years we have constructed, 
modified, and used several amplifiers of the Mac-
Nichol-Wagner design. The need for a system which was 
faster than the original and incorporated a stable base-
line for experiments in which the membrane potential 

was controlled by feedback became urgent, and we 
sought ways to improve on their effective and straight-
forward design. MacNichol and Wagner chose the value 
of the plate load resistor of the input tube to be 560 kg 
which, in combination with an estimated interstage 
capacity of 10 pf, would give a time constant of about 
5 µsec, much longer than any other time constant in the 
system. Actual measurements, as given in their paper, 
show a cutoff frequency of about 19 kc, corresponding 
roughly to a time constant of 8 µsec for a first-order re-
sponse. Precision wirewound resistors were used in the 
negative feedback ratio network in the original design 
and mica capacitors had been added in shunt with them 
to suppress a tendency for oscillation at several hundred 
kc. We first substituted lower value precision metal 
film resistors in the feedback ratio network and re-
moved the capacitors when they were found to be no 
longer needed (probably because of the lower inductance 
of the film resistors). The power supply potentials were 
increased and the input plate resistors were decreased 
slightly. These modifications more than doubled the 
open loop frequency response (43 kc cutoff); the ampli-
tude and phase characteristics are shown as curves 1 
and 2, respectively, in Fig. 15. With a closed loop gain 
of 5, this amplifier exhibits a bandwidth of nearly 1 Mc, 
as shown by curves 3 and 4 of Fig. 15. 
These modifications, of course, produced little change 

in the open loop gain from the value of 57 for the original 
design. A much larger value is preferable, so that the 
net closed loop gain is dependent only on the ratio of pre-
cision resistors. For example, the net gain of the original 
design is 2.85 instead of the value of 3 which would be 
obtained for a high open loop gain with the same feed-
back ratio of 1/3. For a feedback ratio of 0.2 (which we 
wanted to use) the corresponding net gain would be 
only 4.6 instead of 5. Although it is possible to alter the 

feedback ratio slightly so that the desired net gain is ob-
tained, the alteration factor will still be dependent on 
the open loop gain which may vary appreciably with 
tube age, etc. 

Other important limitations of such a low value of 
open loop gain can be appreciated by the following con-
siderations. The cathode of the input stage does not 
precisely follow the grid potential. The voltage differ-
ence between these tube elements would be about 5 and 
8 per cent of the input signal for net gains of 3 and 5, 
respectively. This means that the effect of the capacity 
between the input grid and cathode is not reduced as 
much as is desirable. This would be particularly trouble-
some with the large Cok which results from tying an in-
put shield to the cathode. For purposes of stabilizing 
against drift, it is necessary to insert a resistance net-
work between the grid and cathode. This would cause a 
reduction of the input resistance and increase the cur-
rent flow in the input circuit unless the cathode is made 
to follow the grid potential precisely. 

For these reasons, it seemed necessary to increase the 
open loop gain of the circuit. Although it is possible to 
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Fig. 15—Open loop gain (curve 1) and phase (curve 2) characteris-
tics of the modified MacNichol-Wagner amplifier. The cor-
responding characteristics for this amplifier with a closed loop 
gain of about 5 are given by curves 3 and 4. 

increase the open loop gain by additional stages of 
amplification, we chose the alternative procedure of us-
ing positive feedback because of the concomitant ad-
vantage of reduction of the input capacity when an in-
phase signal is applied to the screen grid. As a matter of 
fact, the amount of in-phase swing on the screen grid 
required to produce the desired open loop gain was 
usually slightly in excess of the signal amplitude on the 
input grid. This of itself, therefore, added some input 
capacitance neutralization. 
A block diagram of this configuration is given in Fig. 

16(a) and a circuit schematic of this preamplifier is 
shown in Fig. 16(b). It uses the same complement of 
tubes as the original Mac Nichol-Wagner configuration 
and their functions are retained with the exception of 
using one of the original pair of output triodes for posi-
tive feedback. A cathode follower is used to drive the 
input screen grid with the sum of a dc potential from a 
battery and a fraction of the output voltage taken from 
a low impedance potentiometer. The output impedance 
was not increased by the sacrifice of one of the output 
triodes because the quiescent current through the re-
maining cathode follower was increased beyond that 
of the original pair with an accompanying increase in 
gm. The supply voltage for the plate of the input tube 
was varied to set the dc output level, as in the original 
design. The filaments as well as the positive and nega-
tive voltages were supplied by highly regulated dc from 
line operated power supplies. The net equivalent ripple 
at the input of the preamplifiers was usually a fraction 
of a millivolt peak-to-peak and was quite satisfactory 
for bioelectric measurements where full scale values were 
+ 150 mv or so. 
For purposes of analysis, the positive feedback system 

used in this amplifier may be represented by the linear 
equivalent circuit of Fig. 17(a), where the input stage 
characteristics are treated in detail and the remainder of 
the amplifier lumped into A 2. The small loading of the 
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Fig. 16—Amplifier with positive feedback to the screen grid. 
(a) Block diagram. (b) Circuit schematic. 
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Fig. 17—(a) Linear equivalent circuit of amplifier in Fig. 16. 
(b) Simplified equivalent circuit. 
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input stage on the low impedance negative feedback 
network may be neglected and the equivalent circuit 
simplified as in Fig. 17(b). The gain of the first stage 
signal grid is represented by A, and that of the screen 
grid by A„. Then we may solve for the closed loop gain 
G as follows: 

Vo  G = = A,A 2 

E 1+ tiA„A 2— A,A2(a — it) 

For the case of 13-0 (no negative feedback), 

G—> co when a = 
1 

.4 8442 

f  1111 

Fig. 18—CRO photographs o - the transient response of the amplifier 
to input step functions from a low impedance source. The in-
creasing steady-state outputs correspond to positive feedback 
settings of zero, "infinite gain," and maximum. The sweep rate 

(12) is 0.5 msec/major division. 

The positive feedback fraction a which will give a 
gain which is dependent only on the negative feedback 
fraction a is given by the expression 

1 
a = 13+  

A„A 2 

For the real amplifier, this condition was met by setting 
the fraction of positive feedback signal to the point 
where the difference between an input signal (of about 
100 mv) and the feedback voltage (0E0) was zero, as ob-
served on an oscilloscope with a differential input. This 
procedure makes the open loop gain approach "infinity" 
in effect and increases the input impedance, as well as 
causing the closed loop gain to be determined by the 
feedback ratio alone. For the amplifier shown in Fig. 
16(b), a low impedance precision resistor network with 
a 13 of 0.2 was used to give a net gain of 5. 
Some concern has been expressed about the suscepti-

bility of such a positive feedback circuit to ringing or 
oscillations. If the proper phase and amplitude response 
has been originally established for negative feedback 
around the amplifier to give a smooth response to a step 
input from a low impedance source, the addition of a 
positive feedback signal, to increase the open loop gain, 
will not appreciably affect the closed loop transient 
response because most of the increase in gain is at the 
lower frequencies. Photographs of the response of the 
preamplifier to a step function input from a low im-
pedance source with and without the positive feedback 
is shown in Fig. 18; the rise time for the normally used 
"infinite" open loop gain setting is 0.38 µsec. Several 
circuits of this general type have been constructed in 
our laboratory and none has shown any more tendency 
to ring than this unit, even with the magnitude of posi-
tive feedback increased substantially past the appro-
priate value for "'infinite gain." Thus, there is small 
likelihood of an increase in the normal forward open loop 
gain of the amplifier causing the amplifier to ring. 
Actually, some ringing would not be a disadvantage 
because, as already shown on the simulator, a some-
what better capacitance neutralization can be obtained 
with an amplifier which has a small amount of ringing or 

fiff 4444t   Ft++ 

Fig. 19—Source preamplifier system dynamic response tested by 
injection of a current step via the "ramp capacitor." The source 
resistance is 20 megohms and enough external capacitance has 
been added to give an uncompensated time constant of 200 µsec 
(or a rise time of 440 asec). The sweep rate is 20 µsec/major 
division. 

overshoot in its response to a step input from a low 
impedance source. In the Appendix we show that the 
major effect of a small increase in positive feedback over 
that amount required for " infinite gain" is a degrada-
tion of performance, similar to that observed upon a 
decrease in forward gain, but of opposite sign. 

Fig. 19 illustrates the transient performance of this 
amplifier when connected to a 20 megohm source re-
sistance and enough additional external capacity from 
grid-to-ground to give an over-all uncompensated time 
constant 200 µsec or a rise time (0.1 to 0.9) of 440 µsec. 
A step of current was injected at the grid through the 
ramp capacitance and the neutralization adjusted to 
give a smooth output response with a rise time of about 
22 µsec. Thus, the response time has been reduced to 
0.05 that of the input circuit. Although r„ is not defined 
for this amplifier because it does not have a pure first-
order response and the curves of Fig. 6 are not directly 
applicable, the ratio of the rise times for the amplifier 
and source used in this example is about 0.0008 and can 
apparently be used in place of the time constant ratio 
in Fig. 6 to give a rough estimate of the available com-
pensation. 
A study of the effect of positive feedback on the con-

stancy of the closed loop gain has been made by analyz-
ing its sensitivity to variations in stage gains and feed-
back ratios. Expressions have been derived and repre-
sentative values calculated for the present circuit as well 
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as for several generalized cases and are tabulated in 
Appendix II. The results may be summarized here by 
noting that positive feedback around one of the stages 
can make A c insensitive to small variations in the gain 
of the other stage. With positive feedback around each 
stage, A, is independent of small changes of gain in 
either stage, but not of simultaneous changes in both 
stages. If the positive feedback is applied around both 
stages together, as in our amplifier, there is no improve-
ment in closed loop gain stability. 
The effect of positive feedback on the output im-

pedance was also derived and shown in Fig. 21 in 
Appendix II. For the amplifier of Fig. 16(b), the output 
impedance was increased from 10.5 1.2 for no positive 
feedback to 11.5 when the positive feedback was 
adjusted for "infinite gain." Although it is clear that 
positive feedback is no substitute for a normal high for-
ward gain as far as output impedance reduction is con-
cerned, this impedance level is low enough to be insig-
nificant in normal instrumentation practice. 

VI. BASE LINE STABILIZATION 

The need to control, by feedback, the potential across 
a bioelectric membrane' as measured by such a pre-
amplifier adds a further requirement that the base line 
be stable. Drift in the preamplifier is indistinguishable 
from signal and not only introduces an error into the 
measured potential, but also forces the membrane po-
tential away from the command value by the amount 
of the drift. In an excitable biological tissue, a millivolt 
deviation or change in the steady-state potential can 
make significant changes in its response to constant 
voltage pulses. An accumulated drift in the order of a 
few millivolts may cause such drastic changes in the 
condition of an excitable membrane that they will mask 
those introduced by the experimental procedure. There-
fore, it was both desirable and necessary to stabilize 
the electrometer preamplifier as well as the standard 
operational amplifiers in the rest of the system.' 
Goldbergn has developed a method for stabilizing 

operational amplifiers by means of a chopper, auxiliary 
ac amplifier, rectifier, and filter; this technique has 
been rather generally adopted. We have applied the 
Goldberg approach to the more difficult problem of sta-
bilizing our potentiometric type of amplifier against 
drift. 

Although a large amount of negative feedback re-
duces the effect of drifts introduced in later stages, it 
cannot compensate for the main source of drift which is 
the variation in the "contact potential" between the 
grid and cathode of the input stage caused by changes 
in electron emission velocity with heater voltage varia-
tion. This is equivalent to an additional potential in 
series with the signal and, for oxide-coated cathodes, 
amounts to approximately 0.2 y for a 20 per cent 

31 E. A. Goldberg, "Stabilization of wideband de amplifiers for 
zero and gain," RCA Rev., vol. II, pp. 296-300; June, 1950. 

change in the heater voltage. 32 The effect of heater volt-
age fluctuation can be reduced to a few millivolts by use 
of any one of a number of commercially available units 
which regulate the heater voltage to within about ± 0.1 
per cent for + 10 per cent live voltage variations. This 
does not afford a sufficient reduction in drift for long 
term measurements where the maximum signal is only 
a few millivolts. In order further to stabilize an amplifier 
of the potentiometric type against baseline drift, the dc 
difference in potential between the grid and cathode 
must be measured and controlled to a constant value. 
In addition, the auxiliary monitoring circuit must not 
degrade the high impedance of the amplifier nor intro-
duce an effective grid current. Fortunately, the normal 
procedure of using negative feedback provides a volt-
age which follows the signal input more or less precisely. 
The impedance of a network inserted between the nega-
tive feedback point and the signal grid will be raised in 
effect by a factor approximately equal to Ale. If the 
open loop gain is made very large, the network current 
goes toward zero and its effective impedance approaches 
infinity. 
Of the several possible devices considered for conver-

sion of dc to an ac signal, the photo converter seems to 
be the ideal. However, these were not well developed at 
the initiation of this work. The available magnetic 
modulators were of far too low current sensitivities. The 
remaining choice was that of the electromechanical 
chopper which is also widely used with operational am-
plifier stabilization. To avoid shorting the grid-to-
cathode feedback point when the chopper was closed 
and to keep from introducing chopper noise into the 
input, a voltage divider was inserted between the grid 
and cathode feedback as shown in Fig. 20(a). The 
chopper shorts the resistor nearest the feedback point 
for about half of each drive cycle. An ac amplifier with 
high impedance differential input boosts the chopped 
signal level by more than 80 db. The output of this am-
plifier is synchronously rectified by a second chopper and 
is well filtered with a time constant in the order of one 
second. The output of the filter is added to a constant 
potential from a battery in a cathode follower whose 
output supplies the plate voltage for the input tube. The 
sense of the polarities is arranged to change the potential 
on the input plate in such a direction as to minimize the 
chopped signal at the input to the auxiliary ac ampli-
fier. This, in turn, means that the dc level of the feed-
back point automatically and accurately tracks the 
signal grid. An auxiliary manual dc level control is used 
initially to set the output to zero when the signal lead 
is grounded. Under these conditions, the amount of the 
stabilizing control signal on the first plate is minimized; 
it normally remains less than + 1 volt over long periods 
of operation. Consequently, the difference in the dc 
potential between the signal grid and feedback point 

" G. E. Valley and H. Waltman, "Vacuum Tube Amplifiers," 
M.I.T. Rad. Lab. Ser., McGraw-Hill Book Co., Inc., New York, 
N. Y., vol. 18, p. 421; 1948. 
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Fig. 20—Circuit for chopper stabilization of potentiometric amplifier. 
(a) Block diagram. ( b) Circuit schematic. Not shown, 100 in 
series with input heater. 

was held to a fraction of a millivolt. The dc current 
which would flow between these two points for an offset 
of 0.1 mv would be 5 X10-'2 a. This is equivalent to an 
additional grid current but is within the specifications 
originally outlined. 
The choppers were driven at 60 cps in our initial de-

signs. Care was taken to keep the high-level chopped 
signal output well shielded from the high resistance 
input. These signals are volts for millivolts of dc offset 
and have high rates of rise so that capacity coupling 
must be minimized. Initial attempts at putting the 
lower side of the output filter a few hundred ohms off 
ground so that the dc resetting signal could be sent to 
the cathode or screen grid were always unsuccessful 
because of the few millivolts of ripple that were intro-
duced into the main amplifier. Consequently, we 
adopted the quieter design in which the lower or refer-

10K 
5W 

510K 

ence side of the filter was grounded and the reset signal 
fed into a lower gain point further from the input. In our 
present design shown in Fig. 20(b), the rebalancing 
signal is introduced via a cathode follower at the input 
tube plate supply. A battery (22.5 v) in series with the 
filter output sets the approximate operating point to 
which rebalancing signals are added (or subtracted). 
Even with the disadvantage of a 10:1 attenuator at the 
input chopper, and feeding back the reset signal to the 
first plate, a stabilization ratio of greater than ten is 
easily obtained. By "stabilization ratio" is meant the 
ratio of the dc offset without the automatic resetting cir-
cuit to the offset with this circuit operating for a small 
change in the heater voltage or balance potentiometer. 
When the heater voltage has been regulated to within 
about 0.1 per cent for line changes, it has been possible 
to hold the drift of the amplifier to within + 200 v re-
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ferred to the input over indefinite periods of time after a 
short warmup. These limits can be squeezed somewhat 
tighter by more ac amplifier gain or reduction of the 
input chopper attenuator with a slight reduction in the 
quality of the input impedance. 

APPENDIX I 

GAIN AND TIME CONSTANT RELATIONS 

For a potentiometric amplifier with negative feedback 
as in Fig. 4, the input/output ratio may be written as 

Vo 
(13) 

E 1 ± lea 

where p is the amplifier gain. If the amplifier has a first-
order open loop characteristic, g may be written as 
µo/(1 + pro) where bio is the low frequency gain, ro is the 
open loop time constant, and p is the operator d/dt. 
For a particular amplifier, po and ro may be taken as 
given constants and the expression for be substituted 
into ( 13). The closed loop time constant r‘ can be 
found to be a function of the negative feedback ratio as 
follows: 

To 

Te = 

1 ± eioe 
(14) 

The closed loop gain at low frequencies is given by ( 13) 
and may be called G. By substitution we obtain the 
relation 

re G 

ro Po 
or 

Tc To 
= — • 

G Po 
(15) 

This shows that, for a given amplifier with a first-order 
response, the ratio of time constant to gain for the 
closed loop is a constant. Thus the designer may pur-
chase a faster response at the expense of a reduction in 
net gain. 

APPENDIX II 

EFFECTS OF POSITIVE FEEDBACK INSIDE A 
NEGATIVE FEEDBACK LOOP 

The sensitivity of the net closed loop gain to varia-
tions in the stage gains and feedback ratios has been 
analyzed for a number of circuit arrangements. The 
sensitivity of the closed loop gain G to the variation of a 
parameter K is symbolized by SR° and is taken as the 
ratio of the fractional change in closed loop gain to the 
fraction change in K; 

G G dG 
SR= -• 

K dK 
(16) 

Schematic diagrams of some possible circuit configura-
tions are shown in Fig. 21 along with a tabulation of the 
sensitivity to various parameter variations. 

In general, the effect of the positive feedback is to 
reduce the denominator D so that the closed loop gain 
increases and approaches the reciprocal of fi. If the posi-
tive feedback is set so that the denominator is precisely 
A 1A213, the open loop gain is infinite. Something less 
than this amount of positive feedback will leave an out-
put error which is characteristic of insufficient forward 
gain. Positive feedback in excess of that for infinite gain 
will cause a slightly excessive output; i.e., the error has 
a sign opposite that for insufficient forward gain. If the 
transient response of the negative feedback loop has 
no tendency toward ringing, it is possible to use consid-
erable positive feedback without getting into difficulties 
with the transient response. Therefore, it is practical to 
use an amount of positive feedback which initially sets 
the open loop gain at infinity and to expect to have only 
minor degradation in the closed loop performance re-
sulting from open loop gain decreases or increases 
(caused by tube aging or replacement, etc.). Some dia-
grams of circuits exemplifying the structures shown in 
Fig. 21 are given in Valley and Wallman.0 
The output impedance with feedback is also calcu-

lated and given in Fig. 21 as a fraction of the open cir-
cuit output impedance. 
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Fig. 21—Summary chart showing sensitivity of gain to variations of 
several parameters. The last column gives the ratio of the closed 
to open loop output impedance. 
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Bandwidth Limits for Neutralized Input 

Capacity Amplifiers* 

ROBERT L. SCHOENFELDL MEMBER, IRE 

Summary—Criteria for bandwidth limits for neutralized input 
capacity amplifiers are developed. The behavior of different neutral-
ization schemes is analyzed in terms of the root locus of the system 
gain function. This technique permits quantitative design and evalu-
ation of the different circuits that have been used. It makes it pos-
sible to judge the effectiveness of new approaches to the problem. 

It is shown that second-order amplifiers may achieve inherently 
faster response than amplifiers with a single time constant. Using a 
critically damped criterion, the maximum bandwidth of the second-

order amplifier is equal to the cube root of the product of the input 
circuit bandwidth times the square of the amplifier bandwidth with 
the input circuit removed. A single time constant amplifier has a 
maximum bandwidth equal to the square root of the product of the 
input circuit bandwidth times that of the amplifier alone. 

It is shown also that one may have to choose between speed of re-
sponse and excess noise. The noise figure of these systems may in-

crease markedly with bandwidth and increases to a lesser degree 
with the system complexity. 

....NTT.. 

NEUTRALIZED input capacity amplifiers are 
used to improve the bandwidth of biolelectric 
signals recorded with electrolyte-filled micro-

p'pette electrodes.' Such electrodes constitute a very 
h.gh resistance in series with the source of bioelectric 
potential. The input capacitance at the amplifier is 
augmented by contributions from the electrodes, 
cables and feedback circuits. The electrode resistance 
and the total input capacitance comprise a low-pass 
filter with a narrow pass band that limits the fidelity of 
reproduction of the source waveform. 

This situation is idealized in Fig. 1 which illustrates a 
simple lumped parameter model for the input circuit 
and the general scheme used to improve the bandwidth. 
The resistance RI represents the electrode resistance 
which may vary between 5 and 50 megohms. The input 
capacitance CI is of the order of several picofarads. The 
amplifier A provides positive feedback through the 
capacitance C2. If the amplifier is assumed to have 
infinite bandwidth, the effective input capacitance 
Ci+ C2(1— A) can be adjusted to zero. Under these 
assumptions, complete input capacity neutralization is 
possible. 

Guld has pointed out that the degree of neutraliza-
tion is limited fundamentally because of the inadequacy 

* Received September 29, 1961; revised manuscript received 
lime 25, 1962. 
f The Rockefeller Institute, New York, N. Y. 
E. Amatniek, "Measurement of bioelectric potentials with 

microelectrodes and neutralized input capacity amplifiers," IRE 
TRANS. ON M EDICAL ELECTRONICS, vol. ME-10, pp. 3-14; March, 
1958. Contains bibliography on this subject. This issue contains 
papers presented at a symposium on this subject at the U. of Penn., 
June, 1956. 

Fig. 1—Circuit model for input capacity neutralization. RI =elec-
trode resistance, Ct=input capacity. C2=feedback capacity, 
A =amplifier gain, E. =signal voltage, E, = amplifier input volt-
age, E. =amplifier output voltage. 

of the lumped parameter electrode mode1.2 The deeper 
the penetration of the electrode in the tissue, the more 
important becomes the effect of distributed capacitance 
along the electrode. 

However, accepting the simple lumped parameter 
model for purposes of analysis, it is necessary to take in-
to account the amplifier frequency response character-
istics. The simplest realistic model represents the 
amplifier as a single time constant, low-pass filter with 
a cutoff angular frequency co2 much larger than that of 
the input circuit; i.e., 

>> coi where 
1 

WI = 
Ri(CI + C2) 

a 

Moore has reported a negative capacitance amplifier 
which uses combined negative and positive feedback 
within the block labeled A in Fig. 1.4 This amplifier be-
haves as an underdamped low-pass filter of second order; 
i.e., its amplitude falls off at the rate of 12 db per octave 
at high frequencies. Moore claims that better capacity 
neutralization can be accomplished with this system 
than can be obtained with an amplifier possessing pri-
marily a 6-db octave cutoff at high frequencies. 
The purpose of the present paper is to carry out an 

analysis of the model of Fig. 1 and to determine band-
width limits for the system for different amplifier re-
sponse characteristics. This analysis is carried out by 
studying the root locus of the system transfer function. 
It tends to substantiate Moore's claim that wider 

2 C. Guld, "Factors limiting capacitance neutralizing in micro-
electrode amplifiers," Proc. 2nd Internet Conf. on Medical Elec-
tronics, Paris, France, June, 1959, pp. 28-32. 

3 C. C. Yang, J. P. Hervey, and P. F. Smith, "On amplifiers used 
for microelectrode work," IRE TRANS. ON MEDICAL ELECTRONICS, 
v01. ME-10, p. 25; March, 1958. 
' J. Moore and J. H. Gebhart, "Stabilized wide-band potentio-

metric amplifiers," PROC. IRE, vol. 50, pp.; August, 1962. 
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bandwidth can be obtained with a second-order ampli-
fier. Moreover, the technique permits specification of 
maximum bandwidth criteria for different types of 
amplifier response and permits insight into the per-
formance observed in the practical application of such 
amplifiers. 

FIRST-ORDER AMPLIFIER 

Assuming that the amplifier labeled A in Fig. 1 has 
infinite input impedance, zero output impedance, and 
summing currents at the input node, 

E. — E, 

RI 

and 

= pCIEi + pC2(Ei — Err) (1) 

Ei = E./A, (2) 

where p is the complex Laplace transform variable. 
Solving ( 1) and (2) for the closed-loop gain G(p), 

G(p) = — = 
E. 

A 

1  RI(C2 + C2) +  
Ri(c, + c2))\ AC2p 

(ci+ c2)(p + 
1 

Ri(ci + c,)) 

For first-order amplifier, 

Aow2  
A = 

P + (02 

(3) 

(4) 

where Ao is the gain at zero frequency and co2 is the 
cutoff angular frequency. Let col= 1/Ri(C1+ C2) and 
and K = C2A0/C1+ C2 where, as will be seen, K is the 
constant which determines the degree of neutralization. 
Eq. (3) becomes 

A occ. 1(02 

(I) + (01)(P + ‘02) 
G(p) = 

1 
Kco2P 

(1) + coi)(P + ‘02) 

which may be written 

G(g) = 
A or 

q2+ (1+ r — K)q r 

A considerable amount of information may be 
gleaned from (7) without further analysis. The gain at 
dc is Ao. Eq. (7) represents a second-order closed-loop 
system with undamped angular frequency equal to Nir. 
The damping may be adjusted by varying l+r —K, with 
K the adjustable parameter. 
The behavior of the circuit can be understood better 

in terms of the loci of the poles of ( 7) in the complex g 
plane illustrated in Fig. 2.5 Eq. (6) is written in a form 
suitable for sketching the root locus. As explained in 
Truxa1,5 the solution of 

(7) 

Kg 
  — 1 
(q r)(g + 1) 

as K varies, can be sketched by inspection, even in cases 
when the explicit solution is difficult because the left-
hand side involves high-order polynomials in the com-
plex g variable. It will be expedient to review the prin-
ciples used in sketching the root locus in Fig. 2 even 
though the loci can be solved directly from the de-
nominator of ( 7). 

X  11. 
- r 

K`11+r-

- 

Im 

Krl+r 

4 t  

K.ler+2,17 

K=I+r 

Fig. 2—Root locus in the complex plane of neutralization system 
(5) with first-order amplifier. Abscissa: Re (real part of q), Ordinate: 

lm (imaginary part of q). Values of K under abscissa of cor-
responding root values. 

A greater degree of generalization can be obtained by 
writing (5) in normalized form. Let r=cui/c.o2 and 
g=p/w2. The ratio r relates the uncompensated band-
width col to that of the amplifier alone, w2. By sub-
stituting q=p/w2, the complex frequency variable is 
scaled to the amplifier intrinsic bandwidth. Eq. (5) be-
comes 

G(q) — 

Aor 

(g 1)(g -F 

1  Kg 
(q -F 1)(q r) 

(6) 

The function 

(g -I- r)(q -F 1) 

multiplying K in the denominator of (6) plays the role 
of an open-loop gain in a feedback system. The poles of 
this function are the poles of the closed-loop system 
when K is zero. The following rules for the root loci may 
be derived on the basis of the algebra of polynomial 
equations of a complex variable with real coefficients. 

6 J. G. Truxal, "Automatic Feedback Control System Synthesis," 
McGraw-Hill Book Co., Inc., New York, N. Y., ch. 4; 1955. 
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1) As K approaches infinity the poles of the closed-
loop function terminate on the open-loop zeroes. 
In (6) there is an explicit zero of 

(q r)(q ± 1) 
at q = 

and an implicit zero at infinity. 

2) The locus of the poles for a positive feedback 
system comprise portions of the real axis of the q 
plane to the left of an even number of poles and 
zeros and the entire positive real axis. 

3) As K approaches infinity the root loci approach 
straight line asymptotes given by the roots of the 
equation en-"=- K=0 where n, is the number 
of poles and n, the number of zeros of the open-
loop gain function. In the present case, as K ap-
proaches infinity, there is a single asymptote ap-
proaching plus infinity along the real axis. If 
n„- n,= 2, both positive and negative real axes 
are asymptotes. For np-n,=3, there are three 
asymptotes; i.e., the negative real axis and two 
straight lines making angles of + 60 degrees to the 
positive real axis. These asymptotes originate on 
the real axis at the algebraic centroid of the real 
part of the poles and zeros. 

4) Complex poles occur in complex conjugate pairs so 
that the root loci are always symmetrical about 
the real axis of the q plane. 

The above four rules will suffice for our purpose. 
Truxal's book should be consulted for a justification of 
these rules and for a more complete treatment of the 
root-locus technique. 

In the case of the first-order negative capacitance 
amplifier illustrated by the root locus in Fig. 2, the open-
loop poles are located at -r and - 1 and there is a 
zero at the origin; i.e., at q =0. As K is increased from 
zero the poles move together until they coalesce at 
-v', where K = 11-r - 2N/r. The poles then travel on a 
circle in the complex plane reaching the imaginary axis 
at K = 1 -Fr. At K=l+r+2\fr they reach the positive 
real axis. One travels toward q =0 to cancel the zero at 
that location and the other approaches infinity along 
the positive real axis. 

This figure correlates well with experimental ob-
servations of the behavior of these amplifiers. As K in-
creases, the closed-loop bandwidth improves. Beyond 
a critical value of K, the transient response becomes 
underdamped and eventually the circuit breaks into 
spontaneous oscillation. It can be seen that the maxi-
mum bandwidth is equal to r-112 times the uncom-
pensated bandwidth. Depending on the object of the 
bioelectric investigation, the parameter K may be ad-
justed to give critical damping or a slightly under-
damped condition. 

The results are more striking if typical numbers are 
substituted for the parameters of the figure. If 

then 

R1 = 107 ohms 

C1 + C2 = 20 X 10-12 farad 

(02 = 2 X 106 rps 

wi = 5 X 103 rps 

r -= 2.5 X 10-s 

= o.os. 

Cánsequently, a 20-to-1 increase in the uncom-
pensated bandwidth is possible. Using the formula given 
by Elmore for the rise time of a filter or an amplifier 
with n identical isolated stages,6 each with a band-
width /vb. 

TI? = 
-V2rn 
— ; 
Wb 

(8) 

the uncompensated rise time will be 500 µsec, and the 
compensated rise time will be 35.3 µsec compared to 1.3 
µsec for the amplifier alone. For the critically damped 
adjustment, the compensated system behaves as two 
identical isolated stages. For a first-order amplifier the 
rise time of the system equals V2r times the uncom-
pensated rise time. 
The change in K producing varying degrees of neutral-

ization is especially significant. When the two poles 
coalesce, the system is critically damped and K=0.946. 
When the two poles touch the imaginary axis, the sys-
tem reaches the borderline of stability. Then K=1.0025, 
a change of only 6 per cent from the critically damped 
condition. These figures emphasize the need to stabilize 
the capacitance ratio and the zero frequency gain Ao. 
The variation in K may be obtained by means of a 
precision potentiometer at the output of the amplifier. 

SECOND-ORDER AMPLIFIER 

An amplifier with more than one stage of amplifica-
tion or one utilizing a low-pass filter as an interstage 
coupling network may have a gain function involving at 
least the square of the complex variable p. A generic 
form for the gain of a second-order amplifier is 

Aow,,2 

p2 + 26..p + .„2 
The form of (9) can be realized using negative feed-

back around two stages, each with a 6-db high-frequency 
cutoff characteristic. Alternatively, (9) can be realized, 
as discussed in Appendix I, by combined positive feed-
back around one stage and negative feedback around 
two stages. The form of (9) includes all of the response 
possibilities for a second-order amplifier. For 8> 1, 

(9) 

e W. C. Elmore and M. L. Sands, l'Electronics—Experimental 
Techniques," McGraw-Hill Book Co., Inc., New York, N. Y.; 1949. 
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the amplifier is overdamped and for 8=1, critically 

damped. 
Substituting (9) in (3) with col = 1/Ri(C1-1- C2) and 

K=C2A0/C1-1- C2, as before, 

A ow goo' 

(I) wi)(P2+ 26woP ± (0.2) 
G(P) = (10) 

K(.0„2p 
1 

coi)(P2-1- 25‘.0„p ,„2) 

Eq. ( 10) can be put into normalized form by letting 
q = plc.,. and r -- col/con. Then, 

G(q) = 

Aor 

(q r)(q2 26q + 1) 

1 K q 
(q r)(q2 28q -F 1) 

The root locus for the poles of G(q) in ( 11) is more 
complicated than for (6) because of the cubic in the 
denominator and the variable parameter (5. 
As shown in Appendix II, the maximum bandwidth 

with the system critically damped is obtained for a 
particular value of 8; namely, 

26 = 3r' 13 — r. (12) 

Since with r < 1, 6 is less than unity, this adjustment 
corresponds to an underdamped second-order amplifier. 
The root locus of the poles of ( 11) with K varying is 

shown in Fig. 3 for the value of & determined in ( 12). For 
K=0, the "open-loop gain" has a zero at the origin, a 
pole at —r and a pair of complex conjugate poles at 
—8 + j-V1 — 82. As K is increased from zero, the two 
conjugate poles approach the negative real axis and 
coalesce with the pole moving to the left from — r. The 
three poles meet at —r113 for 

K = 1 ± 26r 
(r 26)3 

2 

with 8 taking on the value given by ( 12). As K is in-
creased further, two of the poles become complex and 
approach the imaginary axis along the curved path 
shown in the figure. The third pole continues to move 
to the left along the real axis. Eventually the com-
plex poles cross over into the right-hand half plane, 
and coalesce on the positive real axis. One goes to the 
left toward zero, the other to the right toward positive 
infinity. Meanwhile, as K increases, the negative pole 
moves to the left along the real axis toward negative 
infinity. 
The system is critically damped when K is adjusted 

to give a triple pole at —r113. The system can also be ad-
justed for an underdamped condition by increasing K. 
In the case of a second-order amplifier, the path of the 
poles in the complex plane is no longer circular so that 

2 8 = 3 U-r- r 

1m 

Fig. 3—Root locus of neutralization system with second-order ampli-
fier. Same axes as in Fig. 2. Successive values of K above locus of 
corresponding root values. Arrows in direction of pole migration 
with K increasing. 

the underdamped response has lower bandwidth than 
for a critically damped adjustment. 
The results of this analysis indicate a significant in-

crease in bandwidth and decrease in rise time over that 
possible with a first-order amplifier. The maximum 
bandwidth is r-213 times the bandwidth of the uncom-
pensated input network as compared with r-112 times for 
the first-order amplifier. Using the figure given in the 
example of the last section, the bandwidth is increased 
by a factor of 54 instead of 20. The improvement can be 
evaluated more realistically by considering the decrease 
in rise time. At the critical value of K, the system corre-
sponds to a third-order amplifier with three identical 
isolated stages. Using (8), the rise time is 3112r213 times 
the rise time of the uncompensated system compared 
with 2u2ru2 times for the amplifier of the previous sec-
tion. Thus, for an uncompensated rise time of 500 µsec, 
the compensated system has a rise time of 35.3 µsec if a 
first-order amplifier is used, and a rise time of 16.0 µsec if 
a second-order amplifier is used. The first-order amplifier 
alone has a rise time of 1.3 µsec as compared with 1.84 
µsec for the second-order amplifier with the input net-
work removed. These figures may be conservative be-
cause it should be possible to attain higher bandwidth 
for a second-order amplifier with the same over-all gain 
as a first-order amplifier. 
The variation in K necessary to adjust the system 
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from the maximally flat condition to the borderline of 
stability is comparable to that of the first-order ampli-
tier. In the example given, K = 0.946 for maximal flat-
ness and K=0.995 for undamped oscillations, a change 
of 5 per cent. 

NOISE 

Neutralized input capacity amplifiers have an ex-
tremely large noise figure." The use of amplifiers with 
more than a 20 db per decade slope in their high-fre-
quency cutoff characteristic may enhance the noise. One 
writer has suggested the use of a filter following the 
amplifier as a possible way to reduce the extra noise.' A 
quantitative noise analysis is needed to assess these 
possibilities. 
The circuit of Fig. 4 represents a model of the sys-

tem including the predominant noise voltage sources. 
The voltage el represents the root-mean-square noise 
voltage associated with the resistance RI. The input 
tube noise is represented by an equivalent resistance 
R,.«, and source e2 in series with the input line. The ampli-
fier symbol labeled B represents a filter cascaded with the 
system. 

Fig. 4—Circuit model for analysis of noise in neutralized input ca-
pacity system. Symbols as in Fig. 1 except R„ =amplifier noise 
equivalent resistance, el = noise voltage source associated with 

e2= noise voltage source associated with B= filter transfer 
function, e.' =filter output voltage. 

The circuit of Fig. 4 can represent a number of differ-
ent systems depending on the complexity of the amplifier 
and filter. As a basis of comparison we shall assume that 
all of these can be adjusted to have a critically damped 
response. The poles of the system gain function are co-
incident of order m-1-a+1 where m and a respectively 
are the orders of the amplifier and filter cutoff char-
acteristics. 

Under these conditions, the rise time of the system is 
identical with that of m+a-I-1 identical amplifier stages 
and is given by (8).6 It is then possible to specify the rise 
time and to compare the noise figure of the systems as a 
function of their complexity and the relative role of the 
amplifier and filter. 
The noise voltage eN referred to the input of the 

system of Fig. 4 is' 

eN" 

4KT 
= Riàfi R,Af2 (13) 

M. Schwartz, " Information Transmission Modulation and 
Noise," McGraw-Hill Book Co., Inc., New York, N. Y.; 1959. 

where 

K is the Boltzmann constant 
T is the absolute temperature 

and 

Af = f G(f) 
Jo G(0) 

2 
df. (14) 

The gain G(f) is defined with respect to the noise 
source voltage and the output of the system. G(0) is the 
zero frequency value of the gain, assuming that these 
amplifiers are dc coupled. When the filter is included, 
its transfer function B(f) will be multiplied by G(f) to 
obtain the over-all gain. The amplification of the noise 
source el is the same as was derived for the signal E, in 
the previous sections. The Laplace Transform of the 
gain function with respect to the tube noise source e2 is 

G2(P) 
AC2 

p + cot   
Cl+ C2 

A (p + oh) 
(15) 

The numerator term in ( 15) indicates the effect of 
positive feedback and produces a rising frequency 
characteristic. It is convenient to normalize the terms in 
(14) and ( 15); i.e., let 

for 

let 

then 

w1 
r = 

CO2 

P = 

= („1„2.)o.ion+o)x = 

dco 
df = — = — r(-mr(.-1-t))dx. 

27r 22r 

(16) 

The following changes in notation from the preceding 
sections are made. Let 

W2V 

0,2v 

W2 for V = 1 (first-order amplifier) 

= W„2 for V = 2 (second-order amplifier) 

for V = 3 (third-order amplifier). = 0)23 

In order to adjust all the possible systems for critical 
damping, the cutoff value of the high-frequency asymp-
tote is made equal to 

wirc-mic.+t». 

The order of the composite system excluding the filter 
is m+1, and the filter is assumed to have a cutoff 
characteristic of 20a db per decade. With these assump-
tions and the normalizations given, adjusting A„C2/ 
CI ± C2 in (5) and ( 15) to give critical damping, one ob-
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tains 

GI(X) 2 1 

GI(0) - (1 + X2)m+1 

G2(X) 12 = 1 + X2r(-2ml(m+1)) 

G2(0) 
B(x) 2 (1 ± x2)tn+1 

1 

B(0) (1 -I- x2)« (17) 

The integrals obta'ned when equations ( 17) are sub-
stituted in ( 14) are standard. 8 Consequently 

[ [2(m a)]! 
Afi= coir (-mi(m+1)) 

4m-N.+1[(tn (0,12 

Aix = Afi(1 r(-2.«m+1))) 

for r « 1. (18) 

The rise time of the critically damped systems may be 
expressed, 

win? 
—2 = r = (m a -I- 1)112r(mint+1) • 
V7  

(19) 

Solving ( 19) for r, substituting for r in ( 18) and then 
substituting the results in ( 13), an expression is ob-
tained relating the noise voltage eN to the rise time 
r; i.e., 

eN = r-u2[1 (m + a -I- 1) 61r-2]112 (20) 
CT \ 1/2 

\4KT) 

where 

and 

m±« 
1 
2 
3 
4 

Gr --- C + C2 
Rec, 
= 1 

/Cm+. 
0.423 
0.403 
0.398 
0.393 

Eq. (20) summarizes the performance of the critically 
damped system with respect to noise. For m+a = 1, 
(20) is the same equation presented by Guld, but ex-
pressed differently.2 The variation of K„,+„ is small 
enough (8 per cent) to be neglected for all practical 
purposes. In Fig. .5, we have plotted 

20 log io 
K„,+„ 4KT 

vs r-1 to illustrate the behavior. 

eN ( Cr ) 112 

B. 0. Pierce and R. M. Foster, "A Short Table of Integrals," 
Ginn and Co., Boston, Mass., 4th ed., No. 53—p. 9, No. 59—p. 10, 
No. 495—p. 67; 1956. 

2 3 4 5 6 7 8 910 2 3 

r-' 

Fig. 5—Family of curves giving relative system noise in db vs the 
reciprocal of rise time r--1. Plot of ( 20). Ordinate: 

eN  I Cr V/2. 
db = 20 logio 

Km+. UKTi 

Abscissa: r-1. Excess noise becomes predominant when (m+a-I-1)(R 
=r2, the intersection of asymptotes shown by the dotted lines. 
(R=R„/RI, m = cutoff slope of A, a = cutoff slope of B. Labeled 
voltages and rise times for Cr=20X10-'2 f, T=293°K, wi 
=5X103 rps, Km+.=Ki =0.423. 

The labeled noise voltages and rise times refer to the 
example cited in a previous section; i.e., 

Cr = 20 X 10-121 

m +a = 1 

col = 5 X 103 rps. 

With R„=20Kg 61=2 X10-8. The conditions are 
then the same as those discussed by Guld.2 It should be 
noted that the behavior can be approximated by the 
intersection of two semilogarithmic straight lines which 
intersect at (m+a-F1)61 equal to r2. For values of r-' 
less than this, the noise amplitude rises at 10 db per 
decade. In this region the noise is contributed by the 
microelectrode resistance alone. Beyond this junction 
point, the noise amplitude increases at 30 db per decade 
and the increase in rate reflects the system noise figure 
which is equal to 1-1-(m-1-a+ 1) (Rr-2. 

For the example, the noise voltage is 48 µv, at a rise 
time of 33 µsec (at the junction point of the asymp-
totes). The noise rises to 1.05 mv for a rise time of 
3.3 µsec. If the same rise time (3.3 µsec) were achieved 
by reducing the physical capacitance in the circuit, the 
noise voltage would be 105 µv. The neutralization sys-
tem brings about a 10-fold increase in noise over that 
of a passive circuit. 

The price of system complexity (m+a) is increased 
noise. The greater the reduction in rise time, the higher 
is the excess noise. The filter B is indistinguishable from 
a system with a higher-order amplifier, and brings 
about an increase in noise for the same effective rise 
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time achieved by a simpler system. The only reason 
one might go to a higher-order system is to achieve a 
lower rise time than is otherwise possible. The increase 
in noise for a unit increase in system complexity is rela-
tively moderate as seen in the figure. In certain ap-
plications one may be able to tolerate the noise in ex-
change for a reduction in distortion. It is clear from the 
analysis that the best design from the signal-to-noise 
point of view is the simplest system adjusted to have 
the longest rise time consistent with waveform fidelity. 

DiscussioN 

Criteria for the performance of negative capacitance 
amplifiers have been developed in this paper on the 
basis of idealized circuit models and the root locus of 
the system gain function. Many of the neutralized in-
put capacity amplifiers in use can be reduced to the 
two basic forms we have considered. More complex 
amplifiers are amenable to analysis by studying the root 
locus of the system gain function, although it may be 
difficult to formulate maximum bandwidth criteria for 
them. A preliminary analysis has shown that a shunt-
peaked amplifier will yield the same bandwidth as the 
second-order amplifier discussed. The problem of 
neutralizing the input capacity of a measurement sys-
tem for bioelectric waveforms is seen to be similar in 
principle to the problem of compensating the system 
function of a servomechanism.5 
We have shown that markedly faster response is 

possible for a second-order amplifier than for a first-
order amplifier. For the best simultaneous adjustment 
of the damping constant 8 and the compensation con-
stant K, a second-order amplifier may achieve a band-
width 7.-213 times the uncompensated bandwidth of the 
input circuit as compared with r-112 for the first-order 
amplifier. 

Both system responses are sensitive to small varia-
tions in K, a 5 per cent change being sufficient to carry 
the system from a critically damped adjustment to 
instability. In Appendix I, it will be pointed out that it 
is difficult in practice to vary both b and K independ-
ently to achieve the best adjustment for a second-
order amplifier. 

It is believed that the root-locus technique provides a 
unified conceptual framework for studying input capac-
ity neutralization circuits. It helps provide design cri-
teria and a theoretical basis for evaluating experimental 
observations on the performance of practical circuits. 
A study of the noise contributed in neutralized input 

capacity amplifiers, adjusted for critical damping, in-
dicates that the noise voltage amplitude increases with 
the system complexity. The noise figure of such systems 
is 1-1-(m+a-F1)61r-2. In this expression, the crucial 
terms are contributed by the rise time of the systein 
and the equivalent noise resistance R, of the input 
tube. The addition of a filter cascaded with the am-
plifier increases the noise, through the factor m±a± 1, 
for the same over-all system rise time. 

APPENDIX I 

A SECOND-ORDER AMPLIFIER 

Moore describes an amplifier with combined positive 
and negative feedback similar to the one illustrated in 
Fig. 6.4 The gain A of that amplifier is 

A 1.1'2  
A =   (21) 

1 — aA 1 -I- $.4 IA 2 

For simplicity, assume 

Then 

A = 
p2 + (2 — a A 12)‘02ft ± ( 1 — «A 12 ± 13 A122)(022 

Let 

A 12(42 
A 1 = A2 =   (22) 

p + 

A 122(022 

„2 = co22(1 — aAl2 ± A122) 

2 — AI, 
28 =   

N/1 — a A 12 ± e/1 122 

Ao = 
1 — aA l2 + SA122 

A122 

(23) 

(24) 

Fig. 6—Second-order amplifier with combined positive and negative 
feedback. A signal flow diagram. 

Eq. (23) becomes identical with (9) in the text. 
In principle, it is possible to adjust (5 and ;Io by vary-

ing a and fi in the amplifier. However, it is desirable to 
adjust aA 12=1 and 0.1122>>1 to make the gain with 
feedback insensitive to variations in the gain of the 
separate stages. If this is done, (24) becomes 

Cdeo 2 = CO22eA 122 

Nloreover, 

K = 

1 
28 =   

N/ 13 A122 

Ao = 1113. 

C2A0 

CI ± C2 

C2 

(C1 C2)/3 

(25) 

(26) 

in practice, even if K is varied by means of a po-
tentiometer outside the feedback loops, the range of 
this control is changed as 8 is adjusted. Moreover, 
co„ is dependent on the setting of the feedback factor 0. 
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It seems evident that the proper procedure is to ad-
just a..1 12 = 1 and to permit a range of control for ti to 
allow the amplifier response with the input circuit re-
moved to go from a critically damped condition to a 
markedly underdamped one. Then, with the input cir-
cuit connected, both 6 and K may be varied by adjust-
ing fi and the external control to obtain best response. 

For the example in the text, 26=0.4 and I3A 122 = 6.25. 

APPENDIX II 

ROOT Locus WITH e5 AS A PARAMETER 

In Fig. 7, the root locus of the system characterized 
by ( 11) is illustrated with ô as a parameter. Basically 
this sketch is a solution of the paths of the roots of the 
cubic 

q3 (r -F 26)42 -11- (1 HI- 2ór ic).7 r .= 0 (27) 

with 6 as a parameter and K as a variable. 
Generally, these paths follow the rules described in 

the text. The case illustrated in Fig. 3 corresponds to 
82 in Fig. 7. However, it remains to show the form for 
the loci for values of ô greater than or less than 82 and 
to prove that maximum bandwidth is achieved for 
S = 62. 
The figure indicates that for ô < 82, the paths of the 

complex roots do not touch the negative real axis but 
cross the imaginary axis into the right-hand half plane. 
For 6> 62 two double roots exist in the left-hand half 
plane. The complex roots coalesce at a point more 
negative than —r03, but the root moving to the left 
from —r does not reach —ru'. The two real roots move 
in different directions and the one moving to the right 
coalesces with the root moving to the left from — r. 
These two roots traverse a curved path in the complex 
plane illustrated by the small circle in the figure. Con-
sequently, for 6=82, all three roots are simultaneously 
as far to the left in the complex plane as is possible. 
This is the condition for maximum bandwidth. In the 
other cases, a smaller absolute magnitude for one root 
corresponds to a lower cutoff frequency. 
The nature of the roots of the cubic is determined by 

whether or not the discriminant 

(r + 26 — x)2 > r 

2 
(28) 

where x is the negative of the real root of the cubic and 
r-I- 28—x is the negative of the sum of the real parts of 
the remaining two roots. Fig. 8 is a plot of the equation 

(r 25 — x)2 
y = x   2 r. 

1m 

root loci of the second-order system 
parameter. Axes as in Fig. 2. 

Fig. 7—Family of 

Re 

with 8 as a 

Fig. 8—Family of discriminant equations to the cubic with & as 
a parameter. Abscissa: The amplitude of the negative of the real 
root x. Ordinate: Positive for three real roots, negative for a pair 
of complex conjugate roots, zero for multiple roots y. Plot of the 
equation 

(29) x(r + 28 — x)2 

2 

On the basis of the conditions of (28), for y>0 there 
are three real roots of the cubic. For y <0 a pair of 
complex conjugate roots exist and double or triple real 
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roots occur lor y = 0. Eq. (29) has extrema at 

(r + 28) 
  and x = r + 28 
3 

so that it is necessary for 

y > O at x= 
r + 28 

for three real roots to occur. 
From this figure, it is seen that 

r + 262 

3 
= r" 

3 

provides the boundary for the existence of more 
one double root for (27). For < 82, a double 

exists with x>r+15, but this root has a positive real 
part equal to 

— (r + 28 — 

2 

For 6= 62 a triple root exists at x= (r+2/5)/3=r413. For 
5> 62 three double roots exist. Two of these are in the 
left-hand q plane. However, from (27) it is seen that the 
product of the real roots must equal r independently of 
the value of (5 and K. Obviously, for 8> 82, one of the 
roots must always be less in magnitude than r", the 
magnitude of the triple root when 5=52. The conclu-
sions have been verified by computation of sample 
points along the curves for 51, 82, and (53 in Fig. 7. The 

than illustrations are distorted in relative scale for clarity 
root in the presentation. 

On the Reception of Quasi-Monochromatic, Partially 
Polarized Radio Waves* 

H. C. KOt, SENIOR MEMBER, IRE 

Summary—The response of an elliptically polarized antenna to 
a quasi-monochromatic, partially polarized radio wave is treated from 
the standpoint of coherence theory. A general formula is derived for 
the available power at the terminals of a receiving antenna in terms 

of appropriately chosen coherency matrices for the antenna and the 
incident wave. It is shown that the result is formally identical with 
the basic interference law of partially coherent, quasi-monochro-
matic wave fields. Conditions for the maximum available power are 
discussed, and a geometrical interpretation of the result is given. 
The coherency matrix for the antenna is determined uniquely in 
terms of the transmitting properties of the antenna. 

It is shown that the coherency matrix formalism for the interac-
tion of an antenna with an incident wave fits very we I with those 
used in the modern theory of optics and quantum mechanics. 
A new definition for the antenna effective aperture using the co-

herency matrix is suggested, which takes into account the polariza-
tion property of the antenna. 

INTRODUCTION 

I
N THE ANALYSIS of radio antennas one normally 
assumes that the incident radio wave is completely 
polarized (i.e., elliptically polarized). The response 

of an elliptically polarized receiving antenna to an ellip-
tically polarized radio wave incident upon the antenna 

* Received March 15, 1962; revised manuscript received April 26, 
1962. This work was supported in part by the U.S.A.F. Cambridge 
Res. Labs., Electronic Research Directorate tinder Contract AF 
19(604)-4079 through the Ohio State University Research Founda-
tion, and in part by a grant from the National Science Foundation. 
t Radio Observatory, Department of Electrical Engineering, The 

Ohio State University, Columbus, Ohio. 

has been thoroughly discussed in the antenna literature 
[1]— [8]. A completely polarized wave is a limiting case 
of a more general type of wave, that is, a partially polar-
ized wave. However, the treatment on the response of an 
antenna to partially polarized radio waves has been 
neglected until recently. The use of radio antennas for 
the reception of partially polarized radio waves occurs 
in radio astronomy, microwave plasma diagnostics, pas-
sive radar mapping, etc. Thus, a detailed analysis of 
the interaction of an elliptically polarized antenna with 
a quasi-monochromatic, partially polarized wave is of 
interest both from theoretical and practical points of 
view. 
The purpose of this paper is to treat the response of 

an ellipticidly polarized antenna to a partially polarized 
incident radio wave from the standpoint of coherence 
theory. Although this problem may be treated in differ-
ent ways [9]—[11], there are several reasons why an 
analysis within the framework of coherence theory is de-
sirable. During the last few years, the concept of partial 
coherence and its attendant theory have become increas-
ingly important in many branches of physics, particu-
larly in optics. Space-time correlation functions were 
introduced by Wolf [ 12] to formulate a large branch 
of optics in ternis of observable quantities. The coher-
ence theory [ 13] has since been successfully used to 
formulate theories of partial coherence, partial polariza-
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tion, and the interaction of certain optical devices. At 
present, when microwave engineering has been extended 
to the near optical wavelengths, the formulation of an 
antenna theory consistent with that of the modern opti-
cal theory and the quantum mechanical treatment of 
photons will lead to a better understanding of the an-
tenna itself as well as its relation to other physical de-

vices. 

QUASI-MONOCHROMATIC PARTIALLY POLARIZED WAVES 

It is well known that a rigorously monochromatic 
electromagnetic wave is completely polarized. A com-
pletely polarized wave belongs to, in general, an ellipti-
cally polarized type which includes linear and circular 

polarizations as special cases. The problem of determin-
ing the state of polarization of a completely polarized 
wave is familiar to radio physicists and engineers and 
is thoroughly discussed in radio and optical literature. 
For a rigorously monochromatic wave, the end point of 
the electric field vector traces out an ellipse, which may 
reduce, in special cases, to a straight line or to a circle. 
Thus the wave may be elliptically, linearly or circularly 

polarized. 
However, if one considers a more realistic case of a 

beam of electromagnetic waves due to natural radia-
tion, it is never rigorously monochromatic. Even the 
sharpest spectral line from a real physical source has a 
finite frequency bandwidth. We shall restrict ourselves 
to the case of a quasi-monochromatic plane wave, i.e., a 
wave whose spectral components cover a frequency 
range Af which is very small compared with the mean 
frequency f (i.e., f«f). Such a quasi-monochromatic 
wave may result from the superposition of a large num-
ber of randomly timed statistically independent pulses 
with the same mean frequency of oscillations. The con-
cept of partial polarization becomes significant when 
dealing with such statistical radiation. The end point 
of the electric field vector of a quasi-monochromatic 
wave traces out, in general, an ellipse whose shape 
changes continuously. When the ellipse maintains a 
constant orientation, axial ratio, and the sense in which 

the ellipse is described, in spite of continuous fluctua-
tions of its size, the wave is said to be completely polar-
ized. On the other hand, the end point of the field vector 
may move completely irregularly, and we may say that 
the wave is randomly polarized. Between these two 
extreme cases, we have a partially polarized wave 
which shows neither completely regular nor completely 
irregular variation in the trace of the end point of the 
electric field vector. 
The first systematic investigation of partially polar-

ized light was made by Sir George Stokes in 1852. 
Stokes [14] has shown that a partially polarized elec-
tromagnetic wave may be completely characterized by 
four parameters which are today known as the Stokes 
parameters. These parameters may be derived from 
the electric field associated with the wave. A new treat-
ment of the partial polarization was later originated by 

Wiener [15] and Perrin [16] who employed the concept 
of correlation functions between the two components of 
the electric field vector in two mutually perpendicular 
directions at right angles to the direction of the wave 
propagation. Wiener showed that the state of wave 
polarization may be completely characterized by a 2 X2 
matrix which he called the coherency matrix. Landau 
and Lifshitz [17] showed that a quasi-monochromatic 
partially polarized wave may be characterized by the 
quadratic functions of its field components in a tensor 
form. 
The most complete and systematic analysis on the 

coherence theory of quasi-monochromatic, partially 
polarized electromagnetic radiation is due to Wolf [ 18]. 
More recently, Parrent and Roman [19] formulated the 
effect of the interaction of optical devices with a par-
tially polarized quasi-monochromatic plane wave from 
the standpoint of coherence theory. 

Let us consider a quasi-monochromatic plane wave 
in the frequency interval (f ±ilf/2) and let Ex(t) and 
E(t) represent, in the usual rectangular coordinates, 
the components of the electric field vector E in the two 
mutually orthogonal directions at right angle to the 
direction of wave propagation (positive z-direction). 
Although we are dealing with a physical field which is 
real, it is convenient to employ a complex representa-
tion. Following Wolf [13], we shall use Gabor's analytic 
signal [20] as the complex representation of a real sig-
nal. The analytic signal representation is a generaliza-
tion of the conventional use of exp(jcot) in the place of 
cos wt or sin cut familiar in radio physics and engineering. 
The analytic signal associated with a real function is 
uniquely defined so that its real part is equal to the real 
function, while its imaginary part is in quadrature 
with its real part. The real and imaginary parts of an 
analytic signal are conjugate functions and may be 
shown to be Hilbert transforms of each other [20]. The 
analytic signal for a real, quasi-monochromatic wave 
may be uniquely represented in the form 

Aweiwt-Factm (1) 

where A (t)> 0 and a(t) are both real. The spectral com-
ponents of the wave will be appreciable only near the 
mean angular frequency co. A(t) and a(t) will vary 
slowly, at a rate set by the bandwidth Af, in comparison, 
with cos cot and sin wt. Thus, we write 

where 

E(t) = Ex(t)ux E„(t)u„ (2) 

Ex(t) = Aiweit.1-kz+.,(1)) 

E(t) = A2(t)eiwt-k.+a2(01 

uz and ui, are unit vector in the x and y directions, re-
spectively. We assume that the direction of wave propa-
gation is along the positive z direction. For a strictly 
monochromatic wave, A's and a's become constants. 
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The degree of correlation between the orthogonal 
components E(t) and E,(1) determines the state of 
wave polarization. The degree of correlation may be 
represented by a quantity called the complex correlation 
factor Az, defined by [ 18] 

el" — 

(Ex(t)E„*(1)) 

.0Ex(1)E=*(1)) .•/(E„(1)E„*(1)) 
(3) 

where the symbol * represents the complex conjugate 
and the angular brackets ( • • • ) represent the time 
averaging operation defined by 

1 f  +T 

( • • • ) = Lim — • • • dl (4) 
2T _7' 

biz, is in general a complex quantity. It can be shown 
from Schwartz' inequality that 1,4 < 1. The absolute 
value of 1.t„ is a measure of the degree of correlation be-
tween the x and y components of the electric field vector, 
while the phase angle of ¿"i,, is a measure of their effective 
phase difference. Thus, the wave is completely polarized 
when 114„1 is unity; and it is completely unpolarized 
(or randomly polarized) when 11.4,1 is zero and further-
more (E,E.,*)= (E„E„*). The wave is said to be partially 
polarized when ' Aryl is between zero and unity. The 
phase angle of p.„ is related to the shape and the sense 
in which the ellipse is traced. As shown by Wolf [ 18], 
this complex correlation factor has a significance similar 
to the complex degree of coherence in the optical theory 
of interference and diffraction. 
The state of wave polarization may be completely 

characterized by the following 2 X2 matrix. 

r(ExIC) 
L<Ez*E„) (EYE,* 

Wolf [ 18] called it the coherency matrix and proved 
that the elements of this matrix are observables of the 
radiation field. 
We shall write this matrix in a slightly different form 

as 

(5) 

144= [P" el21 r > (E.,,„*1 
(6) 

P21 p22i 2Z0L(E:*Ey) (E,E„* 

where P= power density of the wave ( w /m2 in inks 
units) 

P — 2Z0 (E• E*> = — (ExEx*) (E„E„*)I 
2Z0 

Zo= intrinsic impedance of free space = N41.0/€0=1207 
ohms. From (6) it is obvious that 

Pli = (ExIC)/2ZOP, P12 = (ExE,*)/2Z.P (7) 

P2t = (Ex* E.)/ 2ZoP, p22 = (E,F,*)/27,01-1. 

It can be shown easily from ( 7) that the elements of the 
matrix have the following properties: 

pi' > 0, P22> 0, P12 = P21*, Pli 

PoP22 — pi2p2i ?.. 0. 

pp2 =-- 1 (7a) 

(7b) 

The equal sign in ( 7b) can hold when and only when the 
wave is completely polarized. The matrix [piii is l ler-
mittian since pi; = pu* for all i and j, and is normalized in 
the sense that the trace of the matrix (i.e., the sum of 
the principal diagonal terms) is unity. 

It is easy to see that the following matrices 

oi r [ -in 
Lo L—il J' +fl 4 J, 

represent a randomly polarized wave, a right handed 
circularly polarized wave and a left handed circularly 
polarized wave, respectively. 

It should be noted that the elements of the coherency 
matrix will change under rotation of the axes of co-
ordinates. However, both the trace of the matrix and 
its associated determinant are invariant under rota-
tion of the axes. 

In defining the coherency matrix (6) we have so far 
referred to a wave expressed in ( 2), which propagates 
in the positive z direction. If the wave is propagating in 
the negative z direction, the appropriate matrix for the 
wave will be P[5 11 ], the transpose of P [p,A. The reason 
is as follows: we distinguish two kinds of polarization, 
right-handed or left-handed, according to whether the 
rotation of the end of the electric field vector and the 

direction of wave propagation form a right-handed or 
left-handed screw (it should be mentioned here that 
this definition adopted by radio physicists and en-
gineers is just the opposite of the definition traditionally 
used in optics). Thus, if the coherency matrix P[p iii 
represents a right-handed polarization for a wave propa-
gating in positive z direction, the same matrix repre-
sents a left-handed polarization for this wave propagat-
ing in the opposite direction. The transpose of the ma-
trix requires the interchange of the off-diagonal terms, 
i.e., Pu 2 and p21. Since P12 =p21 *, this results in the change 
of signs in the phase angle of the off-diagonal terms only. 
The effect of the sign changes is only to reverse the sense 
in which the polarization ellipse is described. 

RECEPTION OF QUASI- ONOCHRONIATIC, PA RTI A LIS 
POLARIZED RADIO W AVES 

Let us consider a receiving antenna located at the 
origin of the usual spherical coordinates (r, 0, cb). A 
quasi-monochromatic, partially polarized plane wave is 
incident upon the antenna from the direction (0, 4"). Let 
Ei(t) represent the electric field of the incident wave and 
we shall write it in the following form: 

where 

--- E. tie + 

= A 1(1) eIwri-kr+ai (0 

Et. = A 2(t)enw t+kri-a2011 . 

(8) 
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E. and Ee are the analytic signal representations of the 

0- and 4)-components of the incident electric field, while 

u. and tub are unit vectors along O and cic coordinates. 

The open circuit voltage at the terminals of a receiv-

ing antenna due to the incident wave may be derived 
using the Reciprocity Theorem. The formulation be-

comes quite elegant when the concept of the complex 

vector effective height of antenna due to Sinclair [3] is 

used. Thus, the open circuit voltage V may be written as 

V(t) = E; • h = E. h. + Ea» kt. (9) 

where h= hem+ h.1,u4, is the complex vector effective 

Substituting (9), one obtains 

((E • h)(Ei • h)*) 
-= 

8R„ 

1 
= — ((E.h. E4.114,)(E.* h.* ± Kb* h4,*)) 

81?„ 

1 
= — h.h.*(E.E.*) Mrs* (E.E4,*) 

8R„ 

± h.* h4,(E0* Es) ± hi,h4,*(E4>E4,*)1 . (14) 

Substituting ( 11) and ( 12) into ( 14), we obtain 

X2G h.h.* (E8E8*) hob.* (E.E.*) + h4,(E.* ± (E4,E4,*)I 
117 =  P  

4ir I (E.E0*) (E4>E4.*)1(h.h.* h4h.*) 

height of the antenna. This quantity is directly related 
to the transmitting property of the antenna by 

Et(r, 0, cl), t) = E.' tre 

—fi.o1.101 12(0, 4)) 

,471-r 

where 

(15) 

Let us define the coherency matrix for the receiving an-
tenna by 

(10) where 

E.' = Biej( r-4-0 1) 

= B2ei(et-k'+02). 

Et is the far-zone field of the antenna at the angular 

frequency co when the antenna is used as a transmitting 

antenna with an input terminal current I. Bi, B2e th 
and j32 are time independent constants since the antenna 
is assumed to transmit a monochromatic wave, and 

hence Et is in general elliptically polarized. It can be 
seen from ( 10) that the complex vector effective height 

h is a function only of O and cl), and is independent of r 

and 1. We shall assume that h is independent of fre-

quency over the small bandwidth Af. 
For our later use, we shall express the gain G(0, 4)) 

and the radiation resistance R. of the antenna in terms 

of h(0, 4)) as follows: 

Et • Et* h • h* 
G(0,4)) =   =   (11) 

1 1 
(E, • Et*)d52 4-7.ff,(h • h*)dil 

and 

2W, Zo 
= = — 4x211 (h • h*)d11 (12) 

where GI't is the total power transmitted from the an-
tenna, and X is the wavelength, and dl= sin O dO dcb. 

The power available from the receiving antenna due 

to the incident wave is 

(V • V*) 
IV =  

8R. 

Pli 

P12' 

P21.' 

P22' 

X2G [ Plli P121 

A ,[13,11 = 
47 P21 ' P22' --I 

± helm,* 

h.h.* 114,h4,* 

BiBiel (01-02) 

B12 ± B22 

Eei Ee'* 

(16) 

B12 

E.' E.'* EilE4.'* B12 ± B22 

E.'E.'* 

h.h.* E.'E.'* E4.'E4'* 

BiB2e-i(01-02) 

B12 ± B22 

h4,h4,* 

h.h.* hsh4,* E.' E.'* + E4,'* 

B22 

B12 + B22 

(16a) 

Time averages are not necessary for pi./ since 

01 and e2 are time independent constants. In ( 16), A. 
represents the antenna aperture as defined by the IRE 

Standards, i.e., A, =X2G/47r. Hence, may be 
called the antenna aperture matrix. The matrix is 

uniquely determined by the transmitting properties of 
the antenna. 

Similarly, we define the coherency matrix for the 

incident wave by 

[Pu Pu] 
(13) = P 

P21 P22 

(17) 
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where 

Pli - 

PI2 

P2I = 

P22 — 

(E8E8*) (Al2) 

(E0E0*) (E4E2,*) (Al2) ± ( 2122) 

(WE.) (A 2e—i("1—`")) 

(E8Ee*) (EE,*) 

(E2E4,*) 

(E8E2*) (EE,*) 

(E4,E.*) 

(A l2) + (A22) 

(A 114 2e1 (al—a2)) 

(A l2) ± ( A22) 

(A22) 

(E0E0*) (EsEe*) (Al2) ± (A22) 
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interfering beams is given by [13] 

I = .12 + 12 ± 2..\/-1iVii I 121 cos ce - k') (21) 

(17a) 

The difference in the definitions of p12 and p12' (also p21 
and p21') should be noted. This is related to the fact that 
Ei and Et are propagating in opposite directions. 
Then ( 15) may be written in a concise form using 

(16), ( 16a), ( 17) and ( 17a). 

W = A eepiiPii' Pi2p2t' ± P21P12' F P22P22') 

= Trace 1 A 4pir] X P[pi)]1. (18) 

Eq. ( 18) shows that the available power from the re-
ceiving antenna may be formulated in a concise matrix 
representation. 
We shall now show that ( 18) is formally identical with 

the basic interference law of partially coherent, quasi-
monochromatic wave fields. We shall first express the 
elements of the antenna coherency matrix in a new form 
by introducing a new parameter defined by 

tan yt = N/p22'/pii' with 0 < < ir/2. (19) 

Using ( 19) and ( 7a), we have 

Pi!' = cos2 y' and p22' = sin2 (19a) 

Since Et represents a completely polarized wave, we 
have pii'p22' = 1:42'p21' from which one obtains 

P12' = -V Pii'N/ p22' ei('91-02) = sin y' cos y'ejE' 

P21' = pie' = sin y' cos y' e 1' (19b) 

where et —132. From ( 19a) and ( 19b), one observes 
that the elements pi/ may be determined completely 
in terms of two angles, y' and for a completely polar-
ized wave. Substituting ( 19a) and ( 19b) into ( 18), one 
obtains 

W = A ell ¡hi COS2 ± P22 sin2 

2VpirVP22 sin y' cos y' I 1.1121 cos ce - e')1 (20) 

where 

P12 
1.112 =   

V PIIN/P22 
P12 Ie 1. (20a) 

Eq. (20) may be compared with the basic interference 
law of partial coherent fields. In the theory of partially 
coherent light the intensity I due to the interference of 
two quasi-monochromatic beams of intensities Ii and 
/2 when a phase difference is introduced between the 

where I./ is the complex degree of coherence for the two 
partially coherent beams and is the phase of et. It is 
easily seen that (20) is formally identical with (21) if 
we set /1= ilePpli cos2 y' and /2 = A ePp22 sin2 y'. 

THE MAXIMUM AVAILABLE POWER 

In this section we shall examine how the power avail-
able from a receiving antenna will vary as the polariza-
tion property of the antenna is changed, the gain of the 
antenna being held constant. This problem is of interest 
since one often wishes to design an antenna to obtain 
the maximum power from an incident wave. 

It is well known [ 13], [ 14] that a partially polarized 
wave may be considered as a mixture of a randomly 
polarized wave and a completely polarized wave which 
is independent of the former. Moreover, this resolution 
into two components is unique. In terms of the coher-
ency matrix of the incident wave, this means that the 
matrix may be uniquely expressed as the sum of two 
matrices, each representing the randomly and com-
pletely polarized components, respectively. The coher-
ency matrix for the incident wave may be written in 
the following form 

[Pii ri q121 
= 1(1 P)P d + pP (22) 

P21 P22 Q21 Q22 

where 

p - 4(piip22- pi2p2i) = degree of polarization 

1 r 1 
qn = — ipn — 4(1 — r q22= ₹( 1 p)] 

1 
Q12 = P12, 

1 

Q21 = — P21. 

(22a) 

The first term in (22) represents the randomly polarized 
part, while the second term represents the completely 
polarized part. The constant p is called the degree of 
polarization which is the ratio of the power density of 
the completely polarized part to that of the total power 
density of the incident wave. Thus, 0 <p < 1. pis inde-
pendent of the particular choice of the coordinate axes. 

Since the matrix [qii] in (22) represents a completely 
polarized wave, we have q11422= *2q21. Thus, in accord-
ance with ( 19), ( 19a) and ( 19b), we may write it in the 
following form 

a [ COS2 y sin y cos -yell 
(23) 

q21 q22 sin y cos -ye-je sin2 y 

where 

tan y= -y , 
qn 

and is the phase angle of p12. 

with 0 < y < — 
2 
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The power available from the antenna may be written 

as follows, when (22) is substituted in ( 18), 

= Trace A dp,./1 X P[piAl 

= — p) PA PPA + gie21' 

+ 921p12! + q22p22')• (24) 

Substituting ( 19a), ( 19b) and (23) into ( 24), one obtains 

= (1 — p)PA,+ pPA ecos2(--) (25) 
2 

and 

cos2(-2) = cos' -y cos2 y' ± sin2 y sin2 -y' 

2 sin y cos y sin y' cos y' cos (E — E') (26) 

with 0 <8<r. Eq. (25) shows that the power available 
from the antenna consists of the sum of the contribu-
tions from the randomly polarized component and the 
completely polarized part. The first term in (25), which 
is due to the randomly polarized part, is constant for an 
antenna of a given gain and is independent of the 
polarization of the antenna. Only the second term in 
(25), which is due to the completely polarized part, is de-
pendent on the antenna polarization. This term varies 
between 0 to pPA, as the angle ô varies between r to O. 
The significance of 43 may be seen by rewriting (26) as 

cos (5 --= cos 2y cos 21, ± sin 2y sin 2y' cos (E — e'). (27) 

Eq. (27) is a classical formula of spherical trigonometry. 
It shows that the angle ô is the angular distance between 
two points Q and Q' on a sphere of unit radius, where Q 
represents the state of polgrization of the completely 
polarized part of the incident wave and Q' that of the 
receiving antenna. The location of Q on the sphere is 
determined by two angles (27, E) which are specified by 
the elements of the incident wave matrix [q11 ]. Sim-
ilarly, Q' is determined by two angles (27', E') which are 
specified by the elements of the antenna matrix [p,/ ]. 
The geometrical representations of Q and Q' are illus-
trated in Fig. 1. The representation of the polarization 
of a completely polarized wave as a point on the sphere 
was originated by Poincaré [21] and the sphere is often 
called the Poincaré sphere. Thus, the coherency matrix 
for a completely polarized wave may be uniquely repre-
sented by a point on the Poincaré sphere. The Poincaré 
sphere has been used by Deschamps [7] in solving an-

tenna problems. 
From (25), it is seen that the available power from 

the antenna becomes maximum when (5 is zero (i.e., the 
points Q and Q' on the Poincaré sphere coincide). This 

can occur when and only when pn'=--qn, p12' = q12, 
P21' = qui and p22' = q22. The maximum available power 
then becomes 

= 1(1 — p)PA. +p PA. = 4(1 + p)P.4.. (28) 

When the incident wave is completely polarized, p= 1 
and (28) becomes 

W„,= PA. (29) 

This is a familiar relation in the monochromatic theory 
of radio antennas. 

In Fig. 2, the available power (in units of PA.) is 
plotted as a function of p and (5 using ( 25). This figure 
illustrates several interesting points. For a given degree 
of polarization p, there is a maximum and a minimum 
in the available power from the antenna as the polariza-
tion of the antenna is changed. For any p, a maximum 
value is obtained when 8=0 and a minimum when 
8=180°. The range between the maximum and the 
minimum values of the available power increases as the 

Fig. l—Geometrical representation of the coherency matrix on the 
Poincaré sphere. Angukir distance QR=2y, angular distance 

angle Q12.11 e, angle Q' RN = E', and angular distance 
QQ' = 6 = polarization mismatch angle. 
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Fig. 2—The relative available power from antenna as a function of 
the degree of polarization and of the polarization mismatch angle. 
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degree of polarization of the incident wave is increased. 
Thus, when p= 1, which corresponds to a completely 
polarized incident wave, the available power ranges be-
tween the maximum value PA. to the minimum value 
O. When p=0, which corresponds to a randomly polar-
ized incident wave, the available power becomes inde-
pendent of the polarization property of the receiving 
antenna and is equal to ¡PA,. It is interesting to note 
that, when 13= 90°, the available power from the antenna 
becomes independent of the degree of polarization and 

is equal to IPA.. 

DIscussIoN 

In the above discussion, we have seen that the coher-
ency matrix representation provides a concise theoreti-
cal tool for calculating the response of a radio antenna 
to a quasi-monochromatic, partially polarized wave. 
The formulation is equally valid for a rigorously mono-
chromatic wave. In ( 18), A e[pili may be considered as 
an operator which depends only on the characteristics 
of the antenna and independent of the incident field. 
The operator is determined by the transmitting prop-
erty of the antenna (i.e., Et) only, as shown in ( 16). On 
the other hand, the state of the incident field is de-
scribed completely by the coherency matrix P[pd ]. The 
interaction of the antenna with the incident wave is 
then given by the concise matrix expression shown in 
(18). 

It has been pointed out by Tai [22] that the present 
IRE definition of the antenna effective aperture does 
not take into account the polarization matching effect 
between the antenna and the incident wave. Eq. ( 18) 
suggests that A « lip,» may be used as a definition of the 
antenna effective aperture, as pointed out in a previous 
communication [23] by the author. The proposed defi-
nition has an added advantage in that A. corresponds 
to the current IRE definition, while [p21] serves to de-
fine the polarization of the antenna. 

It is interesting to note that the coherency matrix 
formalism as shown in ( 18) shows close resemblance 
with those used in the modern theory of optics and the 
quantum mechanical treatment of photons and ele-
mentary particles. Thus, in the modern theory of optics, 
the response of a light detector to a light beam incident 
upon it is given by [24], [25] 

Trace (QI) (30) 

where Q and I are the coherency matrices of the optical 
detector and the incident light beam. Similar forms may 
be developed for various optical devices such as com-

pensator, absorber, rotator or polarizer, as demon-
strated by Parrent and Roman [ 19]. 

In quantum statistical mechanics, the ensemble 
average of the expectation value of a physical observ-
able F is given by 

F = Trace (Fp) (31) 

where 7. is the ensemble average of the expectation value 
of an observable F, F is a corresponding matrix operator, 
and p is the density matrix of the quantum mechanical 
system. For more details on these applications, the 
reader should refer to excellent papers by Fano [24] and 
McMaster [25], where further literature is also quoted. 
During recent years, the domain of microwave en-

gineering has been extended to the near optical wave-
lengths due to the development of maser, laser, and sub-
millimeter techniques. Thus the formulation of the 
antenna theory consistent with that of optics and the 
quantum mechanical treatment of the polarization of 
photons will lead to a better understanding of the an-
tenna itself as well as its relation to other physical de-
vices. 
The analysis presented in this paper may also be 

formulated in terms of the Stokes parameters as shown 
in previous communications by the author [9], [ 10]. 
The experimental methods for determining the state 

of polarization of partially polarized radio waves are 
not discussed in the present paper. Various polarization 
measuring schemes have been developed by radio 
astronomers [26]— [28]. An excellent summary of meas-
urement techniques has been given by Cohen [29] who 
discussed various methods in terms of Stokes parame-
ters. It should be noted that the coherence theory of 
partial polarization suggests new ways for the measure-
ment of polarization using correlation techniques. To 
measure the polarization, it is sufficient to determine 
four elements of the coherency matrix which are auto-
and cross-correlation coefficients of the two mutually 
perpendicular components of the electric field vector. 
Polarization measurement techniques in terms of coher-
ence theory will be discussed in a later paper. 
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Coherent FDM/FM Telephone Communication* 

JEAN A. DEVELET, JR. t, MEMBER, IRE 

Summary—This paper analyzes telephone communication as 
applied to a satellite repeater system. Particular emphasis is placed 
on a method of coherent reception which is important to our emerging 
communication satellite systems. This reception technique is not new 
to the field of space communications and telemetry; however, it is 
new to the field of common carrier telephony. As a consequence, for 
the class of signals utilized in common carrier telephony, an attempt 
is made to place on a quantitative footing the design of FDM/FM 
satellite communication systems. The interrelation among such 

quantities as sensitivity, bandwidth occupancy, and channel quality 
is presented for a simply realized second-order receiving system. In 
addition, the maximum sensitivity achievable with the optimum re-

ceiving system is shown. It is anticipated that these two situations 
will bound the performance of the majority of systems. 

I. INTRODUCTION 

Tit 1ELEPHONE COMMUNICATION by means of active satellite repeaters is currently at hand. 
Our first spacecraft for this purpose will of 

* Received February 13, 1962; revised manuscript received May 
16, 1962. This work was supported by the Goddard Space Flight 
Center, Greenbelt, Md., under Contract No. NAS 5-1302. 
t Space Technology Laboratories, Inc., Los Angeles, Calif. 

necessity be limited in transmitter power output capa-
bility. For reliability reasons a considerable time may 
lapse before available spacecraft transmitter power be-
comes of little importance to the designer. Until such 
time, the communication system design must center 
around achieving the maximum information flow per 
watt of satellite power even at the expense of another 
precious commodity, bandwidth. 
The most common modulation method utilized in 

ground microwave relays has the capability of trading 
bandwidth for transmitter power if this is desired. This 
modulation method consists of frequency modulating a 
carrier wave with a single-sideband frequency-division-
multiplex (FDM) of telephone channels. Upon travers-
ing the communication link from ground transmitter 
to spacecraft and thence to the ground receiver, cor-
rupting noise can be considered as added for the most 
part in two places—the satellite receiver and the ground 
receiver. Coherent demodulation techniques may then be 
applied to extract the desired signal from the noise with 
less required received signal power than standard FM 
discrimination. 
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This paper will be concerned only with the above men-
tioned sources of thermal noise and no attempt will be 
made to treat other sources of interference such as in-
termodulation noise due to link nonlinearities, direct 
adjacent channel crosstalk, co-channel interference, 
etc., each of which constitutes an extensive study in its 
own right. For more information on these topics the 
reader is referred to [ 1 ]. 
Throughout this paper the standards of the Inter-

national Radio Consultative Committee (CCIR) are 
adhered to in order to make the results useful to those 
familiar with these international guides to radio relay 
system design. In particular considerable reliance on 
[2 ] and [3] was necessary. 

II. TELEPHONE CHANNEL QUALITY 

Prior to discussing receiving system sensitivity with 
coherent demodulation, it will be necessary to develop 
relationships among the various parameters of an 
FDM /FM system to determine the expected quality of 
an individual channel. Consider the satellite system 
of Fig. 1. Regardless of which FM reception technique is 
utilized, standard discrimination or coherent demodula-
tion with a frequency-following receiver, the sanie 
performance formulations hold above threshold. Thus, 
we may discuss this topic independently of receiver 
sensitivity, realizing that the extra sensitivity which 
may be provided by coherent demodulation will allow us 
to increase frequency deviations and obtain the same 
system performance at lower received signal levels. 

Consider the voltage input to the system of Fig. 1 to 
be that resulting from a composite of single-sideband 

TRANSMISSION 

TERMINAL 

INPUT >_____[>_(,d 

channels extending from F1 to F2 cps whose equivalent 
power-spectral density is shown in Fig. 2. The CCIR has 
determined that a multichannel FDM signal can be 
represented during the busy hour by white Gaussian 
noise extending from F1 to F2 cps where specific values of 
F1 and F2 depend on the channel arrangement [4]. 
The power level of this equivalent signal is given by the 
CCIR as [4 ]: 

P, = — 1 + 4 log io (Ne), 

Pc„, = — 15 -1- 101ogio(Nc), 

where 

Nc number of channels in the system. 

Dbm0 in ( 1) is power in dbm referred to a point of zero 
relative level in the communication system. The zero 
relative level concept is convenient in that one may talk 
of absolute power with no ambiguity. 
As a direct result of ( 1), a system design may now be 

carried out without reference to the intricate statistics 
of a number of actual talkers. 

Since the signal described by ( 1) must be passed by 
amplifiers and filters in the FM system, it is convenient 
to define a peak factor for the noise signal. In this 
paper the peak of the noise signal is defined as being 13 
db above the mis value. This corresponds to a probabil-
ity of overload less than 10-' which the author has 
assumed adequate for satellite communication. 
The signal and noise performance of the communica-

tion system may be found by considering the output of 
the receiver demodulator. Note that this point may not 
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Fig. 1—Active communication satellite system. 
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Fig. 2—Equivalent power-spectral density of the 
multichannel signal. 
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be at zero relative level. Let the signal power output at 

the receiver demodulator in Fig. 1 be 

So -= kF2drm8, mw (2) 

where 

So = sinusoidal output power, milliwatts 
k = demodulator constant, mw/cpse 

Fdroo• = rms deviation due to an 800-cps test tone of 0 
dbm0 without pre-emphasis (CCIR Test Tone 
for Telephony Systems). 

Familiar FM theory [5] gives the one-sided noise spec-
tral density in the top channel of the radio system as 

(Ps (1)„ 
(Do = k[— F2', mw/cps 

S„ 
(3) 

where 

4.0-= top channel one-sided spectral density mw 
/cps 

k = demodulator constant, mw,icps2 
= one-sided power spectral density of the addi-

tive spacecraft and ground receiver noise 
perturbations respectively, mw/cps 

Sq= sinusoidal carrier power received at the space-
craft and ground receiver respectively, mw 

F2= highest channel frequency, cps. 

The psophometrically weighted [6] noise power at the 
demodulator output in the top channel may be found by 
multiplying (3) by the noise bandwidth of the psopho-
metric weighting filter. Ref. [3] gives this noise band-
width as 

B = 3100 X 10-0.25, cps. (4) 

Division of ( 2) by the product of (3) and (4) yields the 
test tone to noise power ratio in the top channel without 
pre-emphasis as follows: 

So 10° -25F2drioo 

No 41. 4), 
3100 [— —1 F22 

S, St, 

(5) 

where 

So/No = test tone to noise power ratio in the top chan-
nel of the satellite communication system. 

Considering Fdrms is caused by a 0 dbm0 test tone one 
may express the psophometrically weighted top chan-
nel noise power in picowatts [7] referred to zero relative 
level. It is easily shown 

3.1 [4,„ (— —1)„] F22 X 1012 
S. S, 

= 
100 .25F2d. 

pw (psoph). (6) 

Since (3) demonstrates that top channel performance 
is worse than the remaining channels, pre-emphasis is 
usually applied to equalize the noise in all the channels. 
If just thermal noise were present, 6 db/octave pre-
emphasis would achieve equal noise in all channels. 
However, certain intermodulation products due to link 
nonlinearities, terminal noise, etc., prevent the use of this 
ideal pre-emphasis. Through study and practical ex-
perience with radio relay systems CCIR has recom-
mended a pre-emphasis curve [8]. This curve yields 
approximately 4-db improvement in top channel tone 
to noise power ratio instead of 4.8 db which is obtain-
able by use of 6 db/octave pre-emphasis. Recommended 
CCIR pre-emphasis and 6 db/octave pre-emphasis re-
sult in so nearly the same radio relay system perform-
ance that in Section IV of this paper the latter will be 
used because of its analytic simplicity. 

Finally, (6) may be written 

Np,„ 

where 

3.1 1)4 F22 X 10'2 
S. So 

100.25'1;2d. 
pw (psoph) (7) 

/=-- numerical improvement achievable by use of 
pre-emphasis, e.g., 1=3 for 6 db/octave and 

F2>> 
Fdrms = test tone deviation without pre-emphasis, cps. 

Eq. ( 7) is the principal result of this section. It estab-
lishes the psophometrically weighted noise in any tele-
phone channel (assuming pre-emphasis equalizes this 
quantity) vs the rms deviation of a 0 dbm0 800-cps test 
tone, the spacecraft and ground receiver noise per-
turbations, the highest equivalent baseband frequency, 
and the received carrier powers at the spacecraft and 
ground receiver. 
The value for Art,„, in satellite communications has 

not yet been specified by the CCIR. For purposes of 
the performance curves in this paper, however, a 
nominal value of 10,000 pw (psoph) is chosen. This is 
consistent with present CCIR total noise objectives in 
a 2500-km link [8]. Enough latitude either sicle of 
nominal is displayed on the curves of Figs. 5-12 in Sec-
tion V to provide for most eventualities. 

III . RADIO FREQUENCY BANDWIDTH OCCUPANCY 

The purpose of this section is to present formulations 
for estimating RF bandwidths necessary for com-
munication with FDM/FM. Since the actual bandwidth 
utilized is a matter of considerable engineering judgment 
and depends on the number of repeaters in tandem, only 
a simplified bandwidth "occupancy" will be considered, 
given by the usual rule of thumb 

Bri = 2F2 F0„, cps (8) 
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where 

13,4= bandwidth "occupancy" of the signal, cps 
F2 =- highest equivalent baseband frequency, cps 

F„„= peak-peak deviation of the multichannel signal, 
cps. 

For more detailed treatment of bandwidths required 
for FDM/FM signals the reader is directed to the work 
of Medhurst. [9] 

Referring back to the equivalent multichannel loading 
P„, equation ( 1), and the 13-db peak factor, one may 
calculate F„ in terms of Fdrms, the deviation of the 
o dbm0 800-cps test tone without pre-emphasis. A 
simple analysis yields 

F„ = 2(10"PeX/2Fdr.., cps. (9) 

Eq. (9) is not affected by pre-emphasis, since a rule 
of pre-emphasis is to keep the rms value of the total 
frequency deviation the same with and without pre-
emphasis. 

Substitution of (9) in (8) yields the principal result of 
this section. 

Brf = 21 F2 ± 10°' 65P,"F‘1.81, cps. (10) 

IV. COHERENT RECEIVER SENSITIVITY 

A coherent receiver is one in which a "replica" of the 
received signal is generated locally to assist in more 
optimal demodulation of that signal. 

There are many realizations of ths type of reception. 
One realization is sometimes referred to as "FM feed-
back" reception. This technique was invented by J. G. 
Chaffee of Bell Telephone Laboratories [10]. Another 
realization is a modulation tracking phase-lock receiver. 
This reception technique is a variation of the type used 
to obtain horizontal synchronization in television re-
ceivers. Either realization of the receiver, and there are 
others such as exalted carrier techniques [11], possess 
certain dynamic properties when driven by an FM or 
PM signal. 

In addition, either realization possesses similar noise-
induced threshold properties. That is, coherent receivers 
cease to function when a "clean" local replica can no 
longer be generated. Dr. L. H. Enloe and C. L. Ruthroff 
of Bell Telephone Laboratories [ 12], [13], found that 
the FM feedback realization had a threshold close to 
the point where the rms value of the phase error due to 
noise alone between the local replica andthe received sig-
nal became greater than 0.32 radian. C. R. Woods and 
E. M. Robinson of General Electric found a similar 
threshold point for the phase-lock receiver [14]. Their 
data indicates 0.354 radian maximum rms noise error 
is tolerable prior to onset of loss of lock. 
The effect of modulation error manifests itself in a 

different manner in phase-lock reception than in "FM 

feedback" reception. In phase-lock reception of phase-
encoded FDM/FM signals in the presence of additive 
white Gaussian noise, the sum total of the mean-square 
modulation plus noise error must remain small to pre-
vent nonlinear operation of the loop-phase detector. 
It will be assumed for purposes of this paper that phase-
lock loop threshold occurs when the sum total mean-
square error due to modulation and noise equals 1/8 
rad'. In "FM feedback" reception utilizing simple low-
order transfer functions, Dr. L. H. Enloe has indicated 
lower thresholds are possible than the phase-lock re-
ceiver due to the fact larger modulation phase errors are 
tolerable prior to development of loop non/inearities. 

In the case of FDM/FN1 signals which can be rep-
resented by white Gaussian noise as in Fig. 2, Yovits 
and Jackson [ 15] have shown that high-order, actually 
infinite-order, transfer functions are necessary for 
optimal demodulators. The optimization performed was 
that of finding the transfer function which yields 
minimum total mean-square error. For phase-lock 
reception this minimization also yields maximum re-
ceiver sensitivity. 
Study of the optimal transfer function derived by 

Yovits and Jackson shows that for the situation of high 
channel quality (large frequency deviations due to the 
signal), the modulation error becomes insignificant com-
pared to the noise error.' Thus for the special case of 
FDM/FM signals and use of the corresponding optimal 
phase-lock transfer function at toll level qualities, 
threshold is determined primarily by noise error only. 
As a consequence of the similar noise-induced threshold 
property, use of the Yovits and Jackson filter in either 
"FM feedback" or phase-lock reception will yield 
similar lower bounds on receiver sensitivity. 
An "FM feedback" second-order receiver can be 

designed to be more sensitive than a second-order 
phase-lock receiver at high deviations due to the larger 
allowable modulation error; however, by using more 
complex transfer functions to approach maximum 
sensitivity, one will find less and less difference between 
the two techniques until finally they both converge to 
similar performance with the Yovits and Jackson filter. 

This section will now treat two situations which will 
bound the performance of most coherent FDM/FM re-
ceivers designed for maximum sensitivity be they of the 
phase-lock configuration or the "FM feedback" con-

' Proof of this fact can most easily be accomplished by forming 
the ratio of the modulation error in ( 18) to the total error ( 13) and 
taking the limit as co Substitution of the Yovits and Jack-
son optimal filter function in ( 18) yields the following modulation 
error: 

 (F2 — F1). 
4).±(1). 

The ratio of the above modulation error to total error given by 
(13) thus becomes R=[1-1-4,„/e„,) log. ( 1 4-4)„,/c1,„)]-1. It is clear 
R—)0 as 4)„,/4.„—» x. 
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figuration. First, the sensitivity of a receiver utilizing 
the optimal transfer function as derived by Yovits and 
Jackson will be treated followed by derivation of the 
sensitivity of a simple second-order transfer function 
utilized in a phase-lock configuration. 
The latter case is most important in practice. The 

reason for the importance of the second-order loop is its 
simplicity. At the wide base-bandwidths necessary for 
300, 600 and 1800 channels of telephony, it is difficult 
to realize much more than a second-order loop because 
of stability considerations. 

A. The Optimal Receiver 

Consider the filter (or receiver) of Fig. 3 as postulated 
by Yovits and Jackson [ 16]. The input to the receiver 
consists of the white Gaussian phase variable 0.(t) pro-
portional to the telephone multiplex signal input to the 
communication link.2 44(t) is the corrupting phase 
noise spectral density due to the ground receiver and 
spacecraft. Deleting proportionately constants which 

are 
the 

+ 

Yovits and Jackson [ 17] have shown that if one uses 
the optimum closed-loop transfer function in Fig. 3, 
limited only by physical realizability, the minimum 
mean-square error e(t)2 for a white signal and noise 
spectral density is given by [ 18] 

e(t)2. in = (13„ (F2 — F1) log. { 1+ } • (13) 

Substitution of ( 7), ( 11), and ( 12), in ( 13) yields the 
fundamental relation 

E2m in = 

r . 
+ -421 (F2 — F1) 

S. S, 

3.1P„ X 10" 
• log. {1 ±   (14) 

X,•10°. 25(F2 — F1)i 

Eq. ( 14) is fundamental in that given a channel qual-
ity 1‘1„„ and a maximum €m ,,,2 ( 1/8 rad2) the maximum 

0,40 + f(e) 

Fig. 3—Yovits and Jackson filter. 

identical for both signal and noise at any point in 
system, it can be shown 

4.. 
= [— rad2/cps (11) 

S„ 

where 

cl,„= one-sided phase noise spectral density due to 
spacecraft and ground receiver, rad2/cps. 

By noting Fdrms is the rms frequency deviation due to 
a 0 dbm0 800-cps test tone inserted at a point where the 
deviation with and without pre-emphasis is the same, 
one may easily derive the one-sided phase spectral 
density of the signal 43„,. The result is 

Peq/Pdrin. 
= rad2/cps F1 < F < F2 (12) 

(F2 — 1)F22 
0 elsewhere 

where P, is given by (1) 

3 
/ -=   the improvement factor 

1 + —F1 + (F2) 2 

F2 F2 

attainable with 6 db/octave pre-emphasis. 

26 db/octave pre-emphasis is assumed here for analytic sim-
plicity. The resultant performance is within 1 db of an actual pre-
emphasis schedule, however, the resulting threshold is within a frac-
tion of a db. 

value of 4)./S,±4)„/S, is determined. This is exactly the 
threshold relation desired. 

Defining a—SA:b./S.4., as the fractional contribution 
of the ground to spacecraft link to over-all system noise 
and letting emin2= 1/8, one can obtain from ( 14) the 
simple threshold criteria for the optimal loop 

where 

So = 411 + al 4.,B (15) 

B = 2(F2— F1) 

3.1P, X 10 12 } 
• log.   , cps. (16) 

Npv, i0o . 25(F, _ F o 

Thus the received signal-to-noise power ratio in a 
bandwidth B, cps must be 6 db or more (depending on 
ground-spacecraft contribution) for proper demodula-
tion. 

Note that quantity B is not a strict noise bandwidth 
since it also includes the effects of modulation error. 
B is essentially a coefficient whose dimensions are cps, 
which, when multiplied by the two-sided phase noise 
spectral density input, yields the total mean-square 
loop error due to both noise and modulation. 

In any particular receiver realization, one could com-
pare the necessary received signal power S, to that 
determined by (15) and ( 16). This would give insight 
as to the efficiency of the design for FDM/FM signals. 
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; (t) = e„,(0 + 4,, (0 

Fig. 4—Second-order receiver. 

Section V accomplishes this comparison for the 
second-order loop. 

B. The Second-Order Receiver 

This section will utilize the terminology of the phase-
lock realization of this receiver since much documenta-
tion exists in this area [19]—[22]. 

Consider the block diagram of Fig. 4. After Gruen 
[23], Martin [24], and others [25], [26], the loop was 
linearized and as can be seen is identical to the " filter" 
of Yovits and Jackson. 
The definitions of 0,,,(1) and 0„(t) remain the sanie as 

those in Section IV-A. The phase detector in the phase-
lock loop has been replaced by its linearized equivalent, 
the subtractor. The voltage controlled oscillator is a 
perfect integrator of baseband voltage to RF phase. 
The loop filter is a simply realized lag network. K repre-
sents the over-all loop gain including all elements at 
the signal level of concern. After the work of Gruen 
[27] the following definitions are established. 

= — (rad/sec)2 
rz 

1 ± Kr' 
2E/0„ —   rad/sec 

rz 

where 

(on = loop undamped natural frequency, rad/sec 
E= ratio of actual to critical loop damping 

Ti, 72 = time constants of the lead lag compensation 
networks, seconds. 

The loop transfer function as determined by Gruen 
[28] with the above definitions is the following: 

cen2 (2e _ \ 
f 

it) i wn 2 2 s2 

The error function which describes the faithfulness 
of tracking is easily established from the work of Yovits 
and Jackson [29] as follows: 

Xoise error Modulation error 

€(1) 2 = T̀O 
›7, 2 

4),d1P+ fo 
410 2 

1 — — (I,,ndf; rad2. ( 18) 

The first portion of ( 18) has been evaluated by Gruen 
[28] and is repeated here as a slight modification of his 
(36) in order to utilize our one-sided spectral densities. 
In addition, the following assumes small con/ K which is 

normally the case in practice. The first portion of ( 18) 
now becomes 

(1 ± 4E2\ 
et2 = clincon 8e  ), radians2. (19) 

For CCIR channel arrangements and the channel 
qualities normally encountered, the second half of 
(18) can be approximated as follows to an excellent 
degree for E1/ /2 and 04/K-4:1:3 

____ (27) 44., r F2 
E22 fidf 

wn P 1  

or 

- CI)„,(2/1") 4 
2 ez   [F25 — F151. 5,0.4 

(20) 

Combining (20) and ( 19) yields the total loop error. 

{1 ± 4E2} (27) 443.(F22— F12) 
€2 = 4,nw.     rad2. (21) 

8E 

Substitution of cl,„ ( 11) and 4)„, ( 12) in (21) finally 
gives 

= [13, cI),1 40H él 4E2\ 

L.s• st,J se 
(27r)4P«,/F2drms(F25 — F15)  

7 rad2. (22) 
5(F2 — Fi)F22w,,4 

Utilizing ( 7) we obtain 

r(F. icou  + 4e2\ 
LS. Sji 

-I- (27 4peco 25 _ F15)3.1 x 1012} 
  , rad.2 (23) 

(17) 5N,,,,10°."/,44(F2 — F1) 

Considering all other parameters fixed except co„, the 
natural frequency of the receiver loop, è may be 
minimized with respect to this quantity. The optimum 
con becomes for a damping of E= 1/-0: 

COn opt = 2 
f3.1(27)4peti(F25 _ F15) 10121 1/5, 

'‘ 15-0 10°. 25Now(F2 — F1) f 

rad/sec. (24) 

These are reasonable values for most loop designs. Since Yovits 
and Jackson have shown the second-order loop is not optimum for 
FDM/FM signals, the author does not feel justified in using other 
than normally encountered values for k and w„/K. 
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Substitution of ( 24) back in ( 23) yields the minimum 
error attainable contingent on the assumptions. One 
obtains for = 1/ N/2: 

where 

= [-cI) + 1[-5 rad2 
2 S„ Su 4 

BN 
3w,, Opt 

2/2 
• cps. 

(25) 

BN is the conventional definition of two-sided noise 
bandwidth in cps for a second-order loop of damping 
= 1/ N/2 [30]. The factor 5/4 takes into account the 

effects of modulation error. To be .consistent with the 
results of Section IV-A, a quantity B=5/4 BN, cps 
will be defined as the noise coefficient, which when 
multiplied by the two-sided phase noise spectral density, 
will yield the total mean-square loop error due to the 
effects of both modulation and noise. 

or more (depending on ground-spacecraft contribution) 
for proper demodulation. 

V. SUMMARY OF RESULTS 

The previous sections have derived very important 
relationships for communication system design utilizing 
FDIVI/FIVI and coherent reception based on CCIR 
practice. Bounds on the performance expected by 
utilizing coherent reception have been established on 
the one hand by a second-order transfer function and 
on the other by the optimal transfer function derived 
by Yovits and Jackson [31]. 
Table I summarizes the most important relationships 

under the key assumption that the desired quality of per-
formance is achieved at threshold. In order to make the 
maximum use of spacecraft transmitter power and 
thereby allow every decibel of received power above 
threshold to represent true margin, that is both per-
formance and threshold margin, this assumption should 
be made. 

TABLE I 

FORMULA SUMMARY* 

Quantity Type of Demodulator Formulation at Threshold 

O dbm0 test tone deviation Optimal and second-order 

3.1 1/2 
Fdr,„, = Ft.{  X106, cps 

4 X 106.261M,B} 

Noise coefficient Optimal 
3.1 13.1X 1012 

B = 2( — FL) log.{1 -I- cps 
N,,„,106•26(F2 — F1) 

Secolid-order 

Threshold criteria Optimal and second-order 

Bandwidth occupancy Optimal and second-order 

15 13.1(21-)Yeg(F25 — F1°) X 10'2  1/6 
-=   ., cps 
4-01 15%/2 10° "Npw( F2 — F1) 

So = 4(1 ± a )43„B 

Bd = 21 F2 -I- 106.66P.,,0.5F,i,„,.I, cps 

* Note: These formulas apply for 6 db/octave pre-emphasis only. In addition for the second-order loop, the damping was taken to be 
E=1 /y2 and u/JK 

For a damping ratio of E=1/‘/2, it can also be 
shown BN =3.24 F3d1„ cps where F3dm, is the closed loop 
baseband 3-db bandwidth in cps. Similarly, the newly 
defined noise coefficient, B=4.05F3,11,, cps for the 
second-order loop with = 1/ N/2. 

Applying the identical threshold criteria as in Sec-
tion IV-A, E2</ rad2, ( 25) becomes 

4(1 + a)(1),B (26) 

where 

B = —5 4 By, CpS. 

Thus as in the optimum loop, the received signal-to-
noise power ratio in a bandwidth B, cps must be 6 db 

Figs. 5-12 plot the results of the formulations in 
Table 1 for the equivalent CCIR loading [4], 6 db/oc-
tave pre-emphasis, CCIR channel arrangements, and 
of course the threshold assumption in which maximal 
use of spacecraft power is achieved. 
One should note the large bandwidth occupancy re-

quired when one attempts to achieve full use of trans-
mitter power. Presently these large bandwidths may 
be necessary; however, future satellite power develop-
ment will allow the maximum bandwidths indicated in 
the figures to be reduced by increasing 'transmitter 
power and reducing deviations for the same net system 

performance. Of course in this situation the per-
formance margin will always be less than the threshold 
margin. 
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A Piezoelectric-Piezomagnetic Gyrator* 

M. ONOEt, MEMBER, IRE, AND M. SAWABEt 

Summary—A linear passive unilateral element, which has a 
high forward/backward transmission ratio at all frequencies, is 

realized by combining two resistances and an electromechanical 
gyrator according to Gamo's theory. The gyrator consists of three 
mechanically coupled ceramic elements, two of which may be piezo-
magnetic and the third piezoelectric, or two of which may be piezo-
electric and the third piezomagnetic. In either arrangement, a uni-
lateral coupling between mechanical and electrical systems is pro-
vided by using one piezoelectric and one piezomagnetic element. 

The third element is merely for driving the mechanical system. Such 
a design makes manufacturing considerably easier. Characteristics 
of the gyrator have been discussed based on an equivalent circuit. 
A constant input resistance can be obtained at a terminal pair of the 
isolator by purely electrical means even after the fabrication of the 
gyrator. This simplifies the matching at this terminal. The theoretical 

minimum insertion loss is 3 db under the matched termination con-
ditions. A few models have been made at 150 kc using both the 

sandwiched and the cascaded structures. A highly achromatic sup-
pression of backward transmission (45 db) has been obtained in 
agreement with theoretical predictions. Minimum forward insertion 
loss consists of the theoretical minimum of 3 db and an excess loss 

of a few db due principally to mechanical losses. 

I. ....wt...., 
ALINEAR, passive electric circuit which violates 

the reciprocity theorem has been a subject of 
much study in recent years. Tellegen introduced 

the ideal gyrator as the fifth fundamental circuit ele-
ment, besides the existing four elements, namely, 
resistance, capacitance, inductance and the ideal trans-
former." An ideal gyrator has circuit equations shown 
in Fig. 1. Any linear, passive, nonreciprocal network 
can be represented by a suitable combination of ideal 
gyrators and reciprocal circuits. 
Two features of a gyrator are especially important 

for practical applications. First, a gyrator is an im-
mittance converter as shown in Fig. 2, which transforms 
any circuit into its dual. Second, a gyrator can be an 
isolator, which allows the transmission of signal in 
one direction only, by a suitable combination with a 
resistance as shown in Fig. 3. 

In practice, a gyrator has been realized by using the 

* Received April 24, 1962; revised manuscript received May 23, 
1962. 
1- Bell Telephone Laboratories, Whippany, N. J., on leave of 

absence from Institute of Industrial Science, University of Tokyo, 
Azabu, Tokyo, Japan. 

Institute of Industrial Science, University of Tokyo, Azabu, 
Tokyo, Japan. 
' B. D. H. Tellegen, "The gyrator, a new electric network ele-

ment," Philips Res. Repts., vol. 3, pp. 81-101; April, 1948. 
2 The number of independent ideal circuit elements is somewhat 

debatable since the ideal gyrator can be used with an inductance to 
replace a capacitance or vice versa. Similarly, ideal transformers can 
be extracted from a cascaded pair of ideal gyrators. Hence, a com-
plete system of independent circuit elements need consist only of 
resistance, inductance or capacitance, and the ideal gyrator. The 
authors wish to thank the reviewer for this comment. 
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Fig. 1—Ideal gyrator. 

Fig. 2— humittance converter. 
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Fig. 3—Ideal isolator. 

Hall effect in a semiconductor,' the Faraday effect in a 
ferrite4 or the nonreciprocal nature in a combination 

of two dual types of electromechanical transducers. 
These practical gyrators consist of an ideal gyrator and 
extra circuits, which usually limit their range of ap-
plication. This is especially true for an electromechanical 
gyrator because the band-pass characteristics of the 
transducers make the gyrator a relatively narrow band 
device. Hence the most promising application of elec-
tromechanical gyrators seems to be in isolators, which 
will be the subject of the present paper. McMillan first 
noted that if an electric transducer is mechanically 
coupled to a magnetic transducer, the resultant system 
is an antireciprocal four-terminal circuit, which can be 
an isolator by a suitable combination with a circuit 

3 W. P. Mason, W. H. Hewitt and R. F. Wick, "Hall effect modu-
lators and gyrators employing magnetic field independent orienta-
tions in germanium," J. Ape Phys., vol. 24, pp. 166-175; February, 
1953. 
' C. L. Hogan, "The ferromagnetic effect at microwave frequen-

cies and its applications; the microwave gyrator," Bell Sys. Tech. J., 
vol. 31, pp. 1-31; January, 1952. 
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component (usually a resistor) as shown in Fig. 4(a).6 
Fig. 4(b) shows a dual of McMillan's isolator. Black 
and Scott realized such a system by a combined piezo-
electric-piezomagnetic vibrator made of a bar of X-cut 
quartz bonded to a bar of stainless steel.' More re-
cently, piezoelectric ceramics and piezomagnetic fer-
rites with high electromechanical coupling have been 
used to obtain greatly improved characteristics by 
Germano and Curran,7 and Curran, et al.,8 and by the 
authors.' 

The isolator described by McMillan has one severe 
drawback in comparison with the ideal isolator. Uni-
lateral transmission can be obtained only for a single 
frequency or a group of frequencies, because the trans-
fer immittances of combined vibrators vary widely with 
frequency. Gamo established, however, a general 
method for obtaining electromechanical systems, uni-
lateral at all frequencies.° These systems are named 
"achromatic" isolators and are shown in Fig. 5. Black 
boxes are the same reciprocal four-terminal circuits 
having the transmission matrix shown in the figure. 
Cascade connection of the box with an ideal gyrator 
as shown in the upper branch yields an antireciprocal 
circuit, which may be realized by a piezoelectric-
piezomagnetic combined vibrator similar to that pre-
viously discussed. The box in the lower branch may be 
realized by either a purely piezoelectric or a purely 
piezomagnetic vibrator. It should be noted that these 
isolators need two resistors instead of one as used in 
the ideal isolator. This increases the loss in the forward 
transmission but provides the advantages of achromatic, 
unilateral transmission characteristics. Realization of 
Gamo's isolator in practice, however, is extremely dif-
ficult, because it is necessary to match the frequency 
characteristics of the two vibrators in the upper and 
lower branches. 

In this paper a novel type of electromechanical, 
achromatic isolator is presented. The isolator consists 
of three mechanically coupled transducers, two of 
which may be piezoelectric and the third piezomagnet-

5 E. M. McMillan, "Violation of the reciprocity theorem in linear 
passive electromechanical systems," J. Acoust. Soc. Am., vol. 25, pp. 
344-347; October, 1946. 

6 L. J. Black and H. J. Scott, "Measurements on nonreciprocity 
in an electromechanical system," J. Acoust. Soc. Am., vol. 25, pp. 
1137-1140; November, 1953. 

7 C. P. Germano and D. R. Curran, "Low frequency gyrators," 
Electronic Components Conf., San Francisco, Calif., Paper No. 24; 
May, 1961. 

D. R. Curran, J. H. Silverman and J. Schoeffler, " Passive elec-
tromechanical gyrators and isolators," private communication. 

M. Onoe and M. Sawabe, "A piezoelectric and piezomagnetic 
gyrator," Proc. Spring Meeting Acoust. Soc., Japan, Paper No. 91; 
May, 1961. 

1° H. Gamo, "Four terminal networks violating reciprocal 
theorem and one-way systems," Proc. 26th Joint Conf. of Elec. Engrg. 
Soc., Paper No. 9-1; 1952. 

"Electromechanical one-way systems," J. Acoust. Soc. (Japan), 
vol. 10, pp. 65-76; June, 1954. 

"On passive one-way systems," Trans. Internael Symp. on 
Circuit and Information Theory, pp. 283-298; 1959. 

(b) 

Fig. 4—Isolator after McMillan and its dual. 

-o -0 

Dotted lines show the alternative series co inection for the output. 

Fig. 5—Achromatic isolators after Gamo. 

ic, or two of which may be piezomagnetic and the third 
piezoelectric. In either arrangement a unilateral 
coupling between mechanical and electrical systems 
is provided using one piezoelectric and one piezo-
magnetic transducer. The third transducer in merely 
for driving the mechanical system. Such a design 
makes manufacturing considerably easier, because 
there is only one mechanical system and because ad-
justment by purely electrical means is possible after 
fabrication of the mechanical parts. 

II. THE ELECTROMECHANICAL GYRATOR 

Fig. 6 shows a few configurations of electromechanical 
gyrators consisting of three transducers. The hatched 
portion is made of piezoelectric ceramic material and 
bonded to the rest of system made of piezomagnetic 
ferrite. The terminals 1-1' are for a piezomagnetic 
transducer and the terminals 2-2' are for a piezoelectric 
transducer. Combination of both transducers provides 
an achromatic unilateral transmission between elec-
trical and mechanical systems. The terminals 3-3' are 
for the third transducer, which may be piezoelectric 
or piezomagnetic. 

In practice the piezoelectric third transducer is pre-
ferred. This is because there will be less stray coupling 
between the third transducer and the other transducers 
and because a higher electromechanical coupling co-
efficient is obtainable in piezoelectric ceramics than in 
ferrites. Hence all the examples except (a) in Fig. 6 
have piezoelectric third transducers. Configurations 
(a), (b) and (c) may be called cascaded structures, and 
(d) and (e) sandwiched structures. Configurations (c) 
and (e) use a piezoelectric transducer with divided 
electrodes and, therefore, need only one bonding 
operation. 
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I 2 3 3' 

(a) 

171 #;-731;C!--1 

(b) 

(d) 

(e) 

..4 .U2t;tt3e1 .1 

Fig. 6—Electromechanical gyrators consisting of three transducers. 

III. EQUIVALENT CIRCUIT 

Although Gamo's theorem can be extended to cover 
unilateral transmission between electrical and me-
chanical systems, the following analysis based on an 
equivalent circuit is much simpler. Fig. 7 shows the 
equivalent circuit based on the voltage force analogy 
near a mechanical resonance of composite structure. 
L1 is the clamped inductance of the piezomagnetic 
transducer, while C2 is the clamped capacitance of the 
piezoelectric transducer. Zm represents a mechanical 
resonance of the composite structure and is a series 
resonant circuit as shown in the figure. It should be 
noted, however, that a more elaborate structure can be 
inserted between the first two transducers and the 
third transducer, so that much more complicated fre-
quency characteristics like those of a mechanical filter 
may be obtained. 
The condition for suppressing the transmission from 

the first two transducers to the third transducer can be 
described as follows: 

<W I + 02E2 = 0 (1) 

where 01 and 02 are the transformer ratios of the piezo-
magnetic and piezoelectric transducers, respectively. 
It is assumed here that 01, instead of the gyrator con-
stant, has a dimension of resistance. Ii is a driving cur-
rent for the piezomagnetic transducer and E2 is a driv-
ing voltage for the piezoelectric transducer; both are to 
be derived from the same signal source. Such distribu-
tions of current and voltage are possible in the two 
circuits shown in Fig. 8, where 

L 1 
- = R1R2 

C2 

4/1 

= R1. 

(2) 

(3) 

In this figure the mechanical portion is omitted because 
there is no current in that portion under the condition 

II LI 

C---0 3' 

1:-#2 

Fig. 7—Equivalent circuit of the gyrator. 

- = RIR2 

C2 

— — = 

Fig. 8—Realization of achromatic suppression of transmission 
by means of associated resistances. 

(1). It can be seen that the conditions (2) and (3) are 
independent of frequency and, therefore, an achromatic 
suppression of transmission is achieved. The need for 
two resistors is consistent with Gamo's theorem. 
The values of L1, C2 can be measured at a frequency 

well removed from mechanical resonances. The ratio 
01/02 is conveniently obtained by measuring, first, the 
output voltage of the third transducer for a given in-
put current Ii into the piezomagnetic transducer with a 
short circuit of the terminals 2-2', and second, the out-
put voltage for a given input voltage E2 into the piezo-
electric transducer with an open circuit of the ter-
minals 1-1'. The other parameters can be determined by 
a conventional method for measuring electromechanical 
vibrators as described in the Appendix. 

IV. CONDITION FOR CONSTANT INPUT RESISTANCE 

It can be seen that if the two resistances determined 
by (2) and (3) happen to be equal, the input impedance 
looking into the terminals 0-0' becomes a constant re-
sistance R, which is also equal to these two resistances, 

R Ri = R2. (4) 

This condition is interesting in practice because it 
simplifies the matching at the terminals 0-0'. The 

condition can be realized by a proper design of the 
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physical dimensions of a vibrator. The realization is 
also possible by purely electrical means even after the 
fabrication of the vibrator. 

Roughly speaking, Oh and by virtue of (3) also 
are proportional to the number of turns of the coil N, 
while L1 is proportional to N2. This yields R2 propor-
tional to N according to (2). Hence changing the num-
ber of turns of the coil in order to obtain a constant 
input resistance has little effect. On the other hand, the 
magnetic biasing field affects (th considerably but LI 
only slightly. Hence the condition (4) is easily ob-
tained by adjusting the biasing field, especially when 
the original R1 is larger than R2. When the original R2 
is larger than RI, the condition (4) is achieved by merely 
adding some capacitance parallel to C2. 

V. FORWARD TRANSMISSION CHARACTERISTICS 

The tranmission characteristics in the forward direc-
tion, namely from the terminals 3-3' to the terminals 
0-0', can be conveniently described based on the 
equivalent circuit shown in Fig. 7. The portion left of 
the terminals m-m' is simplified under conditions (2) 
and (3) as shown in Fig. 9(a) and (13). Further simpli-
fication is possible as shown in Fig. 10 if condition (4) 
is satisfied. Since this condition is preferable in prac-
tical applications and can always be achieved as dis-
cussed in the previous section, the present discussion is 
limited to this special case. The right half section of the 
equivalent circuits shown in Fig. 10 is a conventional 
filter circuit, characteristics of which have been well 
discussed in literature. If the mechanical loss is neglig-
ible, a perfect matching at the resonance frequency is 
possible by the use of a tuning inductance parallel to 
C2. This yields the available power of the source, Po, 

E2 
Po =   

4(2022R) 

while the available power of the left half section, P L, is, 

EM 2 
= 40-2'R 

(5) 

(6) 

where EM=E/2 at the resonance. Hence, at the res-
onance, the ratio Po/P L is two, and this yields the 
minimum insertion loss of 3 db. Any mechanical loss 
or any mismatching increases the insertion loss. 

VI. EXPERIMENTS 

An achromatic isolator operating at 135 kc was made 
of barium titanate and nickel-ferrite and reported in a 
previous paper.' The cascaded structure shown in Fig. 

6(b) was used. The frequency characteristics are shown 
in Fig. 11. The 3-db bandwidth is 1.2 kc and unilateral 
discrimination of more than 50 db is obtained. An ir-
regularity at 141 kc is due to an unwanted mode of 
vibration and may be removed by an improved me-

2952 4,4 ( Rt,R2) C2 R2  

1 + jw C2 R2 4,2 (Ri-i-R2) 
2 

2E, 
  4)22(Rt+R2 
91(1+ Ri/R2) 

C2 R2  

4)22(Ri+R2) 

Fig. 9—Equivalent circuits for . ichoHnatic isola tors. 

C3 

202 

Fig. 10—Equivalent circuit in the case R = 

FRIOUDICV IMAM 

Fig. 11—Characteristics of an achromatic isolator. 

chanical design. The high forward insertion loss of 
12 db is due to a poor electromechanical coupling of 
material and a mechanical loss. 
• In order to improve the forward insertion loss, 

Clevite PZT-5 ceramic (k2,3 = 0.68) and Kearfott N-51 
ferrite (k =0.40) have been used. Table I shows equiv-
alent parameters for three models. Gyrator A uses the 
sandwiched structure shown in Fig. 6(d). Resistance 
values experimentally obtained for the best suppres-
sion of backward transmission are compared with the 

calculated values from (2) and (3). The discrepancy 
seems chiefly due to an error in determining the ratio 
01/02 (about 10 per cent). The condition for constant 
input resistance discussed in Section IV was achieved 
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TABLE I 

EQUIVALENT CIRCUIT PARAMETERS OF GYRATORS 
AND THEIR CHARACTERISTICS 

Gyrator A 
Type Fig. 6(d) Fig. 6(e) Fig. 6(b) 

Unit 

C2 

C3 

fo 

QM 
LM 
CM 
Rm 
Rm ' 

ten 
—01/02 

103 
720 
720 • 
152.33 
246 
165 
6.66 

640 
630 

1.01 
266 

120 
330 
330 
164.32 
299 
522 

1.81 
1800 
1800 

1.00 
626 

140 ph 
440 pf 
440 pf 
113.42 kc 
157 — 
340 mh 

5.77 pf 
1.55 n 
1.53 n 
1.01 --

250 n 

Calculated resistances from (2) and (3) 

266 626 250 ti 
R2 537 580 1270 ti 

Resistances experimentally obtained for the best backward suppres-
sion 

R2 

281 565 
460 578 

ti 
ft 

Resistances experimentally obtained for the condition of constant 
input resistance 

RI 308 — 236 n 
Rz 304 — 236 n 

Minimum insertion loss 

forward 5.0 6.0 6.0 db 
backward 46 43 49.5 db 
3-db bandwidth 2.9 1.5 2.0 kc 

by adding a capacitance of about 375 pf parallel to C2 
and adjusting slightly the bias magnet. This yields 
experimental values shown in Table I. Fig. 12 shows 
the open circuit impedances of the terminals 0-0' and 
3-3' measured by a Wayne-Kerr bridge, type B601. It 
can be seen that the former is almost constant and 
equal to RI and R2 as the theory predicts. Insertion loss 
characteristics tinder matched termination conditions 
are shown in Fig. 13. A fairly flat suppression of back-
ward transmission over the measured range of fre-
quency was obtained as expected. The forward loss 
was reduced to 5 db, of which 3 db is the theoretical 
minimum and 2 db is an excess loss due to mechanical 
losses. 

Gyrator B uses the sandwiched structure with di-
vided electrodes shown in Fig. 6(e). Dividing the elec-
trodes reduces the coupling of the piezoelectric trans-
ducer (2-2') relative to that of the piezomagnetic 
transducer. This increases the ratio 01/422 and achieves 
the condition for constant input resistance without any 
additional adjustment as seen in Table I. Fig. 14 shows 
the impedance characteristics and Fig. 15 (next page) 
the insertion loss characteristics under matched ter-
mination conditions. An irregularity in the backward in-
sertion loss seems due to the off-nodal support of this 
particular model and can probably be removed by a 
slight change of the electrode configuration which al-
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Fig. 12—Input impedances of isolator A. 
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Fig. 13—Insertion loss of isolator A. 
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Fig. 14—Input impedances of isolator B. 

lows the usual nodal support. Figs. 16 and 17 are the 
impedance and the insertion loss characteristics, re-
spectively, of Gyrator C which uses the cascaded struc-
ture shown in Fig. 6(b). A capacitance of about 2270 pf 
is added parallel to C2 in order to achieve the condition 
for constant input resistance. 
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Fig. 15—Insertion loss of isolator B. 
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Fig. 16—Input impedances of isolator C. 
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Fig. 17—Insertion loss of isolator C. 

VII. CoNci.t-sum 

A linear passive isolator, which has an achromatic 
suppression of backward transmission, has been realized 
by combining two resistances and an electromechanical 
gyrator according to Gamo's theory. The gyrator con-
sists of three mechanically coupled, ceramic elements, 
two of which may be piezomagnetic and the third 
piezoelectric or two of which may be piezoelectric and 
the third peizomagnetic. In either arrangement a uni-
lateral coupling between the mechanical and the elec-
trical system is provided by using one piezoelectric 

and one piezomagnetic element. The third element is 
merely for driving the mechanical system. 

Characteristics of the gyrator have been discussed 
based on an equivalent circuit. A constant input re-
sistance can be obtained at a terminal pair of the iso-
lator by purely electrical means even after the fabrica-
tion of the gyrator. This simplifies the matching at this 
terminal. The theoretical minimum insertion loss is 
3 db under the matched termination conditions. A few 
models have been made using both the sandwiched and 
the cascaded structures. A highly achromatic suppres-
sion of backward transmission has been obtained in 
agreement with theoretical predictions. Minimum for-

ward insertion loss consists of the theoretical minimum 
of 3 db and an excess loss of a few db due principally 
to mechanical losses. 

APPENDIX I 

DETERMINATION OF EQUIVALENT CIRCUIT PARAMETERS 

The parameters of the equivalent circuit shown in 
Fig. 7 can be determined in the following manner. 02 
can be set equal to one without loss of general validity. 

1) Clamped parameters LI, C2 and C2 are measured 
at a frequency well above the mechanical resonance. 

2) Admittance measurement at the terminals 3-3' 
with the terminals 2-2' shorted and the terminals 1-1' 
open yields the resonant frequency fo and the resonance 
resistance Rm. 

3) Admittance measurement at the terminals 2-2' 
with the terminals 3-3' shorted and the terminals 1-1' 
open yields the same resonant frequency and another 
resonance resistance RA,'. The transformer ratio 02 is 
given by the following: 

4)2 = (Rm/Rmi)". (7) 

4) The above two admittance measurements de-
termine the quadrant frequencies fi and b which corre-
spond to conductances equal to half of the resonance 
conductance. Then 

fo  QM = 
fi — f2 

Qm.Rm 
Lm = 

22rfo 

Cm = 
1 

(27rfo)2Lm 

It may be noted that the clamped capacitances C2 and 
G3 can also be obtained from the algebraic mean of 
susceptances at the quadrant frequencies. 

5) The ratio 01/02 is determined as described in the 
text. Since 02 is already known, 4)1 can be determined. 
It should be noted that impedance measurements at 
the terminals 1-1' are possible, but the separation of 

parameters is much more complicated because of the 
loss of the coil. 
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APPENDIX II 

DERIVATION OF EQUIVALENT CIRCUITS FOR ACHROMATIC 
I SOLATORS 

The portion left of the terminals m-m' in Fig. 7, asso-
ciated with resistances in the manner shown in Fig. 
8(a), yields a four-terminal network with terminals 
o-o' and m-m'. Let voltages across and currents flowing 
into these terminals be E, I, Em and 'M, respectively, 
then the following equations hold: 

EM - 0111+ 4)2E2, (11) 

E 441m = (R1+ jw1.4)I2, (12) 

E — E2 = R2(I — /1), (13) 

4.2/m jwC2E2 — I ± /1, (14) 

(15) 

yield the 

R2021 m = (1+ ja)C2R2)E2— E. 

These equations together with (2) and (3) 
following: 

I+ 

022(Ri-F-R2)  
Em= 'M, 
m=1 R-E-ij+coiCco2 LR2 

202 I 1 
( 1 jwC2 

1±ja,C2R2)E (17) '  1+jwC2R2 

(16) 

which correspond to the left portion of equivalent cir-
cuits shown in Fig. 9(a). If the condition of constant 
input resistance holds, as given by (4), then ( 16) and 
(17) can be further reduced to the following: 

2022R 
Em = Im, (18) 

1 ja,C2R 

E Em 
I = — — — (19) 

R 

which correspond to the left portion of the equivalent 
circuit shown in Fig. 10 

1973 

In the case of Fig. 8(b) the following similar set of 
equations apply instead of ( 11) to ( 15): 

(20) 

(21) 

Em = 0111-1- 4,2E2, 

= Ei El+ (1,1131 
I  

R2 jcoLl 

+ iWC2)E2 4)21M, (22) 
RI 

E = El E2, (23) 

where E1 is the voltage across the resistance R2. These 
equations together with (2) and (3) yield the following: 

Em — 
022(R1 ± R2) 
  I 31, 
1 ± jwC2R2 

E jcuL2R2 R1  

\R2 jeoLl + -1-   1+ jcoC2Ri 

2R2 
± Em, 
4,2(R1 -1- R2) 

)1 
(24) 

(25) 

which correspond to the left portion of the equivalent 
circuit shown in Fig. 9(b). If the condition of constant 
input resistance holds, these equations also reduce to 
(18) and ( 19). 
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Correction 

E. I. Jury, author of "A Simplified Stability Criterion 
for Linear Discrete Systems," which appeared on pages 
1493-1500 of the June, 1962, issue of PROCEEDINGS, has 
requested that the following corrections be made in the 
paper. 

1) The first term of the right side of (26) should read 
A „A,,_2. 

2) The numbering in the sentence following (52a) 
should be changed as follows: 

(53) —> (50) 
(52) --> (51) 
(56) —) (53) 

O -I- 51 —› (51) 

3) In part (b) on page 1499, n odd should be changed 
to n even, and n even should be n odd. 

4) On page 1499, the two sentences preceding the sec-
tion of the Number of Roots of a Real Polynomial Inside 
the Unit Circle, should be changed as follows: 

Furthermore, if the system is initially stable and 
some of its parameters change so as to approach in-
stability, the constraints A or 
F( —1) are the most critical. Hence, to obtain the 
maximum parameter variations for stability limit 
only the equations A _1—B,, 1=0 and F(1) = 0, 
F(-1)= 0 need be solved. A detailed discussion of 
this fact will be presented at a later date. 
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How to Obtain the IRE Standards on Electron 

Tubes: Methods of Testing, 1962* 

THIS MONTH THE IRE is publishing, as a sepa-
rate volume, the largest Standard in its history: 

  the " IRE Standards on Electron Tubes: Methods 
of Testing, 1962." Because of its large size, 160 pages, 
it was not feasible to follow the normal practice of in-
cluding it in the PROCEEDINGS. However, all IRE mem-
bers and PROCEEDINGS subscribers on record as of Sep-
tember 1st may obtain one free copy' of this standard upon 
request, by writing to IRE Headquarters, 1 East 79 
Street, New York 21, N. Y. Ask for the IRE Standard 
No. 62 IRE 7. Sl. 
This Standard, which deals with the methods of meas-

urement of the important characteristics of electron 
tubes, should be of great interest to electrical engineers, 
radio engineers, and physicists. It is unique since it con-
tains complete information on the testing of all kinds 
of electron tubes including descriptions of test equip-
ments and precautions to be observed to insure valid-

ity of test results. A more detailed description of the 
Standard is given below. 

The Standard is the result of seven years activity of 
the IRE Electron Tubes Committee, during which 167 
dedicated and experienced research and engineering 
workers in the field of electron tubes devoted approxi-
mately 20,000 man-hours of careful deliberation. This 
large expenditure of time and effort does not include 
outside investigation of source materials by the various 
workers, as well as time spent contacting other agencies 
interested in electron tubes. If this time were included, 
the number of man-hours devoted to this document 
could exceed 50,000. 

Most of the Methods of Testing contained in the 
Standard were developed after thorough consultation 
with persons engaged in this field who were employed 
either by private industries, universities, or govern-
ment agencies, in Canada, England, France, Japan, 
Netherlands, Poland, Switzerland, West Germany, and 
the United States. Among a number of organizations 
engaged in standardization work on electron tubes the 
IRE Electron Tubes Committee is pleased to acknowl-
edge the cooperation and interest of the following or-
ganizations: 

The American Standards Association 
American Institute of Electrical Engineers 
British Radio Valve Manufacturers' Association 
Electronic Industries Association 

* Library of Congress Catalog Card Number: 62-20746. 
1 Additional copies may be obtained at the nonmember price of 

$2.50 per copy. 

International Electrotechnical Commission 
Joint Electron Device Engineering Council 
Nachrichtentechnische Gesellschaft im Verband 

Deutscher Elektrotechniker. 

The Committee also gratefully acknowledges the work 
of the members of the IRE Standards Committee who 
spent many hours of deliberation before approving this 
document. 

The IRE Electron Tubes Committee would appre-
ciate very much hearing from users of this document 
relative to criticisms and suggestions for future pro-
posed methods of testing electron tubes. Please send 
all communications to George A. Espersen, Chairman, 
IRE Electron Tubes Committee, The Institute of 
Radio Engineers, Inc., 1 East 79 Street, New York 21, 
N. Y. 

CONTENTS OF STANDARD 

The Standard consists of 10 Parts, as indicated below. 
Parts 1, 2, and 3, are completely revised versions of 
"IRE Standards on Electron Tubes: Methods of Test-
ing, 1950" (50 IRE 7.S1).2 Part 9 includes minor re-

visions of " I RE Standards on Methods of Measuring 
Noise in Linear Twoports, 1959" (59 IRE 20.S1).3 The 
remaining six Parts of the Standard contain totally new, 
previously unpublished methods of testing. 
The principal measurements covered by each Part 

are outlined below. In addition, many of the Parts pro-
vide references and bibliographies and give new defini-
tions of terms. 

PART 1: CONVENTIONAL RECEIVING TUBES 

Filament or Heater Characteristics 
Emission Tests 
Characteristics of an Electron Tube 
Residual Gas and Insulation Tests 
Inverse Electrode Currents 
Vacuum-Tube Admittances 
Nonlinear Characteristics 
Audio Power Output 
Radio-Frequency Operating Tests for Power-Output Tubes 
Electrode Dissipation and Bulb Temperature 

PART 2: CATHODE-RAY TUBES 

Cutoff Voltage 
Leakage Currents 
Electrode Currents 
Gas Content 
Cathode-Ray-Tube Capacitances 
Focusing-Electrode Voltage of Electrostatic-Focus Types 
Focusing-Coil Current of Magnetic-Focus Types 

2 PROC. IRE, vol. 38, August and September, 1950. 
3 Paoc. IRE, vol. 48, January, 1960. 
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Deflection Factor of Electrostatic-Deflection Types 
Deflection Factor of Magnetic-Deflection Types 
Screen Luminance 
Chromaticity of Screen Luminescence 
Screen-Persistence Characteristics 
Large-Area Contrast 
Resolution 

PART 3: GAS TUBES 

Hot-Cathode Gas-Tube Tests 
Filament or Heater Electrical Characteristic 
Control-Characteristic Tests 
Emission Tests 
Grid-Current Tests 
Fault-Current Test (Surge-Current Test) 
Operation Test 
Thermal Tests for Hot-Cathode Mercury Tubes 
Recover-Time Test 
Thyratron Ionization-Time Test 
Cold-Cathode Gas-Tube Tests 
Breakdown-Voltage Tests 
Anode-Voltage-Drop Tests 
Transfer- Current Test 
Voltage Regulator-Tube Regulation Test 
Drift Rate 
Repeatability 
Temperature Coefficient of Voltage Drop 
Voltage Jump 

PART 4: MICROWAVE-DUPLEXER TUBES 

Low-Level Radio-Frequency Measurements 
Tuning-Susceptance (ATR Tubes) 
Normalized Equivalent Conductance (ATR Tubes) 
Loaded Q (ATR Tubes) 
Mode Purity (ATR Tubes) 
Insertion Loss (TR Tubes) 
Low Level VSWR (TR Tubes) 
Ignitor Interaction (TR Tubes) 
Low-Level Phase Shift (TR Tubes) 
Low-Level VSWR ( Dual TR Tubes) 
Transmitter-Receiver Isolation ( Dual TR Tubes) 
Loaded Q (High-Q TR Tubes) 
Unloaded Q (High-Q TR Tubes) 
Resonance Frequency ( High-Q TR Tubes) 
Tuning Range ( High-Q TR Tubes) 
Frequency-Temperature Drift ( High-Q TR Tubes) 
Insertion Loss ( High-Q TR Tubes) 

High-Level Radio-Frequency Measurements 
Recovery Time (ATR Tubes) 
ATR Arc Loss 
ATR High-Power-Level VSWR 
ATR High-Power-Level Firing Time 
Recovery Time (TR and Pre-TR Tubes) 
Position of Effective Short (TR and Pre-TR Tubes) 
Leakage Power (TR and Pre-TR Tubes) 
Minimum Operating Power (TR and Pre-TR Tubes) 
Phase-Recovery Time (TR and Pre-TR Tubes) 

Ignitor-Electrode Measurements 
Ignitor Voltage Drop 
Ignitor Firing Time 
Ignitor Oscillations 
Ignitor Leakage Resistance 

PART 5: PHOTOTUBES 

Sensitivity 
Current Amplification 
Current-Voltage Characteristics 
Dynamic Characteristics 
Electrode Dark Current 
Noise in Multiplier Phototubes 
Collection Efficiency 
Peak-Output-Current Limitations 

PART 6: MICROWAVE TUBES 

Nonoperating Characteristics 
Resonance-Frequency Measurements 
Q Measurements 
Phase of Frequency-Sink Measurements 
Measurements of Dispersion Characteristics, Uniform Inter-

action Circuit 
Microwave Oscillators 
Power Output 
Methods of Measurement of Frequency 
Method of Measurement of Microwave Local-Oscillator Noise 
Transmitting-Oscillator Noise 
Loading Effects 
Methods of Measurement of Mechanical Tuning Characteristics 

of Microwave-Oscillator Tubes 
Electrical Tuning 
Modulation of CW Oscillators 
Pulsed-Oscillator Measurements 
Spurious Oscillations 
Frequency Pushing 

Microwave Amplifiers 
Matched Gain ( Microwave Amplifier) 
Input-Impedance Measurements 
Output-Impedance Measurements 
Measurement of Amplifier Bandwidth 
Measurement of Amplifier Loss 
Phase Measurements 
Noise Factor, Noise Figure 
Carrier-to-Noise Fluctuations 
Frequency Range 
Amplifier Power Output 
Conditional Oscillations 
Intermodulation 
Modulation Characteristics 
Testing of Microwave Amplifier Under Pulse Conditions 
Test for Voltage-Tunable Amplifiers 
Tests for Frequency Multipliers 
Stability of Characteristics 

PART 7: CATHODE-INTERFACE IMPEDANCE 

Measurement Circuits 
Complementary-Network Bridge 
Shunt-Admittance Method 
Standard-Tube-Comparison Method 
Differential-Comparison Method 
CW Method 

PART 8: CAMERA TUBES 

Measurement of Transfer Characteristics 
Measurement of Noise 
Measurement of Resolution 
Measurement of Persistence Characteristic 
Measurement of Spectral-Sensitivity Characteristics 
Miscellaneous Tests 

PART 9: NOISE IN LINEAR TWOPORTS 

Noise Factor 
Measurement of Average Noise Factor 
Measurement of Spot-Noise Parameters 
Appendix: Representation of Noise 

PART 10: CATHODE-RAY CHARGE STORAGE TUBES 

Types of Cathode-Ray Charge Storage Tubes 
Measurement of Resolution 
Measurement of Writing Speed or Writing Time 
Measurement of Erasing Speed or Erasing Time 
Measurement of Retention Time 
Measurement of Reading Characteristics 
Measurement of Decay Time 
Measurement of Signal-to-Shading Ratio 
Measurement of Signal-to- Disturbance Ratio 
Luminance of Electrical-Visual Storage Tubes 
Measurement of Beam Current. 
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Correspondence  

A Proposed First-Order Relativity 
Test Using Lasers* 

The new-found ability to mix together 
the outputs of two coherent optical sources, 
such as gas lasers, and obtain stable beats, 
raises the possibility of a new test for ether 
drift in which the effect to be measured is 
proportional to the first power of v/c, where 
v is the expected ether drift. 

The classical Michelson-Morley experi-
ments, using one optical source, measure an 
effect proportional to v2/c2 because of the 
necessity of returning the light beam to its 
starting point. The difference in transit 
times, go and return, is of the form 

L/(c L/(c = 2L/c2-(2L/c)(v2/c2) 

where L is the one-way path length. If one 
could arrange to measure directly the dif-
ference in transit times for go and return, 
this would be in the form 

L/(c — — L/(c r)P.=-.'(2L/c)(v/c), 

greater than the Michelson-Morley effect by 
the factor c/v. 

Referring to Fig. 1, Si and 52 are two CW 
lasers. Half-silvered mirrors M, and M, 
split the two beams, sending one half 
directly into the photon' u kiphers PM, and 
PM?, and the other half over the optical 
path L. At the ends of L the beam from Si 
is reflected into PM2, and the beam from S2 
into PM. The outputs of Pi1/1 and PM2, 
which contain VHF components due to the 
mixing of the two optical laser frequencies, 
are added and their sum is measured by the 
VHF receiver R. A panoramic receiver is 
added at this point to facilitate spectrum 
examination. The two lasers are mounted 

* Received June 13. 1962. 

vertically with the optical path horizontal, 
and the whole assembly is designed to rotate 
in the horizontal plane. 

For simplicity let us assume that the two 
lasers are adjusted for one mode of oscilla-
tion only, and that they are offset in fre-
quency by 100 mc. There will then be 100-
mc components in the outputs of the mixers, 
and their sum will be selected and measured 
by the VHF receiver. Let us suppose that in 
a position of zero ether drift in the direction 
of L, the path length of one laser is adjusted 
to make the input to the receiver a maxi-
mum, i.e., to assure that the two mixer out-
puts are in phase at the receiver. Now let us 
rotate the apparatus through 90° so that L 
is in the direction of the ether drift e. If 
this drift is from left to right in Fig. 1, the 
phase of the waves from Si at PM2 is ad-
vanced by the angle 0 27r(L/X)(v/c), where 
X is the wavelength, and the phase of the 
waves from ..92 at PM, is retarded by the 
same angle. Since the phase changes in the 
optical signals are transferred without loss 
to the phases of the mixer outputs, there 
will be a relative change in phase of 20 be-
tween the 100-inc signals at the input to the 
receiver. If the intensities are equal and 
0=-7r/2, there will be complete cancellation; 
intermediate values will be a measure of the 
phase shift. 

Note that the success of this method is 
due to the ability to measure the relative 
phase advance and retardation of the optical 
frequency components at the ends of the 
optical path by transferring these phase 
shifts to a greatly lower frequency in the 
VHF region, so that they may be brought to-
gether for comparison with a negligible 
compensation of the effect. 

For a helium-neon laser, with X = 1.153 
X10-4 cm, L may be as short as 30 cm for a 
phase shift of 180° with v/c =10-4, cor-
responding to an ether drift of 0.3 km/sec, 
the surface velocity of the earth in tem-
perate latitudes due to its rotation. This 
short length is desirable since it simplifies 
problems of mechanical rigidity and also 
makes magnetic shielding possible if changes 
in magnetic field during rotation turn out to 
be bothersome. 

In the interests of simplicity and lack of 
fussiness, confocal resonators should un-
doubtedly be used with the lasers. The 
presence of many modes in these resonators 
will produce a complicated spectrum of 
intermodal beats from the mixers. The pan-
oramic receiver may then be used to select 
interlaser beats by noting components that 
are present in the mixer outputs only when 
both lasers are operating. 

It is not anticipated that frequency drift 
in the lasers will be a problem, provided that 
the change in the beat frequency will not be 
so large or rapid as to be unmanageable ill 
the receiver. A slight error will occur in the 
phase comparison if the frequency of one 
laser changes during rotation; for a 1-mc 
shift in one laser the error in the phase angle 
will be only 0.002 radians. Actually, the 

apparatus should be small enough to permit 
fairly rapid rotation. 

As has been pointed out by this author,' 
the Michelson-Gale experiment' has its 
simplest nonrelativistic explanation in terms 
of an ether that does not rotate with the 
earth. Since this experiment has been ex-
plained by the theory of general relativity, 
and since the precision of the Michelson-
Morley experiments was not great enough 
to detect a rotational ether drift, it is of con-
siderable importance to try a similar method 
that does have the capability. 

C. W. CARNAHAN 
120 Fawn Lane 

Menlo Park, Calif. 

C. W. Carnahan, "Light and gravitation." PitoC. 
IRE (to be published). 

A. A. Michelson and H. G. Gale, Asfrophys. J.. 
vol. 61, p. 140, 1925; also. G. Joos, "Theoretical 
Physics," Hafner Publishing Company, Inc., New 
York, N. V.. 2nd ed., p. 472. 1950. 

A Light Source Modulated at 
Microwave Frequencies' 

When a gallium arsenide p-n junction is 
biased in the forward direction, radiative 
band-to-band recombination is observed.' 
Since minority-carrier lifetimes of the order 
of 10-10 sec are readily obtained in GaAs, one 
may expect that the recombination radiation 
can be modulated at Gc rates. This com-
munication reports a verification that effi-
cient generation of light modulated at 
microwave frequencies is possible. 

The current through a GaAs diode in-
creases very rapidly when it is forward biased 
with an increasing voltage nearly equal to 
the energy gap (about 1.5 volts). Under this 
bias condition, the current consists of tunnel-
assisted radiative band-to-band recombina-
tion in the space-charge region of the p-n 
junction.' This radiation occurs in a narrow 
spectral band in the near infrared (0.84 µ at 
77°K). The intensity of the light output first 
increases very rapidly ( more than linearly) 
with current and then linearly. In the linear 
range the process is extremely efficient. A 
quantum efficiency of 0.50 to 1.00 
photons/electron has been obtained. How-
ever, with the geometry used in our experi-
ment only about 1 per cent of the radiation 
comes out of the specimen. The over-all 
power efficiency of the light source is also 
somewhat reduced by a small ohmic loss.due 
to the internal resistance of the diode. 

The following measurements were made 
with a diode fabricated by alloying a tin dot 

* Received June 2, 1962. 
1J. I. Pankove and M. Alassoulié, " Injection 

luminescence from GaAs." Bull. Am. Phys. Soc.. vol. 
7, p. 88; January, 1962. 

J. I. Pankove, "Tunneling assisted photon emis-
sion in Gallium Arsenide p-n junctions." to be pub-
lished. 
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to p-type GaAs having a hole concentration 
of 2.5 X10'2 cm-3. The diode was mounted 
in series with a 50-ohm resistor at the end of 
a 50-ohm roaxial cable connected to a signal 
generator. The diode end of the cable was 
inserted in a Dewar filled with liquid nitro-
gen ( Fig. 1). The radiation was collected 
through the two windows of the Dewar by 
a lens and focused onto a photomultiplier 
(RCA 7102) having an S-1 spectral response. 
The output of the photomultiplier was dis-
played on an oscilloscope. Fig. 2 shows the 
detection of 200-Mc modulation as displayed 
on a sampling oscilloscope. A dc bias was 
inserted in series with the generator to 
operate the diode in the light-emitting mode. 
The noise is believed to originate in the 
photomultiplier. 

In its nonlinear range, the radiation from 
the diode is also modulated at harmonics of 
the driving frequency. This is illustrated in 
Fig. 3 where the upper curve (d) is a 6-Mc 
driving signal, and the lower curve (c), the 
photomultiplier output. (a) is the zero level 
for the photomultiplier output. The diode 
being insufficiently biased to give a linear 
light output, as the signal swings about the 
dc level ( b), the light output is not sym-
metrical during the brightening and dim-
ming half-cycles. The distortion of the 
driving voltage is due to the changing load 
impedance as the diode conductance in-
creases. 

The frequency limitation of our measure-

5011 

Fig. 1—Schematic diagram of test setup. 

2 n sec 

Fig. 2—Detection of an optical signal modulated at 
200 Mc as displayed by a pulse sampling oscilloscope. 

â 
C'riligure r&wag 

Fig. 3—Output of photomultiplier. (a) No light when 
no current flows through diode (b) when 60-ma 
dc forward bias flows through diode (c) when 
driving signal (d) is superposed on the de current. 

ments is due to the transit time dispersion of 
electrons in the photomultiplier. Hence, an 
operating frequency of 200 Mc is not the 
upper limit for the diode. The RC limitation 
of this diode is of the order of 10 Gc. 

As was stated above, only about 1 per 
cent of the radiation leaves the specimen 
through the surface opposite the p-n junc-
tion. This light comes out in a 2r-steradian 
solid angle. An improvement of one to two 
orders of magnitude in light collection can be 
obtained by shaping the specimen into a 
Weierstrass sphere.3 

We wish to thank G. B. Herzog for valu-
able suggestions. 

J. I. PANKOVE 
J. E. BERKEYHEISER 
RCA Laboratories 

Princeton, N. J. 

P. Aigrain and C. Benoit-a-la-Guillaume, "Emis-
sion Infrarouge du Germanium," J. de Phys. el Radi-
um. vol. 17. pp. 709-711; August-September, 1956. 

Three-Dimensional Parametric 

Interactions of Waves and 
Quasi-Particles* 

The parametric interaction in a cavity 
can be regarded as point interactions. The 
investigations of traveling-wave parametric 
interactions by Tien,' among others, ex-
tended the understanding to one-dimen-
sional interactions. The purpose of this note 
is to show that the concept of these para-
metric interactions can be further gen-
eralized to two and three dimensions, and 
interpreted as scattering of coherent waves 
or quantized fields of quasi-particles. These 
concepts apply not only to electromagnetic 
waves, but also to interactions involving 
elastic waves, spin waves, plasma waves, 
etc. As quantized fields, parametric inter-
actions can be interpreted as the annihilation 
or creation of photons, phonons, magnons, 
plasmons, etc. 

In order to demonstrate the possibility 
of achieving parametric interaction of trav-
eling waves in three-dimensional media, we 
choose a moving coordinate system which is 
moving at an arbitrary velocity v. Let the 
frequencies of the original traveling waves 
be w, oh, and cp., for the pump, idler, and 
signal, respectively. The corresponding 
Doppler frequencies in the moving coor-
dinates become cop', oh' and co.'. Then 

cop' = wp — ep•v 

wi' = wi — Éli•v 

co; = w, — 

where gp, gi, and e. are the phase constants 
of the three traveling waves. and y are 
vector quantities. Parametric interaction 

(1) 

* Received February 19,1962. This work was sup-
ported in part by U. S. Signal Corps Contract No. 
DA-36-039-SC-87209. 

P. K. Tien, " Parametric amplification and fre-
quency mixing in propagating circuits." J. Appi. 
Phys., vol. 29, pp. 1347-1357; September, 1958. 

becomes possible if the pump frequency is 
equal to the sum of the idling and signal fre-
quencies, and if the relationship holds for 
any arbitrary velocity of the moving coor-
dinate system. That means we have 

OSp = 

and require that 

wp' = wi' 

From the above three equations we get 

gP = gi ge 

(2) 

(3) 

(4) 

Eq. ( 4) is the condition on the phase con-
stants. Conversely if ( 2) and ( 4) hold, (3) 
becomes valid and parametric interaction is 
possible. Thus, ( 2) and ( 4) are the selection 
rules to be satisfied for traveling-wave para-
metric interactions. 

For periodic structures such as crystals,2 
(4) is equivalent to 

gP = + + 2N11, (4a) 

where g is a lattice vector in the reciprocal 
lattice. When g is not zero, the interaction 
corresponds to the so-called " uinklapp" 
process in solids.3 

In the one-dimensional case, the phase 
constants can be regarded as scalars with 
either positive or negative signs. Then ( 2) 
and ( 4) are reduced to Tien's equations.' In 
a nonlinear medium it is possible to achieve 
either forward or backward traveling-wave 
parametric amplifications. The significance 
of the umklapp process has been demon-
strated in backward traveling-wave para-
metric amplifiers.' 

Eqs. ( 2) and (4) can be expressed as 

hcp, = tzw ± huh, (5) 

hgp = (6) 

and 

= hgi hg. hg, (6a) 

where h is I'lanck's constant, h, divided by 
2r. 

Eqs. ( 5), ( 6) and ( 6a) can be regarded 
as the particle aspect of traveling-wave in-
teractions. Eq. ( 5) indicates the conservation 
of energy, (6) the conservation of momen-
tum, and ( 6a) the conservation of crystal 
momentum. It is expected that (5), (6), or 
(6a) will be satisfied in any scattering proc-
esses. Thus, parametric interactions due to 
scattering of the coherent quantized fields of 
quasi-particles can conceivably be achieved. 

The above discussion can be readily ex-
tended to frequency mixing, harmonic gen-
eration and parametric interactions involv-
ing multiple frequencies.2 The selection 
rules, corresponding to the conservation 
laws, can be generalized as 

E = E (7) 

Brillouin, "Wave Propagation in Periodic 
Structures," Dover Publications, Inc., New York, 
N. Y.. p. 137; 1953. 

R. E. Peierls. "Quantum Theory of Solids," Ox-
ford University Press, Oxford, England, p. 41; 1955. 

H. Hsu, "Backward traveling-wave parametric 
amplifier," in "Microwave Tubes," J. Wosnik, Ed., 
Academic Press, New York, N. Y.. pp. 342-345; 1961. 

H. Hsu and S. Wanuga, "The wide tuning range 
of backward traveling-wave parametric amplifiers," 
Pitoc. IRE (Correspondence), vol. 49, pp. 1339-1340; 
August, 1961. 

See, for example, H. Hsu, "Multiple frequency 
parametric devices," Rept. of NSIA-ARDC Conf. on 
Molecular Electronics, November 13-14, 1958, Wash-
ington, D. C., pp. 81-85, 1958; Digest of Solid-State 
Circuits Conf., February 12-13.1959, pp. 12-13,1959. 
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and 

E LL = 

or 

(8) 

E g, = E g. + 2a-g, (8a) 

where Ei and E are the energies of the inci-
dent and scattered quasi-particles or trav-
eling waves, gi and (S„ are the corresponding 
phase constants. Eq. ( 8) applies to con-
tinuous media, and ( 8a) to periodic media. 
Eqs. ( 7) and ( 8a) can be identified as the 
Bragg Law in the special case of direct scat-
tering involving only one incident wave and 
one scattered wave. 

It should be pointed out that the above 
selection rules can be calculated quantum 
mechanically from the interaction Hamil-
tonian in various collision processes. But the 
concept of three-dimensional parametric in-
teractions was not evident in the formal 
treatment because the propagation of co-
herent quantized fields of quasi-particles 
was not believed possible earlier. With the 
recent development of the optical maser 
and the successful propagation of coherent 
phonons, the concept of three-dimensional 
parametric interaction may become impor-
tant in the study of solid-state physics and 
quantum- field theories. Furthermore, the 
recent successful generation of optical har-
monics utilizing the nonlinearity in the elec-
tric susceptibility of piezoelectric crystals,6 
is in fact a demonstration of the three-di-
mensional parametric interaction of coher-
ent photons. Similar parametric interactions 
should be possible for phonons, magnons, 
etc. There appears to be unlimited variety 
in the potential development of new de-
vices. 

Hstuxu Hsu 
Electronics Lab. 

General Electric Co. 
Syracuse, N. Y. 

P. A. Franken, A. E. Hill, C. W. Peters and G. 
Weinriech, "Generation of optical harmonies," Phys. 
Rev. Let.. vol. 7. pp. 118-119; August IS. 1961. 

Comments on " Relativistic 
Beam-Wave Interaction"* 

The theoretical results in Rowe's paper' 
relate to the interaction which takes place 
between an axial electric field and an elec-
tron beam. In the system he considers, it 
appears that if the circuit potential gradient 
in the z direction is finite then the forcing 
field falls to zero when its phase velocity is 
equal to the velocity of light. His equation 
(7) is: 

aV, 
= — (1 — ko2) — • 

az 

* Received April 23, 1962. 
I J. E. Rowe, " Relativistic beam-wave interac-

tion." PROC. IRE, vol. 50. pp. 170-177; February, 
1962. 

The application of this equation leads to 
the appearance of a factor 

k.2 
(1 + Cb)2 

in the circuit force parts of (21) and the 
small-signal determinantal equation (28). 

In many of the circuits used in high-
power traveling-wave amplifiers, however, 
the axial forcing field is finite when the phase 
velocity of the fundamental is equal to the 
velocity of light. The same is true of the 
structures used in linear accelerators which 
are designed to give large axial fields at this 
phase velocity.2 

One may consider the finite field as being 
due to the presence of space harmonics. To-
gether with the fundamental these satisfy 
the condition E,.. =0 at all the conducting 
boundaries. To do this it is not necessary for 
them individually to be equal to zero. For 
example, if we consider a tubular structure 
with a section as shown in Fig. 1, then whilst 
E, =0 over the metal surface from A to B, 

finite field may exist between B and C. To 
satisfy this condition E. at this radius must 
be composed of a fundamental, and space 
harmonics of finite amplitude. These will 
have different radial propagation constants 
inside this radius and hence the field pattern 
along the axis will be of a different form. 
When the fundamental has a phase velocity 
equal to the velocity of light its radial 
propagation constant is zero and hence its 
amplitude is unchanged. 

AXIS - 

(x = = ) 

Fig. I. 

As an example of a circuit which would 
satisfy Rowe's theory we may consider a 
helix inside a conducting tube. To obtain a 
phase velocity equal to the velocity of light 
the helix must be stretched out until it be-
comes a straight wire. The system then 
becomes a coaxial line which propagates a 
TEM wave and E. is zero at all points inside 
the circuit. 

The cause of the anomaly appears to be 
in the fact that if V,- is a potential chosen so 
that E„ is given by equation ( 7), it should 
not be identified with the voltage on an 
equivalent transmission line as is done by 
Pierce.' Since V, tends to infinity as ko tends 
to unity, it is not really a very convenient 
variable. Pierce defines a different potential 
such that Er.--- r V, but this is not essential 
to the theory which can be carried through 
in terms of E„ directly. The relativity cor-
rections which have to be applied to the 

e R. B. R-Shersby-Harvie. "Travelling wave linear 
accelerators," Proc. Phys. Soc.. vol. 61, pp. 255-270; 
September, 1948. 

J. R. Pierce, "Traveling Wave Tubes." D. Van 
Nostrand Co., Inc., New York, N. Y., ch. 2; 1950. 

space-charge field can, for the small-signal 
theory, be most conveniently accounted for 
by working in terms of cog, which is the 
appropriately corrected effective plasma 
frequency. When these modifications are 
made the small-signal. small C, determi-
nantal equation becomes 

= ( 1 — k.2)" 

(1 jC8)2(1  C(b — jd)) 

(—b +id jb)(1 IC(b — jd 1-j6)) 

2 

oi•C 

where 

/0 

= 132P.4V0 

The value of Diet' used being that for 
the fundamental component of the electric 
field. 

This can further be simplified by writing 

3' = pe5, b' = p.b, d' = p.ti, C' = C/p.. 

It then becomes 

(1+ jCT),(14-C'(b' —jd'))  

—jd'i-je))ç 
(.4 2 

coC ç 1—  • 

Published data on the roots of this equation 
can be used,6 the space-charge parameter 
being approximately 

4Q'C' = (w„JwC')2. 

A. J. MONK 
H. J. CURNOW 

S.E.R.I.. Microwave Electronics Div. 
Harlow 

Essex, England 

" M. Chodorow, E. L. Ginzton, I. R. Neilson. and 
S. Sonkin. " Design and performance of a high-power 
pulsed klystron," PROC. IRE, vol. 41, pp. 1584-1602; 
November, 1953. 

C. K. Birdsall and G. R. Brewer, "Normalized 
Propagation Constants for a Traveling Wave Tube for 
Finite Values of C." Hughes Aircraft Co. Culver 
City. Calif., Tech. Memos. Nos. 331 and 396; October 
1953 and June, 1955. 

Author's Reply6 

The relativistic device analysis developed 
by the author in " Relativistic Beam-Wave 
Interactions"' is a one-dimensional analysis 
in which only the fundamental RF charge 
density in the beam is considered in calcu-
lating the circuit RF voltage amplitude and 
phase. Harmonics of the fundamental charge 
density are however considered in computing 
the space-charge field in tile force equation. 
Boundary conditions, of course, do not enter 
into a one-dimensional problem. 

Fundamental to the analysis is the as-
sumption that only one space-harmonic 
component of the circuit field has appreci-
able interaction with the beam. In a two-
dimensional problem wherein one takes all 
space harmonics of the total field into ac-
count including the complete energy storage 
circuit, each individual space-harmonic field 

Received May 9, 1962. 



1962 Correspondence 1979 

component does not satisfy Maxwell's equa-
tions whereas the total field does. In this 
situation some space-harmonic components 
will be zero at ko = 1 whereas others may not 
be. The exact solution of the two-dimensional 
problem plus boundary conditions will indi-
cate this. 

For arbitrary periodic structures the 
axial component of electric field will go to 
zero at the upper cutoff frequency where the 
phase velocity is infinite and in general there 
will be a nonzero axial electric field at v„=- c. 

In the present analysis the optimum in-
teraction condition occurs when the beam 
is synchronized with the wave-phase velocity, 
and since the electron velocity is necessarily 
less than the velocity of light then both le, 
and ko are less than unity and there will be a 
finite (though small) axial electric field. 
Synchronism between the beam and the 
wave results in the RF wave appearing as a 
static wave and it in turn exerts long con-
tinued forces on the electrons. As pointed out 
by Monk and Curnow the helical waveguide 
satisfies these conditions in that the axial 
electric field becomes vanishingly small at 
vi:,—>c and in the limit a TEM wave exists. 
The presence of other space harmonics may 
be accounted for in the circuit equations by 
including space-harmonic terms as addi-
tional driving terms. A specific RF structure 
type would then have to be considered in 
order to analytically specify the form of the 
driving terms. 

The Lorentz transformation of the po-
tential four-vector indicated in ( 1) assumes 
that three components of the vector poten-
tial are zero in the moving reference frame 
(purely electrostatic) which results in ( 7) 
and also the final working equations. An 
alternate transformation to ( 1) may be made 
in which the three components of the vector 
potential are assumed zero ( purely electro-
static field) in the laboratory system leads 
to E= -a vdaz which parallels the sugges-
tion made by Monk and Curnow. Both situa-
tions are, of course, only approximate since 
the magnetic energy storage has been neg-
lected. Its importance depends partly on the 
transverse structure dimensions relative to a 
free-space wavelength. If the alternate trans-
formation is used the only change is that the 
factor [I —142/(1+Cb)21 is eliminated from 
(21) and ( 28). Representative efficiency cal-
culations made using the alternate definition 
of & are shown in Fig. 2, and are compared 
with the earlier calculations. 

In any case it is apparent that as k„—>1 
the parameter C becomes small and large 
interaction lengths would be required. It is 
thus important to carry out beam bunching 
at low velocities and extract energy in a 
relativistic section. 

The small-signal, small- C, determinantal 
equation given by Monk and Curnow is not 
restricted to small C and should contain 
another factor, ( 1 -FjC3)2 in the second term, 
i.e., 4QC(1-1-jC8)2 represents the space-
charge field. Replacing 4QC8 by (c.e,/co)5 
assumes that rre,,/co«1 which is not always 
valid in large C devices. In general 

4QC3 = 
1 + n 

• 

Fig. 2—Efficiency vs relativity factor. 

A general relativistic analysis must in-
clude the effects of transverse fields since the 
Lorentz contraction applies differently to 
axial and transverse fields and in addition 
the space-charge field components are im-
portant in the two directions. The author is 
presently developing a general two-dimen-
sional nonlinear analysis in which space-
harmonic field components are considered. 

J. E. ROWE 
Electron Physics Laboratory 
The University of Michigan 

Ann Arbor, Mich. 

Scatterer Echo Area 
Enhancement* 

Various communications systems have 
been proposed in which the received signal is 
one scattered from an object irradiated by a 
distant source. 4.2 It is desired that the power 
available at the receiver be as large a frac-
tion of the transmitted power as is economi-
cally feasible. One method of achieving this 
is by making the echo area of the scatterer 
large in the direction of the receiver. In the 
case of satellites this may be achieved by 
rotationally stabilized high gain scatterers 
or isotropic unstabilized scatterers. If it is 
not desired to use rotationally stabilized 
satellites, the weight of extremely large iso-
tropic scatterers such as spheres ultimately 
becomes prohibitive. It would be desirable to 
further increase the apparent echo area of 
scatterers without a prohibitive weight in-
crease while retaining most of the advant-
ages of the rotationally unstabilized iso-
tropic scatterer. 
A method of enhancing the echo area of 

a satellite scatterer has been proposed in 
which a Van Atta array would have ampli-
fiers inserted in the lines connecting the 
array elements. This approach has the 
merit of providing reliability through the 
redundancy of small components as well as 
requiring only a relatively coarse rotational 

* Received June 13, 1962. 
1J. R. Pierce and R. Hompfner, "Transoceanic 

communications by means of satellites," PROC. IRE, 
vol. 47, pp. 372-380; March, 1959. 

J. L. Ryerson, "Passive satellite communica-
tions," PROC. IRE, vol. 48, pp. 613-619; April, 1960. 

s R. C. Hansen "Communications satellites using 
arrays," PROC. IRE, vol. 49, pp. 1066-1074; June, 
1961. 

stabilization of the vehicle. The realization 
of such an array in which the weight is not 
prohibitive is a formidable task in minia-
turization techniques development. If a 
simple lightweight technique could be de-
veloped for enhancing the echo area of a 
scatterer, array theory could be used to de-
velop an entire class of pseudopassive scat-
terers for application to problems of com-
munications and field measurement. 

Although the problem is one of realizing 
an enhanced bistatic scatterer (i.e., a three-
object system consisting of source, scatterer 
and receiver), it is very similar to that of the 
monostatic scatterer (i.e., the two-object 
case in which scattering is directed back to 
the source). In the monostatic case echo 
area is defined as that area for which the 
field incident on the scatterer contains suffi-
cient power to produce, by omnidirectional 
radiation, the same field as is actually back-
scattered to the source. Hereafter the words 
"echo area" will be understood to pertain to 
that defined above for the monostatic case. 

The echo area of a scattering object hav-
ing two closely spaced terminals to which is 
connected a load impedance, ZL, has been 
formulated in terms of the two-port open 
circuit impedance parameters.4 The sub-
script 2 pertains to the variables and param-
eters of the scatterer and the subscript 1 
pertains to those of the radiating object. 
These objects are assumed to be imbedded 
in linear, isotropic matter. 

The general relationships are specialized 
to the plane wave case by allowing the 
source to recede to an infinite distance from 
the scatterer. The echo area, 0, of the scat-
terer then becomes& 

= (Zn — Zi) —  z122 s — ,1‘ 
71- Z22 + Z ., I 

The open circuit impedance parameters 
comply with the standard two-port defini-
tions. Zn and Z1 must be carefully distin-
guished. Zn is the driving point impedance 
at the source with the scatterer terminals 
open circuited (i.e., ZL= so). Z1 is the driv-
ing point impedance at the source with the 
scatterer removed (i.e., the one-port condi-
tion). Zn does not in general equal Z1, other-
wise open circuiting of the scatterer would 
require a zero echo area even though the 
two electrically isolated parts of the scat-
terer are capable of scattering the field. 

If ( 1) is further specialized for the de-
scription of short dipole scatterers the term 
Zu —Z1 becomes appreciably small relative 
to the remaining term.e If attention is con-
fined to this type of elementary scatterer 
and the echo area of the scatterer is nor-
malized with respect to its echo area with 
its terminals shorted (i.e., ZL=0), the 
normalized echo area crN becomes 

Zn I 2GNsa   . 

I Zn ± ZL (2) 

A very small dipole resonated with an 
inductive load may have a quality factor as 
high as 485 and behaves like a series RLC 

R. F. Harrington "Small Resonant Scatterers 
and their use for Field Measurements," Syracuse 
Univ. Res. Inst., Syracuse, N. Y., kept. No. EE492-
6201TB; January, 1962. 

Ibid., p. 7. 
Ibid., p. 11. 
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circuit near the resonant frequency.' Al-
though great cross section enhancement oc-
curs, the narrow bandwidth of the scatterer 
makes it more suitable as a field measuring 
device than as a communications relay. A 
dimensionally resonant dipole would be 
more suitable as a communications signal 
scatterer as its equivalent RIX quality 
factor near resonance approximates 10. At 
- 10 k Mc this would represent a 101 Mc band-
width between half-power points. 

In the case of the dimensionally reso-
nant, thin half-wave dipole Z. is real and 
about 73 ohms. In the purely passive case 
equation (2) indicates that cr,y would be maxi-
mized to unity when 46=0. Assuming that 
it were possible to realize a negative real 
load RL that approached Res, OW could rise 
to indefinitely large values. For example, if 
it desired to make cry equal 100, RL of 
—65.7 ohms would be required. Assuming 
the equivalent lumped reactance remained 
constant near resonance the quality factor 
would have increased from 10 to 10(1. Under 
these conditions the half-power bandwidth 
at 10 kMc would be 100 Mc, a useful com-
munications bandwidth. 

Amplification at microwave frequencies 
using the negative resistance characteristics 
of tunnel diodes is well known. A slot trans-
mission amplifier using this effect has been 
demonstrated.7 Echo area enhancement of 
dimensionally resonant dipoles loaded by 
reflection-type tunnel-diode amplifiers has 
been demo-nstrated" although much work 
remains in achieving simple, lightweight, 
regulated biasing power supplies which are 
insensitive to frequency changes in the de-
sired bandwidth. 

In addition to the network problems in-
volved in designing the combined diode and 
associated bias supply to appear as a pure 
negative resistance over the microwave 
bandwidth of interest is the problem of ob-
taining a long-life, lightweight power sup-
ply. The electron-emitting isotopes will pro-
vide power for long periods' and have 
promise for this application. 

JOSEPH I.. RYERSON 

Rome Air Dey. Ctr. 
Griffiss AFB, N. Y. 

M. E. Pedinoff, "A tunnel-diode slot transmission 
amplifier," PROC. IRE (Correspondence). vol. 49. 
pp. 1315-1316; August 1961. 

"Microwave Device," Directorate of Engrg.. 
Rome Air Dey. Ctr., Griffiss AFR, N. Y., Tech. l'rog. 
Rept., November 17, 1961, to March 16, 1962. 

P. Rappaport, "Electron voltaic effect in P-N 
junctions induced by 13 particle bombardment," Phys. 
Rev.. vol. 96. p. 246. 

The Screening Effect of the 

Ionosphere* 

The reflection of CW signals from the 
vicinity of an artificial earth satellite con-
tinues to be of interest. Studies concerning 
this phenomena are usually carried out at 
frequencies just above the critical frequency 

* Received February 5. 1962. 

of the ionosphere where the largest effects 
are expected. However, it is in this exact 
frequency range that ionospheric screening 
is important. This phenomenon, although 
well known, is often overlooked in examin-
ing results of any CW reflection studies at 
diverse geographical locations. For example, 
the inclusion of ionospheric screening in 
statistical studies of CW reflection is essen-
tial in order to obtain good correlation. 

In particular, WWV reflections, in which 
the transmitter is near Washington, O. C. 
and the receivers are in Columbus, Ohio, 
are only possible from induced ionization 
above the F layer maximum if the trans-
mitter frequency is high enough to penetrate 
the ionosphere without being essentially 
"reflected" back to earth. Thus, to penetrate 
the ionosphere the transmitted frequency, f, 
must satisfy 

f>f,sece 

where 

f„ is the critical frequency of the ionosphere. 
and 
e is the angle of incidence, as shown in 
Fig. I. 

Geometrical Area 0,f,/-1, 
Possible Reflection 

Fig. 1 -- Screening effect of the ionosphere relative to 
satellites above the F layer maximum. 

For a spherical earth' 

sin 4, /2  -- tan-1 
1 h/R — cos ;G/2 

where 

R is the radius of the earth, 
e is the angle at the center of the earth 

subtended by the earth radii through 
the two points of interest, and 

h is critical height of reflection in the 
ionosphere. 

f f and f, are fixed, Fig. 1 shows approxi-
mately how penetration of the ionosphere 
can occur from the standpoint of the trans-
mitter location and how reflected signals at 
frequencyf can repenetrate to the observing 
station. 

These areas of penetration are " iono-
spheric holes"; their overlap allows the 
drawing of contours which enclose the maxi-
mum geometrical area of possible direct re-
flection from a satellite, at a fixed ratio off 
tof, and a fixed satellite height ( assumed to 
be above the F layer maximum). These con-
tours are shown in Figs. 2-4 for three differ-

*Ionospheric Radio Propagation," National 
Bureau of Standards, 17. S. Dept. of Commerce. 
Washington, D. C., Circular 462, p. 68; June 25. 1948. 
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Fig. 2 Geometrical areas of possible reflection at a 
satellite height of 350 km. (Assumed above F, 
max.) 
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Fig. 3--- Geometrical areas of possible reflection at a 
satellite height of 800 km. 

West 1.4400 

Fig. 4—Geometrica areas of mssible reflection at a 
satellite height of 1200 km. 

ent satellite heights over Washington, D. C. 
and Columbus, Ohio. 

At each satellite height, there is a critical 
ratio f/f,1 min which is the lowest ratio for 
which any reflection area is possible. Also, 
at each height a ratio f/f,i,„ gives the 
maximum geometrical area of possible re-
flection; higher ratios will yeild no larger 
area. It is emphasized that Figs. 1-4 are 
geometrical pictures and no allowance is 
made for refraction of the rays. It should be 
noted that the two stations which are the 
basis for Figs. 2-4 are close together ( sa 300 
miles); however, when the transmitting sta-
tion and the receiving station are separated 
by a larger distance f/f,I,,,i„ becomes larger, 
and, at a particular ratio, the area of possi-
ble reflection is smaller. But, most impor-
tant, in Figs. 2-4, it is seen that the higher 
the frequency, relative to the critical fre-
quency, the larger the area of expected re-
flection. 

BYRON C. POTTS 
Dept of Elec. Engrg. 
The Ohio State Univ. 

Columbus, Ohio 



1962 Correspondence 1981 

A New Criterion for Evaluating the 
Number of Complex Roots of an 
Algebraic Equation* 

In many physical problems it is very in-
teresting to be able to evaluate the number 
of real roots of an algebraic equation with 
real coefficients. The problem may be solved 
directly or by means of the evaluation of the 
number of complex root pairs of the same 
equation. In order to reach this last result 
we introduce here a new criterion, different 
from those presented by Budan-Fourier, 
Sturm, and Segre. 

The gist of the present method consists 
in constructing a polynomial R(x) having as 
many positive real part zeros as are the com-
plex roots of the equation; then the number 
of positive real part zeros of R(x) may be 
evaluated by applying to this polynomial 
either the Routh-criterion or the Hurwitz-
criterion. 

Let the equation be 

P„(x) = E ax = O. 

A first approach to the solution of the prob-
lem might be to choose as polynomial R(x) 
the polynomial Q2.(x), which is the product 
of the complex coefficients polynomials 
P.'(x) and P."(x) whose zeros are obtained 
by multiplying the zeros of P.(x) by j and 
—j. In fact Q2 (x) [Fig. I (a) and (b)] has as 
many positive real part zeros as there are 
complex zeros of P., but it also has some 
imaginary zeros (corresponding to the real 
zeros of P.), and so the criteria of Routh and 

•  

• zeros of Pn 

• 

• 

(a) 

• 

• 

• X • 

„ zeros of P' n 

• zeros of P" n 

• zeros of R2n 

(c) 

Fig. I. 

For the purpose of the application of the 
criteria of Routh and of Hurwitz, we can 
choose a value of 8 so small that its powers 
can be neglected. In such a way the criterion 
of Routh or the criterion of Hurwitz may be 
applied to the polynomial R2,,'(x), very near 
to Rui but whose coefficients c,' are simpler 
functions of the coefficients a, of the poly-
nomial P.. 

a,,•2 

an.3 

aria 

an . 2n-1 

ari.2n 

(n — 1)A,,_1 = • • • (i-f 1)A = 

= a n-1.2 • • • (n — i)A = a,+1,2 

an-1.3 

an-1.4 

o 

(1) 

may construct it starting from the elements 
of ths second row, divided by — 28 and from 
the elements of the third row multiplied 
by n. In such a way the criterion may be 
enunciated as follows. 

The number of complex zeros of the poly-
nomial with real coefficients P.(x)=aix' is 
equal to the number of sign variations on the 
first column of the set: 

iAi = aid • • • 2A 2 = 012.1 

—  i 1)Ai-1 = ai.3 " • (n — 1)A1 a2.2 

04+1.3 ai.3 

ai+1.4 ai.4 

of Hurwitz might not be applied in a direct 
way. Instead of Q2 we have then to con-
struct a polynomial /22,,(x) whose zeros are 
shifted by a little negative real quantity 6 
from those of Q2„ [Fig. 1(c)]. 

It is easy to realize that in the poly-
nomial Q2,, the coefficients of the odd powers 
are equal to zero, and the coefficients b2, of 
the even powers are 

min is di-i) 

= hai-kai-ht 

+ 1 if k 0 
h = • 

if k 00 

It is also easy to see that the coefficients 
ci of the polynomial Rui are given by the 
formulas 

c2„ = b2,, 

k 
ci = [bi -F2fki (- 1)k ( i ) bi+kók], 

(i 0 2n) 

* Received February 16. 1962; revised manuscript 
received, April 12. 1962. 

In fact the coefficients are given by the 
formulas 

C2rt' b2n = an2 

= — 2nb2.6 = — 2na„26 C2n-1' 

• = bu = E 
• = - 2ib2i8 = — 26i E 

co' 

= — 2b28 = — 28(a12 — asan) 

= bo = 002. 

If we will apply the Routh criterion, we 
may note that all the elements of the second 
row are multiplied by — 28 and that the 
elements of the third row are of the form 

n — i + 1 
b2a-n• 

Moreover the first element of the first row 
will always have a sign opposite to that of 
the first element of the second row. 

Because of this, there is no need to con-
sider the first row of Routh's set, and we 

where 

and 

a2.3 

a 2. 4 

nA = a, ,2 

O 

o 

o o 

min ) 

A Ek hai_kai+k 
o 

-F 1 if k 0 
h = 

if k 00 

= 
ai+14-3 

To the above polynomial R2„' we may 
also apply the Hurwitz criterion in the 
standard determinantal form; in this case 
too it is possible to introduce some simplifica-
tions by dividing the elements of the columns 
of the matrices to be considered by the same 
coefficient. 

(More detailed information about the 
present criterion is given in a paper which 
is being published in the “Bollettino della 
Associazione Matematica Italiana.") 

A. LEPSCHY 
Istituto di Elettrotecnica 

Università di Trieste, Italy 
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Flow Graph Determination of the 

Over-All Scattering Matrix of 
Joined Multiports* 

It is advantageous to be able to deter-
mine the over-all scattering matrix of a 
system of joined multiports from the known 
scattering matrixes of its components. Such 
a determination will allow us to synthesize a 
given multiport from simpler interconnected 
multiports. Conversely, we may extract the 
various components within a multiport. 

The method will be illustrated with the 
simple case of a cascade of two, two ports 
as in Fig. 1(a). The results for this case have 
been solved' and presented elsewhere,2 by 
other methods, allowing a comparison of 
results. 

Draw S' and S" in flow graph form as in 
Fig. 1(b), joining bz' to al" and b1" to az' as 
the output of one network will be the input 
of the other. The joining paths have a gain 
of unity indicating that the junction itself is 
matched. If this were not the case, we would 
have to add a third two port in between to 
account for the mismatch. Note that the 
inner ports are now within the composite 
network and the only external ports are 
those of b1' and az", bz" keeping the 
structure a two port. Calling al', bl' the num-
ber one port, and az", bz" the number two 
port, the Su of the composite scattering 
matrix will be the total path gain from al' 
to 1)1', and S21 will be the total path gain from 
al' to bz" etc. The structure in Fig. 1(b) has 
one loop which corresponds physically to 
the multiple reflection between the two net-
works due to their input mismatches (.922' 

and Su") on each side of the junction. The 
path gains can be determined by inspection, 
using Mason's non-touching loop rule" with 
which we obtain 

Sit = Sit' S2IS11 " 512 ' ( 1 - S22 '5.11 " ) 

S12 = S12"512M S22S11 " )-1 

S21 = S21 'S21 "  ( 1 - S22' S11" )-1 

S22 = S22"  ± Sl2 " S22'S21 " (1 (1) 

The equations in (1) are identical to 
those obtained more laboriously elsewhere.' .2 

With this method we shall now show how 
the turnstile junction" is electrically equiv-
alent to two w hybrids joined at their 
parallel arms. With the proper choke of 
reference planes a r hybrid will have the 
scattering matrix: 

001 
1 lo o —1 = 
V2,1 — 1 0 

1 o 

1 
o 
o 

(2) 

The r hybrid is a matched four port ( with 

* Received February 14,1962. 
1 G. W. Epprecht, "Allgemeine Active Passive und 

Nichtreziproke Vierpole," 7'ech. Mitt. PTT, NR 5, pp. 
169-173; 1959. 

D. J. R. Stock and L. J. Kaplan, "A comment on 
the scattering matrix of cascaded 2N-ports," IRE 
TRANS. ON M ICROWAVE THEORY AND TECHNIQUES 
(Correspondence). vol. MTT-9. p. 454; September. 
1961. 

3 S. J. Mason, "Feedback theory—further proper-
ties of signal flow graphs," PROC. IRE, vol. 44, pp. 
920-926; July. 1956. 

C. G. Montgomery, R. H. Dicke. and E. M. 
Purcell. "Principles of Microwave Circuits," Mc-
Graw-Hill Book Co.. Inc., New York, N. Y.. pp. 459-
466; 1948. 
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Igz" 

(b) 

Fig. 1—(a) Cascade of two, two ports having scatter-
ing matrixes S' and S". (131 Flow graph of the net-
work of (al. 

one symmetry plane) in which the emergent 
energy from two of the ports is either in 
phase or 180° out of phase. 

Fig 2(a) shows two four ports joined at 
one arm. The flow graph for this system with 
the four ports corresponding to ( 2) is shown 
in Fig. 2(b). Each vertical half of the flow 
graph is a representation of matrix ( 2). The 
isolation between ports is effected by the 
proper segregation of a's and b's. Ports 3 
and 4 correspond to the series and parallel 
arms respectively. As all ports are matched, 
the junction will generate no loop and this 
flow graph may be evaluated very simply 
by path gain products.2 Renaming ports l', 
2', 3', 1", 2", and 3", to 1, 2, 3, 4, 5, and 6 
respectively, and defining the scattering co-
efficients of the composite network in the 
usual manner we obtain: 

0 

O 
O S13' 

O S112' 

S13' Sn 0 

• S'41"S.,./ 

• Sii2i2i 0 

0 

Letting S' and S" = S„ of ( 2) we obtain: 

( O O 1/V'2 

0 0 — 1/N/2 

.= 11/V2 — 1/0 0 
S  ! 

! 1/2 1/2 0 

1/2 1/2 0 

! 0 

Renumbering ports 1, 2, 3, 4, 5, and 6 to 
1, 4, 2, 5, 3, and 6, respectively, we obtain: 

O 1/2 0 1/2 1/V2 0 

1/2 0 1/2 0 0 1/V2 

O 1/2 0 1/2 — 1/V2 0 

1/2 0 1/2 0 0 —1/0 

1/s/2 0 — 1/s/2 0 

O 1 /s/2 O — 1/s/2 

S 

(b) 

Fig. 2 - (a) Two four ports joined at one arm. (b) 
Flow graph of two matched four ports joined at 
one arm. 

(To change the port numbers of a scattering 
matrix first interchange the corresponding 
rows and then the corresponding columns, or 
vice versa.) S of ( 5) is identical to that of the 
matched turnstile junction.' Thus we have 
derived the properties of one type of matched 
six port and done so with less effort than 
would have been possible by previous 
methods. In addition we have shown how 
this six port may be synthesized from two 
w hybrids joined at their parallel armzi. 

St1 " S41 ' S42" S41 ' 

S41 " SI2 ' 532532# 

o 
o 

o 
o 

S23"  

o 
o 
o 

Si:,' • 

523"  

o 

o 
o 
o 

1/V2 

1/0 

o 

M. R. Leibowitz, "Visual matrix multiplication 
by flow graphs." PROC. IRE (Correspondencs). vol. 
50. pp. 211-212; February, 1962. 

(3) 

(4) 

(5) 

MICHAEL R. LEIBOWITZ 
1620 Ocean Ave. 
Brooklyn, N. Y. 
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On the Significance of Instantane-
ous and Short-Term Correlation 
Functions for a Class of 
Stochastic Processes* 

INTRODUCTION 

With attempts to develop instantaneous 
adaptive-learning systems a real need has 
arisen to define clearly the concept of in-
stantaneous correlation functions and their 
physical realization. Several authors' have 
considered this problem partially. The pur-
pose of this note is to define the notion of 
instantaneous correlation as a limiting value 
of short-term correlation and to develop ap-
propriate expressions for such correlation 
functions in terms of an orthogonal series. 

SHORT-TERM CORRELATION FUNCTIONS 

In the actual measurement process, the 
correlation function is measured over some 
interval of time, let us say 2T. Since the 
correlation function thus obtained is a 
function of this short interval,' 2T, the time 
t and correlation interval r, the resulting 
function, 4,27(4 r) is called the short-term 
correlation function and is defined by 

1=   fe-Fr 
4nr(t,r) — x(E)x(E 4)(1E. (1) 

2 T t—T 

For a stationary time process, as T-4 00. ( 1) 
becomes the usual definition of a correlation 
function, namely 

1  4;6(r) = hm — f  x(E)x(E r)//Z. (2) 
2T -T 

This is evident by making use of the fact 
that for a stationary process 

e2T(1,7) = iim e2T(0,r) se 0(7 ). (3) 

INSTANTANEOUS CORRELATION AS A LIMIT 
OF A SHORT-TERM CORRELATION FUNCTION 

It was shown above that as the interval 
T is lengthened, the correlation function of a 
stationary random process approaches the 
usual definition. What happens if T is 
shortened instead? In this case the correla-
tion function is markedly dependent upon 
the interval length T as well as the origin in 
time t and the correlation variable r. For 
very short intervals, T, the correlation is 
defined on an average only for that interval 
as is clearly evident. By analogy to the ve-
locity of a particle of mass or the frequency 
of a wave motion, as the time of measure-
ment is decreased the average velocity or 
frequency approaches what is defined as the 
instantaneous velocity or frequency. In the 
sanie way we define as the instantaneous 
correlation by allowing T-÷0. 

Definition 

The instantaneous correlation function 
0(t, 7) of a random process x(t) is defined 

* Received February 19, 1962; revised manuscript 
received. March 5, 1962. 
I D. R. Rothschild, "A note on instantaneous 

spectrum," PROC. IRE (Correspondence), vol. 49, p. 
649; March, 1961. 

I Over the interval T, the short-term correlation 
function pr(i, 7) is defined as 

Or(t, r) j'' x(1)x(1 r)dE. (la) 
T t_r 

as the 

lim cb2r(l, 

1 f i+T 
= h ---im x(E)x(E T)dE = ik(t, r). (4) 

r—,0 2 T t-T 

To show that (4) is consistent with the 
usual notion of instantaneous quantities 
such as, say, velocity or frequency, the 
limit in (4) is now evaluated. 

Let us define the function ep(Z, 7): 

e(E f x(E)x( + r)(1E (5) 

and form the difference function 

t,o(t T, r) - f(t - T, r) 
I. t+T 

= j X(E)X(E 7)(1E. (6) 

Dividing both sides of (6) by 2T gives 

(p(11- T, r) — q,(1 — T, r) 

2 T 
1 j . t+T 

X(t)X(t r)dt. (7) 
2T t_r 

The difference quotient on the left side 
tends to a derivative as T-,0 under certain 
conditions' of the function ye, i.e., 

e(t + T,r) — tp(l — T, r) ao,(/, r) 
hm = (8) 

2T at 
Hence 

a(t,r) 
at 

hm 2T e(t)e(e =we. (9) 

It is clear then that the instantaneous cor-
relation function of the random process x(t) 
is the derivative of the function fp(t, r). This 
is roughly analogous to the derivative idea 
arising in the notion of instantaneous velocity 
and frequency. 

To evaluate (9), note that 

(p(1, r) = f x(E)x(E r)elZ e0, r) (10) 
o 

where 49 (0, r) is the initial function of inte-
gration. Taking partial derivatives of both 
sides of ( 10) with respect to the time vari-
able t gives 

af(€,T) a —  at = o x(E)x(t + r)dE 

tIp(0, r)  
at (11) 

The last term in the right member of ( 11) is 
evidently zero. The first terni of the right 
member of ( 11) is evaluated according to the 
rules' of differentiating an integral with re-
spect to its upper limit t: 

—a f x(E)x(e + r)dt = x(t)x(t r). ( 12) 
at 0 

Thus it follows that 

aso(1, 7) - x(t)x(t ± 7) = (t, 7) (13) 
at 

a F. Riesz and B. Sz. Nagy, "Functional Analysis," 
Ungar Press, ch. 1; 1957. 

a I. S. Sokolnikoff. "Advanced Calculus," Mc-
Graw-Hill Book Co., Inc., New York, N. Y., p. 121; 
1939. 

Or 

1 f 'fr 
him — x(E)x(E ± 7)dt 
T--.0 2T g..7, 

= x(t)x(t ± 7). ( 14) 

From this it follows that the instantaneous 
correlation function is merely the product of 
the random function x(t) and the function of 
its continuous translation x(t-l-r). 

SYNTHESIS OF INSTANTANEOUS CORRELATION 
FUNCTIONS IN TERMS OF A COMPLETE SET 

OF ORTHOGONAL FUNCTIONS 

Wolf,' and Wolf and Dietz,6•7 give a 
general theory for probing systems and cor-
relation systems. It is shown that 

A. = f Itn(r)er)dr, (15) 

where 11.(r) are the impulse responses of a set 
of orthogonal filters, A.= Wiener statistics 
obtained by averaging the product of the re-
sponses of the orthogonal filter to noise, and 
the noise. If {h„(r)} form a complete or-
thogonal set, a solution for er) the correla-
tion function is easily obtained,' i.e., 

ob(r) = E A „Mr). (16) 

From the theory given above, it follows that 
the instantaneous correlation function is ob-
tained utilizing the mechanization given by 
Wolf' with T-40 where T is the averaging 
time and g(t), the random variable, is as-
sumed to have been on since r= —,œ. Thus 

or 

A .(T, = f <>T(t, r)11.(r)dr (17) 

A .( T , 1)1 b.(r)• 

Passing to the limit as T-4) gives 

op«,  

where 

(18) 

(19) 

.4„(t) = g(t)v,,(1) = f g(t)g(1± r)h.(r)dr (20) 

is now a random variable. 
The display of et, r) is via a three-

dimensional plot. The variable / measures 
the change in statistics of the correlation 
function as the origin of measurement 
changes. The variable r measures the cor-
relation spread. The third axis gives the 
correlation amplitude, et, r). 

ALFRED A: WOLF 
Emertron, Inc. 

Emerson Research Labs. 
Silver Spring, Md. 

A. A. Wolf, "Some recent advances in the anal-
ysis and synthesis of nonlinear systems," Trans. 
AIEE, vol. 80. pp. 289-300; November, 1961. 

A. A. Wolf and J. H. Dietz. "A statistical theory 
for probing a class of linear and nonlinear systems for 
faults, parameter identification, and transmission 
characteristics," to be published. 

7 A. A. Wolf and J. H. Dietz, "Adaptive correla-
tion techniques for signal classification, recognition, 
and filtering," to be published. 
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WWV And WWVH Standard Fre-

quency and Time Transmissions* 

The frequencies of the National Bureau 
of Standards radio stations WWV and 
WWVH are kept in agreement with respect 
to each other and have been maintained as 
constant as possible since December 1, 1957, 
with respect to an improved United States 
Frequency Standard ( USFS). The correc-
tions reported here were arrived at by means 
of improved measurement methods based on 
transmissions from the NBS stations 
WWVB (60 kc) and WWVL ( 20 kc). The 
values given in the table are 5-day running 
averages of the daily 24-hour values for the 
period beginning at 1800 UT of each day 
listed. 

WWV FREQUENCY 
W ITH RESPECT TO U. S. FREQUENCY STANDARD 

1962 
June 

Parts in 10101 

1 
2 
3 
4 
5 

7 
8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

-130.2 
-130.2 
-130.3 
-130.3 
-130.3 
-130.3 
-130.3 
-130.2 
-130.2 
-130.2 
-130.1 
-130.1 
-130.1 
-130.0 
-129.9 
-129.8 
-129.9 
-129.9 
-129.9 
-129.9 
-129.9 
-129.8 
-129.7 
-129.8 
-129.8 
-129.8 
-129.7 
-129.6 
-129.5 
-129.3 

t A minus sign indicates that the broadcast fre-
quency was below nominal. The uncertainty associ-
ated with these values is ± 5 X10 -... 

The time signals of WWV and WWVH 
are also kept in agreement with each other. 
Since these signals are locked to the fre-
quency of the transmissions, a continuous 
departure from UT2 may occur. Corrections 
are determined and published by the U. S. 
Naval Observatory. The time signals are 
maintained in close agreement with UT2 by 
properly offsetting the broadcast frequency 
from the USES at the beginning of each year 
when necessary. This new system was com-
menced on January 1, 1960. 

Subsequent changes were as follows: 

Frequency Offset, with Reference lo the USFS 

January 1. 1960. - 150 parts in 10.0 
January 1, 1962. - 130 parts in 10.2 

Time Adjustments, with Reference 
to the Time Scale UTZ 

December 16, 1959, retardation, 20 milliseconds 
January 1, 1961, retardation, 5 milliseconds 
August 1, 1961. advancement, 50 milliseconds 

* Received July 19, 1962. 
See "National standards of time and frequency 

in the United States," PROC. IRE (Correspondence), 
vol. 48, pp. 105-106; January, 1960. 

Adjustments were made at 0000 UT on 
the foregoing dates; an advancement means 
that the signals were adjusted to occur at an 
earlier time than before. 

NATIONAL BUREAU OF STANDARDS 
Boulder, Colo. 

The Coherent Memory Spectrum 

Analyzer with Loop Gain K<1* 

The coherent memory spectrum analyzer 
is a relatively simple and flexible system for 
real-time spectral analysis. The basic system 
(Fig. 1) has been treated by several writ-
ers.'-2'3 These writers indicate that, ill unity 
loop gain, the square of the envelope of the 
system output is equivalent to scanning the 
spectrum of the system input once every T 
seconds by a filter with power transfer given 
by 

iSin [T(N 1)(fT -  

Sin tir(fT - /T) 

This writer has found that the general 
shape of the power transfer function can be 
improved by removing the low-pass filter 
and reducing the loop gain to K<1. To in-
vestigate this case, let the system input be 

i(t) = Aem". (1) 

Let the time be represented as 

t=nr-Fr, 0<r<T 

n = 0, 1, 2, • • • . (2) 

Then 

i(1) = i„(r) = A etrq(”7***). (3) 

After n loop circulations with loop gain K, 
the signal in the loop is 

o„(,) = E A K^e"rilf (^-. 17.+.fr-FgrrrIT 

r7'-f711 x+1 
= A errif (.T4r) 1 - Ke2T;t   

1 - Kervirr-fri 

where the well-known relation 

_ ev+1 E 
1 - x 

(4) 

(5) 

has been used. The square of the instantane-
ous envelope of the signal in the loop is 
10„(r)I 2. Since the loop gain K is less than 
unity, the instantaneous envelope of the 
steady-state system output is easily ob-
tained 

OUTPUT 

DELAY T 

LOOP GAIN • I 

HIGH- SIDEBAND MODULATOR 

LOCAL FREQUENCY- UT 

Fig. 1-Basic coherent memory spectrum analyzer. 

where N is the number of times a given sig-
nal component is allowed to circulate in the 
loop before being removed by the low-pass 
filter. The shape or resolution of this filter 
depends on N, while the center frequency 
depends on the time (i.e., the center fre-
quency is l/1' plus any multiple of 1/T). 
Because the response of the system is per-
iodic in frequency, input spectrum must be 
limited to a bandwidth of less than 1 /T for 
unambiguous analysis. 

* Received May 17, 1962; revised manuscript re-
ceived. June 5, 1962. 

. S. Applebaum, U. S. Patent No. 2,997,650; 
August 22, 1961. 

H. J. Bickel, "Spectrum analysis with delay line 
filters." 1959 IRE WESCON CONVENTION RECORD, 
pt. 8, pp. 59-67. 

J. Capon, "On the properties of an active time-
variable network: the coherent memory filter," Proc. 
Symp. on Active Networks and Feedback Systems, 
Polytechnic Inst. of Brooklyn. Brooklyn, N. Y.; 
April. 1960. 

Lim 0„(r) 

A 2 
(6) 

K2 - 2K cos 2w(r/T - fT) 

Eq. ( 7) is the power response of the system 
to a single frequency input of frequency f 
and amplitude A. The output is periodic in 
t= T and f = 1/T, proportional to A 2, and 
peaks when 

r/T - fr = 0, ± 1, ± 2, • • • . (7) 

Therefore, the square of the envelope of the 
system output is equivalent to scanning the 
power spectrum of the input every T seconds 
with a filter with power transfer function 
given by 

1 

1 ± K2 - 2K cos 21r r/T - IT) 
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POWER 
RESPONSE 

06 

0.4 

02 

EQUIVALENT RECTANGULAR 
FILTER WIDTH 

i/81 o AT FREQUENCY 

Fig. 2 Power trait er functi)ti for loop gain K =0.9. 

The filter shape is determined by the loop 
gain K, while the center frequency is time-
dependent and equal to t/T2 plus any multi-
ple of 1/T. The filter shape is shown in Fig. 
2 for the case K =0.9; notice the absence of 
sidelobes. 

The equivalent rectangular bandwidth 
(i.e., resolution) of a filter with power trans-
fer P(f) is defined as' 

[f "pwdf] 
ic =  — • 

1-(f)df 
(8) 

Because the power transfer function of this 
system is periodic in frequency and because 
in practice the input spectrum is band-lim-
ited to the periodic interval (i.e., 1/T), (8) 
will be integrated over the periodic interval 
only. Making the substitution 27)-(1/T —fT) 
=x yields 

Cf: [1 -F K2 — 2K cos xj-Ws]2 
2rT f [I K2 — 2K cos x] -2dx 

1 1-1-K2] 
2T Li + K2J 

which results in the useful relation 

Resolution 1 ri _K21 
System Bandwidth 2 Lt + K2J • 

(9) 

(10) 

Adjusting the loop gain, K, theoretically 
yields any desired resolution, a flexibility 
that is one of the advantages of the analyzer 
—although there are practical limitations. 
As 1C—.1, the system becomes sensitive to 
small perturbations in the loop gain, but 

'1 R. B. Blackman and J. W. Tukey. "The Meas-
urement of Power Spectra," Dover Publications, Inc., 
New York, N. V.. p. 19; 1958. 

there are no problems with oscillations be-
(muse the feedback at any frequency is zero 
as a result of the frequency shifting by the 
SSB modulator. The linear dynamic range 
and bandpass of the memory loop will also 
set practical limitations on the resolution. 

WistsLow R. REMLEY 
Comniunications Systems Ctr. 

IBM Federal Systems Div. 
Rockville, Md. 

Shot Noise in Thin Film 

Transistors* 

in this Ilote the theory of shot noise in 
transistors is adapted to the thin film tran-
sistors consisting of metal-oxide-metal-oxide-
metal or metal-oxide-metal-semiconductor 
structures." 

Let I be the emitter current, the 
leakage current between base and collector, 
and a,k the dc current amplification factor; 
then the collector current I,=ad,/,-1 1. 

According to ZijIstra3 the current in 
metal-oxide-metal diodes shows full shot 
noise at small currents and suppressed shot 
noise at larger currents. Consequently one 
would expect the same for the emitter cur-
rent of the thin film transistor. The current 
distribution between base and collector is a 
partition problem and as a consequence the 
collector noise should consist of collected 
shot noise, partition noise and full shot 
noise of the current I,. Hence if the noise is 
represented by a current generator j1 in 

* Received June 25,1962. Supported by U. S. Sig-
nal Corps Contract. 

1 C. A. Mead, "Operation of tunnel-emission de-
vices." J. Ape Phys., vol. 32. pp. 646-652; April. 
1961. 

2J. P. Spratt, R. F. Schwarz, and W. M. Kane, 
"Hot electrons in metal films, injection and collec-
tion," Phys. Rev. Lea.. vol. 6, pp. 341-342; April 1, 
1961. 

R. J. J. ZijIstra, "Noise in currents through thin 
insulating layers," Physica (to be published). 

parallel to the emitter, and a current gen-
erator i2 in parallel to the collector ( Fig. 1), 
and if F,2 is the noise suppression factor of 
the emitter noise,' one would expect 

= 2eF,21„If (1) 

2e17,21,Afad,2 2e1,aa,(1 — ad,).1f 

+ 2 (2) 

= 2eF:21f ;:34 .t.ade (3) 

silice the cross correlation between i1 and i2 
is caused by the fact that the part ado& of 
the emitter current is collected. 

Fig. I— Equivalent circuit of thin filin transistor. 

Since the emission and collection proc-
esses are fast processes, ( 1), ( 2) and ( 3) 
should hold for a wide range of frequencies. 
The high-frequency behavior of the diode is 
not caused by these processes, but by the 
emitter capacitance C.. 

The differences with the semiconductor 
transistor are as follows: 

1) For the semiconductor transistor 
F,2=1. 

2) I, is not a simple exponential function 
of V„ and hence the equations for ge, 
=ar,/av, and g„.-=01,/sv, no longer hold. 

3) The frequency dependence of the 
thin film transistor must be attributed to 
the emitter capacitance Hence if as 
=e,/e., the high-frequency current am-
plification factor a is 

CVO 

a = = (4) 
1 + jc0C,R0, 1 ± 

where R,o = 1 /g,o, and fo=(21)-C,R„,) -1 is the 
a-cutoff frequency of the thin film tran-
sistor. 

Sometimes the noise is represented by an 
emitter emf e and a collector current gen-
erator á (Fig. 2). In that case, 

e = i.Z,; i -= i2 — ail; Z, = 

Consequently 

_ e2 F, 21,..1.fR,02 
e*e 

(1 -I- P/IO2) 

_ • 
1 + ji7f. 

2aueoto 
= 2eF,2I,Af[aae2 — 

a),2  ] 

+ (1 fvf,,2) 

2e1,aa,(1 — aa.)Af 2e1,„..11 

esi = 
1 — ififo 

a. 1 

— 1 +Pif02-1. (8) 

A. van der Ziel, "Noise," Prentice- Hall, Inc.. 
New York, N. Y.; 1954. 
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Fig. 2—Alternate equivalent circuit of thin 
film transistor. 

When ado does not depend upon the 
emitter current I„, oco=ao. and ( 7) and (8) 
can be simplified accordingly. 

Figs. 1 and 2 incorporate also the thermal 
noise of the resistance rb,e, of the base layer. 
The theory of the noise in thin film tran-
sistors is thus brought to the point where 
the standard procedures for calculating the 
noise resistance and the noise figure can be 
applied.2 

A. VAN DER ZIEL 
Dept. of Elec. Engrg. 

University of Minnesota 
Minneapolis, Minn. 

A. van der Ziel, "Fluctuation Phenomena in 
Semiconductors," T. Butterworth, Ltd., London, 
Eng.; 1959. 

E. R. Chenette and A. van der Ziel, "Accurate 
noise measurements on transistors," IRE TRANS. ON 
ELECTRON DEVICES, Vol. ED-9, pp. 123-128; March, 
1962. See especially the Appendix. 

A Variable-Parameter Direct-
Current Switching Filter* 

Using contacts to switch a direct cur-
rent involves two difficulties. The first is the 
contact arc, which generates radio-fre-
quency interference and oxidizes or erodes 
the contact material. The second is the 
rapid rise and decay of the switched cur-
rent, which may generate undesirable circuit 
transients as well as interference. Switching 
filters for arc suppression or transient con-
trol often contain reactive elements. With 
a linear filter, the switch must dissipate 
previously stored energy during either the 
contact make or the contact break, and it 
seems impossible to relieve the switch of this 
burden. The filter discussed here, developed 
for envelope shaping in a radiotelegraph 
transmitter,' eliminates the contact dissi-
pation by using a rectifier to vary the net-
work structure. 

Consider Fig. 1, where the circuit to be 
switched is represented by the battery E 
and load resistance Ro to the left of the 
terminals. The network has two circuit 
equivalents. The first [Fig. 2(a)] is ap-
propriate following the instant when the 
switch is closed. The second [Fig. 2(3)] is 
appropriate following the instant when the 

* Received January 19, 1962. 
G. F. Montgomery, "Thoughts on keying filters," 

QST, vol. 45, pp. 64-65; November, 1961. 

(b) 

Fig. 2—Equivalent circuits. 

Fig. 1—Switching filter. 

damped. For R= Ro, µ2=1,2; critical damp-
ing is obtained when A' = v2=0. These condi-
tions yield 

a = io/V2 

Q = coL/Ro 1/viCR0 = N/2 ± 1, (4) 

so that there are two L/C ratios that pro-
vide critical damping. A design for the filter 
proceeds as follows. Let R= Ro, and choose 
a load-current time constant 1/a. Then, 

L = (1 ± N/112)(Ro/a) 

C = (1R: -072)(1 /aR0), (5) 

which result from eliminating co in (4). 
Fig. 3 is an alternate for the circuit of .0 

Fig. 1. These filters should be useful for re-
ducing radio-frequency interference, for pre-
serving relay and chopper contacts, and 
perhaps for reducing the dissipation in tran-
sistor and controlled-rectifier switches. 

G. FRANKLIN MONTGOMERY 
Natl. Bur. Standards 
Washington, D. C. 

t=0 

Fig. 3—Alternative filter circuit. 

switch is opened. Because of the rectifier, 
neither equivalent is an unconditionally 
valid representation of Fig. 1 ( for all time, 
t>0) unless the rectifier current is either 
positive for all t >0 or zero for all t >O. 

In Fig. 2(a), the contact current at 
closure is initially zero and immediately 
afterward rises slowly, being constrained by 
the inductance L. During this transient in-
terval, the accumulated charge on ca-
pacitor C is drained through R and L in 
series. In Fig. 2(b), the contact voltage at 
break is initially zero and immediately after-
ward rises slowly, being constrained by the 
capacitance C. With the following defini-
tions: 

= R Ro 

R, = RRo/(R Rs) 

2e = (1/ RoC) (R,/L) 

co2= 1/ LC, 

the load current following contact 
at ¿=0 is 

I = (E/R0)(1 — c" cos pa, 

)42 = (Ro/R.)(02 — a2. 

(1) 

closure 

(2) 

Following contact break at t=0, the load 
current is 

= (E/Ro)e-"' cos vt, v2 = (R/R,,)co2 — 32. (3) 

The equivalent circuits are valid repre-
sentations for all t >0 if the currents (2) and 
(3) are either critically damped or over-

On the Approximation Problem 

for Band-Pass Delay Lines* 

The design of band-pass networks having 
constant delay in the pass band has been 
considered a difficult problem because the 
approximation must be done in the fre-
quency domain directly, rather than by 
transformation of results already worked 
out for the low-pass case. This is so because 
the usual low-pass-to-band-pass transforma-
tion does not preserve constant delay. 

Consider, however, a pole cluster having 
constant delay in the low-pass interval, and 
apply the "half transformation": 

P s + i• (1) 

This has the effect of translating the entire 
cluster in a positive direction along the ¡co-
axis. The cluster now bears the same rela-
tionship to unit frequency that it formerly 
bore to zero frequency, and therefore has 
constant delay in the band-interval case. 
While we must still add the complex-conju-
gate pole cluster for realizability, it can be 
said that the approximation problem is 
solved so long as this addition does not 
seriously impair the desired constancy of 
delay. 

Neglect of the contribution from the 
negative cluster has been called the "narrow-
band approximation," but an examination 
discloses that this contribution is negligible 
for astonishingly large bandwidths. The 
design procedure is therefore notably easy: 

1) Scale the low-pass pole cluster so that 
its interval of constant delay is one 
half the interval which is desired in 
the band-pass network. 

2) Add ±j to all poles. 
3) The result can now be realized as a 

resistively terminated ladder of series 

• Received March 8, 1962. 
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coils and shunt capacitors. By adding 
appropriate zeros, it is also realizable 
as an all-pass network, or in one of the 
usual band-pass configurations. 

Design Example: We are given' a low-
pass 3-pole cluster having a mean delay of 
4.576 seconds from w=0 to co = 1. The delay 
ripples are ± 0.1 sec, and are equal: 

P1 = — 0.7263 

Py - 0.6148 + 0.9493j. 

For a desired bandwidth of 0.5, we multiply 
these numbers by 0.25, and add ±j. The 
transformed poles are 

—0.1816 ± j 

—0.1537 + 1.2373j 

—0.1537 + 0.7627j 

having a nearly constant delay of 18.3 sec 
from W =0.7 5 to co = 1.25 with nearly equal 
ripples of ± 0.4 sec. 

Since the negative pole cluster contrib-
utes a delay of 0.328 sec at oe = 0.75, and 
0.196 sec at ca = 1.25, the error is 0.132 sec, 
i.e., this is the error in the so-called "narrow-
band approximation." Since the error due to 
the design value of ripple is over six times as 
great as this, it can reasonably be claimed 
that the approximation is tolerably accurate. 

This transformation has received previ-
ous mention,' but its merits were not de-
scribed and may have been overlooked. It 
was used as a first approximation to be fol-
lowed by a root-improvement procedure. 
The result was, of course, marvelously ac-
curate; but a very large family of applica-
tions exist for which the inherent accuracy 
of the transformation is more than adequate. 

As a final comment, it is worthy of men-
tion (and of further study) that this trans-
formation also produces amplitude pass 
bands having arithmetic symmetry within a 
very close tolerance. 

l'HILIP R. GEFFE 
Axel Electronics, Inc. 

Jamaica, N. Y. 

E. Ulbrich and H. Piloty, "Über den Entwurf 
von Allpâssen, Tiefpâssen and Bandpâssen mit einer 
im Tschebyscheffschen Sinne approximierte konstan-
ten Gruppenlaufzeit," A.E.U.. vol. 14, pp. 451-467; 
October, 1960. 

A New Frequency Demultiplier 
with a Tunnel Diode* 

A tunnel diode is well known as a nega-
tive resistance device. It can, however, be 
operated as a rectifier device, since its 
voltage-current characteristic is asym-
metric. With this characteristic, a new fre-
quency demultiplier has been developed. 
The circuit is very simple and contains no 
dc power source. Only one tunnel diode used 
in this circuit operates not only as a llega-

* Received February 5, 1962; revised manuscript 
received, February 27. 1962. 

Fig. I —The frequency demultiplier circuit. 

4 

3 

1 
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Fig. 2- The monostable circuit. 
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Fig. 3— The relations between the number X ami the 
input signal amplitude. 

Fig. 4—The voltage waveform across the 
tunnel diode where N =3. 

tire resistance but also as a rectifier device. 
The tunnel diode is connected in series 

with inductance Lo and capacitance Co as 
shown in Fig. I. When external forcing os-

cillation with frequency wo.--1/VLoCo is ap-
plied to this circuit, the resonant current is 
rectified by the tunnel diode with its recti-
fying characteristic mentioned above and 
charges the capacitance Co. With this charge, 
the tunnel diode is biased forward and its 
operating point moves toward the peak on 
its characteristic curve. At the Nth cycle of 
the external forcing oscillation ( input sig-
nal), the operating point passes over the 
peak and jumps to the higher voltage level. 
That is, this circuit is effectively similar to 
the monostable circuit as shown in Fig. 2 
and in this case the capacitance Co may be 
considered as the dc power source supplying 
forward-bias voltage to the tunnel diode. 
Thus, the operating point passes down 
along the characteristic curve and jumps 
back from the valley to the lower voltage 
level ( starting point). 

In the saine manner, the capacitance is 
recharged and the operating point moves 
toward the peak again. 

Fig. 3 shows the relation between the 
number Nand the input signal amplitude ao 
for various frequencies. It is easily seen that 
when the input signal is large, N may be 
small in number and when small, large in 
number. 

The voltage waveform across the tunnel 
diode is the pulse form as shown in Fig. 4. 
We can also obtain the sine wave by con-
necting LC tank circuit (LC= N2LoCo) to 
the tunnel diode. 

In animal auditor), mechanisms, sound 
entering the ear makes the tympanum vi-
brate and this vibration is transmitted to 
the cochlea, in which the auditory signal is 
changed to the pulse train. This pulse fre-
quency is dependent on the auditory signal 
intensity and frequency. The description of 
the complete behavior of the auditory mech-
anism is beyond the scope of this correspond-
ence. However, the pulse train observed in 
the above circuit is experimentally found to 
be much analogous to that of the output 
signal from the cochlea. This circuit may be 
considered, therefore, as an electronic model 
of the pulse-frequency-modulator of an 
auditory receptor in the cochlea. 

The author wishes to express his thanks 
to Assistant Professor Jin-ichi Nagumo for 
suggesting this investigation as well as for 
constant guidance in the course of the work. 

MASAMICHI SHIMURA 

Dept. of Applied Physics 
Faculty of Engineering 

University of Tokyo 
Tokyo, Japan 

Measurement of the Impurity 
Distribution in Diffused Layers 
in Germanium* 

Two techniques have been developed to 
measure precisely the impurity distribution 
of diffused layers in thin, planar N-type 
germanium samples. A geometry is chosen 
so that the spatial relationships of the elec-
tric fields and voltages in the depletion 
layers can be mathematically related to the 
impurity density profile by means of Pois-
son's equation for one-dimensional geome-
try. The usual electrochemical transistor 
structure fulfills this requirement. Both the 
techniques described herein involve the 
measurement of punch-through voltages as 
a function of the position of the emitter ill 
the diffused layer with respect to a fixed 
collector electrode located outside the dif-
fused layer. The first (punch-through con-
vergence) technique requires the measure-
ment of both normal and inverse punch-
through voltages as a function of the emitter 
position in the diffused layer. Such data is 
plotted in Fig. I. The point at which the 
two curves converge is the location of the 
edge of the diffused layers. Fig. I also illus-
trates the precision of the method by show-

* Received February 6, 1962. 
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ing the data collected by two persons, on 
two completely separate sets of equipment, 
on four samples from the same diffused lot. 

While it is not necessary to place the 
collector electrode at any particular location, 
the value of the data is increased if the col-
lector is placed where it would be in the 
transistor. The upper punch-through volt-
age curve then relates the position of the 
edge of the collector-depletion layer to the 
applied collector voltage. By this means one 
can determine quantitatively the variation 
in base width and collector-depletion-layer 
width with the applied collector voltage. 

Fig. 2 shows clearly the advantage this 
technique has over the diode-breakdown 
voltage technique. Diode-breakdown volt-
age measurements have been the most useful 
method for evaluation and control of dif-
fused layers. For a number of reasons diode-
breakdown voltage measurements are not 
very useful near the edge of the diffused 
layer. The punch-through voltage curves in 
Fig. 2 show the difference in depth of two 
diffused layers to be about 0.25 mil, while 
the breakdown voltage data would seem to 
show a difference of about 0.06 mil. Further-
more, the diode-breakdown voltage meas-
urements would indicate that the bottom 
sample has a deeper diffused layer while the 
punch-through convergence technique shows 

that the top sample actually has the deeper 
diffused layer. The time required to collect 
data for curves such as shown in Fig. 1 is 
about 45 minutes. 

The second technique to be discussed 
involves the calculation of the impurity dis-
tribution from measurements of the punch-
through voltage from the fixed collector to 
the nonfixed emitter electrode as a function 
of the position of the latter electrode. Pois-
son's equation relates the impurity density 
to the gradient of the field: 

dE 
N = . 

q dx 

The value of dE/dx can be determined from 
successive measurements of punch-through 
voltage V and base width IV, by the ap-
proximation: 

dE 

dx WAW 

Fig. 3 shows the result of such work on an 
N-type germanium blank into which a layer 
of arsenic has been diffused. 

In the second technique described the de-
pletion layer at the junction at which punch-
through is detected has been neglected. 
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The etching, plating, and measuring 
equipments, and the techniques developed 
for electrochemical transistor technology 
made the approach described in this letter 
practical. The results of these approaches, 
in turn, have improved the control of the 
semiconductor material involved in electro-
chemical technology. 

The authors wish to acknowledge the 
fact that Dr. G. L. Lang, presently at Car-
negie Institute of Technology, made a major 
contribution in the early development of the 
theory of this method in 1958, and that 
L. Pomante, formerly of their laboratory, 
made some of the measurements. 

E. S. SCHLEGEL 
D. P. SANDERS 
Lansdale Div. 
Philco Corp. 

Lansdale, Pa. 
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Phase Shift in Ferrites 

at High Power* 

Although the high power absorption 
effects observed in ferrites are twofold in 
nature (thermal and nonlinear), the phase 
shift is expected to exhibit only thermal ef-
fects. That the phase shift characteristics 
are temperature sensitive is known from the 
strong dependence of magnetization on tem-
perature and the measurements of Martin,' 
and Geiszler and Henschke.2 The absence of 
nonlinear behavior can be demonstrated 
once the thermal characteristic effects are 
eliminated. 

This communication describes a tech-
nique devised at this laboratory (as part of 
an experimental investigation of ferrite ma-
terials) for eliminating or minimizing heat-
ing effects in the measurement of the phase 
shift. 

Measurements were carried out in regu-
lar and reduced S-band waveguides for longi-
tudinally and transversally magnetized fer-
rite slabs. The results indicate that the phase 
change is practically independent of power 
level ( up to the power measured). 
A block diagram of the equipment used 

is given in Fig. 1. The high power source 
was a 4J39 magnetron with an operating 
frequency of 3525 Mc and an output peak 
power of 750 kw at a 0.5-µsec pulse width 
and a repetition rate of 1000 pps. The power 
was fed into a power splitter leading to two 
arms, one containing the ferrite test sample, 
the other a variable calibrated Riblet-type 
phase shifter and power divider. The phase 
shift of the standard phase shifter, consisting 
of a short-slot hybrid and variable short, is a 
linear function of the position of the short, 
which was measured with an Ames gage. The 
power divider was constructed of three 
short-slot hybrids and an adjustable short. 

 1 

Fig. 1. -Block diagram of equipment used for high-
power shift measurements of ferrite materials. 

The introduction of the power divider in 
one of the arms provided a means of equal-
izing the amplitudes of the power in the two 
arms of the comparison circuit. In the proc-
ess of varying the power by the power di-
vider, an additional phase shift is also intro-
duced. Thus, the measured ferrite phase 
shift is the sum of the phase shifts of the 
Riblet phase shifter and power divider. The 
signals from both arms were then recom-
bined in a magic-T and detected by a crys-

* Received February 6, 1962; revised manuscript 
received. February 13, 1962. 

R. L. Martin. "High power effects in ferrite slabs 
at X-band." J. Ape Phys., vol. 30, pp. 159-160; 
April, 1959. 

T. D. Geiszler and R. A. Henschke, "Broad band 
reciprocal phase shifters." J. Ape Phys., vol. 31, pp. 
174-175; May. 1960. 

tal. The detected signal was applied to an 
oscilloscope. When the detected signal is a 
minimum the two arms of the bridge are in 
phase balance. 

The procedure for the phase shift meas-
urement was to adjust the Riblet phase 
shifter and power divider for a minimum de-
flection on the oscilloscope, when the 
sample was present, without and with an ap-
plied magnetic field. The phase difference 
was then determined from a change in set-
ting of the phase shifter and power divider. 
Due to the high sensitivity of the setup, the 
phase measurements were accurate to within 
two degrees. 

Precautions against heating effects were 
taken through the introduction of a high-
speed waveguide switch past the magnetron 
and by means of a stepwise determination of 
the minimum (see below). A control circuit 
was designed to adjüst the switching time 
interval ( the time in which the shutter opens 
completely and returns to its original posi-
tion). During the switching cycle the mag-
netron power applied to the ferrite is swept 
in amplitude from 0- to 375-kw peak power 
and then back to 0 power. By changing the 
voltage and/or the resistance in the control 
circuit, the time interval is adjustable from 
20 to 100 msec. Once a minimum was found, 
the power was turned off to allow the ferrite 
to cool. The power was then reapplied and 
the short adjusted slightly for a minimum. 
This process was repeated till no further ad-
justment was necessary. 

It will be shown that, since only one 
switching cycle was necessary for the final 
determination of the phase shift, the rise in 
temperature was negligible. The energy inci-
dent on the ferrite during one cycle is 

W = (2/7r)NP„u, 

W=energy in joules 
N= number of pulses = 20 
Pr = peak power = 375 X10' w 
n = pulse width = 0.5 X10-6 sec 

The factor 2/7r arises from the fact that 
the sweep in power from 0 to maximum and 
back to zero has a cosine dependence. As-
suming that, under the worst condition, all 
the energy is absorbed, the rise in tempera-
ture is 

T= W/(cm) 
T= temperature in °C 
c=approximate specific heat of ferrites 

=708 joules/kg/°C 
ni -= mass in kg. 

Thus, Ferrite Motorola Y-188 with ni =320 
gm and Trans-Tech 469 with m=80 gm 
had, at most, an increase of 0.042°C and 
0.011°C, respectively. 

Low-power measurements were also per-
formed for comparison. The phase changes 
of one representative sample (out of twelve) 
as a function of magnetic field is given in 
Fig. 2. The curves clearly show that hardly 
any phase distortion is introduced with the 
increase of peak power. 

Martin' and Brown' obtained similar re-
sults. Martin noticed in ferrite slabs at X 
band that at a repetition rate of 1 pps ( no 
heating effect), throughout the range of high 

• J. Brown. "On phase distortion of ferro-magnetic 
limiter." ['ROC. IRE, vol. 49, pp. 362; January. 1961. 
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Fig. 2—Phase shift of Ferrite Mototola Y-188 at high 
and low power vs longitudinal magnetic field. 

power used (up to 120 kw), the phase 
changed at most a few degrees over that ob-
served at low power. In an X-band limiter, 
Brown found that the phase shift was con-
stant over a 30-db range of input power. 

K. KALI KSTEIN 
N. CooPER 

J. TROY 
Radar and Microwave Section 

Material Laboratory, 
New York Naval Shipyard 

Brooklyn. N. Y. 

A New Class of Distributed RC 

Ladder Networks* 

A class of solutions to the linear second 
order differential equation 

t" — (r1r)ii — srcv = 0, (1) 

in which s is a constant, r and c are func-
tions of the independent variable x, and the 
prime denotes differentiation with respect 
to x, has been discussed by Kazanskyl and 
Jacobs.' Sugai3 also derives this class from 
a method of Hildebrand.' It is defined by 
making constant the logarithmic derivative 
of r/c expressed as a function of 

z f 

That is, let 

G(z) = d(In N/77ê)/dz = 2w (2) 

where ni is a real constant. 
Described here is a broader class of net-

works which encompasses that discussed 
above and which provides network behavior 
that cannot be achieved with the G(z)=-2m 
class. 

* Received February 2, 1962. This material con-
stitutes a portion of the work in progress on a Doctoral 
Dissertation at the Polytechnic Institute of Brooklyn. 

B. G. Kazansky. "Outline of a theory of non-
uniform tran,mission lines." Proc. lEE, pt. C. vol. 
105. Pp. 126-138; March, 1958. 
F I. Jacob, A generalization of the exponential 

transmission line." PROC. IRE, vol. 47. pp. 97-98; 
January. 1959. 
F I. Sugai. "A generalized II ildebrand's method for 

nonuniform transmission lines," PROC. IRE (Corre-
spondence), vol. 49, p. 1944; December, 1961. 

F. B. Hildebrand. "Advanced Calculus for Engi-
neers," Prentice Hall, Inc., New York, N. Y.. p. 50; 
1948. 
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The basis for this class is the Liouville 
Transformation,' in which the independent 
and dependent variables are simultaneously 
transformed according to 

and 

u = (c/r)1/4v. 

z = f rcdx (3) 
o 

(4) 

The transformed differential equation is now 
in the Liouville Normal Form, 

(5) 

where 

F(z) 

(1/rc) 1 ( 1/4) [(c/r)'/(c/r)] (1/2) [(rc)' Arc)] 

— (1/4) [(c/r)"/(c/r)] 

(3/16) [(c/r)1(c/r)] (6) 

This relation can be written in many forms 
but it is particularly useful to express it in 
terms of the function G(x). Note G(x) is 
simply related to G(z) by virtue of ( 3) and 
its derivative, 

dz/dx 

Of course F(z) can also be expressed as a 
function of x, thus, 

F(x) = (1/4)12 [(r/c)/(r/c)1(G2)1 — (G2)1. (7) 

If, now, the function F(x) is equated to a 
constant then the Liouville Normal Form of 
the differential equation becomes readily 
solvable since it would have constant co-
efficients. This operation specifies a relation 
between r and c which defines this new class 
of networks. That is, 

F(x) = — m2 

or 

2[(r /)/ (r/c)1(G2)' — (G2) = — 4m2. (8) 

This last equation is a first order linear dif-
ferential equation in (G2) with variable co-
efficients. Its solution may be obtained by 
the method of variation of parameters as 

G2 = 4m2 KN/r7i. (9) 

where K is a constant of integration. This 
equation is the criterion for this new class of 
solutions. 

It is seen from (9) that when K is chosen 
as zero (9) yields the criterion ( 2) for the 
earlier class which has been referred to as a 
"Generalized Exponential Class. "2 

The class introduced here and defined 
by (9) might be called a "Generalized Hy-
perbolic Class" ( G.H.C.) since the solutions 
of (5) with F(z)= —m2 are hyperbolic in 
nature. 

The G.KC. criterion (9) has four cases 
according to 

a) m2=0, K=0 
b) m2 K=0 
c) m2=0, K 
d) m200, K00. 

E. Kamke, "Differentialgleichungen, Ltisungs-
methoden und L8sungen," Edwards Bros., Inc., Ann 
Arbor, Mich., p. 261; 1945. 

Case a) is the simplest and corresponds to 
the "Proportional" Networke in which r/c 
is independent of x. The second case b), as 
was mentioned above, is the "Generalized 
Exponential Class." Cases c) and d) are the 
two new solutions introduced by the G.H.C. 
and the performance of networks of these 
types differs from that of a) and b). This 
performance in terms of network parameters 
and graphical determination of their zeros 
has been studied in detail. The relation be-
tween r and c for the two new G.H.C. cases 
has also been worked out and specific prac-
tical examples formulated. It is hoped that 
these details will be published at some later 
date. 

Other possibilities besides letting F(z) 
= —m2 exist which, by taking advantage of 
differential equations whose solutions are 
known, lead to still other classes of net-
works. For example the Liouville Normal 
Form ( 5) can be made into a Bessel equa-
tion by the choice 

F(z) = — m2 — [as — (1/4)]/z2 (10) 

where a = constant. 
This leads to the following as a criterion 

for this "Generalized Bessel Class" of net-
works: 

G2 = 4m2 KVr/c — (4e2 — 1)Vr/c 

(1/7li) 1/(y/C)  

° EL Vii dx 
2 

It is seen from this criterion that the G.H.C. 
criterion (9) is a special case of ( 11) wherein 
a = 4. 

dx. (11) 

M. J. HELLSTROM 
Television-Radio Div. 

Westinghouse Elec. Corp. 
Metuchen, N. J. 

" M. J. Hellstrom, "Symmetrical RC distributed 
networks," PROC. IRE, vol. 50, pp. 97-98; January, 
1962. 

The Magnetic Monopole and the 

Principle of Parity* 

In a recent letter, Leen asked for a logical 
argument for the nonexistence of an isolated 
magnetic pole.' How about the following 
reasoning using the well-known principle of 
parity: Let us assume a current i. Around 
this current we have a circular magnetic 
field H. We test this magnetic field by our 
(hypothetical) isolated magnetic pole +p 
fixing this pole by, say, a string on the con-
ductor carrying the current i (see Fig. 1). 
The magnetic pole rotates around i under 
the action of the force F induced by the 
magnetic field H—let us assume counlerclock-

* Received February 6, 1962. 
M. W. Leen, "Physical basis for electromagnetic 

theory," PROC. IRE (Correspondence), vol. 50, p. 90; 
January, 1962. 

Fig. I. 

Fig. 2. 

Fig. 3. 

wise. Now we quote the principle of parity 
stating that a possible experiment seen in a 
mirror is a possible experiment too. Looking 
in a mirror, however, we see our pole rotat-
ing clockwise around i. 

This contradiction solves only if we 
assume that an isolated magnetic pole +p 
must not exist, but that a magnetic dipole 

-p) does. Fig. 2 shows that for a 
dipole, the forces F+ on +p and F_ on —p 
cancel; the dipole does not move. 

But let us fix the dipole ( +p, —p) so that 
the pole —p falls within the path of the 
current i (see Fig. 3). We again observe the 
counterclockwise rotation of +p around i. 
To avoid the former contradiction against 
the principle of parity we must now consider 
the dipole ( like Ampère) as produced by a 
circular current If we look in the mirror 
now, this current reverses its direction, the 
magnetic dipole reverses too, and we see a 
likewise possible experiment. 

Consequently the principle of parity 
implies the nonexistence of the magnetic 
monopole and the "axial" character of the 
magnetic dipole. 

PETER SCHNUPP 
Max Planck-Institut für Physik 

und Astrophysik 
Munich, Germany 
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Author's Comment2 

The comments of Schnupp are certainly 
pertinent to an examination of the minimum 
number of postulates required for the deriva-
tion of Maxwell's equations. However, the 
author does not agree that the principle of 
parity is useful for that purpose. 

Consider a current flowing through a line 
element dl, in a positive direction along the 
Z axis of a right-handed system of coordi-
nates. Then the magnetic field at a point 
P2, a distance r from the Z axis, has the direc-
tion and magnitude given by 

B = Poi \ _d1 X r 

\ 4er r3 

The direction of B is determined by the 
conventional direction of a vector product 
in a right-handed coordinate system as 
shown in the solid lines in Fig. 4. In addition, 
if we place the magnetic dipole N-S at /32 
with its axis inclined to the direction of B, 
it will be subject to a clockwise torque ( look-
ing from P2 to PI) tending to align it with B. 

tr. 

3„ 

nrirrear 

Fig. 4. 

Now if we apply the principle of parity 
as quoted by Schnupp, and construct the 
mirror image as shown in dotted lines, it is 
seen that the current element idt and the 
distance r' form, with B„' (the mirror image 
of B) a left handed system, whereas the 
true field due to idr is 

BL' _ ( poi \ dl' X r' 
‘47r r3 

Now if we postulate a ( south) magnetic 
monopole at P2, the force it experiences is in 
the direction of B while its image at P2' 
would experience a force in the direction of 
BL'. This is essentially in agreement with 
Schnupp's argument up to this point. How-
ever, the apparent contradiction between 
the results of the real experiment at Ps' and 
the image at P2' of the real experiment at 
P2 can be resolved without concluding that 
monopoles do not exist. 

Note that the direction of rotation of a 
small current loop, i„„ is reversed by imaging 
in the mirror and hence the dipole N-S is 
reversed by imaging to take the position 
N'-S'. Thus we can resolve the dilemma 
by assuming that rellection in a mirror 
reverses the polarity of a monopole ( if one 
were to exist) as well as a dipole. 

To summarize, the derivation of Max-
well's equations in the previously quoted 

2 Received February 20, 1962. 

articles" requires in addition to the as-
sumption of the linearity of electromagnetic 
phenomena, the assumption of the nonexist-
ence of magnetic monopoles. The principle 
of parity cannot be used as a substitute. 

M. W. LEEN 
6 Maple Row 
Bethel, Conn. 

P. Clavier. "Electromagnetic theory from a 
mathematical viewpoint," PROC. IRE (Correspond-
ence), vol. 48, pp. 1494-1495; August, 1960. 

I. Sugai, "Vectors for waves and electrons," 
PROC. IRE (Correspondence), vol. 49, pp. 628-620; 
March. 1961. 

The Effect of Mutual Inductance 
Upon Tunnel Diode Locked Pair 

Switching* 

In previous discussions of the design and 
operation of the tunnel diode locked pair 
logic circuit, it has been assumed that 
nuitual inductance between the loops of the 
two diodes could be neglected." This note 
presents some results of a computer analysis 
which indicate that significant improvement 
in high-speed switching may be obtained by 
adding mutual coupling. 

The circuit to be considered is shown in 
Fig. 1. For digital computer analysis the 
tunnel diodes have been represented by an 
analytic volt-ampere relation which closely 
approximates a germanium unit with 10 ma 
of peak current. A piecewise linear diode 
approximation was used on an analog com-
puter. The coupled inductances of the two 
loops are represented by their "tee" equiva-
lent. 

If the load resistance R is large enough 
so the rise time into the load 

r = MIR (1) 

may be neglected, the switching transient 
depends only upon the difference between 
total and mutual inductance or L-M. This 
effect is shown in Fig. 2. If L-M is made too 
large and highest speed operation is desired, 
the circuit does not switch but oscillates 
with both diodes in phase so no power is 
coupled to the output. The condition for 
this oscillation is 

L >   (2) 
1 — k 

where k = MIL is the coefficient of coupling. 
In Fig. 3 the maximum inductance for which 
switching occurs is plotted vs 1/1—k. The 

* Received June 18, 1962. 
1 E. Goto, el al., "Esaki diode high speed logical 

circuits," IRE TRANSACTIONS ON ELECTRONIC COM-
PUTERS, vol. EC-9, pp. 25-29; March, 1960. 

W. F. Chow, "Tunnel diode digital circuitry," 
IRE TRANSACTIONS ON ELECTRONIC COMPUTERS, vol. 
EC-9, pp. 295-301; September. 1960. 

3 J. J. Gibson, el al., "Tunnel diode balanced pair 
switching characteristics," Digest of 1962 Internat.'. 
Solid-State Circuits Conj., Philadelphia, Pa., February, 
1962. Lewis Winner, New York, N. Y., pp. 54-55; 
1962. 

L. Esaki, "Characterization of tunnel diode per-
formance in terms of device figure of merit and circuit 
time constant," IBM J. Res. ke Dey., vol. 6, pp. 170-
178; April. 1962. 

Fig. I —Tunnel diode locked pair including 
mutual inductance. 

Fig. 2 - Switching transient for various values of 
inductance I. and mutual inductance M with a 
sinusoidal supply ‘vaveform. (Analog computer 
solution.) 

o 

Fig. 3—Maximum inductance for output vs 1/1 -k. 
Circuit parameters are as in Fig. 2. Supply wave-
forms are 0.2 volt steps. ( Digital computer solu-
tion.) 

supply waveforms are step functions which 
correspond to operation at the maximum 
frequency. The relation is linear and the 
slope implies RN =35 ohms which is not un-
reasonable for the "average" negative re-
sistance of a 10 ma diode. Examination of 
the switching waveforms for several com-
binations of circuit parameters indicates 
that switching time is essentially unim-
paired if 

L — .if < iRsRNC. (3) 

Circuits have been constructed with inter-
locked supply resistors as shown in Fig. 4. 
Both diode loops surround approximately 
the same area so the majority of the mag-
netic flux couples both loops. The induct-
ance and coupling coefficient of this fixture 
have been measured as about 1.5 nanohenry 
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Fig. 4—Exploded view of diode mount. (Not to scale.) 

and 0.7, respectively. Using 10 ma diodes 
with about 3 ad of capacitance, a current 
gain of 50 has been measured at 200 mc 
where current gain is the ratio of maximum 
output current into the load resistor divided 
by one half of the input current necessary 
to switch from one output polarity to the 
other. 

A. C. SCOTT 
Dept. of Elec. Engrg. 

University of Wisconsin 
Madison, Wis. 
W. J. DUNNET 
R. W. TAYLOR 

Electronics Systems 
Sylvania Products, Inc. 

Needham, Mass. 

Designing a Phase-Locked Loop as 
a Doppler Tracker* 

The transfer function and low-pass filter 
of a phase-locked loop may be precisely 
determined to give adequate transient re-
sponse with minimum noise bandwidth when 
the loop is used as a tracking filter. This 
note gives a straightforward design pro-
cedure. 

The well-known linear equivalent of a 
phase-locked loop is shown in Fig. 1, and the 
root locus is shown in Fig. 2. The open-loop 
transfer function is composed of the two 
poles and the zero on the real axis, and we 
desire to place the closed-loop poles so that 
the absolute magnitude of the phase error 
e(t) is less than approximately 0.6 rad when 
tracking a given Doppler signal. ( This will 
result in a near optimum choice between 
noise bandwidth and threshold.) 

* Received February 7, 1962. This research was 
supported by AF Space Systems Division Contract 
No. AF 04(647)-829. 
I C. S. Weaver, "A new approach to the linear de-

sign and analysis of phase-locked loops," IRE TRANS. 
ON SPACE ELECTRONICS AND TELEMETRY, vol. SET-5, 
pp. 166-178; December, 1959. 
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Fig. I—(a) A phase-locked loop. (b) Linear equivalent. 
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Fig. 2—(a) The root locus when KG(s) is as 
shown in (b). (b) The loop filter. 

From Fig. 2(a) we see that the transfer 
function from O(1) to e(t) is 

E(S) 1 

01(S) — S - Fa 1 
1+ KAK1K2 

S b S 

S(S b) 

S(S b) -F Kole -I- a) 

where Kor., the open-loop gain, is 

KoL CO KAK,K2. 

Over most of the range of a typical 
Doppler curve the slope is very nearly a 
straight line, or a ramp in frequency. Let 
this slope be D cps. Because phase is the 
integral of frequency, 

2r D 1 27r D 
81(S)= -- X — =- -- • (2) 

and 

(1) 

2 r D  S(S -F b)  
E(S) 

S' S(S Koc(S -I- a) 

2rD  S b 

S2 S(S 6) -F Kot(S -I- a) (3) 

From a table of Laplace transforms we 
see that e(t) eventually settles down into a 
ramp plus a constant given by 

2r D 2ba 
e(t) = --[bt + 1 — —1. (4) 

ri2 ri2 

September 

For a large tracking range (compared to 
the loop bandwidth) b should be small com-
pared to r1. Then e(t) is approximately 

(5) 
ril 

If 4si is 135°, there will be an overshoot of 
less than 10 per cent. Then 

ri > 2rD (bt -F 1) (6) 
(0.6) 

will guarantee that we are in the low-phase 
error region. 

The root locus condition requires that 

180° = 0, — — 02. (7) 

Then the design procedure is as follows: 
r, is found from inequality (6), and a is 
adjusted to satisfy ( 7). The open-loop gain 
is 

nr3 
KOL = — • 

r2 

If possible the VCO frequency with no 
phase error should be set at the center of 
the Doppler curve (zero frequency shift). 
Then t in inequality (6) would be no larger 
than the time, to, it takes the frequency 
ramp to go from the higher frequency limit 
of the Doppler curve to the center of the 
curve. If the VCO must be set at some other 
point, the largest time of inequality (6) will 
be 24). 

Since the noise bandwidth is propor-
tional to r, it is obvious that the narrowest 
bandwidths may be obtained by making b 
equal zero (an active integrator). This ideal 
integrator also eliminated the VCO center-
frequency setting problem. 

C. S. W EAVER 
Philco Corp. 

Western Dey. Labs. 
Palo Alto, Calif. 

An Experimental Technique for 
Parametric Devices* 

In experimental work at radio frequen-
cies an alteration to a circuit may be ac-
complished by unsoldering one component 
and soldering in another. Unfortunately, in 
the microwave region of the spectrum, an 
equivalent change usually demands an elab-
orate machining operation. We present here 
a description of a method which we have 
used to facilitate rapid alterations to an 
experimental parametric amplifier, together 
with a brief note on the performance of the 
amplifier. 

The amplifier is completely coaxial, and 
in its experimental form consists basically 
of a center conductor and an array of brass 
washers. These washers all have the same 
outer diameter ( 2.25 in), but vary in inner 
diameter and thickness. They are clamped 
in a rack by a slight longitudinal pressure, 

*Received February 12, 1962. 
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Fig. 1-- Experimental L-band parametric 
amplifier, exploded view. 

Fig. 2—The amp:itier assembled. 

and together comprise the outer conductor 
of a coaxial line. Some of the washers have 
a relatively large inner diameter, and, to 
form a radial rejection filter, one of these 
special washers is sandwiched between two 
of normal inner diameter. The rejection fre-
quency, is, of course, determined by the 
inner diameter of the special washer. The 
washers and the clamping rack, together 
with the other parts of the amplifier, are 
shown spread out in Fig. 1. 

The essential feature of the clamping 
rack is a pair of heavy drill rods which sup-
port the assembly of washers. These rigidly 
connected, parallel drill rods have a space 
between them which is considerably less 

than the diameter of the washers. Thus, they 
accurately position the washers, but they 
do not prevent their removal and rapid re-
placement once the center conductor has 
been shifted lengthwise. A stock of washers 
of various dimensions is available to permit 
modification of the amplifier's configuration. 

The actual amplifier, which is seen as-
sembled in Fig. 2, is a one-port, nonde-
generate difference frequency reactance am-
plifier. The normal inner and outer diame-
ters have been chosen to match General 
Radio standard countxtors. The diode is 
mounted at the end of a coaxial line; dc 
connection between the diode and one of the 
washers is made by three radial wires spaced 
120 degrees. These wires have appreciable 
inductance at the pump frequency. This 
washer is insulated for dc with 0.003-in 
tellon dielectric, thus permitting the appli-
cation of dc bias. This insulated washer, 
through which the bias voltage is applied, is 
the fourth washer from the right in Fig. 1. 

The diode is a Microwave Associates 
Type MA450E. The impedance presented to 
the diode by the source is controlled by a 
matching device in the signal line, while the 
idler resonant cavity is made up of a short 
section of the coaxial line which is bounded 
by two idler rejection titters. 

The pump frequency is 9800 Mc. The 
pump energy is fed in ( from the right in 
Fig. 2) and is capacitively coupled to the 
diode. A radial rejection filter in the signal 
line isolates the pump and signal circuits. 

The signal frequency is 1315 Mc and the 
3-db bandwidth at 20-db gain is 30 Mc. The 
over-all noise figure is 2.0 db. which in-
cludes a contribution of 0.3 db from the cir-
culator and 0.1 db from the second stage. 
At a sacrifice of a further 0.25 db in noise 
figure, the gain-bandwidth product may be 
increased from 300 to 400 Mc. 

A. C. Hunsox 
E. J. STEvElsts 

Radio and Electrical Engineering Division 
National Research Council 

Ottawa, Can. 

On the Use of Pulse Compression 
for the Enhancement of Radar 
Echoes from Diffuse Targets* 

A diffuse radar target is one which is 
made up of a large number of discrete tar-
gets each of which is quite small. The spe-
cific example of this kind of target con-
sidered here is a weather cloud which is com-
posed of myriads of water droplets. These 
droplets may range in diameter from on the 
the order of a micron to on the order of a 
centimeter. In this case the phasor É; repre-
seining the ( radar) voltage return from the 
ith droplet of this ensemble is given by' 

É, = i3e:1 (Wt- 4Irr X+5,-!1 (1) 

where 

B; is a factor which is a function of trans-
mitted power, frequency antenna gain, 
range, propagation attenuation, and 
the complex dielectric constant of the 
drop; 

a; is the radius of the ith drop; 
co is the radar angular frequency; 
r; is the range of the ith drop; 
X is the free space wavelength of the 
radar energy; and 

ek; is the phase shift incurred upon scat-
tering by the drop. 

The time waveform of a radar echo from a 
diffuse target will be composed of a summa-
tion of echoes from each drop, each of which 
will be of magnitude Bicti' and of duration 
T where T is the duration of the trans-
mitted pulse. Therefore, at a time to the com-
posite phasor É of the return is given by 
the summation2 

No 

E (2) 

where No is the total number of drops in the 

* Received February 16,1962. 
This equation assumes that the Rayleigh ap-

proximation to the back-scattering cross section of 
the drop is valid, i.e.. a«X. In this case the back-scat-
tering cross section is proportional to a". 

2 Note that the subscript has been dropped from 
the factor B since it may be assumed that 131 will not 
vary significantly over Fn. 

effectively illuminated volume Vo associ-
ated with to. Since No is in actuality quite 
large, it is sometimes desirable to describe 
the drop size distribution by a continuous 
function p(a) which is assumed to be ho-
mogeneous over Vo. This function is defined 
by letting p(a)da be equal to the number of 
drops per unit volume with radius falling 
between a and a ±da. 

The summation in ( 2) may be thought of 
as a sum of No two-dimensional vectors in 
phasor space. Further if No>>1 and Tc>>X, 
where c is the speed of light, then the phase 

angle of p(E1) 

_term may be considered un-
correlated or random. The problem, there-
fore, is one of a random walk in two dimen-
sions in which the size of each step is subject 
to a probability density given by 

P[ai = J.(Ei)1 (3) 
• " 

3B"3/;;;213 Jo p(a)da 

where E; is the magnitude of É; and f(E1) is 
the appropriate function [from ( 1)1 relating 
a; to E,. The solution of the two-dimen-
sional random walk problem for large N in 
which the step size varies according to a 
probability distribution is given in the lit-
erature' and is 

2E 
(E)dE = exp[----jdE, (4) 

N(L12) N(E12) 

where E is the magnitude of E, IV(E)dE is 
the probability that the magnitude of the 
(phasor) summation of ( 2) will fall in the 
range between E and E-FdE, and (E12) is 
the expected value of the square of the step 
size. From ( 1) and ( 3) (E12) is found to be 

fEi2p(Ei)dEi 

= --B-2 — t Op(a)da. (5) 

f,'p(a)da 
It is evident from ( 4) that the statistics 

of the magnitude of the total voltage return 
are in the form of a Rayleigh distribution 
which depends only upon the product 
N(E;2). In order to determine the effect of a 
pulse compression process upon these 
parameters and the resultant effect upon 
the probability distribution (•onsider an 
idealized rectangular representation of pulse 
compression. If the transmitted pulse is 
modulated in such a way that it pulse com-
pression may be effected, then upon com-
pression each individual pulse return in the 
time waveform will become shorter by some 
factor =r/T where ris the duration of the 
compressed pulse. Conservation of energy 
dictates that Ei„,=E11,/,4" which means 

Bb/"2, (6) 

where the subscripts a and b stand for after 
and before compression. Eq. ( 6) reiterates 
the fact that for the case of a discrete target 
pulse compression ( ideally) increases the 
effective signal magnitude by 8-1 ". At the 
same time there will also be an improvement 
in range resolution by the factor 8. This 

,n J. L. Lawson and G. E. Uhlenbeck, "Threshold 
Signals," M.I.T. Rad. Lab. Ser., McGraw-Hill Book 
Co.. New Vork, N. V.. vol. 24, pp. 52 53; 1950. 
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range resolution improvement is due to a 
reduction, by the factor in the effectively 
illuminated volume. It follows from this fact 
that 

N,, = ONa (7) 

for regions greater than a distance Tc/2 (in 
the direction of propagation) from the edges 
of the target region. It should be observed 
that NI, is in general sufficiently large so that 
the inequality N.,>>1 will remain valid for 
any reasonable value of /3. 

Using (5)—(7), it can be seen that 

1V,,(Ei2)a = Nb(E 2)b, (8) 

and as a consequence the statistics of E, 
remain invariant upon pulse compression. 

The physical interpretation of this con-
clusion is that although the compression 
process increases the magnitude of the re-
turn from each individual target element, 
the number of individual returns that come 
in simultaneously at any given time is pro-
portionately reduced. And as has been 
shown above, these two effects exactly can-
cel in the summation process leaving the 
total time waveform (statistics) essentially 
unchanged. Thus, when pulse compression 
is considered it may be seen that there is a 
certain amount of parallelism as well as a 
notable difference between the cases of dif-
fuse and discrete targets. When system 
performance has reached a peak power limi-
tation and average power is increased by 
increasing the pulse duration, range resolu-
is lost proportionately in both cases. How-
ever, the ( peak) SNR is proportionately 
improved in the case of a diffuse target (due 
to an increase in N ) while the (peak) SNR 
associated with the discrete target remains 
unchanged.' If this longer pulse is now 
modulated and compressed, range resolution 
is regained in both cases, but the ( peak) 
SNR in the diffuse case remains unchanged 
while that associated with the discrete tar-
get is proportionately increased. Thus, it is 
seen that the end result is the same in both 
cases; the compression process itself only 
regains lost resolution for the diffuse target 
while it improves both resolution and ( peak) 
SNR for discrete target case. 

DAVID FRYBERGER 
Armour Res. Foundation 

Illinois Inst. Tech. 
Chicago, Ill. 

• The system noise bandwidth is assumed con-
stant here since both cases are subject to the same 
constraints. 

Industrial Patentry* 

The occasion of issue of the 3,000,000th 
Patent calls to mind some troublesome as-
pects of industrial patentry. 

Basically, the patent evolution was con-
ceived to provide incentive to an individual, 
the inventor, and to provide a period of time 

* Received February 23. 1962. 

during which he could reap the fruits of his 
invention while protected against imitation. 
These fruits are profit and prestige. 

In our industrial process, the individual 
must sign a patent assignment agreement, 
usually as a condition of employment. Such 
agreements often cite company patent plans 
which vary in the liberalness of their terms 
according to the company. Since an agree-
ment usually connotes a half-way meeting 
place where the parties give toward an equi-
table exchange, the inventor is here cautioned 
that if he looks for a great deal more than 
the employment itself, he generally looks in 
vain. There is no easy way, or obvious plan, 
to circumvent this loss of some of the original 
point to patentry in our present industrial 
system. But this does not mean that we 
should not be looking for better ways. Per-
haps we should at least review the premises 
in the following numbered series of para-
graphs. 

1) The patent system is intended to pro-
vide an incentive toward original 
thought. The thought process is an 
attribute of homo sapiens. While con-
fessing to little research on the sub-
ject, I feel that patentry, in its 
essentials, relates the concept of the 
individual, and the concept of incen-
tive, in an intimate union. A patent 
can issue to more than one party but 
it is my opinion that the total con-
structive good of a patent is inversely 
proportional to the number of people 
involved. 

2) The patent system is intended to pro-
vide protection against theft or dep-
redation. It provides the inventor 
with an avenue of redress. It is not 
automatic. The inventor must initiate 
the action to restate his primacy and 
thus the protection is primarily a de-
fensive advantage. 

3) Industrial patentry adds a new di-
mension to the patent system and I 
am not sure that this is clearly recog-
nized. In most of the present indus-
trial agreements known to the author, 
the inventor exchanges his patent 
rights for employment. The agree-
ment favors the employer. This is 
probably a justifiable starting place 
because the individual is usually 
more articulate in his objectives than 
the company. The individual can dis-
cern easier what is best for hin: than 
the company can discern what is best 
for it. It is the nature of all such agree-
ments therefore to obligate the indi-
vidual in certain specific matters 
without obligating the company very 
much, if at all. 

In an assignment to an industrial organi-
zation, it is intended, 1 am sure, that the 
foregoing elements 1) and 2) be preserved. 
We shall of course assume good faith by all 
parties. Without it there is little point to 
this discussion. Even with good faith, how-
ever, it is apparent that the elements of in-
centive and protection are not entirely pre-
served. 

Let us look at some delicate balances. If 
an incentive plan is designed around the 
yield from a patent (royalty or similar reck-
oning) the inventor may become diligent 

on a single matter which has little real future 
for the company, because it is the one extra 
benefit he could receive. 

If the incentive is designed around the 
man's progress in the company, he might be-
come interested in patentry which disclosed 
little of a new nature just in order to ac-
cumulate a number of patents. 

If the plan is conceived primarily to pro-
tect the company, with little reduction-to-
practice, the individual may "dry up." He 
may in all good faith become devoid of ideas 
simply because there seems to be little future 
in them. He might even go further and start 
to think that somehow the original germ of 
his thoughts arrived outside the framework 
of his obligation to his company to divulge 
them. 

Regardless of the original good faith, if 
industrial implementation of the patent 
process results in extreme pursuits and seri-
ous imbalance in either direction, the whole 
process becomes a drain on our resources 
rather than a boon to them. 

The fundamental question remains to be 
answered. By what method can we keep the 
individual's innovation motivation high 
and keep his entire energy devoted to his 
company, while providing his company with 
a good reason to have a patent plan and a 
good reason to implement it? While based on 
incentive, the question above should also 
relate to protection, in which both the indi-
vidual and the company have a stake. The 
individual has a technical prestige (a for-
gotten part of which certainly involves an 
investment in education and experience) to 
safeguard and enhance, and the company 
has its primary business investment to pro-
tect. 

The following personal observations may 
be helpful. If a price tag can be set on each 
patent prosecution, then I feel that much of 
the "junk" will be abandoned early by the 
inventor and his company. The common 
sense of the inventor, and the common sense 
of the company's "guiding light" in its 
patent effort should prevail. 
I feel that the company "guiding light" 

in the patent area should not have any line 
technical interest which could alter his ob-
jectivity. He should, however, be thoroughly 
sympathetic to the patent concept. It should 
go without saying, too, that nia element in 
the industrial patent effort should be re-
warded on the basis of size or volume. This 
includes the head of the patent department. 
I feel that upon proper presentation to a 

Board of Directors, annually, and after their 
deliberation, the individuals who have 
achieved patents or filings of note should be 
conspicuously honored in accordance with a 
definitive result of the Board's deliberation. 
This honor should be both professional and 
monetary. Admittedly, this idea could not 
survive without a continuous executive 
"push." 

Perhaps, the basic nature of successful 
patentry is compounded of a judicious inter-
play between those two autocrats, prestige 
and profit. The corporate nature of industry 
may have to be reborn so that it can be ex-
pressed in a unified, and therefore unitary, 
approach to profit. Somehow we must get 
back to a single autocratic being dedicated 
to profit. This being can then find common 
cause with that other autocrat, prestige. 
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Prestige is more naturally an individualistic 
attribute. A dual relationship between these 
two autocrats, wherein prestige and profit 
can be interchanged, will restore the original 
virtue of the patent concept. It appears that 
when the relationship strays beyond this 
duality, to a three-poled problem and on to 
companies, committees, really to pluralities 
of any kind, the whole thing breaks down. 
I am seeking the observations of others 

on this subject. Perhaps the viewpoint de-
serves further clarification or even outright 
refutation. Certainly there are more answers 
to choose from than the ones offered here. 

FRANKLYN E. DAILEY, JR. 
65 Oswego Street 
Springfield, Mass. 

On Network Realizability 
Conditions* 

Recently Hazony and Nain' stated a set 
of realizability constraints on the Z matrix 
of a passive n-port. As pointed out by 
Slepian' these conditions are not sufficient 
for realization. Since the revised conditions 
stated by Hazony and Nain' are also not 
sufficient, it seems that further clarification 
is necessary. This is especially true since 
other somewhat different, but admittedly 
incomplete, conditions also have been 
given.' 

Here we give the necessary and sufficient 
conditions for an impedance matrix Z to 
correspond to a finite, passive n-port. Be-
cause of space limitations we refer else-
where for the proof and don't even attempt 
a definition of terms such as linear, finite, 
passive and n-port. 

Consider a linear, time-invariant, pas-
sive n-port N described by an n XnZ matrix. 
Then by exciting with increasing exponen-
tials we can see that Z is necessarily positive 
real,' i.e., 

1) Z(p) is analytic in Re p>0 
2) e(p).---Z(p*) in Re p >0 
3) Za(P) is positive semi-definite in 

Re p>0. 

Here p=o+jw, a superscript asterisk de-
notes complex conjugation, and Zu is the 
Hermitian part of Z. 

If N is finite then Z must be rational and 
condition 2) implies real coefficients; we 
then call Z real-rational. In the real-rational 

* Received February 26,1962. 
D. liazony and H. J. Nain, "A synthesis pro-

cedure for an n- port network," Paoc. IRE, vol. 49, 
pp. 1431-1432; September, 1961. 
2 P. Slepian, "Comments on a synthesis procedure 

for an n-port network," PROC. IRE (Correspondence), 
vol. 50, p. 81; January, 1962. 
2 I). liazony and H. J. Nain, "Author's com-

ments," PROC. IRE (Correspondence), vol. 50. p. 81; 
January, 1962. 

I). flazony, "Two extensions of the Darlington 
synthesis procedure," IRE TRANS. ON CIRCUIT 
THEORY, vol. CT-9, pp. 284-288; September, 1961. 
See p. 287. 

6 D. C. Youla, L. J. Castriota, and II. J. Carlin, 
"Bounded real scattering matrices and the founda-
tions of linear passive network theory." IRE TRANS. 
ON CIRCUIT THEORY. vol. CT-6, pp. 102-124; March, 
1959. See p. 122 ( Def. 21). 

case, that considered by Hazony and Nain,' 
3) implies 1). In a form closer to that given 
given by Hazony and Nain' the positive 
real conditions in the real-rational case can 
be stated as follows: 
Theorem: The necessary and sufficient 
conditions that an n Xn matrix Z(p) be the 
impedance matrix of a finite, passive n-port 
N are 

1) Z is real-rational and 
2) Z is analytic in Re p>0 and 
3) Poles of Z on Re p=0 are simple ( in-

cluding infinity) and 
4) The residue matrix of Z for each pole 

on Re p = 0 ( including infinity) is 
Hermitian with every principal minor 
non-negative and 

5) All principal minors of ZH are non-
negative for each p on Re p=0 for 
which they are defined. 

Conditions 4) and 5) are equivalent to the 
respective statements that the residue ma-
trices (on Re p=o) and Zn(jto) are posi-
tive semi-definite. Each of these conditions 
can be given a physical interpretation. Thus 
1) states that N can be built with a finite 
number of real valued elements ( including 
gyrators and transformers). 2) and 3) state 
that N is stable but perhaps not asymp-
totically stable. 4) indicates that poles on 
p=jw are due to lossless subnetworks. 
Finally 5) shows that the average power in-
put in the sinusoidal steady state is non-
negative ( recall that the steady state can't 
be defined for open circuit natural frequen-
cies). Several synthesis methods prove the 
sufficiency; such are those of Oono and 
Yasuura," Belevitch' and Newcomb.' The 
necessity proof relates the conditions of the 
theorem to the positive-real definition.' This 
follows the standard pr test' and is available 
in notes for lectures given at Stanford. 

To some extent we can compare this 
with the statements in the previous notes. 
We can write 

Z = Rsy Rss Last" ± X ss 

where the R's and X's are real matrices and 
the subscripts SI' and SS stand for sym-
metric and skew-symmetric, respectively. 
In Hazony and Nain' the condition det 
(Re Z)=det (Rsy Rss)>0 for p=jca is 
stated. Note that this doesn't agree with 
condition 5) of the above theorem which re-
quires det (Rsy d-jXss)>0. Of course the 
requirement of det ( Re Z(jco))> 0 is a 
wrong condition, as seen by the example 

z(p) [-1 2] 

—2 1 

which has det Z(p)=3>0 but can't be 
realized by a passive N. In Hazonyl the 
condition det >0 for P =it.) is given. 

Y. Oono and K. Yasuura, "Synthesis of finite 
passive 2n-terminal networks with prescribed scatter-
ing. matrices," Memoirs of the Faculty of Engineering. 
Kyushu University, vol. 14, pp. 125-177; May 1954. 
See pp. 153-158 and 163-167. 

7 V. Belevitch, "On the Brune process for n- ports," 
IRE TRANS. ON CIRCUIT THEORY. vol. CT- 7, pp. 
280-296; September; 1960. 
a R. Newcomb, "Synthesis of Non-Reciprocal and 

Reciprocal Finite Passive 2N-Poles," Ph.D. Thesis, 
University of California. Berkeley; 1960. 

D. F. Tuttle, Jr., "Network Synthesis." vol. I, 
John Wiley and Sons, Inc., New York, N. Y., p. 182; 
1958. 

This is seen to be a necessary condition, but 
much more is required, since det Zn(jw)>0 
must hold. The necessity of det Rsy > 0, 
p=jco, can be seen by connecting trans-
formers to N in the manner attributed to 
Brune.'" However, this interpretation fails 
when looking at Za(jco) where the non-
physical complex transformer would have 
to be used. 
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On the Origin of the Word " Radio"* 

hi regard to the Editorial iii the Septem-
ber, 1961 issue of the PROCEEDINGS, I think 
that the reference mentioned to the earliest 
use of the prefix "radio" in the magazine 
Tit- Bits in May, 1898 has been taken from 
the Oxford English Dictionary, vol. 8, page 
101. There is, however, a somewhat earlier 
use of that prefix—and in a somewhat more 
technical journal than Tit-Bits. The coining 
of the word "radioconductor," or rather its 
French equivalent "radioconducteur," no 
doubt goes back to Edouard Branly. The 
earliest use of the word "radioconducteur"— 
as far as I can see—appears in a footnote in 
a paper by Branly.' An English translation 
of this paper can be found in Electrician.' 
The translation of the footnote runs thus: 

My tubes of filings received the name 
"co- herers" from Lodge and this name has 
been generally accepted. The expression 
is based on an incomplete examination of 
the phenomenon and on an inaccurate in-
terpretation. I proposed the name "radio-
conductors" which recalls the essential 
property of discontinuous conductors of 
being excited by electric radiation. 
M. Ducretet uses my various radiocon-
ductors in the apparatus he has con-
structed to realise " Hertzian Telegraphy " 
without wires. 

It seems to be most likely that Branly 
termed his device "radioconducteur" only 

* Received February 9,1962. 
E. Branly, "Sur la Conductibilité Électrique des 

Substances Conductrices Discontinues, à propos de la 
Télégraphie San Fils," Compt. rend. Acad. Sel.. Paris, 
vol. 125. pp. 939-942; December 6.1897. See p.941. 

2 E. Branly, "On the electrical conductivity of dis-
continuous conducting substances," Electrician, vol. 
40, p. 333; December 31,1897. 
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after G. Marconi had used it in his first 
experiments on wireless telegraphic trans-
mission in 1896. Branly, a physics professor 
at the Institut Catholique in Paris, had dis-
covered the phenomenon in 1890.3 He pub-
lished a somewhat more detailed description 
in 18913 and a shortened version in English 
can be found in Electrician.b 

Branly certainly did not try a transmis-
sion of intelligence over great distances. In 
fact, he only found that the phenomenon 
of a column of metal filings becoming con-
ductive due to a spark discharge can be ob-
served over a distance of about 20 meters 
(about 70 ft). It should, however, be borne 
in mind that Marconi used the Branly 
"radioconducteur" in his transatlantic trans-
mission experiment. 

There is a very interesting paper by Sir 
Oliver Lodge' in which he investigates the 
coherer principle under a wider aspect, 
though by no means belittling the achieve-
ments of Branly. There is an interesting 
passage in Lodge ( p. 91): 

Mr. Marconi is to be congratulated on 
the results of his enterprise, the news-
paper press of this and other countries 
have taken the matter up, popular mag-
azine articles have been written about 
it, and so now the British Public has 
heard, apparently for the first time, that 
there are such things as electric waves, 
which can travel across space and 
through apparent obstacles to a consid-
erable distance, and be detected in a 
startling fashion. Thus the public has 
been educated by a secret box more than 
it could have been by many volumes of 
Philosophical Transactions and Physical 
Society Proceedings; our old friends the 
Hertz waves and coherers have entered 
upon their stage of notoriety, and have 
become affairs of national and almost in-
ternational importance. 

In regard to the term "radiophone" there 
is an interesting paper in Engineering.' 
On the development of the term "radi-
°phony" Preece writes ( page 29): 

Many engineers have been investigating 
the subject, and it is rather amusing to 
notice the various titles adopted by 
them. Graham Bell, in his paper on the 
27th August, 1880, adopted the title 
"Upon Production and Reproduction of 
Sound by Light." As recently as 21st 
April, 1881, in a paper read before the 
American Society of Science, he dis-
cusses the same question under the title, 
"Upon the Production of Sound by Ra-
diant Energy." M. Mercadier, the head 
of the technical school of the telegraph 
administration in Paris, an extremely 
able experimenter, as well as a very 
clever physicist, has written several 

E. Branly, "Variations de Conductibilité Sous 
Divers Influences Électriques," Contpt. rend. Acad. 
Sci., Paris, vol. Ill, pp. 785-787; November 24, 1890. 

E. Branly, "Variations de Conductibilité Sous 
Divers Influences Électriques," Lumière Electriqus, 
vol. 40, pp. 301-309 and 506-511; May 16, June 13, 
1891. 
& E. Branly, «Variation of conductivity under 

electrical influence," Electrician, vol. 27, pp. 221-223 
and 448-449; June 26. August 21, 1891. 

6 0. Lodge, "The history of the coherer principle," 
Electrician, vol. 40, pp. 87-91; November 12, 1897. 

7 W. H. Preece, "Radiophony," Engineering, vol. 
32. pp. 29-33; July 8, 1881. 

Fig. I--liell's articuLtii:g l'hot,,phone. "flie transmitter. (From Nature, November 4,1880.) 

Fig. 2—Bell's articulating photophone. The selenium receiver. (From Nature, November 4. 1880.) 

papers from week to week, published in 
La Lumière Elertrique rand which have 
been read before the French Academy), 
which invariably have been entitled 
"Notes on Radiophony." 

Preece continues: 

By radiophony, the term adopted by 
Mercadier, Bell and Tainter, and my-
self, I simply mean the production of 
sounds by radiant energy. . . . By "radi-
diant energy" physicists now speak of the 
motion of the ether, that highly elastic 
medium, which fills all space. The heat 
of the sun, the light of the stars, the 
effects of which we call actinism, and all 
the physical effects that pass between 
astronomical bodies are transmitted by 
this medium, ether, and its movements 
or vibrations are called radiant energy. 
Sometimes this term is called "radia-

tion," and it is a very frequent thing to 
see in papers at the present day the 
word "radiation" so employed. 

During my investigations on the word 
"radio," I came across a short note in Na-
ture8 in which there is an astonishing picture 
(p. 18) (shown here as Figs. 1 and 2). The 
similarity of Fig. 2 to the receiving end of 
a modern microwave link is very surprising. 
More can be found on Bell's photophone in 
chapter 16 of the Bell biography by C. Mac-
kenzie.' 

DRUBBA 

Geibelstr. 25 
Hannover, Germany 

"Bell's photophone," Nature, vol. 23. pp. 15-19; 
November 4. 1880. 

C. D. Mackenzie, 'Alexander Graham Bell, the 
Man Who Contracted Space." Grosset & Dunlap. 
New York, N. Y.; 1939. 
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On the Characteristic Function of a 

Stationary Random Process with 
Gaussian Envelope* 

In two recent letters to the editor" 
Bunkin and Gudzenko have pointed out the 
following properties of a stationary random 
process x(t): 

1) If such a process is written in the 
form 

x(t) = A (l) cos kow — e(0], (1) 

the introduction of two random func-
tions instead of one puts a restriction 
on the distribution (density') of 0(1) 
which must necessarily be uniform. 
Furthermore the characteristic func-
tion fit) corresponding to p(x), the 
distribution of the original process 
x(1), is related to IF(A ), the distribu-
tion of the envelope, by the simple 
integral transformation 

fie = f 0(ZA)14' (A)d A . (2) 

2) As a consequence of (1) among all the 
possible stationary processes only the 
ones with symmetrical distributions, 
i.e., p(x)=p(—x), can be written in 
the form 1 and an immediate relation 
may be established from ( 2) between 
the even moments of the distribu-
tions p(x) and W(A). Both properties 
can be derived assuming only inde-
pendence of time of the distribution 
W(A) and the conditional distribu-
tiln W0(01 A). 

The purpose of this note is to use 
(2) to find the characteristic function 
of a stationary random process with 
Gaussian envelope. 

Stochastic processes with approxi-
mately Gaussian envelopes have been 
reported lately in the literature, 
namely in the case of noisy oscil-
lators" and in the so-called "shallow" 
fading.' Strictly speaking these proc-
esses are not stationary; Golay7 has 
even shown intuitively the funda-
mental impossibility of defining a 
probability distribution for a noisy 
oscillator in view of the "random 
walk" type of behavior of the phase 
perturbations. 

Still an engineering approach such 
as the one used by Brennan' in the 
problem of mild fading is particularly 
useful and can be extended even to 
non-monochromatic oscillators pro-
vided that only AM noise is con-

* Received February 26. 1962. 
F. V. Bunkin and L. L Gudzenko, "On one di-

mensional amplitude and phase distributions of a sta-
tionary process," Radio Eng. and Electronics, vol. 3, 
no. 7. pp. 161-165; 1958. 

F. V. Bun kin. "On the properties of the envelope 
of a stationary random process," Radio Eng. and 
Elearonics, vol. 5. no. 9, pp. 316-317; 1960. 

From now on the word "density" will be omitted 
for brevity. 

J. A. Mullen. " Background noise in nonlinear 
oscillators," PROC. IRE, vol. 48, pp. 1467-1473; 
August. 1960. 

R. Esposito, "A two-port model for the analysis 
of noise in oscillators," to be published in J. Elec. and 
Cont. 

D. G. Brennan, "Linear diversity combining 
techniques," PROC. IRE, vol. 47, pp. 1075-1102; June. 
1959. 

7 M. J. E. Golay. "Note on coherence vs narrow-
bandness in regenerative oscillators, masers, lasers, 
etc.." PROC. IRE. vol. 49, pp. 958-959; May, 1961. 

_fie 

sidered. Substantially one thinks of 
intervals of time long enough to de-
fine a meaningful distribution but 
short enough to make negligible the 
dependence of time of the distribution 
itself. 

The variance of the Gaussian en-
velope is assumed much smaller than 
the square of the mean value: this 
corresponds to most of the physical 
situations and makes the distribution 
vanishingly small at zero. 

The required characteristic func-
tion is then 

1(0 = 
VIrcr2 fo 

(A A0)2' 
•exp [— ----j 2o7 d A . (3) 

Changing the variable of integration 
and extending the lower limit of the 
integral in view of the assumed small 
variance 

Jo(EA ) 

f, +.0 
fie   o[(A 0 ± 

N/271-er2 
x2 

•exp 7 dx (4) 
20- 

and using the addition formula for 
the Bessel function of zero order 

s /2re f [..10(A oefocve 

E' 2. (— 1)"J„(A oe)J„(xE)1 

exi) 
(5) 

The series can be integrated term-
wise and the resulting series is rapidly 
convergent in the range of interesting 
values, furthermore all the terms of 
odd order vanish. Retaining then only 
the leading term, the value of the 
integral is 

G.2 
1(E) = J.G4 „ 1 e),F, ; ; — E2] (6) 

'faking advantage of the identity 

IF' [I; 1; x] = ex') 2) I° (;)' (7) 

the final form of the characteristic 
function is 

= J 0(A ()Z) exp (— c 2 -r4 4•) /o ( -e-) (8) 

As it was to be expected in view of the 
smallness of the ratio .72/A 07, the lead-
ing term of the characteristic func-
tion, as obtained by a series expan-
sion of the modified Bessel function, 
is similar to the characteristic func-
tion of a process with a generalized 
Rayleigh distribution of envelope 
(familiar case of a sine wave and ad-
ditive normal noise"). 

The probability distribution p(x) 
of the original process x(t), is by 
definition 

p(x) = 
21r 

(9) 

S. O. Rice, "Statistical properties of a sine wave 
plus random noise," Bell Sys. Tech. J., vol. 27, pp. 
109-157; January, 1948. 

The leading term (aside from a scaled 
variance) is then the distribution 
found for instance by Rice' ( case of 
high SNR) while correction terms 
can be evaluated by termwise integra-
tion. 

RAFFAELE ESPOSITO 
Selenia S.p.A. 
Rome, Italy 

Formerly with 
Raytheon Research Division 

Waltham, Mass. 

Comment on "A New Precision 
Low-Level Bolometer Bridge' 

in response to the IRE evaluation' of the 
bolometer bridge described by Reisener and 
Birx7 I would like to suggest that bridge 
sensitivity is not the only criterion to be con-
sidered in making an evaluation as to what 
comprises the "best bridge detection and 
calibration method available today." In the 
existing microwave measurements art there 
are a variety of adaptations of the 
bolometer bridge concept, and the choice 
of what is best for a given application usually 
involves additional considerations such as 
operating convenience, cost, and the required 
accuracy of the measurement. 

For example, in an application where 
operating convenience is the prime require-
ment, the "best" available method would 
probably include the use of one of the com-
mercially available power meters which use 
audio frequency power for bridge bal-
ancing. In an application where accuracy is 
the most important consideration, one may 
forego the convenience of automatic bridge 
balancing and choose among the manually 
balanced dc bridges, some of which are also 
commercially available. Finally the "Self-
Balancing D.C. Bolometer Bridge"' devel-
oped in this laboratory provides the accu-
racy expectancy of a high quality manual 
bridge and while retaining much of the op-
erating convenience of the self-balancing 
audio bridges. This bridge has been com-
mercially available for the past two years. 

Admittedly, if one is interested in power 
measurements below the microwatt level, 
the greater sensitivity claimed for the meth-
od described by Reisener and Birx will pre-
sumably take precedence over all other con-
siderations. At the milliwatt level, however, 
the cited techniques provide substantial im-
provements over the latter method in the 
areas of operating convenience and/or ac-
curacy. 

GLENN F. ENGEN 
Microwave Power Standards 
Radio Standards Laboratory 

National Bureau of Standards 
Boulder, Colo. 

* Received February, 23, 1962. 
"Scanning the Issue." PROC. IRE. vol. 50, p. 3; 

January, 1962. 
W . C. Reisener and D. L. Birx. "A new precision 

low-level bolometer bridge," PROC. IRE, vol. 50, pp. 
39--42; January, 1962. 

G. E. Engen, "A self-balancing cl.c. bolometer 
bridge for accurate bolometric power measurements." 
J. Res., National Bureau of Standards. vol. 59, pp. 
101-105; August, 1957. 
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A Method for Obtaining 

Compatible Single-Sideband 

Modulation* 

Recently Kahn published an article 
about a new type of amplitude modula-
tion called compatible single-sideband mod-
ulation.' His methods to obtain CSSB mod-
ulation are rather complicated and there-
fore it seems to be useful to refer to our arti-
cle,2 in which a new, simpler method is de-
scribed. The principle of this method con-
sists of multiplication of a full-carrier SSB 
signal by itself and suppression of all the 
frequency components except those around 
the double-carrier frequency. 

This very simple operation provides in 
the case of single tone modulation a full 
compatible SSB signal, consisting of only 
three frequency components, as is shown by 
the following calculations: 

The full-carrier SSB signal 

(carrier frequency = 
22r 2 

co co 
cos 

2 

gives after multiplication by itself and 
filtering around the double carrier fre-
quency a signal 

cos wt + 2a cos (02 p)1+ a2 cos (Ca + 2p), 

with an undistorted envelope 

1 -F e ± 2e cos pt. 

The same calculation for two cosine 
waves gives for the envelope 

1 at ± b2 + 2e cos pt + 2b cos qt 

2ab cos (p — q)t. 

The last formula shows that the multiplica-
tion provides an ideal solution for CSSB 
modulation if it is possible to eliminate the 
intermodulation distortion in the envelope. 
It is remarkable that the increasing of the 
modulation depth by multiplication also re-
duces the intermodulation by a factor two. 
There are different means to eliminate the 
intermodulation: One is to separate the 
intermodulation terms by comparing the en-
velope, produced by a peak detector, with 
the original audio signal. Then the carrier 
w is balanced modulated in amplitude with 
these terms and the output of the modulator 
is added in counter phase to the multiplied 
SSB signal. In the envelope, the intermodu-
lation now almost disappears. Another 
method is to limit the CSSB signal and to 
modulate the so-obtained phase-modulated 
carrier with the undistorted audio signal. 
In this case it is very simple to determine 
the spectrum of the multiplied SSB signal 
after limiting by working the other way 

* Received February 26, 1962. 
'Leonard R. Kahn, "Compatible Single Side-

band," PROC. IRE, vol. 49. pp. 1503-1527; October, 
1961. 

T. J. van Kessel. F. L. H. M. Stumpers, and 
J. M. A. Uyen, "A method for obtaining compatible 
single-sideband modulation," European Broadcasting 
Union Review, vol. 17A; February. 1962. 

round: What spectrum gives 

cos wi + 2e cos (w -F p)t + al cos (w + 2p): 

after modulation with a2-1-2a cos pt. One 
finally finds for the spectrum 

Al = a Ao = (1 — a2) A _1 = — a(1 — at) 

A _2 = a2(1 — al) A _3 = — a3(1 — a2), etc. 

(A = upper sideband, A 0= carrier, A 
=lower sideband.) If the phase-modulated 
carrier is modulated not with a signal al+2a 
cos pt, but with one of the shape 2b cos pt, 
the sideband components (B_I, B_2, etc.) do 
not totally disappear. The suppression de-
pends on the choice of K=b/a (see Figs. 1 
and 2). 
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Fig. 1—Amplitudes of various sideband components 
as a function of the depth of amplitude modulation 
for adjustment parameter K =0.9. 
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Fig. 2—Amplitudes of various sideband components 
as a function of the depth of amplitude modulation 
for adjustment parameter K =0.85. 

It is very easy to extend the calculations 
in the case of an audio signal, built up of two 
cosine waves (a cos pt+b cos qt), by using 
the same method as has been shown for a 
single tone. 

Now in the unwanted sideband a spec-
trum term —ab cos (w—p+q)t appears. 
Bearing in mind that a -Fb does not exceed 

0.5, it is easily seen the amplitude of this 
term is always below the level of — 24 db. 

In the laboratory an experimental trans-
mitter, of which the block diagram is given 
in Fig. 3 below, has been in use for over a 
year and is shown to people interested in 
broadcasting. 

Fig. 3—Block diagram of the CSSB modulator. 

The measurement results are in accord-
ance with the theory. 

T. J. VAN KESSEL 
F. L. H. M. STUMPERS 

J. M. A. UYEN 
Philips Research Laboratories 

N. V. Philips' Gloeilampenfabrieken 
Eindhoven, Netherlands 

Author's Reply3 

I would like to take this opportunity to 
comment on the above communication and 
on the paper2 authored by van Kessel, 
Stumpers and Uyen. 

Actually, the system they discussed was 
developed at the Kahn Research Labora-
tories as a first step in a program to deter-
mine the optimum phase stretch technique 
and is covered by our patent. Theoretically, 
it was obvious that this technique would not 
approach the optimum CSSB arrangement, 
but it was so simple to set up experimentally 
that we conducted tests and the results of 
van Kessel, Stumpers and Uyen are very 
similar to these early experiments. The rea-
son that it was felt that this squared tech-
nique was not as satisfactory as the later 
developed 1.4 phase stretch method was 
that it was incapable of 100 per cent en-
velope modulation without serious degrada-
tion of the undesired sideband characteristic. 
(See Fig. 5 of their paper.2) 

The authors point out that a K or cor-
rection factor is required in the amplitude 
modulation branch if the undesired sideband 
radiation is to be kept at a fairly low value. 
They indicate that a factor of 0.85 would be 
about optimum. This means that the sys-
tem's peak amplitude modulation, i.e., the 
envelope modulation, is limited to 85 per 
cent and would produce a loss in signal-to-
noise of approximately 1.5 db. While many 
may feel that this is not of great moment, 
AM broadcasters are continuously striving 
to produce full modulation and in many 
cases it is unfortunately true that even over-
modulation is common. In any case, 100 
per cent modulation capability is necessary 
and this requirement is fully met by modern 
CSSB equipment. (Actually, measurements 
of 120 per cent modulated CSSB waves 
show relatively good spectrum characteris-
tics.) The reason for the modulation limita-

Received April 16, 1962. 
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tion in the squared technique is that the de-
sired phase modulation curve is not closely 
approximated by the squared phase modula-
tion function ( see Fig. 9 of Reference 1). 

As to the method of elimination of inter-
modulation distortion, this technique is 
identical to the technique used and discussed 
in my early papers. That is, one either 
derives the envelope function from the input 
signal or from a product modulator. In this 
manner, both the techniques described by 
van Kessel, Stumpers and Uyen and our 
modern CSSB systems are theoretically free 
of envelope distortion. Measurements of 
equipment indicate that an over-all har-
monic distortion figure of less than 1 per 
cent is easily obtained. 
I am, of course, pleased to see that such 

distinguished engineers have independently 
derived similar positive conclusions about 
the CSSB advantages and I appreciate the 
very kind comments made by these authors 
in their full paper and also by the Editor of 
the European Broadcasting Union Review. 
May I suggest that the reader secure the 
complete paper by van Kessel, Stumpers, and 
Uyen,2 as it is most interesting and impor-
tant. 

LEONARD R. KAHN 
Kahn Research Laboratories, Inc. 

Freeport, N. V. 

A Discussion of Recently Proposed 
Aether Drift Experiments* 

It has been suggested in recent corre-
spondence that the hypothesis of an aether, 
in addition to providing a satisfactory inter-
pretation of relativistic phenomena, pre-
dicts a number of first-order effects which 
are not predicted by special relativity. On 
this basis a number of experiments have 
been proposed to measure the aether drift; 
these include Rapier's atomic clock experi-
ment [ 1 ], Ruderfer's proposed observations 
on planets and satellites [2], and Cama-
ban's aberration experiment 131. 

It is the purpose of this note to point 
out that the theory given for some, and 
probably all, of these proposals is fallacious, 
and that experiments of a considerably more 
recondite nature may be necessary to dem-
onstrate the existence (or otherwise) of an 
aether. 

The simplest of the proposals was that 
of Rapier [1 J, who suggested making a di-
rect measurement of the one-way passage 
of a light signal between two synchronized 
atomic clocks. It is insufficient to refute this 
with the traditional argument that it is 
impossible to show that the clocks remain 
synchronized on separation 141, for if a 
positive effect were observed its magnitude 
would depend on the orientation of the light 
path relative to the aether and would pre-
sumably show periodic variations correlated 
to the earth's rotational and orbital motion; 
any desynchronization resulting from the 

* Received February 26,1962. 

separation process could be detected by 
varying the speed and path of separation. 

Unfortunately, however, the aether hy-
pothesis predicts a precisely null result. The 
fallacy arises from neglect of the second-
order frequency change experienced by a 
moving clock; during the separation of the 
clocks their difference in frequency builds up 
into a first-order phase shift which ex-
actly compensates for the effect of aether 
drift on the transit time of the light signal. 
In the simplest case, if the velocity relative 
to the aether is v and one clock is taken to a 
distance L with velocity u, the absolute 
time lost by the transported clock is 

r 2 1 112 ' [ 1. uyn• 
u iL 

Lv 
— (to first order in v/c). 
c2 

Since this absolute time taken by the light 
signal is 

the measured time is L/c regardless of the 
value of v. An exact calculation (assuming 
the frequency to be a function of velocity 
but not of acceleration) shows that the re-
sult is correct to all powers of v/c and inde-
pendent of the paths taken by the clocks. 
The only observable effect is the well-known 
"clock paradox" which depends only on the 
changes in speed of the clocks measured in 
any inertial system and is independent of 
the value of a superimposed aether drift 
[S], [61, [7]. 

The same argument applies to the second 
suggestion of Ruderfer 121, requiring ob-
servations of a stable oscillator in an earth 
satellite. The anticipated phase-modulation 
will be exactly compensated by the peri-
odic phase shift of the clock itself resulting 
from its motion through the aether. This 
prediction is, in fact, consistent with the 
results of phase comparisons between highly 
stable frequency transmissions made daily 
over distances of thousands of miles. No 
periodic phase modulations ( other than 
those caused by spurious propagation vari-
ations) appear to have been observed [8 ]. 

Ruderfer's first proposal, however, in-
volving detailed observations of planetary 
motion, has to be examined with more cau-
tion, since an exact solution of the problem 
is impossible without knowing the mech-
anism of gravitational interaction or the 
likely effect on it of motion through the 
aether. Nevertheless it is difficult to see how 
Ruderfer's first-order " timing error" could 
manifest itself; simple position-time meas-
urements of a planet would yield no in-
formation at all since, for example, a 
straightforward calculation shows that a 
circular orbit traveling through the aether 
at speed y would have the same appearance 
as an elliptical orbit with eccentricity 
v„v/2c2, where yo is the planet's orbital 
velocity. This eccentricity cannot be inde-
pendently checked by distance measure-
ments since it is of the same order ( probably 
10-2 or less) as the intractable second-order 

relativistic effects. Attempts to detect the 
"timing error" by observations of a natural 
satellite of the planet should also give a null 
result, for the same reason as the earth 
satellite experiment discussed above, assum-
ing that gravitational clocks undergo the 
same frequency shifts as atomic and electro-
magnetic clocks. 

Finally we can consider the possibility 
of aberration experiments. As Carnahan 
points out [31 these depend for their success 
on finding a source of radiation whose 
propagation direction, as measured by an 
observer at rest in the aether, is unaffected 
by the motion of the source through the 
aether. Since the fundamental mechanism 
of the emission of radiation (or photons) is 
unknown, it would be premature to assert 
that such a source cannot exist. But in so far 
as radiating systems can be analyzed in 
terms of simple dipoles, or in terms of sim-
ple interactions between fundamental par-
ticles, elementary considerations of energy 
and momentum balance indicate that the 
direction of radiation as seen by the source 
is fixed, and no aberration effects are there-
fore observable. 

In view of the advantages of an aether 
hypothesis in interpreting relativistic phe-
nomena 17], it is of interest to inquire 
whether there might be any other ways of 
detecting the aether. It is conceivable, for 
example, that experiments might reveal a 
slight variation in the velocity of photons 
with frequncy 191; the principles of special 
relativity would then become merely good 
approximations, and comparisons between 
high-energy 1, rays and light rays would 
probably enable an aether drift to be de-
tected. Other possibilities could arise from 
departures from conventional electrody-
namics in strong electric or magnetic fields 
[10), or from detailed studies of the proper-
ties of fundamental particles in motion. 

In the absence of experimental proof of 
the absence of such effects it is not permissi-
ble to assert on philosophical grounds that 
attempts to measure the aether drift are 
meaningless. Nevertheless it seems unlikely 
that this will be achieved by experiments of 
the type suggested in recent correspondence. 

P. F. SMITH 
National Institute for Research 

in Nuclear Science, 
Harwell, England 
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Some Remarks on " Penetration of 
the Ionosphere by Very-Low-Fre-
quency Radio Signals" 

In a recent article,' Leiphart, Zeek, 
Rearce, and Toth have published some in-
teresting data furnished by the Navy satel-
lite "LOFTI I" on the propagation char-
acteristics of VLF radio signals through the 
ionosphere. Their conclusions, based on the 
experimental results, seem to confirm early 
theoretical investigations done by the 
writer.' Although it is likely that the authors 
of the article have carried on similar in-
vestigations, it may be of interest to com-
municate the writer's results. 

1) The authors have recorded a propaga-
tion loss of 38 db by day. They have calcu-
lated the absorption loss to be 27 db; inter-
reflection losses were not calculated. The 
writer used the "LOFTI I" data to calcu-
late inter-reflection as follows: Fig. 2 of the 
article in question shows that the lower 
boundary of the ionosphere can be ap-
proximated by a sharp density interface of 
2 X10' electrons per cubic centimeter. The 
wave is assumed to be linearly polarized; 
the interface reflection is then calculated on 
the basis of a gyrotropic semi-infinite uni-
form plasma.' A curve giving reflection losses 
at a sharp interface between free space and 
such a plasma is shown in Fig. 1 of this 
communication. In accord with the "LOFTI 
I" experiment, a gyrofrequency of 1 Mc 
per second and a signal frequency of 18 kc 
per second were used in the calculations. 
The plasma frequency for the assumed 
electron density at the interface is 4X106 
cps; the corresponding reflection loss read 
off from Fig. 1 is 12 db. 

The total propagation loss, reflection 
loss ( 12 db), plut absorption loss ( 27 db) 
amounts to 39 db which is in close agree-
ment with the 38 db figure obtained in the 
"LOFTI I" experiment.' The additional 
inter-reflections above 100 km created by 
the electron density gradient of the medium 
have been neglected because the gradient is 
small over several wavelengths except for a 
narrow region about 200 km. Calculations 
show that this small region introduces an 
additional reflection loss less than 4 db. 

* Received February 23. 1962. 
J. P. Leiphart, R. W. Zeek, L. S. Bearce, and 

E. Toth, " Penetration of the ionosphere by very-low-
frequency radio signals-interim results of the LOFTI 
I experiment." PROC. IRE, vol. 50, pp. 6-17; January. 
1962. 

2 H. Hodara, "The use of magnetic fields in the 
elimination of the re-entry radio blackout," PROC. 
IRE, vol. 49, pp. 1827-1830; December, 1961. 
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Fig. 1-Reflection loss vs plasma frequency at the 
interface between free space and a semi-infinite 
lossless uniform gyrotropic plasma. 

2) The assumption of a sharp interface 
does not hold well at night as seen from 
Fig. 2 of Leiphart, et al. However, if the elec-
tron density for an equivalent uniform iono-
sphere is chosen at 200 km (the electron 
density gradient above this point begins to 
get small over a length comparable to a 
wavelength), one obtains an electron density 
of 10" electrons per cubic centimeter and a 
corresponding plasma frequency of 2.8 X106 
cps. The reflection loss read off Fig. 1 of 
this communication is about 10.5 db. The 
absorption loss calculated by the authors is 
2 db.' The total loss amounts to 12.5 db, 
which again is in close agreement with the 
13 db figure quoted in the "LOFTI I" 
experiment. 

In neither calculation were spreading 
losses taken into account. The writer is 
intending to extend a previous analysis' of 
trapped modes in gyrotropic plasma slabs 
bounded by sharp interfaces in electron 
density to the case of varying density at 
the interface in order to account for the 
spreading loss. 

3) A transmission delay as great as 30 
times free space delay was recorded by the 
authors. This order of magnitude is also in 
agreement with some of the writer's earlier 
investigations.' The results of this latter 
investigation shown in Fig. 2 of this com-
munication give group and phase velocities 
vs altitude; the plot is based on a gyrofre-
quency of 1 Mc per second, a signal fre-
quency of 18 kc and on the data of Fig. 1 
in the article discussed. It is seen that the 

3 H. Hodara and G. I. Cohn, "Wave propagation 
in magneto-plasma slabs," IRE TRANS. ON ANTENNAS 
AND PROPAGATION, y01. AP- 10, pp. 452-459; July, 
1962. 

H. Hodara. "A new approach to space communi-
cations during re-entry," presented at the ARS 15th 
Annual Meeting, Washington. D.C.; December 5-8, 
1960. 
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Fig. 2-Group and phase velocities of a VLF electro-
magnetic wave guided by the earth's magnetic 
field. 
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phase and group velocities of the VLF 
signals are between 1/10 and 1/100 of the 
speed of light in vaccum over the major 
part of their path which accounts for a trans-
mission delay of the order of 10 to 100 times 
the free space delay. 

H. HODARA 
Research and Development Div. 
The Hallicrafters Co. 
Chicago, Ill. 
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Contributors  

Jean A. Develet, Jr., 
(S'51—A'55—M'59) was 
born in St. Albans, 
N. Y., on February 5, 
1933. He received the 
B.E.E. and M.E.E. 
degrees from the 
Polytechnic Institute 
of Brooklyn, N. Y., 
in 1953 and 1954, re-
spectively. 

While a graduate student at Polytechnic 
he was a Junior Research Fellow engaged in 
pulse-echo fault location studies for the 
Signal Corps. He entered the U. S. Army in 
1954 and served with the Corps of Engi-
neers at Fort Belvoir, Va., as Chief of the 
Utilities Section, The Engineer Test Unit, 
where he was responsible for the planning 
and reporting of field tests on such diverse 
items as liquid oxygen generators for guided 
missile support, electrical power generators 
of 3-kw to 5000-kw capacity, fire-fighting 
equipment, and water purification plants for 
field armies. 

In 1956 he joined the technical staff of 
Ramo-Wooldridge Corporation, Los Angeles, 
Calif., where he was employed in multi-
megawatt modulator construction, video 
receiver design, high-power millimicrosecond 
pulse circuitry, and traveling-wave tube and 
microwave measurements, in addition to 
power supply design for traveling-wave 
tubes. He became a member of the technical 
staff of Space Technology Laboratories, Los 
Angeles, in 1959, working ill system analysis 
pertaining to space communications, track-
ing, and telemetry; he also worked on the 
ground station evaluation studies for the 
Pioneer V space probe experiment, remote 
tracking station time synchronization, and 
atmospheric and ionospheric refraction, as 
well as communication system synthesis and 
modulation techniques for NASA's Project 
Relay. 

Mr. Develet is a member of Sigma Xi, 
RESA, Tau Beta Pi, and Eta Kappa Nu. 

John H. Gebhart was 
born in Lakeland, 
Fla., on December 
20, 1929. He received 
the B.S.E.E. degree 
(magna cum laude) 
from the University 
of Miami, Coral Ga-
bles, Fla., in 1951. 

He was then em-
ployed as a Test Plan-

ning Engineer with the Western Electric 
Company, Winston-Salem, N. C. After mili-
tary service as an Instructor in radar theory 
and maintenance at the Signal Corps Engi-
neering Laboratories, Fort Monmouth, N.J., 
he did graduate work at the University of 
Illinois, Urbana, and received the M.S.E.E. 
degree, in 1956. From 1956 to 1959 he was 
an Electronics Engineer in the Laboratory 

of Biophysics of the National Institute of 
Neurological Diseases and Blindness. 

Mr. Gebhart was a charter member of the 
Engineers' Honor Society at the University 
of Miami. 

• 

James P. Gordon 
was born in New 
York, N. Y., on 
March 20, 1928. He 
received the B.S. de-
gree from the Massa-
chusetts Institute of 
Technology, Cam-
bridge, in 1949, and 
the M.A. and Ph.D. 
degrees from Co-

lumbia University, New York, N. Y., in 
1951 and 1955, respectively. 

Dr. Gordon joined the staff of Bell Tele-
phone Laboratories, Murray Hill, N. J., in 
1955, and is presently Head of the Quantum 
Electronics Department there. He has writ-
ten several technical articles in the field of 
quantum electronics. His research in quan-
tum electronics has involved work on 
molecular beam masers, paramagnetic reso-
nance and solid-state masers. 

He is a member of the AAAS, the Ameri-
can Physical Society and Sigma Xi. 

Christian Guld was 
born in Vigsnœs, 
Denmark, on Sep-
tember 9, 1920. He 
received the M.S. 
degree in electrical 
engineering from the 
Royal Technical Uni-
versity, Denmark, in 
1946. 

In 1946 and 1947 
he was Research Assistant at the Laboratory 
for Telegraphy and Telephony, Royal Tech-
nical University, and in 1948 he worked at 
the Radio Receiver Research Laboratory of 
the Danish Academy of Technical Sciences 
on a research grant. Since 1948 he has 
worked at the Institute of Neurophysiology, 
University of Copenhagen, and has headed 
its Division of Instrumentation since 1952. 
He has been engaged in basic research in 
nerve and muscle physiology and has de-
signed general purpose measuring equipment 
for work in this field. In physiology his main 
studies concerned the motor unit potential 
in normal human muscle and the link be-
tween membrane potential and contraction 
in striated muscle. His main interest in in-
strumentation was the development of input 
amplifiers and problems of interference re-
jection in electrophysiological recordings. 

Mr. Guld is a member of the Institution 
of Danish Civil Engineers, Danish Biological 

Society, Scandinavian Physiological Society, 
a Danish council representative of the IFME 
and a corresponding member of the Biological 
Engineering Society. 

Hsien Ching Ko 
(S'53—M '56—SM '60) 
was born in Formosa, 
China, on April 28, 
1928. He received the 
B.S. degree in elec-
trical engineering, in 
1951, from the Na-
tional Taiwan Uni-
versity in China, and 
the M.S. and Ph.D. 

degrees from The Ohio State University, 
Columbus, in 1953 and 1955, respectively. 

He worked on ionospheric physics and 
propagation at the Radio Wave Research 
Laboratories in Taipei, Formosa, from 1951 
to 1952. Since 1952 he has been associated 
with the Radio Observatory, Department 
of Electrical Engineering, at The Ohio 
State University where he is now Assist-
ant Director of the Radio Observatory. In 
1955 he joined the faculty of The Ohio 
State University, where he is currently As-
sociate Proft5sor of Electrical Engineering 
and Associate Professor of Physics and 
Astronomy. He has been engaged in research 
in the fields of radio astronomy, upper at-
mosphere physics, electromagnetic theory, 
radio propagation, antennas, and low noise 
receiving systems. 

Dr. Ko is a member of Sigma Xi, Pi 
Mu Epsilon, Eta Kappa Nu, the American 
Astronomical Society, and Commission V 
on Radio Astronomy of the U. S. National 
Committee of LTRSI. He is secretary of the 
Columbus chapter of the IRE Professional 
Groups on Antennas and Propagation and 
Microwave Theory and Techniques. 

Edward F. 
MacNichol, Jr., 

(A'46—M'55) was 
born in Toledo, Ohio, 
on October 24, 1918. 
He received the B.A. 
degree in physics 
from Princeton Uni-
versity, N. J., in 1941. 
His graduate study 
at the Johnson Foun-

dation of the University of Pennsylvania, 
Philadelphia, in 1947 and 1948, was sup-
ported by a predoctoral fellowship of the 
American Cancer Society. He received the 
Ph.D. degree in biophysics from The Johns 
Hopkins University, Baltimore, Md., in 
1952. 

He was a staff member of the Radiation 
Laboratory, Massachusetts Institute of 
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Technology, Cambridge, I ass. , from 1941 
to 1946, and worked on precision radar rang-
ing equipment, especially automatic range 
tracking, radar navigation and bombing de-
vices, relay radar and an early missile-guid-
ing system. He was also a contributor and 
volume editor of volumes 19 and 20 of the 
Radiation Laboratory Series. After receiving 
his doctorate, he remained at The Johns 
Hopkins University, and is now an Associate 
Professor of Biophysics. He is currently 
doing research on the physiology of the 
retina of the eye and is active in the design 
of instruments for biological research. He is 
also teaching physiology of vision and ele-
mentary electronics for biologists. 

Dr. MacN ichol is a member of the Ameri-
can Physical Society, the Biophysical Society 
and the American Physiological Society. He 
is also Editor of the IRE TRANSACTIONS ON 
BIO-MEDICAL ELECTRONICS. 

John W. Moore 
(SM '56) was born 
in Winston-Salem, 
N.C. on November 1, 
1920. He received the 
Bachelor's degree in 
physics from David-
son College, David-
son, N. C., in 1941, 
and the Ph.D. de-
gree in physics from 

the University of Virginia, Charlottesville, 
in 1945. 

After a year at the RCA Laboratories, 
Princeton, N. J., he took a teaching and re-
search position at the Medical College of 
Virginia, Richmond, where he made elec-
trical impedance measurements on the hu-
man body. In 1950 he joined the Biophysics 
Division of the Naval Medical Research 
Institute, Bethesda, Md., and studied im-
pedance and potentials in nerve and muscle 
membranes. In 1954 he transferred to the 
Biophysics Laboratory, N N DB, National 
Institutes of Health, Bethesda, where 
he did research on the electronic control of 
nerve membranes and separation of the re-
sulting current into specific ionic com-
ponents. In 1961 he joined the faculty of 
Duke University, Durham, N. C., in the 
Department of Physiology where he con-
tinues to work in this area of research. 

Dr. Moore is a member of Sigma Xi, the 
American Physical Society, the Biophysical 
Society, Marine Biological Laboratory and 
AAAS. 

Moho Onoe (M '58) 
was born in Tokyo, 
Japan, on March 28, 
1926. He received a 
degree in electrical 
engineering, in 1947, 
and the Ph.D. degree, 
in 1955, both from 
the University of 
Tokyo. 

Since 1956 he has 
been an Assistant Professor of Electrical 
Engineering at the Institute of Industrial 
Science, University of Tokyo. From 1956 to 
1958 he was a Visiting Scholar at Columbia 
University, New York, N. Y., under the Ful-
bright Exchange Scholar Program. Since 
1961 he has been a member of the technical 
staff of Bell Telephone Laboratories, 
Whippany, N. J., on leave of absence from 
the University of Tokyo. He has been work-
ing in the fields of piezoelectric vibrators and 
ultrasonic delay lines. 

Dr. Onoe is a member of the Acoustical 
Society of America, the Association for 
Computing Machinery, the Institute of 
Electrical Engineers of Japan, and the 
Institute of Electrical Communication Engi-
neers of Japan. 

Mitsuo Sawabe was 
born in Narita, 
Chiba, Japan, on 
March 1, 1937. He 
received a degree in 
physics, in 1961, from 
Tokyo College of 
Science. A part of his 
graduate work on 
ultrasonic gyrators 
was done at the Insti-

tute of Industrial Science, University of 
Tokyo. 

Since 1961 he has been with Nihon 
Radiator Company, Tokyo, Japan. 

Robert L. Schoenfeld 
(A'52-M '57 ) was 

born in New York, 
N. Y., on April 1, 
1920. He received the 
B.A. degree from 
New York Univer-
sity, in 1942, the 
B.S.E.E. degree from 
Columbia University, 
in 1944, the M.E.E. 

and D.E.E. degrees from Polytechnic In-
stitute of Brooklyn, N. Y., in 1949 and 
1956, respectively. 

From 1944 to 1946, he served as a 
Lieutenant in the U. S. Army Signal Corps. 
After a brief period with a now defunct in-
dustrial electronics concern, he joined the 
staff of the College of Physicians and Sur-
geons, Columbia University, in 1947. He 
worked as a Research Associate in the De-
partment of Neurology doing research and 
development in connection with the meas-
urement and analysis of the electroenceph-
alograph (EEG). In 1951 to 1952 he worked 
for the New York City Department of Hos-
pitals at Francis Delafield Hospital, and 
from 1952 to 1957 at Sloan-Kettering Insti-
tute for Cancer Research in New York, doing 
instrumentation for radioactive counting 
and X-ray dosimetry. He completed his 
doctorate research at Sloan-Kettering Insti-
tute on the mathematical analysis of radio-
active tracers in compartmental systems. 
Since 1946 he has taught at Polytechnic 
Institute of Brooklyn, part-time until 1952 
and again after 1957, when he resigned as 
Associate Professor in the Department of 
Electrical Engineering to assume his present 
post. He is currently Head ( together with 
J. P. Hervey) of the Laboratory of Electron-
ics at the Rockefeller Institute, where he is 
also Assistant Professor of Electronic Engi-
neering. His major interests encompass elec-
tronic instrumentation for biomedical ap-
plications, the use of engineering theory in 
biological measurements, models and data 
processing, and engineering education. 

Dr. Schoenfeld served on the Editorial 
Board of the Review of Scientific Instru-
ments from 1957 to 1960. He is currently a 
member and Vice Chairman of the Admin-
istrative Committee of the IRE PGBME. 
He is a member of the American Physical 
Society, Sigma Xi and Eta Kappa Nu. 
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Books  

Extraction of Signals from Noise, by L. A. 
Wainstein and V. D. Zubakov 

Published ( 1962) by Prentice-Hall Inc., Engle-
wood Cliffs, N. J. 356 pages +6 index pages+xii 
pages +3 bibliography pages+17 appendix pages. 
Illus. 61 X91. $ 14.00. 

This is a welcome translation from the 
Russian, prepared by Richard A. Silverman. 
The English is clear and fluent. The authors 
present an extended mathematical treatment 
of theoretical topics and applications in 
detection theory. While it demands sub-
stantial professional maturity from its read-
ers, the book will prove rewarding to careful 
study. 

The book includes, in Part 1, "Statistical 
Theory of Optimum Linear Filters," a well-
developed presentation of the concepts of 
the filtering of random processes leading to 
elaborations of the prediction theory of 
Wiener, matched filters, and related vari-
ants. Part 2, "Statistical Theory of Optimum 
Receivers," treats statistical detection prob-
lems in a radar context, which provides 
opportunities for considering the statistical 
properties not only of circuit noise, but also 
of the fluctuations in the signal that result 
from random processes in the reflecting 
target. Part 3, "Auxiliary Topics," provides 
discussions of the mathematical properties 
of the normal random process, modulation in 
several ways by such processes, and the 
process involved in reflection from complex 
targets. There are also five short appendices, 
commenting on certain critical points. 

It will not seem remarkable to specialists 
in the field that these topics could form the 
bases for such a rich theoretical discussion 
as may be found in these pages, even though 
such topics as classical information theory 
and random walks have been left out. The 
specialists will want to own this book. 
Others will find the challenge this book pre-
sents more manageable if they are fortified 
with a good background in mathematical 
statistics and analysis. 

As a textbook, the present volume would 
suffer by not providing that standard teach-
ing aid, a set of exercises. Otherwise, it 
could form the basis for an advanced course 
at the graduate level. 

Professor Silverman points out that 
translation provided an opportunity to cor-
rect many of the errors appearing in the 
Russian edition and that in this task he had 
the help of the authors. He was evidently 
quite successful; no errors were found, and 
only a few misprints were discovered. Some 
of these stemmed from the unfortunate 
choice of the vinculum to denote averages, 
since it requires scrupulous care to ensure 
that the proper terms are included. The 
review copy was moderately well manu-
factured. There was some evidence of care-
lessness in trimming the pages and a few 
of the pages were so lightly and unevenly 
inked as to be almost unreadable. 

Many of the developments presented 
here have been worked out in the 40's and 
50's in this country, but the reader may feel 
that the citations to the Western literature 

are quite limited. The translator has made 
some effort to correct these deficiencies. Of 
course, corresponding criticisms could be 
made of Western writing. These observa-
tions serve to emphasize the need for trans-
lations of important examples of technical 
literature from those languages which are 
still inaccessible to most of us. Professor 
Silverman is to be congratulated in his 
efforts in meeting a part of that need. 

D. H. COOPER 
University of Illinois 

Urbana, Ill. 

Elements of Infrared Technology, by P. W. 
Kruse, L. D. McGlauchlin, and R. B. 
M cQuistan 

Published ( 1962) by John Wiley and Sons, Inc., 
440 Park Ave. S., New York 16, N. Y. 435 pages + 10 
pages +xxi pages +3 appendix pages +references by 
chapter. Illus. 6X9). $10.75. 

Infrared radiation—its generation, prop-
agation, and detection—has become a field 
of increasing importance during the last two 
decades, mainly because of its potential for 
military applications, and as a result of 
growing commercial and scientific needs. 
This book makes an excellent and needed 
contribution to the somewhat scarce litera-
ture on the subject of infrared technology. 
In their treatment, the authors follow an 
already well-established subdivision of the 
pertinent material. 

After an introductory chapter on the his-
tory and present role of infrared, the book 
proceeds to develop the laws of thermal 
radiation, the geometrical relationships of 
photometry, and a brief outline of line and 
band spectra and of their origin in atoms 
and molecules. An enumeration of the prac-
tical sources for thermal radiation concludes 
the chapter on the generation of infrared. 

This is followed by three chapters (3-5) 
on propagation phenomena and their practi-
cal implications: in Chapter 3, the derivation 
of metal and insulator optics by means of 
Maxwell's equations and a discussion of 
absorption, dispersion, interference, and dif-
fraction; in Chapter 4, an outline of more 
practical considerations as they apply to 
windows, filters, and reflectors; and in Chap-
ter 5, a description of atmospheric optics 
which contains a brief theory of molecular 
absorption and of various kinds of scatter-
ing. 

The third and largest part of the book, 
chapters 6-10, is devoted to various aspects 
of detection. The authors approach the sub-
ject by giving a general treatment of semi-
conductor physics in Chapter 6, and of noise 
theory in Chapter 7. Only after this founda-
tion is laid and the standards for perform-
ance and figures of merit have been defined, 
does the book proceed with the discussion of 
infrared sensing devices as such. Single ele-
ment detectors and image converters are de-
scribed together in the natural classification 
(not always consistently applied) into ther-

mal effects, in which radiation is detected by 
a temperature increase, and photon effects, 
in which the electrons or ions of the detector 
experience quantized excitation. Chapter 9 
presents a mathematical analysis of detector 
mechanisms and their performance. This 
treatment contains an application of noise 
theory to infrared detectors with particular 
emphasis on the ultimate limitation by 
photon noise. The last chapter, on compara-
tive performance of elemental detectors, 
deals with the construction and figures of 
merit of single element detectors, most of 
which are now commercially available, at 
least in small quantities. 

It will be apparent from this review that 
the book goes far more into theory than its 
title suggests. If this is unexpected, it is, to 
this reviewer at least, an agreeable surprise. 
The authors announce in the preface that a 
companion volume is now in preparation— 
"Elements of Infrared Technology: Sys-
tems and Applications." In view of the high 
quality of the first volume, one will await the 
arrival of the second with interest. 

M. GARBUNY 
Westinghouse Research Labs. 

Pittsburgh, Pa. 

Superconductive Devices, by John W. 
Bremer 

Published ( 1962) by McGraw-Hill Book Com-
pany. Inc., 330 West 42 St., New York 36, N. Y. 179 
pages +4 index pages +xii pages +references by chap-
ter. Illus. 6) X9). $8.00. 

This six-chapter book is unique in that 
it is the only book on the subject of super-
conductive devices. Three chapters on 
cryotrons, cryotron circuitry and computer 
memory devices follow an introductory 
chapter on the phenomenon of supercon-
ductivity. The remaining two chapters deal 
with other non-computer, superconductive 
devices and a summary of low-temperature 
technique. 

The book should be of value to the 
engineer as an introduction to the subject 
of superconductive circuitry. Discussion of 
the important technical and economic prob-
lems encountered in making and using super-
conductive circuitry is lacking, because the 
book was written during a period when the 
field was undergoing its maximum rate of 
development. 

The author has drawn rather heavily 
upon his own efforts for most of the cryotron 
and circuitry descriptive material with 
references to, but little discussion of, other 
published information. The 208 references 
cover a broad spectrum of the field of super-
conductivity and computer circuitry where it 
applies. The collection of widely scattered 
references to a specific subject in one volume 
is always a worthy contribution and the 
author has done a creditable job of this, 
thereby increasing the usefulness of the 
book immeasurably. 

C. R. SMALLMAN 
Arthur D. Little. Inc. 

Cambridge, Mass. 
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Communications in Space, by Orrin E. 
Dunlap, Jr. 

Published ( 1962) by Harper and Brothers, 49 East 
33 St., New York 16, N. Y. 170 pages+ix pages +5 
index pages. Illus. SI X8I. $4.95. 

Into a small book of some 170 pages, Mr. 
Dunlap has packed an easy-to-read story of 
electronic communications from Maxwell to 
the 600-foot dish of the radio telescope at 
Sugar Grove, West Virginia. 

The author, of course, has spent his 
life in communications, and in radio com-
munications at that. A ham radio operator 
in 1912, then Radio Editor of the New York 
Times for 18 years, and then RCA's Vice 
President for advertising and press relations, 
author of twelve other books on radio, 
television and other phases of electronic 
communications, he knows the history he 
has written; and he knows how to write. 
Therefore this book is an excellent one for 
those who want to know how radio, tele-
vision or radar all came about, who ac-
complished the wonders, and to some extent 
what is coming next. 

The contributions of Maxwell, Hertz, 
Marconi, Kennelly and Heaviside, Paul 
Godley, Fessenden, De Forest, Frank Con-
rad, Armstrong, Alexanderson, Zworykin, 
and many others are cited and appraised, 
and the ways in which the individual inven-
tions and discoveries were integrated into 
systems are described. 

This should be a good book for the boy of 
today who will probably learn all about 
masers and lasers before he hears about 
coherers or audions. He will learn that elec-
tronics is still highly dynamic, that there 
are new worlds still to be conquered, inven-
tions to be made; and it is well for him to 
learn too how limited has been the life of 
many of the marvels widely heralded and 
then rapidly replaced by new ones demanded 
by the Space Age. 

KEITH HENNEY 
Snowville, N. H. 

Radio and Electronic Laboratory Handbook, 
by M. G. Scroggie 

Published ( 1961) by lliffe Books, Ltd., Dorset 
House. Stamford St.. London, S. E. 1, England. 522 
pages + 15 index pages -1-xii pages. Illus. 5# X8:. 55s. 

This book is the seventh edition of Mr. 
Scroggie's " Radio Laboratory Handbook;" 
first published in 1938. The sixth edition was 
published in 1954, so the author had a lot of 
modernizing to do in preparing the seventh 
edition. He has done an excellent job, bring-
ing in the new without sacrificing what has 
been tested by time. Many diagrams and dis-
cussions contain transistors and diodes, but 
the person who first looks only at the pic-
tures must remember that the symbol used 
for a transistor is more like a tube symbol 
than is ours. 

This book has value for all persons inter-
ested in making measurements through the 
use of electronic equipment. l'he theoretical 
aspects of measurements problems are dis-
cussed in terms of a solid understanding of 
electric circuit theory, but there are many 
practical points mentioned for which com-
mon sense provides adequate background 
for understanding. 

The chapters cover fundamental princi-

ples of measurement, sources of power and 
signals, indicators, standards, composite 
apparatus, measurement of circuit parame-
ters, signal measurements, measurement of 
equipment characteristics, and very high 
frequencies. In addition, it has chapters of 
general advice on such subjects as "The 
End and the Means," and " Dealing with 
Results." The last chapter is an 80-page 
handbook of reference information on ma-
terial of interest to electronic engineers. 

Many different types of measurement 
systems are described in the book, and the 
practical results are given, but for full com-
prehension the reader must fill in the steps 
in the development. References to the litera-
ture are given frequently, so the book can 
serve as a good starting point for detailed 
study of a measurement method. 
A sound philosophy runs through the 

book. The reader constantly finds phrase-
ology and short comments which enliven the 
writing and which bring things into good 
perspective. For example, in the section on 
receiver sensitivity we find: " Novices are 
sometimes perturbed by the thought 
that. . . . So if you, the reader, are 
worried, you know what you are!" Again, 
we find: "Suspect everything. The genuine 
experimenter has a permanently suspicious 
mind." And, we find the advice: "And if one 
intends to earn a living by technical work, 
it is important to know that in the long run 
reliability is more valuable than careless 
brilliance." 

It is clear that the book is written by a 
man who is thoroughly familiar with elec-
tronic measurements. It shows the influence 
of the new developments in pulse systems, 
in the use of transistors. However, the au-
thor has dismissed the digital meter with 
only a page and some references. The next 
edition will probably have ten pages on this 
topic! 

G. B. HOADLEY 
North Carolina State College 

Raleigh. N. C. 

Forty Years of Radio Research, by G. C. 
Southworth 

Published ( 1962) by Gordon and Breach Science 
Publishers, Inc., 150 Fifth Ave.. New York 11, N. Y. 
270 pages-i-xiii pages+4 index pages. Illus. 61x91. 
$6.50. 

This volume comprises a most fascinat-
ing autobiographical account of the author's 
experiences and associations in the radio 
profession. The period extends from his 
college days in 1913 until his retirement from 
Bell Telephone Laboratories a few years ago. 
This account provides much historical 
background related to his monumental refer-
ence book, " Principles and Applications of 
\Vaveguide Transmission," published in 
1950. 

The first half of the story relates the 
author's experiences in the early days of 
radio until 1930. This reviewer found that 
narrative particularly interesting for its 
references to various workers within his own 
acquaintance, especially at the Radio 
Laboratory of the Bureau of Standards in 

Washington. The author participated also in 
radio activities at Grove City College and 
Yale University before joining Bell Tele-
phone Laboratories for most of his life work. 

The second half is devoted to waveguides 
and microwaves, the work for which Dr. 
Southworth is best known. This is a very 
human story of the satisfactions and frus-
trations that go together in asy pioneering 
work. It is also a welcome introduction to 
his many colleagues and their part in the de-
velopment of this branch of science and engi-
neering. The beginning was the incidental 
observation of waveguide phenomena in a 
rectangular trough filled with water ( used 
for its high dielectric constant). The climax 
was the accelerated development and in-
tensive application of microwave techniques 
during World War II. The story closes a few 
years before Telstar, the first satellite serv-
ing as a microwave relay for intercontinental 
television. 

The book is directed primarily to the 
author's fellow members of the profession. 
It will be most interesting to those who are 
working in the same or closely related 
fields, and especially to those who may be 
acquainted with many of the workers play-
ing an active part in the story. It contains 
sufficient detail to qualify as a historical 
reference. It is required reading for anyone 
studying the ways of pioneering in various 
fields of technology. 

H. A. W HEELER 
Wheeler Laboratories, Inc. 

Great Neck. N. Y. 

RECENT BOOKS 

Bellman, R. E. and Dreyfus, S. E. Applied 
Dynamic Programming. Princeton Uni-
versity Press, Princeton, X. J. $8.50. 
Application of the theory of dynamic 
programming to the numerical solution 
of optimization problems arising in con-
nection with satellites and space travel, 
the determination of trajectories, feed-
back control and servo-mechanism 
theory, and so on. 

Evans, Walter, H. Introduction to Elec-
. tronics. Prentice-Hall, Inc., Englewood 
Cliffs, N. J. $14.35. \Vritten for an intro-
ductory course in electronics, both for 
the electrical engineering student and for 
others interested in electronic instrumen-
tation. A background in circuit analysis 
is assumed. 

Langmuir, D. B. and Hershberger, W. D., 
Eds. Foundations of Future Electronics. 
McGraw-Hill Book Co., Inc., 330 W. 
42 St., New York 36, N. Y. Series of lec-
tures given under the auspices of the 
University of California in 1959-1960, 
designed to introduce graduate engi-
neers and non-specialists to some of the 
scientific background underlying mod-
ern electronic technology. 

Osborn, J. A., Ed. Magnetism and Magnetic 
Materials: Proceedings of the Seventh 
Conference. Plenum Press, Inc., 227 \V. 
17 St., New York 11, N. Y. $12.50. 
Papers presented at the Conference on 
Magnetism and Magnetic Materials, 
Phoenix, Ariz., November 13-16, 1961. 
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Scanning the Transactions  

Electronics in Prosthetics. Although electrical engineers 
have a strong theoretical faith in the potentialities of their 
field in diverse areas, they are not immune to being fascinated 
when a startling or unique application is actually realized in 
the laboratory. A recent example is an extension of control 
theory into the physiological world. A rudimentary artificial 
hand has been constructed which in many ways resembles 
almost eerily its human counterpart and yet is elegantly 
simple in conception and construction. 

The human hand can be considered as a control organ with 
two types of inputs: power to provide mechanical movement, 
and control signals to govern this movement. For a practical 
prosthetic device it is advantageous if the man can be re-
lieved as much as possible of providing the control signals, 
that is, that the artificial hand act semi-automatically to 
external stimuli. The subject hand has sensing devices on 
the fingers, thumb, and palm which provide high-level elec-
trical signals to a servo-motor so that there are no signal-to-
noise ratio problems. The motor operates the jointed fingers 
and thumb by means of two flexible cables. Springs on each 
finger allow the fingers to adjust to the shape of the object 
grasped even though all four are operated by a single cable. 
The wrist joint consists of a ball bearing which allows angular 
motion of the hand in any direction for normally met angles. 
The hand is elastically suspended from the frame supporting 
the ball bearing with springs sufficiently strong so that, when 
an object is lifted, it acts as an ordinary scale with the point 
of rotation about the wrist. 

The sensing devices are very simple and are first cousins 
to an ordinary carbon microphone. Each consists of a piece 
of artificial sponge filled with carbon granules with two elec-
trodes and leads. The resulting pressure-sensitive element 
yields outputs from 4 to 10 volts when energized in its accom-
panying circuit. Besides in the fingers, thumb, and palm, 
these elements are used in the wrist to give an output pro-
portional to the weight of the object held. With a minimum 
of transistorized electronics and two feedback loops, an ex-
perimental model of the hand has been found to operate quite 
well as illustrated by the two photographs showing it grasping 
a light bulb and adapting to its shape. The designers make no 
daim, but it is implied that a hale and hearty handshake 
would be returned in kind to those extending the same, while 
a limp, "cold fish" handshake would likewise be reciprocated. 
(R. Tomovic and G. Boni, "An Adaptive Artificial Hand," 
IRE TRANS. ON AUTOMATIC CONTROL, April, 1962.) 

Lasers have opened up vistas second to none in excitement 
for the communications engineer. Long-distance communica-
tions at prodigious information rates using optical frequencies 
may not be with us today, but with developments proceeding 
fast and furious in this field they are nearly as safe to predict 
for the near future as are taxes. Recall that it was only in late 
1958 that Schawlow and Townes suggested the possibility of 
an optical maser, and that it was only the middle of 1960 that 
scientists at Hughes Aircraft Company announced that they 
had achieved the generation of coherent light. 

To realize the full potential of coherent radiation in or 
near the optical spectrum, new modulation and detection 
techniques will have to be developed. But what can be ac-
complished in the way of long-distance digital communica-
tions with only slight improvements in the state of the art? 
As an example, consider an earth- moon link employing an 
optical-maser transmitter and a conventional photomultiplier 
detector in conjunction with a filter. The transmitter is lo-

cated just outside the earth's atmosphere and the receiver is 
situated on the moon and is looking directly toward the 
earth. Assuming a CW optical-maser output of one watt 
and appropriate modulation techniques, calculations show 
that a postdetection signal-to-noise power ratio of approxi-
mately 135 at a bandwidth of 3 Mc obtains. This yields the 
capability of an information data rate of approximately 6 
million bits per second in a binary system. The realization of 
this system is impeded by the facts that at present lasers 
with this output power are not available and the capability 
of modulating optical frequencies at megacycle bandwidths 
must be demonstrated. These obstacles are believed sur-
mountable within the near future, and the tremendous po-
tential advantages of digital communications at optical 
frequencies can soon be exploited. ( Donald D. Matulka, 
"Application of LASERS to Digital Communications," IRE 
TRANS. ON AEROSPACE AND NAVIGATIONAL ELECTRONICS, 
June, 1962.) 

Modulation and Demodulation of Coherent Light are 
challenges which engineers and scientists are rising to meet. 
The achievement of extremely broad-band communications at 
optical frequencies awaits the fruits of their labors. 

An FM phototube system has been proposed for demodu-
lating light signals which are frequency modulated at micro-
wave frequencies. The optical frequency modulation is con-
verted into space modulation by using an optical dispersing 
element; the space modulation is then converted into trans-
verse electron beam-wave excitation via a photocathode. A 
basic way of accomplishing this is to have the frequency-
modulated light beam impinge upon a prism. The ray angle 
of the light emerging, and consequently the position of the 
light spot on the photocathode, will be correspondingly 
modulated. The configuration is such that the motion of the 
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light spot on the photocathode will excite transverse position 
waves on the electron beam at the modulation frequency, or 
in microwave-tube parlance, synchronous cyclotron waves 
are set up. This transverse wave excitation can then be ampli-
fied and detected by a variety of means well known in the 
microwave-tube field. 

The actual proposed system is somewhat more complex 
than this simplified description. Rather than an ordinary 
prism, two types of dispersing elements commonly used in 
interferometry are more suited for this purpose: the Michelson 
echelon and the Fabry-Perot etalon. A mathematical analysis 
of this demodulation process has been made and practical 
design formulas have been presented. Calculations indicate 
that it should not be difficult to demonstrate experimentally 
this type of FM light demodulation with strong output signals 
and large signal-to-noise ratio. (S. E. Harris and A. E. Sieg-
man, "A Proposed FM Phototube for Demodulating Micro-
wave- Frequency- Modulated Light Signals," IRE TRANS. ON 
ELECTRON DEVICES, July, 1962.) 

Charge and Discharge. Probably every graduate of an 
electrical engineering curriculum remembers nostalgically his 
original exposure to the analysis of the charging and dis-
charging of a capacitor. It was one of his first excursions be-
yond the bounds of steady-state Ohm's Law and nearly the 
first application of his newly acquired proficiency in the 
mysteries of differential equations. Armed with this exhaus-
tive grasp of circuit theory and mathematics, he was ready 
to venture out and conquer forthwith, if not the world, at 
least any theoretical problem in the field of electrical engi-
neering. Disenchantment came early. Yet without really 
articulating it, when faced with the apparently insoluble 
complexities of a new problem, who doesn't like to take a 
moment off to sketch the familiar RC circuit, facilely scribble 
down its differential equation, and restore self-confidence by 
quickly coming up with the reassuring exponential formula? 

But life is never simple. For example, consider a capacitor 
consisting of a semiconductor diode biased in the reverse 
direction. Here we have a nonlinear capacitance whose 
value increases as the impressed voltage decreases. A general 
analysis of the charge and discharge of a junction-diode 
capacitor has been made. The resulting formulas for both 
the abrupt-junction and graded-junction cases differ sig-
nificantly from that for a conventional capacitor: the current 
versus time curve deviates from the exponential since the 
charging and discharging proceed more slowly. The analysis 
has been utilized to study the operation of a cross-coupled 
multivibrator. Since a diode capacitor is constructed from the 
same material as are transistors, its exact behavior is of signal 
importance to the designer of molecular-electronics circuits. 
(H. C. Lin, "Step Response of Junction Capacitors," IRE 
TRANS. ON CIRCUIT THEORY, June, 1962.) 

Pulse Measurement used to consist only of the drama 
played by the unhappy patient and his reassuring doctor, 
with a trusty pocket watch as a prop. Undoubtedly this 
ritual is still repeated innumerable times each day, but since 
the advent of radar and the computer the measurement of 
pulses has attained to new levels of importance and, inci-
dentally, has taken on considerably different connotations. 
A novel and useful technique has been developed for 

measuring pulse duration (electrical, not physiological) 
independent of pulse amplitude, an instrumentation require-
ment arising in many branches of technology. It is based 
soundly on a mathematical theorem and its corollary which 

show that the duration of a symmetrical pulse, regardless of 
its amplitude, may be determined from the measurement of 
two different types of time integrals. The mathematics is im-
plemented in a practical transistorized circuit which is work-
able for pulse durations as narrow as 0.1 microsecond in the 
presence of additive Gaussian noise with a minimum signal-
to-noise ratio of 18 db. (A. J. Rainai, " Integral Technique for 
Measuring Pulse Duration," IRE TRANS. ON INSTRUMEN-
TATION. June, 1962.) 

Electric Thrust Devices are conspicuous for the amount 
of attention they are receiving as promising means for the 
propulsion of space vehicles. Many desirable deep-space and 
interplanetary scientific missions are impossible with fore-
seeable chemical or nuclear power plants. Propulsion by 
electric means will be mandatory for such missions and will 
be preferable for many others. Feasible tasks for first-
generation electrically- propelled spacecraft during this decade 
are Mars and Venus probes and orbiters; solar, Mercury, 
and Jupiter probes; and out-of-ecliptic probes. During the 
next decade, second-generation electric spacecraft will be 
assigned even more challenging missions. Detailed studies of 
the performance and power required for electrically- propelled 
vehicles have been made, and thrust and specific impulse re-
quirements have been accurately defined. Three basic types 
of electric thrust devices are currently under development: 
the electrothermal, the electromagnetic (or magnetohydro-
dynamic), and the electrostatic. An example of the electro-
thermal type, the arc-jet motor, has reached an advanced 
state of development but is inherently unsatisfactory for 
interplanetary missions because of its low specific impulse. 
Magnetohydrodynamic or MHD devices of many types 
show promise, but many of the processes therein are complex 
and not fully understood. For high specific impulses, electro-
static propulsion devices or ion motors perform most effi-
ciently at present. Several types of ion motors appear capable 
of development to the efficiencies and lifetimes required for 
interplanetary missions. Motors of the MHD type are con-
sidered to be a promising backup. (J. H. Molitor and D. G. 
Elliott, " Electric Thrust Device Requirements for Inter-
planetary Spacecraft," IRE TRANS. ON SPACE ELECTRONICS 
AND TELEMETRY, June, 1962.) Of course, if engineers are 
faced with exceptionally knotty technical problems for space 
travel, they can always take the following suggestion of the 
IRE STUDENT QUARTERLY'S cartoonist: 

PRolMetv WON'T WORg, SUT Welt (,OT To 

1RY EVegY POSSfellIrf 1-0 GET TNERE EIR4f. " 

• 
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Abstracts of IRE Transactions  

The following issues of TRANSACTIONS have recently been published, and 
are now available from the Institute of Radio Engineers, Inc., 1 East 79th 

Street, New York 21, N. Y. at the following prices. The contents of each issue 
and, where available, abstracts of technical papers are given below. 

Sponsoring Group Publication 
IRE 

Members 

Libraries 

and 

Colleges 

Non 

Members 

Aerospace and Navi-

gational Electronics 

Automatic Control 

Circuit Theory 
Electron Devices 

Information Theory 

Instrumentation 
Microwave Theory and 

Techniques 
Nuclear Science 

Space Electronics and 

Telemetry 
Ultrasonics Engineering 

ANE-9, No. 2 

AC-7, No. 3 

CT-9, No. 2 

ED-9, No. 4 

IT-8, No. 4 
I-11, No. 1 

MTT-10, No. 4 

NS-9, No. 3 

SET-8, No. 2 

UE-9, No. 1 

$2.25 3.25 4.50 

2.25 3.25 4.50 

2.25 3.25 4.50 

2.25 3.25 4.50 

2.25 3.25 4.50 
2.25 3.25 4.50 

2.25 3.25 4.50 
5.00 7.50 10.00 

2.25 3.25 4.50 
2.25 3.25 4.50 

Aerospace and Navigational 
Electronics 

VOL. ANE-9, No. 2, JUNE, 1962 

The Editor Reports—(p. 52) 
1962 Pioneer Award—(p. 53) 
Frontispiece—Ludlow B. Hallman, Guest 

Editor—(p. 56) 

Introduction to Aerospace Vehicular Digital 
Communications—Ludlow B. Hallman, Jr. 

(P. 57) 
Digital Communications Between Aero-

space Vehicles and and Stations on the Ground 
—Klaus W. Otten (p. 58) 

This tutorial paper presents an introduction 
to the problems of communications between 
aerospace vehicles and stations on the ground. 
The possible types of aerospace-to-ground com-
munication links are described and classified 
according to the mode of signal propagation 
and according to obtainable range. The suit-
ability of carrier frequencies throughout the 
electromagnetic radiation spectrum from very-
low radio frequencies to light frequencies is 
discussed for the various types of links. Con-
siderations of the information needed for the 
selection of modulation and demodulation tech-
niques are presented, and factors which in-
fluence the practical value of digital coding are 
introduced. A discussion of the mutual in-
fluence of various parameters on the trans-
mitter power requirement concludes the gen-
eral survey. 

Design of Reliable Long-Distance Air-to-
Ground Communication Systems Intended for 
Operation Under Severe Multipath Propaga-
tion Disturbances—Klaus W. Otten (p. 67) 

A survey of the principal methods of im-
proving the reliability of long-range digital 
communication systems introduces the subject. 
Special modulation techniques as well as re-
dundant transmission of pulses, redundant in 
time and in carrier frequency, are described as 
methods to counteract the effects of multipath 
distortion in connection with the proper special 
demodulation and diversity reception tech-
niques. 

It is shown that for an air-to-ground com-
munication system, in which Doppler shift has 
to be considered in addition to the multipath 
distortion, high reliability can be obtained if 
quantized frequency modulation (QFM) and 
time redundancy are properly applied. To 
make the protection against multipath distor-
tion most effective, the transmitted signal must 
have a wide frequency band. The optimum 
time diversity requires interleaving the re-
dundant pulses and, therefore, requires com-
plex logic circuitry for its instrumentation. The 
design characteristics of an "optimum" air-to-
ground long-range digital communication sys-
tem are described. 

In the concluding section, it is indicated 
how one can apply the design principles for an 
"optimum" long-range communication system 
(as described) to the design of narrow band-
width system with relatively simple instru-
mentation. 

FAA Development in Aircraft Data Com-
munications—Wayman R. Deal (p. 79) 

The application of digital techniques to 
aeronautical air traffic control communications 
has been under study in the United States for 
more than fifteen years. During the past four 
years active development and evaluation pro-
grams have been conducted by the Federal 
Aviation Agency (FAA) on specific experi-
mental equipment intended to provide guid-
ance in the establishment of parameters for a 
universal system. Equipment has been de-
veloped using both low data rates and relatively 
high data rate approaches. Both systems 
utilize existing airborne voice communication 
equipment. 

The major effort was spent on the develop-
ment and evaluation of an experimental 
"Automatic Ground-Air Communication Sys-
tem" referred to as AGACS. This two-way 
time division multiplex system was designed 
primarily for operation at 750 bits per second, 
and provided both frequency-shift keyed 
carrier (FSK) and tone-shifted amplitude-
modulation (FSK-AM) options. 

The second equipment was developed under 
a program for "Analysis of Advanced Data 
Transmission Techniques" and utilized data 

rates in the range from approximately 30 to 200 
bits per second. Audio tone-shifted (FSK-AM) 
Modulation was used. 

The equipment developed is described and 
the results of the test evaluation is given. 
Guidelines are presented for future efforts. 

Digital Selective Communications—Gerald 
A. Kious (p. 85) 

Digital techniques promise to be a major 
factor in future aerospace communications sys-
tems. Voice is cumbersome, slow and redundant 
and does not make efficient use of the frequency 
spectrum. The digital approach permits the use 
of very narrow bandwidths, reduces redun-
dancy and utilizes a constant loading factor. 
Selective addressing means that those not con-
cerned with a message are not bothered by it, 
a very important factor in reducing distraction 
and fatigue of crew members in high perform-
ance aircraft. This paper describes terminal 
equipment developed for test and evaluation by 
the Air Force. The AN/URA-22 Control Moni-
tor equipment provides for transmission of up 
to 456,976 different four-letter selective ad-
dresses, and recognition of individual, group 
and general calls, each of which can be any pre-
assigned four-letter call. Remote switching is 
provided through the use of two mode char-
acters, giving up to 676 posssible combinations. 
The fieldata code is used. Mode characters and 
addressor call are displayed at the receive end. 
The AN/URA-29 Digital Data equipment adds 
message capability, using both words and 
alpha-numeric characters to provide three 
word messages, followed by up to 48 alpha-
numeric characters in three lines of 16 char-
acters each. Insertion is by simple push-button 
matrix and the message being composed is dis-
played. Received messages are displayed on 
receipt in plain language. The composed 
message is retained in storage until cleared. 
Operation of both equipments is explained in 
detail. 

A Common System Approach for Aviation 
Data Communications—Evan L. Ragland 
(p. 91) 

The present aviation voice communications 
link has evolved gradually with aviation. It 
was not originally designed to satisfy its cur-
rent application as the primary link in military 
and civil control systems. As a result, as these 
systems have expanded the communications 
link has become less adequate. In the future, 
limitations of the communications link may 
become the controlling factor in the expansion 
of aviation. For this reason there is an urgent 
need for a clear definition of a general data 
communication subsystem approach for both 
civil and military application. For this defini-
tion to be complete all factors of aviation com-
munication usage must be considered. 

This paper carefully reviews 1) previous 
studies and development of civil and military 
data links, 2) published requirements of differ-
ent aviation users, 3) evaluation of the future 
expansion of civil and military requirements, 
4) current digital and communications tech-
nology, 5) transition from the present system 
to an improved system, and 6) the economic 
aspects of system design. From the considera-
tions of this review a specification and approach 
to a general purpose aviation data communi-
cations subsystem is drawn. This approach 
provides for both voice and automatic com-
munications and can be evolved gradually from 
the existing voice network. 

Project Relay Digital Command System— 
S. H. Roth and T. A. Janes II (p. 100) 

The National Aeronautics and Space 
Agency (NASA) has developed a coded mes-
sage sequence consisting of discrete, pulse-
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duration-modulation (PDM) tone bursts for 
commanding satellites. The message consists of 
a sync pulse followed by some combination of 
six pulses, three each of zeros and ones. This 
code allows for 20 commands (the combination 
of six things taken three at a time). 

This paper describes an equipment de-
veloped for the Relay satellite program which 
demodulates the tone bursts, converts the 
pulse-duration modulation into a binary code, 
and then decodes the message into twenty dis-
crete commands. The demodulation and PDM-
to-binary code conversion functions are ac-
complished by conventional transistorized cir-
cuitry which is described in a general manner. 
The circuitry for converting the code into 
command pulses is a novel utilization of mag-
ntic circuitry and is described in detail. Mag-
netic cores are used to provide a shift register 
function and in addition perform the decoding. 
thus eliminating the conventional diode matrix 
usually employed for this function. A summary 
of the physical and electrical characteristics of 
the finished equipment is presented. 

Application of LASERS to Digital Com-
munications—Donald D. Matulka (p. 104) 

Revolutionary developments taking place 
in the field of light generation show promise of 
providing a means for transmitting digital in-
formation over vast distances in space at ex-
tremely high rates. These developments stem 
from the generation of coherent light by devices 
called LASERS (Light Amplification by Stimu-
lated Emission of Radiation). 

This paper gives a brief description of 
LASER operation and discusses the applica-
bility of the device to certain aerospace 
vehicular digital communications requirements. 
An earth-moon link is analyzed from the stand-
point of beamwidth, power, and aiming re-
quirements. It is shown that a system utilizing 
a coherent optical transmitter of less than 1 w 
and a conventional photodetector would be 
capable of transmitting digital information 
over this link at megacycle rates. The width 
band limitation here is imposed by lack of a 
suitable modulator rather than by any theo-
retical bound, and the power level is dictated 
by earth background noise and a usable trans-
mitter and receiver beam angle. 

Improvements which can be made on this 
rather simple system by increasing bandwidth 
and improving detection efficiency, tracking 
accuracy, and LASER techniques are pointed 
out. Curves showing basic limitations and 
interdependence of system parameters are 
plotted. 

Automatic Height Transmission is One 
Step Closer — P. DeForrest McKee! (p. 110) 

Use of automatic height transmission, the 
essential "third dimension" for use in the con-
trol of aircraft, has been brought closer by ac-
tion taken recentlyat the Seventh Session of the 
International Civil Aviation Organization. The 
Session recommended adoption of technical 
standards that will: 1) update and improve the 
existing international standards for SSR, 
better known in the U. S. as the Air Traffic 
Control Radar Beacon System (ATCRBS); 
2) provide specifications for 3-pulse sidelobe 
suppression (SLS); 3) provide standards for 
introduction of automatic height transmission; 
and 4) specify conditions under which SSR is to 
be implemented. 

It was agreed further that the sensing ele-
ment of the system should use a standard pres-
sure setting of 1013.2 millibars and that it 
would be necessary to refer to the system as 
height transmission rather than altitude re-
porting. 

Although a separate data link for height 
transmission is a possibility, the probable im-
plementation data was considered too un-
certain. Since air traffic is a heterogeneous 
mixture of civil and military aircraft, the exist-
ing SSR used by both civil and military aircraft 
was expanded to accommodate automatic 
height transmission features. It was agreed 

that SSR is needed to supplement the use of 
primary radar in air traffic control, but that 
each country would determfne whether or not 
its use is required. The system specifications are 
appended to the paper. 

Letter to the Editor—(p. 118) 
Abstracts—(p. 119) 
PGANE News—(p. 121) 
Contributors — (p. 122) 
Suggestions to Authors— ( Inside Back 

Cover) 

Automatic Control 

Vol.. AC-7, No. 3, APRIL, 1962 

What Has Become of Cybernetics?— 
Editorial—(p. 1) 

The Issue in Brief —(p. 2) 
An Adaptive Artificial Hand—R. Tomovie 

and G. Boni ( p. 3) 
A review of the basic approaches to the 

artificial hand design is given. The importance 
of new ideas in this field using progress in auto-
matic control theory is stressed. The most im-
portant feature of the new hand is the two level 
control. The movements of the hand can be 
controlled by signals produced by man as well 
as by external stimuli. For this purpose simple 
pressure sensitive transducers are placed in the 
hand to provide the control signals for reflexive-
type movements. An adaptive control circuit is 
present for automatic weight adjustment. All 
these features are incorporated into the hand 
using simple and standard servocomponents. 
Use of appropriate feedback loops eliminates 
the need for complicated mechanical parts. 

An Example of the Application of Dynamic 
Programming to the Design of Optimal Control 
Programs—Nicholas Kallay (p. 10) 

The paper suggests a method for applying 
dynamic programming techniques to the design 
of optimal control programs A step-by-step 
description of the method is given as it was 
applied to the problem of determining an opti-
mal startup sequence for a satellite power 
plant. 

In the present case the criterion of opti-
mality is the amount of auxiliary energy re-
quired for the startup of the power plant in 
orbit. A phase space is defined in terms of 
pertinent power plant variables; the solution is 
then obtained by treating the problem as an 
N-stage decision problem consisting of selecting 
a sequence of phase space points such that the 
path so traced between the point representing 
the initial state of the plant and the point repre-
senting the final, operating state satisfies the 
criterion of optimality. 

Numerical calculations were performed with 
the aid of the digital code described in the 
Appendix. The results of this parametric study 
indicate possible energy savngs up to 25 
per cent. 

The paper is self-contained in the sense that 
very little if any contact with reactor technol-
ogy or dynamic programming is required by 
the reader. 

A Technique for the Adaptive Control of 
High-Order Systems—Edward A. H uber (p.22) 

A technique which is a modification of the 
model-reference method of adaptive control is 
developed to handle high-order systems. The 
transfer function of the model is the inverse of 
the desired transfer function of the closed-loop 
system insofar as it is practically realizable. 
Proper operation is obtained by adjusting the 
system until the poles of the closed-loop system 
are canceled by the zeros of the model. 

Special filters are designed to aid in the de-
tection of this cancellation. They have a narrow 
pulse for an impulse response and the dispersion 
of this pulse is used as the measure of error 
when an impulse is applied to the system. The 
criterion used for the design of the filter is that 
its impulse response should have a minimum 
second moment about the time of the maximum. 
The technique is applied to a fourth-order 

pitch-rate control system and the results of the 
computer simulation are given. 

Stability and Convergence Properties of 
Model-Reference Adaptive Control Systems— 
Joseph J. Bongiorno, Jr. (p. 30) 

An approach to adaptive control system 
design which does not involve a direct measure-
ment or identification of the variable process 
parameters is investigated. Convergence-time 
relationships and sufficient conditions for sys-
tem stability are developed when the process 
is characterized by a variable gain or variable 
time-constant, and fixed dynamics of any order. 
The adaptive capability is achieved by employ-
ing a model as a reference element and by 
means of appropriate adaptive circuitry. The 
adaptive circuitry is simple, easily instru-
mented, and does not require successive dif-
ferentiations; the primary function of the 
adaptive circuitry is one of integration. 

Verification of Aizerman's Conjecture for a 
Class of Third-Order Systems —A. R. Bergen 
and I. J. Williams (p. 42) 

The second method of Lyapunov is used to 
validate Aizerman's conjecture for the class of 
third-order nonlinear control systems described 
by the following differential equation: 

.é*-F aii• aoe + 1(e) = 0. 

In this case, the stability of the nonlinear sys-
tem may be inferred by considering an associ-
ated linear system in which the nonlinear 
function f(e) is replaced by ke. If the linear 
system is asymptotically stable for ki <k<k2, 
t lien the nonlinear system will be asymptot icall y 
stable in-the-large for any f(e) for which 

f(e) 
< — < k. 

e 

The Lyapunov function used to prove this 
result is determined in a straightforward 
manner by considering the physical behavior of 
the system at the extreme points of the allow-
able range of k. 

Design of Multiple-Loop Feedback Control 
Systems— Isaac M. Horowitz (p. 47) 

A single-loop design is basic for a two-
degree-of-freedom plant, and it is theoretically 
able to achieve any desired insensitivity to 
plant variations or rejection of disturbances, if 
the plant is minimum-phase. In exacting feed-
back problems where the parameter variations 
or disturbances are large, the resulting single-
loop transmission may require a larger gain and 
bandwidth than that of the plant. The added 
feedback compensation networks then have 
rising frequency characteristics and make the 
system very sensitive to HF noise in the feed-
back path. It is shown how a multiple-loop 
design permits the attainment of the same 
benefits of feedback, but with considerably- less 
sensitivity to the HF noise. The basic problem 
is how to divide up the feedback burden most 
efficiently among the various loop transmission 
functions. Detailed procedures for this purpose 
are presented in the paper. The treatment is 
restricted to cascade-type plants. 

On Errors Introduced by Combined Sam-
pling and Quantization—Jacob Katzenelson 
(p. 58) 

In digital computations, errors resulting 
from sampling and amplitude quantization 
(round off) are unavoidable. This work evalu-
ates the mean-square error caused by sampling 
and quantization at the output of a linear net-
work which contains a single quantizer. A 
detailed answer is given to the question, "Given 
quantized samples of a signal which is a sample 
function of a random process, what is the opti-
mum linear filter for recovering the signal from 
its samples?" This filter is determined and its 
characteristics are summarized graphically for 
a specific example. A comparison with the con-
ventional hold circuit shows that the optimum 
filter is much better if high accuracy is required 
and quantization is coarse. The difference in 
performance between the two filters is small 
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when the accuracy requirement is low and the 
quantization is fine. 

Also included as Appendix V is a survey of 
the general quantization errors problem, as it 
appears in the areas of digital computation and 
numerical analysis, and a study of multi-
quantizer networks. It is found that extension 
of the method to networks which contain more 
than one quantizer is impractical, if not 
impossible. 

A Contribution to Root-Locus Techniques 
for the Analysis of Transient Responses— 
B. J. Matkowsky and A. H. Zemanian (p. 69) 
A method involving root-locus techniques is 

developed by which one can analyze transient 
responses by ascertaining bounds on them. In 
particular, the following questions are con-
sidered: 1) Given a rational system function 
W(s), can another rational M(s) (of simpler 
form) be constructed such that, for sufficiently 
large values of the constant multiplier B of 
M(s), the corresponding transient responses 
satisfy the condition, m(1) > ur(1)? 2) If so, can 
a range of values for B be determined for which 
the same condition holds? 

Necessary conditions for an affirmative 
answer to question 1) are first developed and 
then sufficient conditions are obtained. Then, 
a general method using root-locus techniques is 
developed for answering question 2). Certain 
special cases are studied in detail and necessary 
and sufficient conditions are obtained, thus 
leading to the best possible bound for the given 
form of M(s). Finally, a number of examples 
are given. 
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Step Response of Junction Capacitors— 
H. C. Lin (p. 106) 

The large signal step response of a junction 
capacitor has been analyzed. Both abrupt and 
graded junctions have been considered. The 
analysis covers the charging and discharging of 
such capacitors through a linear resistance and 
through a battery. Expressions for the various 
responses have been derived. The results show 
that the charging and discharging waveforms 
are quite different as compared with the simple 
exponential rise and decay of linear capacitor. 
The analysis is utilized to study the operation 
of a cross-coupled multivibrator. 

A Transistor Oscillator Frequency Stability 
Study—Robert Spence (p. 110) 

The problem of oscillator frequency in-
stability arising from environmentally induced 
changes in the active element is treated with 
respect to a particular transistor oscillator. 
Variations in frequency are related to those 
changes in collector capacitance and cutoff 
frequency which are due to temperature and 
supply voltage variations. Measurements show 
that the analysis is a useful basis for the esti-
mation of frequency stability, and indicate 
correct identification of the major sources of 
instability. Consideration of the nonlinear 
aspects of operation is used to simplify the 
analysis and design of the oscillator. A useful 
order of frequency stability can be realized 
with the oscillator. 

Impedance Transformations of Cascaded 
Active or Passive Identical Twoports—S. 
Eldring and R. A. Johnson (p. 116) 

The number of iterative impedances for any 
active or passive twoport is one, two or infinite, 
the first and last cases being of only limited sig-
nificance and application. For the second case, 
a previous article determined which of the two 
impedances (called stable) was ultimately ap-
proached by the sequence of input impedances 

to cascades of identical networks (active or 
passive) with ever-increasing numbers of sec-
tions. It was also noted that this convergence 
was in general nonmonotonic. 

This article provides a solution to the prob-
lem of determining the impedance values which 
when used as terminations for such a cascade, 
will generate a sequence of input impedances 
which steadily approaches the stable iterative 
impedance. To facilitate the proofs involved, 
it also presents a resume of the relatively ob-
scure geometric interpretation, the isometric 
circle method of construction, and the classi-
fication of the underlying bilinear transfor-
mations. 

The theorems presented could have impor-
tant application in the estimation of error in 
approximation problems involving artificial 
lines and filters working into varying terminat-
ing impedances and even, perhaps, over wide 
frequency ranges. Secondary results include 
1) the passive iterative impedance for a cascade 
of passive networks is the stable one when the 
other is active, and 2) conditions on, and exam-
ples of, networks which generate periodic 
sequences of input impedances. 

On Limitations of Broad-Band Impedance 
Matching without Transformers—S. Plotkin 
and N. Nahi (p. 125) 

The basic work of Fano on the limitations 
for the synthesis of broad-band matching net-
works is extended to include some relations for 
determining resistance transformation ratio 
possible in the band-pass case. Fano's results 
are used to determine the load (or source) 
reactance possible and then to synthesize an 
optimum network. The relationships between 
the reflection coefficient, order of approxima-
tion, and the maximum theoretical resistance 
ratios are given for a number of cutoff-
frequency ratios. These results for the band-
pass case include absorption of ideal trans-
formers with maximum turns ratios such that 
transformerless networks result. Appendixes 
include a design procedure, necessary poly-
nomials for obtaining the immittance function 
up to an n -=- 6 approximation (i.e., a basic 
6-section matching network), and one example 
using the results of this paper. 

The Z-Matrix Parameters of Tapered 
Transmission Lines—J. L. Ekstrom (p. 132) 

This paper presents an improved method of 
computing the Z-matrix parameters of 2-port 
tapered transmission lines. Linear second-order 
differential equations, in which the tapering 
information is contained in one variable co-
efficient, are derived for the transfer immit-
tances; from the solutions of these the driving 
point impedances are found by differentiation 
and algebraic substitution techniques. As an 
example, the Z-matrix parameters for Jacobs' 
"generalized exponential" line are found. 

Network Representation of Exponential 
Transmission Lines—V. Ramachandran (p. 
136) 

The purpose of the paper is to show that by 
the use of the rational fraction expansion of 
transcendental functions, the exponential 
transmission line can be represented at all 
frequencies by networks comprising lumped 
elements. The open-circuited and the short-
circuited exponentiall lines are first considered; 
it is shown that there are three forms to repre-
sent each of these. In the cases of the open-
circuited divergent line and the short-circuited 
convergent line, all the three forms yield 
physically realisable elements. But, in the cases 
of the open-circuited convergent line and the 
short-circuited divergent line, two forms can be 
physically realised when the impedance trans-
formation ratio lies below 7.389 and only one 
form is realisable when it exceeds 7.389. It is 
shown that the exponential transmission line 
can be synthesized either by the use of the 
open-circuit impedance functions or by the 
short-circuit admittance functions, taking, in 
both cases, only the networks whose elements 
are physically realisable for any length of the 

line, thus constituting the two basic forms. 
A Discussion on the Transient Analysis of 

Coaxial Cables Considering High-Frequency 
Losses—N. S. Nahman (p. 144) 

The physical processes of HF loss are dis-
cussed. Two cases in transient analysis for 
coaxial cables are presented; the first considers 
skin effect in plated conductors while the 
second is an analysis based upon an attenuation 
approximation of the form (frequency)", 
0<m < 1. A graphical transient analysis tech-
nique is described which allows one to easily 
analyze cables whose losses are due to a com-
bination of physical processes. Generalized 
curves based upon the (frequency)" approxi-
mation are presented by which the transient 
response of a cable can be rapidly evaluated for 
purposes of engineering design. 

Approximation to a Specified Time Re-
sponse—William C. Yengst (p. 152) 

This paper presents a procedure by which 
specified data or a function of time h*(t) can be 
approximated by trigonometric and/or expo-
nential functions of time h(i) for which the 
Laplace transformations H(s) are known and 
can be expressed in rational fraction form. The 
procedure is based on fitting h*(t) by an mth-
order difference equation whose coefficients are 
determined by a least-squares technique. 
These coefficients are used directly to deter-
mine the poles of H(s). The zeros of H(s) are 
established by using the prescribed data or 
function h*(1) and the initial value theorem. 
The approximate function of time is obtained 
by taking the inverse Laplace transformation 
of H(s). By this procedure not only is an ap-
proximation obtained for h*(1) in the time 
domain, but its transform is also found in 
rational fraction form suitable for realization 
as a driving point or transfer function. Further-
more, the least-squares technique used in deter-
mining most or all of the unknown parameters 
in this procedure tends to minimize the effect 
of random errors or noise present in the 
specified data. 

Area Transforms—William M. Brown 
(p. 163) 

The paper presents the theory of an opera-
tional calculus which is much more general than 
previously available theories. The theory is 
essentially all inclusive in that any operational 
analysis for which there is a multiplicative no-
tion of transfer function for linear time-invari-
ant systems is a special case of the general 
theory given here. The introduction reviews the 
foundations of operational analysis and then 
leads quite naturally to area transforms as the 
most general form. The general theory given 
here is conceptually very attractive in that it 
unites and extends all previous theories. Also, 
it is adequately general to include functions 
such as exp (12) in its domain of applicability. 
The basic idea of the theory is to express the 
functions of time as the superposition of expo-
nential functions, exp (po, with the super-
position over the entire complex p plane rather 
than over only a line in the p plane as done 
with previously available forms of operational 
analysis (Fourier, Laplace, and St ieltjes 
transforms). 

Simultaneous Flows Through a Communi-
cation Network—S. L. Hakimi (p. 169) 

This paper presents a generalization of the 
results of Elias, Feinstein, and Shannon, and 
Ford and Fulkerson on the maximum rate of 
information flow through a communication 
network. The problem which is considered is 
the following: suppose a fixed rate of flow of 
information is being maintained between a 
pair of stations A and B of a communication 
network, then 1) what is the maximum rate of 
flow of information between another pair of 
stations C an d D of the same communication 
network, and 2) how can one allocate, among 
the channels, the original load on the communi-
cation network to obtain the maximal flow 
between stations C and D. It is shown that 
within certain determinable limits the sum of 
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these two rates of flow remains a constant. A 
technique for attaining the maximal flow be-
tween stations C and D based upon the linear 
programming is described. A solution of the 
generalization of this problem to the case of k 
simultaneous flows is also presented. 

Communication Networks with Simultane-
ous Flow Requirements—D. T. Tang (p. 176) 

This paper considers the analysis and syn-
thesis of communication networks with con-
stant branch capacities, subject to a set of 
simultaneous flow requirements which are, in 
general, time-varying. Since the maxima of 
different flow requirements usually do not occur 
at the same time, savings in total capacity or 
total cost are possible through reassignments of 
flow paths. 

A set of necessary and sufficient conditions 
for a communication network to satisfy a given 
set of simultaneous time-dependent flow re-
quirements is obtained. This set of conditions, 
when applied to the case of constant simultane-
ous flow requirements, is shown to be more 
compact than those previously known. A syn-
thesis procedure is then derived which enables 
one to obtain a communication network reali-
zation of minimum total branch capacity sub-
ject to the constraint that the network must 
assume a tree configuration. 
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A Proposed FM Phototube for Demodu-

lating Microwave-Frequency-Modulated Light 
Signals—S. E. Harris and A. E. Siegman 
(p. 322) 

A microwave phototube for demodulating 
frequency-modulated light signals is proposed. 
The demodulation is based upon the conversion 
of the frequency-modulated light into space-
modulated light via an optical dispersing ele-
ment. This space-modulated light is then in-
cident on a photocathode where it is the source 
of transverse electron beam waves. A complete 
spectral analysis of the demodulation process is 
presented. It is shown that a quasi-steady-
state viewpoint, i.e., that of an optical signal 
with slowly varying frequency is permissible 
only if the optical resolution is sufficiently low. 
Design parameters for a phototube based on 
the use of a Michelson echelon are presented. 
A related scheme employing a Fabry-Perot 
etalon is also discussed. 

Subharmonic Pumping of Parametric Am-
plifiers— Kenneth E. Mortenson (p. 329) 

The purpose of this paper is to present in 
some detail the operation of a parametric 
amplifier pumped subliarmonically as com-
pared to being directly pumped. As considered 
here, subliarmonic pumping does not involve 
harmonic pump power generation (external to 
the varactor) but the utilization of higher-
order time-dependent capacitances to yield 
parametric amplification by employing, basi-
cally, only a three-frequency system. 

The analysis given here is based on an 
evaluation of the Fourier series representation 
of the time-dependent capacitance resulting 
from large-signal ("liard") pumping of varac-
tors. This evaluation indicates that significant 
values of higher-order time-dependent capaci-
tances suitable for parametric amplification are 
obtained with relative pump swings in excess of 
about 90 per cent. Utilizing these higher-order 
time-dependent capacitances, the amplifier 
operation for various orders of subharmonic 
pumping is treated, including such factors as 
pump power requirements, gain, and noise 
figure. It is shown that, under certain condi-
tions, less pump power is required to generate 

the same negative conductance than with 
direct fundamental pumping. Furthermore, for 
the same punip power and fundamental pump 
frequency, it is determined that significant im-
provements in amplifier noise figure are 
achieved by employing subliarmonic pumping, 
provided varactor losses are small. 

From the results obtained by both analysis 
and experiment, it is concluded that sub-
harmonic pumping, even without harmonic 
power generation, is not only feasible but can 
be very useful up to C-band signal frequencies 
with existing varactors. 

The DEMATRON—A New Crossed-Field 
Amplifier—G. E. Pokorny, A. E. Kuslinick, 
and J. F. Hull (p. 337) 

A nonreentrant beam, distributed-emission, 
crossed-field, forward-wave amplifier, the 
DEMATRON, is described. The difficulties 

encountered by early experimenters in achiev-
ing gain in excess of 6 db in nonreentrant, 
crossed-field amplifiers are overcome in the 
DEMATRON by use of either an electron 
velocity taper or circuit velocity taper. 

A crossed-field amplifier design theory is 
given which is based on the use of equivalent 
magnetrons, and which takes into account the 
need for velocity compensation. In practice. 
electron velocity compensation is accomplished 
by either changing the sole-anode spacing, or by 
varying the de magnetic field or a combination 
of both. 

Experiments with the DEMATRON have 
yielded gains in excess of 10 db over a 15 per 
cent bandwidth. Power levels between 300 and 
500 kw have been achieved at an operating 
voltage of 25 kv. 

The design theory has been experimentally 
shown to be quite satisfactory in the large-
signal, saturated gain region of operation. How-
ever, the lack of adequate small-signal theory 
has thus far prevented full optimization of the 
velocity compensation. 

Prebunched Beam Traveling-Wave Tube 
Studies—Allan J. Lichtenberg (p. 345) 
A traveling-wave tube with a prebunched 

beam is found to have a considerably, higher 
efficiency than the same tube without pre-
bunching. For the particular tube tested the 
efficiency is increased from 20 to over 35 per 
cent at a gain of 8. Computer calculations using 
a discrete disk model give similar results. The 
beam is bunched tightly in energy at the posi-
tion of highest efficiency, indicating that very 
high efficiency could be obtained with a de-
pressed collector. Both current and velocity 
modulation are required for prebunching, and 
are obtained by means of a current grid fol-
lowed by an inductively tuned velocity modu-
lation cavity. The requirements of the current 
grid are not great so that operation should be 
possible at frequencies well above the normal 
operating region of a microwave triode. The 
operation of the tube is sensitive to the output 
match, and it appears to be difficult to obtain 
a good match with the beam on. 

A Small-Signal Analysis of the Electron 
Cyclotron Backward-Wave Oscillator—K. K. 
Chow and R. H. Pantell (p. 351) 

In an earlier report on the construction and 
performance of the electron cyclotron back-
ward-wave oscillator, it was shown, through 
physical arguments, that in an unloaded wave-
guide supporting the dominant mode, an elec-
tron having transverse rotation at its cyclotron 
frequency will interact with RF fields of ap-
proximately equal frequency. This transverse 
motion will deliver energy to the RF E fields 
and interact with the RF H fields, thus produc-
ing longitudinal bunching. A small-signal 
analysis is presented in this paper. 

With the use of the normal mode expansion 
analysis, the circuit equation is obtained by 
considering the normal mode in approximate 
synchronism with the beam. The RF current is 
computed by considering electron motion 
under the dc and circuit fields, but neglecting 
RF space-charge fields. Combining these 

equations leads to a sixth-order equation of 
propagation constants. Two waves are far from 
synchronism and are therefore neglected; the 
remaining four are two waves which originate 
from the " fast cyclotron waves" and two waves 
which originate from the forward and reflected 
circuit waves. The "fast cyclotron wave" so 
obtained has a different meaning from the usual 
definition and is discussed in detail. Theoretical 
start-oscillation current is found to depend 
critically on the reflection coefficient at the elec-
tron gun end. Proper adjustment of this param-
eter leads to excellent agreement between the 
theoretical and experimental start-oscillation 
currents. 

Analysis of Tunnel-Diode Converter Per-
formance-- Donald J. Hanralian (p. 358) 

Three tunnel-diode converter circuits—the 
Storm and Shattuck circuit, a push-pull 
version, and the Marzolf circuit—are analyzed 
graphically to obtain waveforms for both in-
verter and dc converter operation. Simple 
expressions are found for diode efficiency in 
ideal de converter operation. The efficiencies 

are the same except that the efficiency of the 
Marzolf circuit is reduced by the magnetizing 
current required for the square-loop core. How-
ever, the Marzolf circuit has a more nearly 
square waveform and would require less filter-
ing for dc conversion. The results point up the 
importance of developing tunnel diodes with 
high peak-to- valley ratios for converter appli-
cation. 

The Noise Performance of Negative Con-
ductance Amplifiers— Bernard C. DeLoach 
(p. 366) 

The noise performance of negative con-
ductance amplifiers with outputs via circulators 
or isolators is developed using a traveling-wave 
approach. Included is a treatment of a quasi-
degenerate parametric amplifier. It is shown 
that this amplifier has severe limitations as a 
low-noise amplifier. 

Correction to " Single-Transit, Large-Radius 
E-Type Devices" W. M. Nunn. Jr.. and J. E. 
Rowe (p. 372) 

Correspondence —(p. 372) 
Contributors---(1t. 373) 

Information Theory 

Vol.. IT-8, No. 4, Jt.I.v, 1962 

On the Statistical Detection Problem for 
Multiple Signais— J. B. Thomas and J. K. 
Wolf (p.273) 

The problem of detecting signals in noise is 
reviewed for the multiple input model, where 
each of the inputs can contain one of the many 
possible signals. The detection procedure for 
this model becomes, in general, the testing of 
multiple hypotheses. Two detection criteria are 
examined for choosing among multiple hy-
potheses and it is found that, for both criteria, 
the decision is based on the likelihood functions 
for the various signals. 

Systems for computing likelihood ratios are 
examined in detail for the multiple input case. 
A multidimensional matched filter is considered 
and its relationship to the likelihood ratios is 
shown. Optimum signals are determined for the 
two-hypotheses problem. 

Learning Filters for Optimum Pattern 
Recognition —David Braverman (p. 279) 

An optimum adaptive system is obtained 
for the identification of pattern samples which 
are the sum of a fixed unknown signal, deter-
mined by the pattern of the sample, plus Gaus-
sian noise. The system learns the unknown sig-
nals from a set of pattern samples, called learn-
ing samples, which have been identified with 
absolute certainty. The adaptive system is 

optimum in the sense that it computes the 
a posteriori probability of each pattern, given 
the sample to be recognized and the learning 
samples. 

The rate at which the probability of mis-
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recognition of the learning system approaches 
the probability of misrecognition of the a pos-
teriori probability computing system with 
a priori knowledge of the fixed signals is de-
rived, for binary recognition, as a function of 
the number of learning samples. 

The Analysis of Certain Nonlinear Feed-
back Systems with Random Inputs—H. E. 
Henry and P. M. Schulteiss (p. 284) 
A method is developed for the determina-

tion of the probability density function of the 
output of a nonlinear feedback system whose 
input is a random voltage of known statistical 
properties. The method of analysis is based 
upon the establishment of a mathematical 
model of the feedback system in such a way 
that the output is a Markov process. The 
transition probabilities of the Markov process 
are determined from the open-loop nonlinear 
characteristics of the system. From this model, 
the closed-loop output probability density 
function can be determined by the solution of 
an integral equation or, equivalently, by the 
solution of a set of simultaneous linear equa-
tions. As a consequence of the properties of 
stationary Markov chains, the same result can 
also be obtained by a process of successive 
matrix squaring operations. 

The method is then applied to a complex 
nonlinear feedback system, a frequency track-
ing loop whose function is to follow the center 
frequency of a narrow-band random signal in 
the presence of wide-band noise. In addition to 
the study of this system with a stationary in-
put, a simple extension of the method is made 
which allows the effect of a particular time-
variation of the input statistical properties to 
be studied. The results of a digital computer 
study of this system are presented and dis-
cussed. 

Efficient Error-Limiting Variable-Length 
Codes—Peter G. Neumann (p. 291) 

Error Probabilities for Equicorrelated 
M-ary Signals Under Phase-Coherent and 
Phase-Incoherent Reception—Albert H. Nut-
tall (p. 304) 

Formulas for the error probabilities of equi-
correlated M-ary signals under optimum phase-
coherent and phase-incoherent reception are 
derived in the form of previously untabulated 
single and double integrals. These integrals are 
amenable to computer evaluation for arbi-
trary M. 

Two modes of reception are considered. In 
the first, one of M equal energy equiprobable 
signals is known to be transmitted during a 
symbol interval of T seconds through a non-
fading channel with additive white Gaussian 
noise. The receiver is assumed to be synchro-
nized in time and frequency with the incoming 
signal, and reception is on a per-symbol basis. 
Furthermore, the cross-correlation coefficients 
between all the signals are equal. The probabil-
ity of correct decision in both phase-coherent 
and phase-incoherent reception is derived 
exactly, as a function of the signal-to-noise 
ratio, the common cross-correlation coefficient, 
and the size of the signal set M. 

In the second mode of reception the only 
difference is that a threshold is incorporated in 
the receiver. The probability of false detection 
and the probability of detection and correct 
decision are derived exactly for both phase-
coherent and phase-incoherent reception as a 
function of the threshold level, the signal-to-
noise ratio, the common cross-correlation co-
efficient, and the size of the signal set M. 

The method of reduction of multiple inte-
grals presented here can be generalized, and 
may find application in other statistical studies 
in which the Gaussian density form is encoun-
tered under an integral. 

Statistical Properties of the Contours of 
Random Surfaces—Peter Swerling (p. 314) 

A random surface is a sample function of a 
random process If(x, y)1 depending on two real 
parameters. Examples of random surfaces 
would be: photographs or television pictures; 

topographic maps; atmospheric pressure charts; 
and the like. 

A number of statistical properties of the 
contours of such surfaces are derived. An appli-
cation of the results to the problem of obtaining 
bounds on the information content of quantized 
random surfaces is outlined. 
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Abstracts—(p. 2) 
Microwave Diagnostic Systems and Tech-

niques for Use in Controlled Fusion Research— 
Harlin L. Bunn (p. 3) 

Integral Technique for Measuring Pulse 
Duration—A. J. Rainal (p. 11) 

Low-Pass Amplification in Electronic Inte-
grators for Small Flux Measurements—N. 
Amitay and R. W. Wagner (p. 14) 

The PHOTOREED—A New Versatile 
Frequency-Sensitive Control Element—F. H. 
Inderwiesen (p. 20) 

The Ammonia Beam Maser as a Standard 
of Frequency—J. A. Barnes, D. W. Allan, and 
A. E. Wainwright (p. 26) 

Contributors—(p. 31) 

Microwave Theory and Techniques 

VOL. NITT-10, No. 4, JULY, 1962 
Injection Locking of Klystron Oscillators— 

Richard C. Mackey (p. 228) 
If certain criteria are met, a microwave 

oscillator may be synchronized by the injection 
of a controlling signal into the oscillator cavity. 
Synchronization is dependent upon oscillator 
circuit parameters, the ratio of injected power 
to oscillator power, and frequency difference 
between the free-running oscillator and the in-
jection signal. Locking has been observed with 
injection signals 70 db below the oscillator out-
put and 30-db ratios have been demonstrated 
to be easily realizable. Injection locking may 
be considered a form of amplification that per-
mits taking advantage of the fact that micro-
wave oscillators are smaller, lighter, less ex-
pensive and more efficient than amplifier de-
vices. 

The low-frequency theory of Adler is shown 
to describe accurately the locking phenomena 
in reflex klystron oscillators and the transient 
response is extended to determine limitations 
on the amplification of modulated signals. 
Experimental verification of the theory is 
shown for 180° phase modulation of the locking 
signal at rates up to 100 kc for a VA-20I klys-
tron. Design relations and curves are presented 
and applications and improvements are dis-
cussed. 

The Application of Hypercomplex Matrix 
Analysis to Variable Parameter Networks— 
S. Krongelb, J. J. McNichol, and N. Kroll 
(p. 236) 

The hypercomplex matrix methods de-
veloped to treat variable parameter elements 
are reviewed. The application of these tech-
niques to the linear analysis of networks of 
variable parameter elements is demonstrated 
by considering a specific problem. A network 
containing two resonated variable capacitors 
separated by one-eighth wavelength of trans-
mission line is first considered by the phase 
dependent admittance method. A partial treat-
ment of the subharmonic case is given by this 
method to provide a physically plausible under-
standing of the network behavior. The com-
plete problem is treated by the hypercomplex 
matrix methods. The discussion of the results 
illustrates how the network properties are de-
termined from the mathematical formalism. 

Calculated characteristics of the two-capacitor 
network are given for several values of circuit 
parameters. 

Broad-band Directional Couplers—E. A. 
Marcatili and D. H. Ring (p. 251) 

It is shown how to connect two identical 
hybrids to obtain a directional coupler of arbi-
trary power division that operates over a 
broader band than that of the components. 
The broad-banding technique is possible with 
a certain kind of hybrid that includes Riblet 
couplers, multihole hybrids, coaxial hybrids 
and semioptical hybrids, but excludes T 
hybrids and ring hybrids. 

Riblet couplers have a geometry particu-
larly adaptable to the broad-banding tech-
nique. Where the balance of one of these cou-
plers is better than 1 db, the balance of the 
broad-band hybrid can be made better than 
0.16 db. 

The broad-banding technique is particu-
larly effective in the case of the 100 per cent 
transfer directional coupler type of circuit 
used for band separation filters and radar 
duplexers. In the semioptical waveguide band-
splitting filters the bandwidth can be increased 
from about one to about four octaves (35-75 
kMc to 35-580 kMc). 

Noise Output and Noise Figure of Biased 
Millimeter-Wave Detector Diodes—K. Ishii 
and A. L. BranIt (p. 258) 

The behavior of a de biased millimeter-wave 
detector diode was investigated by theoretical 
analysis and experimental measurement. The 
results indicate that because of the non-
linearity of the diode, shot noise appearing 
across the diode increases with de biasing. 
For the same reason conversion gain of the 
detector increases with bias. The increase in 
gain is faster than the increase in noise for a 
certain range of bias current. Thus the noise 
figure of the diode detector and its minimum 
detectable signal are decreased. 

Microwave Variable Attenuators and Mod-
ulators Using PIN Diodes—J. K. Hunton and 
A. G. Ryals (p. 262) 

The PIN diode is a double diffused junction 
with an intrinsic layer separating the P and N 
regions. At frequencies above 100 Mc, the 
diode ceases to be a rectifier because of carrier 
storage and transit time effects. Its shunt 
capacitance is quite small because of the sepa-
ration of the P and N regions by the I layer. 
Conductivity of the I region can be varied by 
a dc bias current and the device becomes an 
electrically variable resistor which can be used 
for microwave attenuators and modulators 
up to frequencies as high as 20 Ge. 

The PIN junctions are mounted on posts 
which are inserted in a 50-ohm strip trans-
mission line as shunt elements, and a number 
of these elements, spaced a quarter wave-
length apart at midband, are used to form an 
attenuator. At the appropriate bias current, 
yielding 50-ohm junction resistances, the diode 
elements are reactively compensated by choice 
of post dimensions so that they are effectively 
pure resistances, yielding an image attenuation 
of 4.2 db per element. Many elements can be 
used to attain any desired total attenuation 
and higher impedance end elements can be 
used to improve the SWR. Bandwidths of 4 to I 
with low SWR in both ON and OFF conditions 
are achievable. Maximum attenuation of 60 db, 
insertion loss of 1 db, and SWR of 1.5 are 
typical for a 12-diode attenuator and powers 
of the order of watts can be handled with 
negligible harmonic generation. When used as 
a pulse modulator, rise times of the order of 10 
nsec are achievable. 

Analysis of Waveguide Modes by Standing-
Wave Pattern Measurements—H. B. Dave 
(p. 274) 
A method of analyzing a multimode trans-

mission system is described, which is based 
upon the measurement of mean-square electric 
field along a line parallel to the waveguide axis. 
Although the analysis given is for a rectangular 
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waveguide, the method has the advantage that 
it can readily be adapted to all types of trans-
mission structures. 

Excitation of Surface Waves on a Ifni-
directionally Conducting Screen —S. R. Ses-
hadri (p. 279) 

The excitation of plane surface waves by a 
line source on a unidrectionallv conducting 1) 
infinite and 2) semi-infinite screen is considered. 
The conditions for the existence of the surface 
wave and the optimum location of the line 
source for obtaining the highest efficiency of 
excitation is determined. 

On a Class of Multiple-Line Directional 
Couplers—C. R. Boyd, Jr. (p. 287) 

Multiple-line directional couplers that 
utilize only two linearly independent modes of 
propagation are possible, provided certain 
restrictions on the maximum coupling are not 
exceeded. This paper discusses a class of mul-
tiple-line directional couplers which may be 
considered as a generalization of the familiar 
double-stub four-port directional coupler. The 
basic design relations for the symmetrical case 
are developed, and frequency behavior is in-
vestigated. Experimental results for an L-band 
six-port hybrid junction are presented and com-
pared with theoretical curves. 

Limitations on maximum coupling and 
fabrication problems will probably confine the 
number of lines in practical circuits to a small 
value. Bandwidths of couplers of this class 
tend to become narrower for the small total 
coupling off the main line as the number of 
lines is increased; however, standard tech-
niques for broadbanding are applicable. Ex-
perimental results on the six-port hybrid junc-
tion agreed well with theory, and the circuit 
proved to be relatively compact. 

Correspondence—(p. 2951 
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Introduction and Symposium Committee— 

(o. o 
Richard W. Johnston, Obituary—(p. iii) 
Recent Developments in Alkali Halide 

Scintillation Crystals-- W. W. Managan (p. 1) 
The intrinsic resolution or minimum line 

width attainable in Nal (T1) spectrometers can 
now be set at 5-6% for 662 KeV gamma-rays 
from Cs- 137. Work leading to this conclusion 
is reviewed. 

Pressure effects and directional effects in 
sodium iodide which support the exciton 
energy transport theory (Seitz model) are re-
ported. Also, decay time, temperature co-
efficient (- 0.12VC), and non-proportional 
scintillation response in Nal(TI) are reported. 

Studies of the CsI(T1) emission spectra 
and decay time constants as functions of 
temperature and de/dx are reported. Separa-
tion of alpha from gamma-ray events by color 
discrimination as well as by pulse shape dis-
crimination is described. 

A statistical method of measuring decay 
time constants over a wide range of intensity 
during decay is presented in an appendix. 

The Scintillation Bubble Chamber---
Richard H. Milburn (p. 16) 

An additive has been found which converts 
liquid propane into a liquid scintillator solu-
tion. This solution has been used in a bubble 
chamber to associate photographed interactions 
in the chamber with externally developed co-
incidence pulses. Techniques and applications 
are discussed. 

Bubble chambers have proved themselves 
very capable of recording precise geometrical 
information concerning high energy interac-
tions involving charged particles. Provided that 
such particles have ranges of more than a few 
millimeters in the chamber liquid, their direc-
tions of flight over a 4r solid angle, their 

ranges, and in favorable cases their magnetic 
curvatures and ionizations may all be deter-
mined from measurements of chamber photo-
graphs. Secondary interactions, multiple scat-
tering, and knock-on electrons are also in 
general quite apparent. In so far as one may 
choose the chamber liquid to be hydrogen, 
deuterium, helium, hydrocarbon, or one con-
taining heavy nuclei one can in many sorts of 
experiments also control the entire input to an 
observed high energy reaction in the chamber. 

A major chamber limitation is in the tinte 
coordinate. A bubble chamber photographs in 
one. perhaps cluttered, picture everything that 
occurs over a period of the order of milli-
seconds, and it can do this at most only a few 
times a second, more commonly every couple 
of seconds. Moreover one must decide to ex-
pand the chamber and use up the relatively 
expensive opportunity to photograph before it 
can be determined whether an interesting 
particle entered or an interesting interaction 
occurred in the chamber. One solution is to 
take as many pictures as possible as rapidly as 
possible and to rely upon the scanning room to 
sort out the wheat and the chaff. For many 
types of event this introduces a new variable 
called "scanning efficiency" which, in its subtle 
dependence upon psychology and physiology 
is often difficult to evaluate. It would fre-
quently be desirable to have a non-visual de-
termination as to whether a given photograph 
contains an interesting, particularly a rare and 
interesting, interaction and, if so, where in the 
chamber it occurred. If the interesting event 
is the passage into the chamber of a rare 
charged particle amidst a heavy background 
(for example, high energy antiprotons in a 
negative-pion beam) such a particle may be 
electronically labeled in flight and its position 
of entry into a bubble chamber recorded by a 
counter hodoscope, as has been studied by 
Kadyk and by v. Dardel or in an end-on spark 
chamber, such as have been developed by 
groups at CERN and the Brookhaven Labo-
ratory. However, the passage of a neutral 
particle into a bubble chamber is less easily 
recorded and it is an attack on this problem 
that we shall now discuss. 

A neutron, photon, neutral meson or neu-
tral hyperon can only make its presence 
known by an interaction which destroys the 
momentum state if not the identity, of the very 
particle being detected. If the ionizing products 
used to detect this interaction are of short 
range relative to the chamber dimensions, 
then a signal indicating their presence must be 
generated from within the chamber sensitive 
volume itself. If an electronic signal could be 
generated in this manner, and if a similar signal 
can be derived from a process that is outside 
the chamber and which produces the neutral 
particle, then the two events could be cor-
related using standard counting techniques. 
Provided that a single chamber photograph 
selected on the basis of such a correlation does 
not contain too many additional uncorrelated 
interactions, the desired event may be picked 
out on the basis of kinematics and other cri-
teria. In any case the photograph in which the 
desired event occurs may be selected from 
among perhaps many other photographs con-
taining only spurious interactions which might 
otherwise be confused with the real one. Be-
sides this reduction in the "noise" in a set of 
bubble chamber photographs one could in prin-
ciple utilize timing signals from the chamber 
volume to measure lifetimes or to determine the 
time-of-flight of the incident neutral or charged 
particle whose interaction is to be studied. 

Response of NaI(TI) to X-rays and Low 
Energy Gamma Raya— W. C. Kaiser, S. I. 
Baker, A. J. MacKay, and I. S. Sherman (p. 22) 

Athorougli investigations of the response of 
Nal(TI) in the region below 50 key was made 
using a continuous distribution of X-rays from 
a tungsten target as well as monoenergetic 
gamma rays from radioactive sources. The re-

sults of this investigation agree well with those 
of Engelkemeir. (The investigation also allowed 
that below 20 key Nal(TI) is sensitive to sur-
face treatment. Above 20 key the response is 
independent of surface treatment as long as the 
surface is free of moisture. An electron response 
curve is shown which, when used with the de-
cay scheme of the excited iodine atom, pre-
dicts the observed nonlinear response Na I (TI) 
to low energy X- and y-rays. 

Studies of the Scintillation Process in 
CsI(TI)—R. Gwin and R. B. Murray (p. 28) 

This paper reports a series of experiments 
on the pulse-height response of CsI(TI) crystals 
to monoenergetic gammas, protons, and alphas, 
in an effort to examine some predictions of a 
previously proposed model of the scintillation 
process. Analysis of the data to date indicates 
the following: The pulse height per unit energy 
for gammas is an energy-dependent function 
which reaches a maximum near 20 key, and 
the shape of this function is sensibly independ-
ent of TI concentration. The pulse height per 
unit energy for protons and alphas is found to 
be energy dependent throughout the energy 
range studied. For alphas this function passes 
through a distinct minimum near 1 Mev. 
Effects dependent on pulse clipping time are 
discussed. 

Effect of Delta Rays on the Response of 
Inorganic Scintillators to Heavy Particles— 
R. B. Murray and A. Meyer (p. 33) 

Experimental results from Vale indicate 
that the scintillation efficiency of inorganic 
crystals to heavy particles is not a function 
of dE/dx alone but is instead composed of a 
series of discrete functions, one for each inci-
dent particle. This paper presents an analysis 
of these experimental results with attention 
to the effect of delta rays produced by the pri-
mary particle. In this treatment the total 
light emitted per unit path length of the pri-
mary is the sum of two contributions: one 
from the saturation column of the primary• 
particle, and one from those energetic second-
ary electrons (delta rays) which escape the 
saturation column and produce light with a 
high efficiency. 

Resolution and Line Shape in Scintillation 
Counters—J. B. Prescott and P. S. Tztkhar 
(p. 36) 

An experimental study has been made of 
some factors that determine the pulse height 
resolution of scintillation counter assemblies. A 
statistical model is developed from which an 
analytic expression for the ideal line shape is 
obtained. Excellent agreement is found with 
observations using an artificial light pulser. 

A comparison is made between non-
crystalline organic scintillators and a sodium 
iodide crystal of similar size. It is shown that 
for gamma-ray detection, an important con-
tribution to line-width originates with varia-
tions in the light collection efficiency from dif-
ferent regions of the scintillator. 

The Effect of Dislocation Density on the 
Energy Resolution of Sodium Iodide Scintilla-
tors— I. Cooke and L. D. Reed (p. 46) 

Sodium Iodide activated with thallium was 
used as the detector in a scintillation counter. 
The scintillating crystals were stressed with the 
intention of introducing dislocations and ob-
serving whether or not there wasany measurable 
effect on the scintillation energy resolution 
intrinsic to the crystal. The photopeak was 
fitted to a gaussian curve to determine accu-
rately the full width at half maximum. The re-
sults suggest that dislocations have a significant 
and detectable effect on the resolution. 

Scintillation Response of Alkali Iodides to 
Alpha Particles and Protons—J. W. Blue and 
D. C. Liu (p. 48) 

The relative pulse height for all alkali 
iodide crystals, with and without activation, 
in response to alpha particles and protons was 
measured as a function of the incident particles 
energy at both liquid nitrogen and room tem-
peratures. In all cases the response curve is 
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linear for protons of an energy range from 1 to 
10 Mev, linear for alpha particles of high 
energies, but clearly nonlinear generally below 
15 Mev. The response curve of activated 
crystals at liquid nitrogen temperature is 
generally flatter than that at room tempera-
ture. Unactivated crystals have a unique re-
sponse only at liquid nitrogen temperature. 
For all crystals the proton scintillation effi-
ciency curve lies slightly below the linear por-
tion of the alpha particles curve. A sharp 
change in dL/dE is observed in the region of 
130 < dE/dx < 160 key/mg-cm-2, indicating 
a threshold for a process which has a decreased 
probability of exciting luminescence. 

Computation of Efficiencies of Organic 
Liquid Scintillators—Adam Heller (p. 52) 

The results of the computation of the scin-
tillation and fluorescence properties of 22 
aromatic conjugated systems are presented. 
Some of these are expected to have superior 
properties to those in use at present. A new 
scintillation solute, 1,4-bis-(p-isopropylstyryI)-
benzene, when used as a secondary solute in a 
p-terphenyl solution in xylene, has an efficiency 
higher than 80% on the anthracene scale. 

Progress on Photomultiplier Tubes at EMI 
Electronics, Ltd.—J. Sharpe (p. 54) 

Progress in Photomultipfier Tubes for 
Scintillation Counting and Nuclear Physics— 
G. Pietri (p. 62) 

This paper is primarily concerned with the 
development of high speed photomultiplier 
tubes designed for nuclear physics research 
applications. The significant characteristics 
and parameters influencing the performance of 
high speed tubes are discussed with particular 
emphasis to rise time, transit time fluctuations, 
high gain and linearity throughout a wide 
range of anode currents. 

The performance of the well-known types 
56AVP and 58AVP are described and in addi-
tion, a new tube type XP1020 which provides 
many outstanding features with regard to high 
speed performance. 

Finally, standard types for gamma ray 
spectrometry, low energy beta particle and soft 
X-ray detection are briefly discussed. 

Some Recent Developments in Photo-
multipliers for Scintillation Counting—R. M. 
Matheson (p. 73) 

A family of three photomultipliers designed 
for good pulse height resolution has been de-
veloped. Photomultipliers for scintillation 
counting under severe environmental condi-
tions have been produced and additional types 
are under development. The introduction of 
new window materials and sealing techniques 
had led to tubes sensitive in the far ultra-
violet. Several types giving improved high 
speed performance are under development. 

What's New at DuMont—J. G. Koosman 
and H. Timan (p. 78) 

Direction of multiplier phototube activity 
is described, indicating a variety of special 
products. Pulse height resolution with related 
parameters are reviewed, and the performance 
spread in production runs of types 6292 and 
6363 is discussed. Characteristics of a new high 
gain tube type are presented in some detail. 

New Developments in Photoemissive 
Tubes—F. W. Schenkel (p. 83) 

A discussion on a variety of special types of 
photomultipliers shall be presented. Among 
these will be the CBS type CL- I090, 14-stage, 
high speed, low dark current type and the 5-
inch ruggedized photomultiplier. Also to be 
presented are new developments in special 
type dynode multipliers and large area, high 
current photomultipliers. Recent developments 
in vaccuum type neutron detectors shall be 
discussed briefly. 

Status Report on the Development of the 
ASCOP Photomultipliers—Jean-Pierre Causse 

(13. 90) 
Slightly over a year ago, Electro-Mechani-

cal Research, Inc., introduced commercially a 
new line of photomultiplier tubes derived from 

the work done at the Research Center of its 
parent company, Schlumberger Well Surveying 
Corporation in Ridgefield, Connecticut. The 
new phototubes are marketed under the trade 
name "ASCOP." 

Individually manufactured and tested un-
der very stringent specifications, they fulfill 
the need for high performance, high reliability 
photomultipliers for both scintillation counting 
and the detection of light. Thus far they have 
proven especially useful in difficult environ-
mental conditions such as those encountered in 
space exploration. Several of them have 
orbited or are now in orbit around the earth 
without failure. We will review only briefly 
the principle of their construction, which was 
described at the last Symposium, in order to 
dwell in more detail on new developments. 

Field-Enhanced Transmission Secondary 
Emission for High-Speed Counting—E. J. 
Sternglass and G. W. Goetze (p. 97) 

The time-response of high-gain transmis-
sion-type dynodes using KC1 in the form of a 
low density layer is investigated. Both the re-
sults using light-pulses and charged particles 
directly incident on these dynodes indicate no 
detectable time lag within the limits of the 
experimental method (<0.5X 10-9 sec). The 
number of emitted secondaries under the im-
pact of a-particles and electrons confirms the 
theoretical expectation that the yield is pro-
portional to the rate of energy loss per unit 

distance, dE/dx. The results indicate that 
transmassive dynodes of the low density type 
with yields between 50-100 secondaries per 
incident 5 key electron can be used both for 
high-speed electron multiplication and direct 
detection of nuclear particles without the use 

of scintillators. 
Electron Multipliers Utilizing Continuous 

Strip Surfaces—W. C. Wiley and F. C. Hendee 
(p. 103) 

Thin films of semiconducting materials with 
secondary electron emission ratios greater than 
one have been used for some years in the Bendix 
crossed electric and magnetic field electron 
multiplier for ion detection. In these devices 
the electric field to accelerate the electrons is 
established by the potential gradient created 
by external current flowing through the resis-
tive strip. A low background counting rate, 
insensitivity to radiation in the visible and 
near ultraviolet, and stability on exposure to 
atmospheric gases are properties which permit 
this device to have interesting photon detec-
tion applications in the extreme ultraviolet in 
dynamic vacuum systems and outer space en-
vironment. 

A new form of electron multiplier utilizing 
continuous thin film surfaces, but not requir-
ing a magnetic field, has been developed. Small 
diameter tubes (a few mils ID.) coated on the 
inside surface give gains up to 106. This "chan-
nel" multiplier has been operated singly as a 
miniature electron or photon detector, and in 
arrays in image intensifiers. The principle of 
operation and some applications of these chan-
nel amplifiers will be discussed. 

The Further Development of a Transmis-
sion Type Image Intensifier by 20th Century 
Electronics, Ltd.—D. L. Emberson (p. 107) 

A large number of transmission secondary 
emission image intensifiers to the basic design, 
described by Wilcock et al., have now been con-
structed and the performance data obtained 
from these tubes is summarised. 

Based on this information a tube of im-
proved performance has been designed in-
corporating a larger dynode area and most re-
cently a multi-alkali photocathode. The pre-
liminary performance data on a number of 
these tubes with respect to resolution and dark 
current is reported. The results of measure-
ments of the operational fatigue of this type of 
tube are also described. 

Transmission Secondary Emission Image 
Intensifiers—N. A. Slark and A. J. Woolgar 
(p. 115) 

The tubes to be described are of the trans-
mission secondary emission type. Electrons 
from a tri-alkali photo-cathode are accelerated 
and focused on to a series of dynodes where 
multiplication takes place by transmitted 
secondary emission. The electrons from the 
final dynode are then focused on to the output 
phosphor. 

Photomultipler Single-Electron Statistics— 
Robert F. Tusting, Quentin A. Kerns and 
Harold K. Knudsen (p. 118) 

Our measurements of the amplitude dis-
tribution of photomultiplier anode pulses due 
to the emission of single-electrons from the 
cathode consistently show a peak. It is signifi-
cant that the peak position agrees with that of 
a calculated distribution based on a Poisson 
distribution of secondary electrons at each 
dynode. The integral distribution, obtained 
by counting single-electron pulses, tends to 
show a plateau. 

In low-light-level counting applications, 
one can set the dscriminator so that a majority 
of photomultiplier single-electron pulses will 
be counted. Further increase in the sensitivity 
will eventually increase the noise rate faster 
than the counting efficiency. 

The techniques for measuring photomulti-
plier single-electron statistics are useful for 
obtaining comparative collection efficiencies. 
By single-electron measurements, one can ad-

just focusing-electrode potentials to maximize 
overall collection efficiency. 

It is believed that there is some correlation 
between the amplitude and time distributions. 
Further work is necessary to show the extent 
of the correlation. 

The " State-of-the-Art" in Nuclear Particle 
Detectors—James W. Mayer (p. 124) 

Significant progress has been made during 
the past year toward realizing the very great 
potential of semiconductor detectors in nuclear 
research; this paper will review this progress, 
together with brief reference to relevant earlier 
work. Representative fields where major ad-
vances have been recorded are those of electron 
and high energy heavier charged particle de-
tection using Lithium drifted and other thick 
depletion layer devices, neutron detection 
studies, nuclear astrophysical research where 
the low mass, size, and power requirements are 
of paramount importance, focal plane studies 
with magnetic spectrographs involving multi-
channel semiconductor systems, nuclear re-
action product isotope identification with both 

hybrid gas and semiconductor detectors and 
with all semiconductor systems, high efficiency 

particle detection with large area mosaic 
detectors, and fission and other studies in high 
ambient neutral radiation fields where the 
junctions have unique advantages. Further ap-
plications are suggested. 

Nuclear Experimentation with Semicon-
ductor Detectors—D. A. Bromley (p. 135) 

The theoretical and experimental charac-
teristics of semiconductor particle detectors 
have been discussed at several conferences. The 
purpose of this paper is to discuss some of the 
recent results obtained with conventional p-n 
and surface-barrier detectors as well as to indi-
cate the performance of ion-drifted p-i-n and 
high-resistivity gallium-arsenide and silicon 
"conductivity" detectors. The operation of 
conventional devices in regard to resolution and 
stability measurements, the existence of a 
fission fragment energy defect, irradiation 
effects, the base resistivity variations is dis-
cussed. The response, resolution, and rise 
time of p-i-n detectors (depletion widths from 
1 to 5 mm) are presented along with some of 
the factors influencing the characteristics of 
The ion-drift process. Work with high-resis-
tivity gallium-arsenide and silicon detectors 
has shown the influence of recombination 
processes. The limitations and further im-
provements in these devices are indicated. 

Properties of an n+i p Semiconductor De-
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tector—F. P. Ziemba, G. Pelt, G. Ryan, L. 
Wang and R. Alexander (p. 155) 

A semiconductor nuclear particle detector 
fabricated by alloying or diffusing p+ layers 
and n+ layers into opposite faces of a slab of 
very high resistivity p-type silicon results in a 
device with several advantages over the con-
ventional semiconductor detector structure. In 
the n+ i p+ structure, the space charge region 
extends throughout the entire silicon wafer 
upon application of a few volts bias and since 
further increases in bias do not appreciably 
change the width of the space charge region, 
the capacitance approaches a constant value. 
The series resistance of such a structure is very 
low and the collection time is exceedingly 
short, limited only by the applied field and the 
high field mobility of the carriers. Experimental 
data on collection time versus applied bias for 
several different nuclear particles as well as the 
characteristics of the unit in a low noise detec-
tor-amplifier system are presented. 

The Window Thickness of Diffused Junc-
tion Detectors R. L. 1Villiants and P. P. 
Webb (p. 160) 

The detector window thicknesses for car-
rier gas diffusions have been found to be very 
close to the diffusion depths. This result is 
interpreted in terms of the concentration pro-
file of the diffusant. In the surface region, 
where the impurity concentration is greater 
than 10" per c.c., the carrier lifetime becomes 
so small that ionized charges recombine before 
they can diffuse to the junction. 

With reduced surface concentrations, win-
dow thicknesses of less than the diffusion 
depth have been fabricated, but good voltage 
rating diodes with a window thickness of less 
than 0.1 micron (.025 mg/cm2) are yet to be 
realized. For all diffusion depths a non-noise 
resolution limit of devices has been observed 
which corresponds to approximately 4 the 
energy loss of an incident particle in the win-
dow layer of diodes. 

For paint-on diffusion detectors, the nomi-
nal 900°C— 10 minutes- 0.! microns diffusion 
units have measured window thicknesses of 
about 0.3 microns. For the process studied it 
appears that an excessive amount of phos-
phorus is incorporated into the surface layer. 

Considerations in the Development and 
Use of Very Thin Junction Counters Suitable 
for AE/à.x Detection—C. N. Inskeep, W. W. 
Eidson and R. A. LaSalle (p. 167) 

Thin diffused-junction counters have been 
developed suitable for use as .àE/Zix detectors. 
Counters ranging in thickness from 0.0005 inch 
to 0.0025 inch and in area up to 1.0 inch diame-
ter have beeen fabricated by a process 
allowing a variety of counter shapes as well as 
good dimensional control. Tests with the 22-
Mev alpha beam of the Indiana University 
cyclotron indicate satisfactory AE/Ax detec-
tion over a range of alpha particle energies from 
22 Mev to below 7 Mev. Fabrication techniques 
will be discussed. Some results will be pre-
sented to illustrate the application of these 
AEtax detectors to nuclear spectroscopy. 

Semiconductor Fast Neutron Detectors— 
G. Dearnaley, A. T. G. Ferguson and G. C. 
Morrison (p. 174) 

The application of semiconductor junction 
detectors to spectroscopy and flux monitoring 
for fast neutrons is discussed in terms of energy 
resolution and efficiency. The most useful forms 
of counter appear to be the proton-recoil and 
He, filled detector arrangements, and the con-
struction, performance and applications of 
such devices are described. A He, filled de-
tector has given an energy resolution of 150 keV 
for neutrons of 2-4 MeV with an efficiency 
approaching 10-,. Measurements are being 
made of the cross-sections for reactions induced 
in the silicon of the detectors by fast neutrons, 
an effect which limits the range of neutron 
energies for which the counters can be used. 

Radiation damage to detectors is briefly 
discussed. 

Improved Techniques for Producing 
P+-I-le Diode Detectors—J. L. Blankenship 
and C. J. Borkowski (p. 181) 

Techniques for achieving a thin dead layer 
exhibiting low sheet resistance on the N+ side of 
a P+-I-N± diode made by the lithium drift proc-
ess have been developed. A controlled quantity 
of lithium was diffused through a 1- to 2-
micron phosphorus doped layer on the silicon 
diode. The phosphorus doped layer provide 
low sheet resistance. Because most of the 
lithium diffused layer was drifted into the bulk 
material, dead layers of less than 7 microns 
thickness were achieved. 

Detectors made by this technique have 
given 23 key (fwhm) resolution for gamma rays 
and mono-energetic electrons at room tempera-
ture, limited by diode noise. Detectors cooled 
to 78°-195°K gave 6.5 key resolution for Cs," 
conversion electrons (625, 655 key) and Pb2,2 
x-rays ( 74, 90 key). Detectors stored without 
bias voltage at room temperature did not 
change performance over a four-month period. 

An analysis of the drift parameters has 
shown that the lithium drift rate depended 
upon the power dissipated in the diode during 
drift. An automatic control system was de-
veloped which allows the lithium drift opera-
tion to proceed at power dissipations in excess 
of 50 watts. 

Pulse Shape Discrimination in P-N Junc-
tion Detectors—Herbert L. Funsten (p. 190) 

A pulse shape discrimination circuit for 
solid state particle detectors has been de-
veloped that will distinguish between ionizing 
particles stopping completely within the junc-
tion region and those passing beyond. It is 
based upon the fact that the first kind of 
particles produce a fast rising pulse in the order 
of nanoseconds whereas the second kind have 
an added diffusion component in the micro-
second region. A circuit description and repre-
sentative spectra are given. 

The Operation of Solid State Alpha Coun-
ters in Chemical Process Streams—L. Cathey 
and W. J. Jenkins (p. 193) 

The alpha activity in a chemical process 
stream may be monitored by placing an etched 
N-type silicon wafer in the stream to operate 
as a surface barrier alpha counter. The counters 
are constructed by the Blankenship technique 
with the gold cover omitted. The bare silicon 
surface is immersed in the sample stream. 
Since the liquid of the stream forms the front 
contact to the silicon the stream conductivity 
must be high. 

The detectors have been operated in solu-
tions of the nitrate salts of thorium, uranium, 
neptunium, plutonium, and americium. The 
effect of solution conductivity and acidity has 
been investigated. The effects of aluminum and 
fluoride ions have been studied also. 

The detector will cease to operate if the 
oxidation of the silicon surface is allowed to 
run to completion. The silicon dioxide layer will 
insulate the " P" inversion layer on the surface 
of the silicon from the liquid contact. If the bias 
is operated in the forward direction for short 
periods, the silicon dioxide insulator will be 
punctured and contact between the liquid and 
"P" inversion layer will be restored. A similar 
result can be achieved by illuminating the 
silicon surface for short periods to induce a 
photo-etch process. Both of these methods have 
been used to maintain detectors in a counting 
condition for periods of up to nine months. 

13" Diffused Junction Detectors in N-type 
Silicon—H  \ \ I.mn and F. J. Janarek 
(p. 200) 

Silicon diffused junction detectors were 
prepared by diffusion of boron- 10 into N-type 
silicon of resistivity 1000-3800 ohm-cm at a 
temperature of 1000°C. Detector diameters 
ranged from 3 mm to 2 cm. With the junction 

edge exposed in air or in vacuum, these detec-
tors were extremely unstable. The use of or-
ganic silanes and ordinary waxes as a coating 
on the exposed junction edge provided stability. 
For some detectors the treatment with silanes 
was followed by a decrease in leakage current 
during subsequent storage. For alpha particles 
a resolution width (FWHM) of 40-45 key was 
obtained for 6 Mev alpha particles in a detector 
of diameter 3-4 mm. For 2-cm-diameter detec-
tors the resolution width at this energy was 
80-100 key, but reduced to 40 key for alpha 
particles at a higher energy of 9 Mev. The peak-
to-valley ratio for fission fragments from Cie., 
was constant and equal to 1.40 at a detector 
reverse voltage of 15 volts or higher. The use of 
boron- I0 allows identification of the energies 
of the products of fission reactions that occur 
within the detector, although similar detectors 
may be prepared using ordinary boron. For the 
present detectors the energies of the reaction 
products from the reaction KB", Li.7)a and 
their sum were resolved with a resolution width 
of approximately 250 key, and with energy cor-
responding to the known energies to within 5%. 

Response of Silicon Surface Barrier Detec-
tors to Hydrogen Ions of Energies 25 to 250 
kev—R. I. Ewing (p. 207) 

Commercially produced silicon surface bar-
rier counters have been exposed at room tem-
perature to hydrogen ion beams varying in 
energy from 18 to 225 key and the pulse spectra 
analyzed. The output has been found to be 
linear with ion energy. A dead layer equivalent 
to about 4 key loss by a 100 key proton is in-
dicated, suggesting that the gold surface layer 
is the only dead region. The width of the pulse 
spectrum is found to be about 9 key for protons 
independent of ion energy, and limited by 
system noise. Multi-atomic ions produce an 
output a few per cent below that expected of 
an equivalent number of protons of the same 
velocity. The width of the pulse spectrum is 
also found to be greater for the multi-atomic 
ions than for protons. 

Gold-Doped Silicon Detectors for the Con-
trol of Bubble Chamber Photography—C. R. 
Sun (p. 211) 

The properties of a gold-doped silicon de-
tector have been studied with e-ray sources. 
The observed peak of 0.6 Mev from a Sr"-V20 
source agrees well with the most probable 
energy loss in the detector, calculated for 
minimum ionizing electrons. Our ultimate aim 
is to use a matrix of 20X 24 of such detectors 
to control our bubble chamber photography. 

Silicon Surface Barrier Detectors With 
High Reverse Breakdown Voltages—R. J. 
Fox and C. J. Borkowski (p. 213) 

Surface barrier detectors with essentially no 
dead layer and with depleted depths up to 1.5 
mm have been achieved by the combination of 
an inverted edge and a guard ring. The ability 
of these devices to withstand high reverse bias 
voltages insures rapid collection of the charge 
carriers and consequently fast rising pulses even 
for thick depletion regions. The energy resolu-
tion was 9.2 key for 1-Mev electrons and was 
7.5 key fwlim at 285°K for 0.6-Mev electrons. 

Encapsulated Surface Barrier Particle De-
tectors, Some Methods and Techniques— 
Niels J. Hansen (p. 217) 

Techniques are described with which in-
experienced workers have been able to produce 
detectors with almost 100% yield. Results are 
presented of measurements made at 78°K and 
at 300°K. 

Application of Silicon Semiconductor De-
tectors to Measurements on Monoenergetic 
Neutron Beams—M. G. Marcazzan, F. Merzari 
and F. Tonolini (p. 234) 

The Status of the Scintillation Chamber— 
Martin L. Perl (p. 236) 

Several successful experiments carried out 
with the scintillation chamber are summarized 
to show what can be done with tin systems 
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which can be built now. There have been no 
developments in scintillation chamber com-
ponents in the last year which allow radical 
improvements of these present systems. Many 
of the high energy nuclear experiments en-
visaged for the scintillation chamber can be 
done better with spark chambers. As a result 
of these two factors, there are only a few areas 
where a scintillation chamber is now the best 
instrument to use. Examples of such areas are 
space physics experiments, high energy beam 
imaging, high energy gamma ray detection and 
particle decays. 

Some Measurements of the Efficiency for 
Observing Photoelectrons in Image Intensifiers 
—J. R. Waters, G. T. Reynolds, D. B. Scarl and 
R. A. Zdanis (p. 239) 

A method is described for measuring the 
efficiency with which photoelectrons can be 
detected in an image intensifier system. A weak 
light in shone onto the first cathode and the 
photoelectron current measured. The light is 
then attenuated by a large known factor and 
compared with the number of spots observed 
in a given time. A simple system was used to 
demonstrate this method; a maximum ef-
ficiency of 85% was achieved. The results of 

experiments with a filament scintillation cham-
ber and a Cerenkov detector using image in-
tensifiers are discussed and yield some informa-
tion about the electron detection efficiency. A 
simple method of finding the detection thresh-
old is also mentioned with two typical exam-
ples of its results. 

Observation of the Focused Ring of 
Cerenkov Light from a Single Particle Using 
an Image Intensifier System—S. K. Poultney 
and J. R. Waters (p. 243) 

An image intensifier system has been used 
to observe the Cerenkov light emitted by a 
single charged particle traversing a Lucite 
radiator. The light, which was emitted in a for-
ward cone of half angle 48°, was focused by a 
lens into a 3.5- in, circle on the photocathode 
of an RCA C70035 single stage image intensi-
fier. The intensifier chain also included a three 
stage RCA C73491 intensifier and an RCA 
C74036 single stage intensifier orthicon in a 
closed circuit television system. A well colli-
mated beam of negative II-mesons of 820 
Mev/c went through the Lucite radiator in the 
shape of a narrow cone. A circle of about 50 
spots should have been seen if all the photo-
electrons emitted by the light at the first 
cathode had been detected. The actual number 
seen varied between 4 and 6 depending on the 
gain of the system. 

Spark Chambers—State of the Art—James 
W. Cronin (p. 247) 

A review of the presentstate of spark cham-
ber technology is presented. The properties of 
spark chambers are reviewed and a summary 
of recent developments is given. An effort is 
made to make the survey of recent develop-
ments as complete as possible. Emphasis is 
given to technical problems which remain to 
be solved. 

Ionization Density Effects in Spark Cham-
bers—E. Engels, D. Roth, J. Cronin, and 

M. Pyka (p. 256) 
During the course of an experiment on the 

decay properties of A° particles we observed 
qualitatively an ionization effect. The sparks of 
the heavily ionizing proton were bright and had 
100% gap efficiency. The sparks of the mini-
mum ionizing pion are weak and have a low gap 
efficiency. These observations are studied 
quantitatively in this paper. 

Spark Chamber for Electronic Data Re-
trieval—Michael J. Neumann and Herrick 
Sherrard (p. 259) 

In preparation of an information retrieval 
system system for experiments in nuclear 
physics a digitized spark chamber has been 
constructed and operated. Magnetic tape has 
been used for direct recording. It is planned to 

provide a high speed buffer storage. 
Reduction of Delay Between Particle 

Passage and Spark-Chamber Spark—Joachim 
Fischer and Gus T. Zorn (p. 261) 

The delay time between the passage of an 
ionizing particle and the spark-chamber spark 
is one of the limiting factors in the time resolu-
tion of spark-chamber systems. The usual re-
solving time is of the order of 0.5 µsec. The de-
lay time in photomultipliers, cables, coinci-
dence mixers, high voltage pulse generators, 
spark gaps, spark chamber voltage rise, and 
spark formation is investigated. Elements of a 
system are described which result in a total 
delay of about 33 nsec, including the photo-
multiplier. This may permit a reduction in 
spark chamber memory time and time resolu-
tion by about one order of magnitude. The re-
duction in delays and rise times also decreases 
the displacement of tracks in spark chambers 
operating in a magnetic field. 

Recent Developments in Multichannel 
Pulse-Height Analysis—R. L. Chase (p. 275) 

The state of the pulse-height analyzing art 
will be reviewed with particular emphasis on 
the developments of the past two years. The 
discussion will include consideration of multi-
dimensional instruments, calibration-stabilizng 
techniques and some of the auxiliary features 
that are becoming increasingly available on 
commercial instruments. Possible future de-
velopments with respect to resolving time and 
memory organization will be discussed briefly. 

Survey of Nanosecond Techniques—Albert 
L. Whetstone (p. 280) 

In their application to high energy physics, 
nanosecond electronic techniuqes offer the 
experimenter the possibility of accumulating 
large amounts of highly selected data in the 
presence of intense backgrounds of uninterest-
ing events. In this paper selected examples of 
recent contributions to nanosecond electronics 
are reviewed. Attention is given in fast logic 
circuits, pulse measuring the transmission 
techniques, and to the new components which 
have made the circuit developments possible. 
A temerous look at some future prospects is 
attempted. 

Pulse-Shape Discrimination—A Survey of 
Current Techniques—R. B. Owen (p. 285) 
A feature of scintillation counters is their 

ability to provide information on the type of 
exciting particle from the characteristics of the 
scintillation decay. The current state of knowl-
edge on the decay of organic and inorganic 
phosphors is reviewed, and the main features 
of the many circuits devised to utilize the effect 
are discussed. 

Limitations to the discrimination technique 
may be expected at high rates due to pulse pile 
up. The degrees of discrimination possible 
to low particle energies appears to be worse 
than may be expected on the basis of the photo-
electron information available. The implica-
tions of this are examined. 

Recent Developments in Scintillation and 
Semiconductor Spectroscopy—R. L. Heath 
(p. 294) 

The most important area of development 
in gamma-ray scintillation spectrometry at the 
present time is the adaptation of digital com-
puter techniques to the analysis of pulse-height 
spectra. The use of multi-dimensional pulse 
analyzers capable of storing 256 spectra, each 
containing up to 256 channels of digital infor-
mation, has greatly increased the need for 
automated data processing techniques. As a 
first step, logical adders and tape input-output 
systems have been added to modern analyzers 
to permit some reduction of data within the 
machine itself. The development of analytical 
techniques adaptable to machine programming, 
however, appears to represent the only reason-
able solution of the problem. A series of com-
puter programs are described which have been 
successfully applied to the reduction of pulse-

height data using digital computers. The calcu-
lations carried out by these programs include: 
determination of pulse-height vs energy re-
sponse of a Na! detector, calculation of coinci-
dence sum spectra; and the analysis of complex 
pulse-height spectra to obtain energies and rela-
tive intensities of individual gamma rays or 
relative abundances from a mixture of radio-
nuclides. Measurement problems and instru-
mental requirements are discussed in detail. 

Nuclear Instrumentation for Scintillation 
and Semiconductor Spectroscopy—Thomas L. 
Emmer (p. 305) 

This paper describes four "modular" nu-
clear instruments: a double delay-line linear 
amplifier, an antiwalk single channel analyzer, 
a fast-coincidence unit, and a biased amplifier 
and linear gate for semiconductor detectors. 

Time Resolution of a Scintillation Counter 
System—Arthur E. Bjerke, Quentin A. Kerns 
and Thomas A. Nunamaker (p. 314) 

Time resolution of a scintillation counter 
system composed of scintillator, light pipe, 
multiplier phototube, discriminator, and co-
incidence circuit is discussed. The discriminator 
and coincidence circuits can produce coinci-
dence curves with edges as steep as 10 'psec per 
decade. Multiplier phototubes are capable of 
similar resolution, providing they view suf-
ficiently bright, well-defined light flashes. 

In a time-of-flight measurement at the 
Berkeley 184-inch Cyclotron, the coincidence 
curve slope, measured from a counting rate of 
50% to 5%, is 400 psec per decade. The light 
level corresponds to 2000 electrons reaching the 

first dynode of the multiplier phototube. A 
slope of 200 psec per decade would be expected 
if only the multiplier phototube and electronics 
were considered. Geometry and rate of light 
output of the scintillator are believed to limit 
system resolution at present. 

Rejection of Gamma Background Radiation 
Pulses in Hornyak Buttons—A. De Volpi and 
K. G. Porges (p. 320) 

The nature of pulses resulting from alpha, 
beta, gamma, and neutron irradiation of 
Hornyak buttons has been examined under 
various conditions, including the use of light 
filters and both fast and slow electronics. Ten-
tative conclusions about the mechanism of their 
origin are reached. Pulses from Compton re-
coils originate in the matrix and light trans-
mitting media of the Hornyak button and 
phototube. Such pulses are of short duration, 
being similar in shape to photomultiplier noise 
pulses, in contrast to the 70-nanosecond decay 
of the fastest component of ZnS(Ag) fluo-
resence. 

A relatively simple, passive anticoncidence 
network is described which allows fast cancel-
lation of the gamma-induced short pulses while 
passing the zinc sulfide scintillation with ade-
quate efficiency. Rise time of the pulses emerg-
ing from the background suppression circuit is 
about 7 nsec. This network, in conjunction 
with a distributed amplifier, tunnel diode dis-
criminator, and other fast electronic equipment 
is used to select fission neutrons in coincidence 
with fission events. 

Fast Pulse Multiplication by Logarithmic 
Attenuators—C. H. Vincent and D. Kaine 
(p. 327) 

When a thin (dE/dx) transmission counter is 
used in front of a thick (E) particle counter, 
so that the particle may be identified by the 
two signals obtained, a pulse voltage multiplier 
of moderate accuracy and input range, but high 
speed, is required to effect the identification. A 
simple circuit of a new type, requiring no 
special components, and referred to as a log-
arithmic attenuator, has been developed for 
this purpose. With pulses of a microsecond or 
more in duration, it gives an immediateoutput 
for identification. 

The Application of Automatic Testing to 
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Complex Nuclear Physics Experiments— 
Frederick A. Kirsten (p. 333) 

The complexity of the data-acquisition sys-
tems required for advanced nuclear physics ex-
periments is increasing. The difficulties involves 
both in setting up these systems and in de-
tecting failures or drifts in the associated elec-
tronic equipment increase rapidly with the 
complexity of the system. To alleviate these 
difficulties, some automatic test routines for 
checking a complete data-acquisition system 
from phototube to scaler or analyzer have been 
developed. 

One technique involves the use of the nano-
second light pulsers described by Kerns. These 
are mounted so as to illuminate the scintil-
lators. Relay matrices for routing the electrical 
triggers to the pulsers have been developed. 
The routing is programmed to sequentially 
activate various combinations of light pulsers, 
thereby simulating the nuclear events under in-
vestigation. as well as accidental events. 

Control systems are provided to perform 
the programming, with either automatic or 
manually controlled sequencing. 

Methods of checking or recording the re-
sults of the test routine are discussed. Two ap-
plications of this technique to actual experi-
ments are described. 

Design of a Scintillation Counter K+ 
Detector for a Bubble Chamber—T. Bowen 
and R. F. Roth (p. 340) 

A K+ detector is being designed for the 
Princeton- Pennsylvania Accelerator Rapid 
Cycling le Hydrogen Bubble Chamber which 
will trigger the photography whenever a K+ is 
produced in the chamber. For the reactions of 
interest within our energy range, the K's 
produced in the chamber will come to rest in 
the magnet coils needed for the field in the 
chamber and in the absorbers which will be 
placed in the gap between the coils. Plastic 
scintillators will be sandwiched between coil 
pancakes and absorber layers, and viewed by 
96 2 photomultiplier tubes. We expect to be 
able to detect all delayed pulses due to K+ 
decay secondaries triggering at least two layers 
with delays greater than 7 nsec., which cor-
responds to 20 per cent of all K's produced. 
The major design problems are connected with 
economical design of the magnet-scintillation 
counter system and detection of the pulses de-
layed only a few nanoseconds in the possible 
presence of sometimes larger "prompt" pulses 
in the same counters. 

Liquid Scintillation Counter Design Param-
eters—Richard B. Frank (p. 345) 

The development of a liquid scintillation 
counting system has led to an evaluation of 
several multiplier phototube types, the com-
parison of a number of counting chamber sur-
faces, and an investigation of thermoelectric 
phot ocat bode cooling. 

The results obtained, including the more 
important performance and electronic circuit 
characterist ics of the system, are described. 

A Nearly-Four-Pi Liquid Scintillation 
Counter for Bursts of Fast Neutrons— Rob,rt 
J. I,anter and Daniel E. Bannerman (p. 352) 

This liquid scintillation counter detects 
14 iney neutrons by both proton-recoil and 
neutron-proton capture processes. It is de-
signed to measure fast neutrons which occur in 
a single burst of a few microseconds duration, 
a burst which may contain anywhere from 100 
to 100,000 neutrons. The courtier is 36 inches in 
diameter, 36 inches long, and has an axial access 
cylinder 12 inches in diameter. It contains 475 
liters of triethylbenzene, 2.5 grams per liter of 
p-terphenyl and 0.02 grams per liter of POPOP. 
Scintillations are detected by 20 Dumont Type 
6364 multiplier phototubes. Four tubes are 
used as proton-recoil detectors and 16 are used 
as neutron-proton capture detectors. The 
counter was completed in January 1959, and 
has shown high reliability and only :a relatively 

small change in sensitivity since it was first 
calibrated. 

Nuclear Particle Spectrometers for Satel-
lites and Space Probes—E. L. Hubbard (p. 357) 

In its program for research into the nature 
of the cosmic ray and Van Allen radiation the 
University of Chicago (the Enrico Fermi Insti-
tute for Nuclear Studies and the Laboratories 
for Applied Sciences) has been several particle 
telescopes and spectrometers. These instru-
ments have taken various forms from a com-
bination of semi-proportional counters to a 
telescope that used a gold-silicon surface barrier 
diode in combination with a CsI(TI) scintil-
lator. The CsI(TI) uses a photodiode as a light 
sensor. The various forms of the telescopes will 
be discussed. It should be pointed out that this 
paper is a review only of some of the detectors 
used in the cosmic ray program at the Uni-
versity of Chicago. 

Practical Aspects of a Scintillation Spec-
trometer System for Use at High Altitudes— 
John Gilroy (p. 366) 

This paper discusses a system designed for 
obtaining -y-spectra from high altitudes, using 
a light weight balloon-borne device transmit-
ting pulse information to ground equipment 
employing a standard multichannel analyzer. 
The sensing unit is a thallium activated cesium 
iodide crystal, surrounded with pilot B scintil-
lator for discrimination against charged parti-
cles, observed by a 6199 photomultiplier tube. 
Packaging arrangements to minimize tempera-
ture effects and prolong battery lifetime are 
described. The resolution and drift recorded 
during operation of the system compared 
favorably with those observed in the laboratory 
without telemetering. 

A Double Gamma-Ray Spectrometer to 
Search for Positrons in Space—T. L. Cline, 
E. W. Hones, Jr., and P. Serlemitsos (p. 370) 

The advantages of the scintillation tech-
nique allow the development of experiments 
which can be made to respond preferentially to 
chosen types of particles. One such series of ex-
periments requires the development of detec-
tors which will identify single positrons mixed 
in a relatively high flux of other radiations. 
Directional detectors of positrons of energy 
between a few ev and a few Mev have been 
designed to search for admixtures of these 
particles in the cosmic radiation near the top 
of the atmosphere, in the electron population 
of the trapped radiation zone and in the solar 
particle streams and plasma clouds in inter-
planetary space. These detectors, which are 
scheduled for flight on balloons, sounding 
rockets and the Eccentric Geophysical Ob-
servatory satellite, are described. The scintilla-
tion techniques involved are discussecd, and the 
analog and digital data-recovery instrumenta-
tion for each experiment is also out lita.d. 

A Scintillation Counter Telescope for 
Charge and Mass Identification of Primary 
Cosmic Rays— I). A. Bryant, G. H. Ludwig 
and F. B. McDonald (p. 376) 

A cosmic ray telescope has been developed 
to study the charge and energy spectra of 
primary cosmic radiation. The two major ob-
jectives of this program are: 

I. A determination of the amount of inter-
stellar material through which primary cosmic 
rays have passed between their source and the 
vicinity of the earth. This amount of material 
can be deduced from the shape of the low 
energy spectra of the primary nuclei helium to 
oxygen measured at solar minimum. 

2. A study of the rigidity dependences on 
the various forms of modulations of hydrogen 
and helium nuclei. 

A secondary objective is a study of the 
charge and energy spectra of cosmic rays pro-
duced by the sun. 

Detector for Low Energy Gamma-Ray 
Astronomy Experiment—K. J. Frost and E. D. 
Rothe (p. 381) 

A detector developed specifically for rocket 

and satellite borne low energy gamnra-ray 
astronomy experiments is described. The detec-
tor consists of a e longX 1" diameter Cs' (TI) 
crystal viewed by a single photomultiplier tube 
together with a 8.75" longX5.75" diameter 
Cal ( TI) crystal viewed by four photomultiplier 
tubes. The small crystal is inserted into a well of 
the larger crystal, the output of the smaller 
crystal being run in anticoincidence with the 
large crystal. The output from the small crystal 
surviving the anticoincidence circuit is fed into 
a pulse height analyzer. This detector and its 
mode of operation provides a gamma-ray spec-
trometer which has: angular collimation, low 
background sensitivity, suppression of the 
compton continuum and relatively high photo-
peak efficiency. Data on the photopeak 
efficiency, angular response, and suppression of 
the compton continuum at various energies are 
presented. Reasons for using anticoincidence 
shielding rather than bulk shielding with lead 
to contend with background problems are 
discussed. 

Use of Scintillation Counters for Space 
Radiation Measurements—R. V. Smith, J. B. 
Reagan and R. A. Alber (p. 386) 

Scintillation detectors used in space appli-
cations must meet rigid criteria for high per-
formance at reduced pressure, at variable tem-
peratures and must withstand extremes of 
shock and vibration. A large number of tubes 
have been subjected to shock and vibration 
tests. Ruggedized tubes withstood the tests and 
showed little change in gain. Measured tem-
perature coefficients of gain varied from 
—.19% to —.53%/°C, from 25°C to 70°C and 
may be circuit compensated. Battery and in-
verter type high voltage supplies have short-
comings which have been overcome in a high 
frequency voltage inverter circuit which sup-
plies potential to each dynode directly. A pre-
amplifier is described which has a voltage gain 
of one, a high input impedance and wide 
dynamic range such that further amplification 
is not required. The techniques described have 
been tested in several space flights. 

Application of Nuclear Semiconductor De-
tectors for Space Spectrometry—S. S. Fried-
land, F. P. Ziemba. R. M. Olson and H. 
DeLyser (p. 391) 

The proton energy spectrum in cosmic rays, 
trapped radiation belts, and solar flares is of 
considerable interest in space physics studies. 
The development of the semiconductor nuclear 
particle detector and the lithium ion drifted 
semiconductor detector offers a convenient 
means for studying proton spectra over a wide 
range of energies. The small size, ruggedness, 
stability, energy resolution and low power re-
quirements of the semiconductor detector make 
it compatible. with the requirements on space 
vehicle instrumentation. 

Various systems to perform proton spec-
trometry are to be described. These include-

1. A single detector with a discriminator 
and counting circuitry and a single detector 
with pulse height analysis. 

2. A dual detector to remove the ambiguity 
of the double value of pulse height vs. energy. 

3. An array of detectors each with a dif-
ferent thickness degrader to cover the addi-
tional energy ranges. 

4. A stack of detectors in muni-coincidence 
forming a telescope. 

A brief desciption of the principles of opera-
tion of the semiconductor detector, the lithium 
drift detector and the response of these devices 
to charge particles is included for completeness. 
The reader familiar with this material may ad-
vance to the following paragraphs. 

High Energy Gamma Ray Satellite Experi-
ment—C. P. Leavitt (p. 4001 

In order to locate possible discrete sources 
of high energy cosmic rays as welt as to gain in-
formation related to cosmic ray origins a detec-
tor of 100 to 1000 Mee., gamma rays has been 
constructed for inclusion in the NASA Orbiting 



1962 Abstracts of IRE Transactions 2017 

Solar Observatory, Satellite S- 17. Both direc-
tion and energy are determined by a Cerenkov 
coincidence arrangement together with a total 
absorption lead glass Cerenkov counter. Solid 
state pulsed light sources will be used to pro-
vide calibration during flight. 

Lunar Composition by Scintillation Spec-
troscopy—M. A. Van DiIla, E. C. Anderson, 
A. E. Metzger, and R. L. Schuch (p. 405) 

Information on the composition of the 
moon and its past history is being sought 
through measurements of the spectrum of the 
gamma rays emerging from the lunar surface. 
The detector is a 3 X 3 in. CsI-plastic scintil-
lator phoswich feeding a 32-channel analyzer 
weighing 5 pounds. Energy range is to 3 Mev; 
in-flight calibration is provided by a small Co-
57 and Hg-203 source fixed to the detector. 
Energy resolution is 12 ± 2 per cent at 0.66 
111ev. The spectrometer, and indeed the entire 
spacecraft, is biologically sterile. The spec-
trometer aboard Ranger 3 (launched January 
26, 1962; missed the moon by about 20,000 
miles) transmitted back spectra currently be-
ing studied; Rangers 4 and 5 are repeats 
scheduled for later in 1962 

A New Technique for Recording Heavy 
Primary Cosmic Radiation and Nuclear`Proc-
eases in Silver Chloride Single Crystals— 
Charles B. Childs and Lawrence Slifkin (p. 
413) 
A new technique for recording heavy pri-

mary cosmic radiation and nuclear processes 
has been developed through decoration of dis-
locations formed by these processes in large 
silver chloride single crystals. The crystals are 
prepared and exposed to cosmic radiation dur-
ing high altitude balloon flights. The crystals 
are then treated according t to the Haynes-
Shockley photoelectric technique which results 
in silver collecting at the dislocations and 
thereby decorates the dislocations at room tem-
perature within two hours. Since silver chloride 
is transparent to visible light, the decorated 
dislocations are observable with an optical mi-
croscope at a magnification of about 150-200. 
A one-to-one correspondence has been estab-
lished between tracks in the crystals and those 
in photographic emulsions accompanying the 
crystals during balloon flights. Examples of 
heavy primary cosmic radiation and nuclear 
processes in crystals are shown. 

Notice of PGNS Annual Meeting, 1962— 
(p 41s) 

Prices of these Transactions—(p. 416) 

Space Electronics and Telemetry 

VOL. SET-8, No. 2, JUNE, 1962 

Foreward—Fred T. Sinnott—(p. 70) 
Introduction to Special NASA Issue—Hugh 

L. Dryden—(p. 71) 
Frontispiece—Hugh L. Dryden—(p. 72) 
NASA Space Electronics and Telemetry 

Systems Development—R. D. Briskman 
(p. 73) 
A Skin Tracking Radar Experiment Involv-

ing the COURIER Satellite—M. Easterling 
(p. 76) 

Range measurements are a very powerful 
type of tracking data for spacecraft operating 
at interplanetary distances. As a step in the 
development of a technique for making such 
measurements, an experimental system was de-
vised in which the technique was adapted to 
the radar tracking of artificial Earth satellites. 
The system was tried out by tracking the Echo 
balloon and, after modifications, proven by 
tracking the Courier satellite. This paper de-
scribes the system that was used and the ex-
periments that were conducted. Evaluation of 
the range data was made by comparing it with 
angle and Doppler data. The comparison was 
made by computing an orbit from angle and 
Doppler data obtained on three successive 
passes. The range was computed from the orbit 

for comparison with the measured range. The 
ranges measured were between 1,900,000 and 
2,500,000 meter, and the largest disagreement 
between the measured and computed range 
during these three passes was 36 meters which 
is only about twice the estimated uncertainty 
in the range measurement. The average dis-
agreement was approximately 20 meters or one 
part in 10°. At the present it is not possible to 
state what part of the disagreement should be 
attributed to the ranging system and what part 
should be attributed to the orbit computation. 
The direction to be taken by further investiga-
tion is given. 

The 1961 JLP Venus Radar Experiment— 
W. K. Victor and R. Stevens (p. 84) 

The feasibility of exploring the solar system 
by radar was demonstrated on March 10, 
1961, when a radio signal was beamed at the 
planet Venus, and for the first time in history 
the return echo was detected within a few min-
utes. The JPI. Venus radar experiment has re-
sulted in 1) an improvement of the accuracy 
of the Astronomical Unit by more than two 
orders of magnitude. 2) a determination that 
the dielectric constant and apparent roughness 
of its surface material are not unlike surface 
materials commonly found on Earth, and 3) a 
determination of the rotation rate of Venus for 
its most probable axis of rotation. In addition, 
the experiment verified that reliable inter-
planetary UHF communication is possible over 
ranges of 50 to 75 million miles and that plane-
tary radar observatories are both practical and 
useful. Many improvements in the state of the 
radar and communications art are noted. 

Analysis of the Range and Range Rate 
Tracking System—F. O. Vonbun (p. 97) 

The "range and range rate" (ril-;.,) system 
in its very simplest form is described. In par-
ticular, the errors in position and velocity are 
treated using pessimistic values of the meas-
ured quantities r, and t1. Thus, a realistic eval-
uation of tracking qualities can be made for dif-
ferent orbits over certain tracking stations. The 
range and range rate system briefly described 
in this paper is a high-precision tracking sys-
tem. 

Knowledge of the uncertainty in position 
8.,.; is important, but knowledge of the uncer-
tainty of the velocity vector Si is of the utmost 
importance. Thus the use of coherent Doppler 
measurements to determine the velocity has a 
great advantage over any pulsed system and, 
in addition, permits extremely narrow fre-
quency bandwidths (in the order of 10 to 100 
cps) to be employed, reducing the power re-
quirements considerably. 

The basis for using range ri and range rate 
only is the fact that r, and t can be measured 

to very high precision, thus furnishing r and 
with low errors. The nature of these errors is 
discussed. 

Pulse-Frequency Modulation—R. W. 
Rochelle (p. 107) 

Pulse-frequency modulation (PFM) has 
been successfully employed as the encoding 
technique in a number of small U. S. Earth 
satellites where reduction of power and weight 
are prime considerations. This paper is con-
cerned with the introduction of some of the 
more basic principles of PFM. Rather than 
presenting a rigorous proof on the orthogonal-
ity of this type of modulation, a comparison is 
made to the better-known characteristics of 
coded binary sequences. It is shown that PFM 
with quantized frequencies has the same com-
munication efficiency in the presence of addi-
tive white Gaussian noise as a corresponding 
set of coded binary sequences with an equal 
number of quantized levels. 

Synchronization of Telemetry Codes—J. J. 
Stuffier (p. 112) 
A well-known means of efficiently transmit-

ting information over the continuous, white 
Gaussian channel involves the encoding of suc-
cessive blocks of data into sequences of binary 

digits (called code words). Efficient decoding of 
these sequences in turn necessitates a knowl-
edge of the instants in time at which one code 
word ends and the succeeding word begins. 

This paper presents a method for obtaining 
this synchronization which neither decreases 
the channel capacity nor increases the com-
plexity of the encoding equipment. The method 
is to select, from the many encodings which are 
equally good for purposes of synchronous oper-
ation, that encoding for which the maximum 
absolute value of the correlation po between 
any code word and any sequence formed from 
the overlap of two code words is a minimum. 
Thus a large correlation is observed only in the 
synchrounous phase position. This technique is 
applied to an important class of block codes, 
the binary orthogonal codes. An algorithm for 
constructing these codes with the desired self-
synchronizing properties is presented, and up-
per bounds on the value of po are thereby estab-
lished. 

Design of PM Communications Systems— 
R. L. Choate and R. L. Sydnor (p. 117) 
A direct approach to the design of PM com-

munications systems utilizing phase-locked de-
modulators is developed, and the design pro-
cedure is illustrated by example. 

In addition to the new design techniques, 
two other ideas are emphasized. First, the out-
put signal-to-noise ratio (SNR) is defined as 
the ratio of the mean information power output 
to the total mean-square closed-loop phase 
error, which includes the effect of signal distor-
tion on the design. Second, the safety margin is 
defined as the ratio of the total mean-square 
phase error diminished by the mean-square 
phase error due to signal distortion to the 
quantity representing the nominal or expected 
mean-square phase error due to additive noise. 

Although the design techniques developed 
in this paper are applicable for information 
waveforms having a flat power spectrum, a 
similar approach can be used for sine-wave 
modulation. The equations representing the 
output SNR for sine-wave modulation are in-
cluded. 

An experimental PM communications sys-
tem has been constructed, and the results of 
initial tests show good agreement with the pre-
dicted performance 

Automatic Data Processing -C. J. Crevel-
ing, A. G. Ferris, and C. M. Stout (p. 124) 

The problems of reducing telemetry signals 
from scientific earth satellites are assessed and 
an account is given of the factors governing the 
establishment of an automatic processing se-
quence. Some of the special features of the 
steps in this sequence are detailed, and an indi-
cation is given of the evolution in philosophy 
which has taken place since processing experi-
ence has accumulated. Final mention is given 
to some of the problems awaiting solution to-
gether with some of the plans under develop-
ment for solving them. 

Telemetry Considerations for Large Space 
Vehicles—J. E. Rorex and W. O. Frost (p. 135) 

This paper discusses some of the problem 
areas and considerations unique to large space-
vehicle telemetry. Some significant character-
istics of specific telemetry multiplexing and 
modulation techniques are pointed out. The 
contributions to real-time data requirements 
such as vehicle prelaunch monitoring and 
checkout that can be made by telemetry tech-
niques are described. Finally, some observa-
tions are made on the direction of future re-
search and development (R&D) effort in the 
telemetry field. 

Self-Erecting Space Antennas—W. F. 
Croswell, M. C. Gilreatli, and V. L. Vaughan, 
Jr. (p. 139) 
A self-erecting technique for erectable 

space-vehicle antennas is proposed. Working 
models of Vagi disk antennas utilizing this 
new principle are described. 
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Saturn Telemetry Antennas—J. W. Harper 
and U. Mrazek (p. 143) 

The size and complexity of the Saturn 
vehicle influences telemetry antenna design in 
several respects. This paper describes the prob-
lems associated with size and shape of the 
vehicle body, bandwidth and power require-
ments, spurious frequency generation, and ex-
haust flame effects. Signal strength measure-
ments recorded during the first Saturn flight 
are presented and compared with precalcu-
lated values. 

Receiving System Design for the Arraying 
of Independently Steerable Antennas—J. H. 
Shrader (p. 148) 

This paper considers the problem of array-
ing independently steerable antennas for use in 
deep-space communications systems. It de-
scribes the basic design of a receiver capable of 
utilizing all the signal power received on a num-
ber of antennas without requiring that the sig-
nals be phase coherent. The results of this study 
indicate that, for very large aperture systems, 
the array approach offers both economical and 
technical advantages over the single-reflector 
approach. 

The Application of the Cassegrainian Prin-
ciple to Ground Antennas for Space Communi-
cations—P. Potter (p. 154) 

In the last few years considerable interest 
has arisen in application of the Cassegrainian 
principle to paraboloidal antenna systems. In 
the case of large ground-based tracking anten-
nas, it appears that this type of feed system can 
offer significant performance and operational 
advantages over conventional systems. For 
this application, however, special sidelobe re-
quirements are imposed on the Cassegrainian 
system. The forward sidelobe distribution must 
be controlled to reduce the effect of solar noise 
interference, and the backlobe level must be 
controlled to reject blackbody radiation from 
the antenna environment. It is shown that 
these considerations are the major factor in 
choosing the feed system configuration. An ex-
perimental system utilizing an 85-ft antenna 
operating at 960 Mc is described. This system 
has an aperture efficiency of approximately 50 
per cent and a measured zenith noise tempera-
ture of 9.5° K. 

The X-Y Antenna Mount for Data Acquisi-
tion from Satellites—A. J. Rolinski, D. J. Carl-
son, and R. J. Coates (p. 159) 

Earth-orbiting satellite programs demand 
optimum performance from automatic track-
ing antenna systems. Certain criteria such as 
maximum drive shaft rates and best satellite 
data transmission conditions are considered in 
the design of the antenna mount. This paper 
describes the advantages of an X- Y antenna 
mount for performing data acquisition and 
satellite tracking functions. Maximum shaft 
rates of two-axis mounts are compared under 
similar satellite pass conditions, and the rela-
tive advantages of using an X- Y mount are 
discussed. A discussion of several of the gen-
eral design considerations of the servo-control 
system is presented, and a discussion relating 
the error constants to the output rates is given. 
A few salient features describing the advan-
tages of the X-Y mount, from the servo drive 
system designer's viewpoint, are also presented. 
The paper concludes with a brief description of 
NASA's 85-ft parabolic X-Y antenna located 
at the Data Acquisition Facility at Gilmore 
Creek, Fairbanks, Alaska. 

An Operational 960-Mc Maser System for 
Deep-Space Tracking Missions—T. Sato and 
C. T. Stelzried (p. 164) 

An operational 960-Mc low-noise receiving 
system for use in deep-space tracking missions 
is described. A ruby-cavity maser, low-noise 
antenna, low-loss transmission line connecting 
the antenna to the maser and associated instru-
mentation all combine to yield reliable and low-
noise performance. Results of tests on this sys-

tem in preparation for the Ranger RA-3 lunar 
probe are presented. The system was success-
fully used during operations with RA-3. A mini-
mum system temperature of 47°K has been 
achieved. 

A Technique for the Measurement of the 
Power Spectra of Very Weak Signals—R. M. 
Goldstein (p. 170) 
A technique is described for the measure-

ment of power spectra which is designed to dis-
tinguish the spectrum of a weak signal which is 
masked by strong background noise. The 
method was applied during the Jet Propulsion 
Laboratory Venus radar experiment to study 
spectral characteristics of the echo. An anal-
ysis is given which describes the performance 
of the system in such an application. 

Microwave Measurements of Steady-State 
and Decaying Plasmas—Perry W. Kuhns (p. 
173) 

Some results are given of an experimental 
study of the loss mechanism for electrons in 
plasmas. Steady-state and decaying plasmas 
were studied by means of microwave interfer-
ometers. Values of the electron-ion recombina-
tion coefficient for nitrogen and argon are 
given. The effect of water vapor as an impurity 
upon the electron-ion recombination rate of air 
is demonstrated. Data is also given on the 
transmission of microwaves through an ionized 
layer about a body in a supersonic gas stream 
and the effect upon transmission of water vapor 
addition to the stream. 

Nuclear-Electric Spacecraft Concepts for 
Unmanned Planetary Exploration—Robert J. 
Beale (p. 178) 

The utilization of advanced, high-powered 
nuclear-electric spacecraft in the near future 
for the unmanned scientific exploration of 
space will provide significant weight allowances 
and power levels for scientific payloads and 
communication equipment. The electronic sys-
tem designer, presently faced with minimum 

weight and power limitations imposed by to-
day's chemically-propelled spacecraft, must 
develop new techniques to take advantage of 
the greater capabilities promised by nuclear-
electric spacecraft. 

Power levels approaching 1 Mwe may be 
expected. Systems capable of employing this 
power must operate under an intense nuclear 
radiation flux at elevated temperatures for 
long time periods. Development of such equip-
ment must be initiated at an early date. 

Electric Thrust Device Requirements for 
Interplanetary Spacecraft—J. H. Molitor and 
D. G. Elliott (p. 183) 

This paper discusses the requirements that 
must be met by electric thrust devices in order 
to be used with interplanetary spacecraft. Two 
missions, a Mars orbiter and a Jupiter capture, 
chosen as representative of the time periods 
following 1965 and 1970, respectively, are ana-
lyzed to determine the thrust and specific im-
pulse requirements of an electric propulsion 
system. The state of the art of electric thrust 
devices is discussed, and it is concluded that, 
with expected advances, ion motors can meet 
all of the requirements of interplanetary mis-
sions, with magnetohydrodynamic motors a 
promising backup. 

Potentialities of Electron Bombardment 
Ion Engines for Electric Propulsion—Daniel J. 
Kerrisk (p. 188) 

This paper discusses the expected perform-
ance of electron bombardment ion sources when 
used for electrostatic propulsion. Two particu-
lar sources, the duoplasmatron and the Pen-
ning Ion source, are examined in some detail 
and suggestions are made on how their perform-
ance for application with electric thrust devices 
could be improved. It is concluded that elec-
tron bombardment sources may offer some ad-
vantages over surface contact engines if ways 
can be found to significantly improve their 

propellant utilization. 
Contributors—(p. 194) 

Ultrasonics Engineering 

VOL. UE-9, No. 1, JuNE, 1962 
Equivalent Electrical Circuits of the 

Quartz Crystal Transducer for Analysis of Ul-
trasonic Systems—Vujiro Yamamoto (p. 1) 

In this paper three equivalent electrical cir-
cuits for the quartz crystal transducer are syn-
thesized, two by using operational amplifier 
technique and one by linear network synthesis 
technique. The analog is based on considera-
tion of one-dimensional vibration of the trans-
ducer only. The circuits are valid for any uni-
form terminations, complex frequency analysis, 
and higher harmonic excitation of the quartz 
crystal transducer. 

Transmission Characteristics of Longitudi-
nal-Mode, Strip Delay Lines Having Asym-
metrically Tapered Widths—Allen H. Meitzler 
(P. 6) 
A novel form of ultrasonic delay line has 

been developed which has two characteristic 

electrical properties: 1) a delay that is approxi-
mately a linear function of frequency and 2) a 
band-pass loss characteristic which is centered 
on the linear region of the delay curve. The de-
lay medium of the line is a thin strip having an 
asymmetrically tapered width. The novelty of 
the line lies in the fact that by arranging the 
transducers so that a longitudinal wave motion 
interacts with one minor surface as well as the 
two major surfaces of the strip, a band-pass 
loss characteristic is obtained which is inde-
pendent of the transducers and terminating cir-
cuits. Thus the delay line structure alone is one 
having properties of both a mechanical filter 
and a dispersive delay line. 

Discussion of Time Delay in Reference to 
Electrical Waves—E. Howard Young, Jr. 
(P. 13) 

The time delay of an electrical signal 
through an ultrasonic delay line may be 
uniquely expressed by either of the two terms 
"phase delay" or "group delay." There have 
been devised numerous ways of determining 
both of these values for use in the field of ultra-
sonics. Many of the measuring systems do not 
determine these constants directly but arrive 
at a value by using what appears to be, in cer-
tain instances, a close approximation to the 
mathematical definition. The purpose of this 
paper is to discuss some of these measuring sys-
tems as to the degree of the approximation in-
volved. In doing so, the measuring system itself 

is analyzed together with the type of phase-vs-
frequency curve for the delay line under con-
sideration. 

The Depletion Layer Transducer—Donald 
L. White (p. 21) 

The depletion layer transducer is an ultra-
sonic transducer for use at UHF and microwave 
frequencies. Its potential advantages are high 
efficiency, large bandwidth, and comparative 
simplicity in fabrication. The region which gen-
erates or detects the ultrasonic waves is a thin 
flat high-resistance depletion layer, such as a 
p-n junction or a rectifying metal to semicon-
ductor contact, in an extrinsic piezoelectric 

semiconductor. When an ac voltage is applied 
to the material, the depletion layer behaves in 
a manner similar to an extremely thin piezo-
electric crystal bonded to the conducting sub-
strate. Since the depletion layer can be gener-
ated on the surface of the semiconductor, the 
problems of handling extremely thin piezoelec-
tric plates are avoided. Depletion layer trans-
ducers have worked at frequencies as high as 
1000 Mc. It is anticipated that improvements 
in circuit and fabrication techniques will 
greatly extend their frequency range and effi-
ciency. 

Contributors— (p. 28) 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.13: 551.507.362.1 2515 
Preliminary Investigation of the Equiva-

lence of Acoustically and Mechanically Induced 
Vibrations—L. Marin and R. C. Kroeger. 

2023 (J. Acousl. Soc. Am., vol. 34, pp. 674-678; 
2025 May, 1962.) Damage due to vibration in rock-
2025 ets may be prevented by designing equipment 
2028 structurally based on an equivalence relation 
2028 between acoustically and mechanically in-

duced vibrations. 
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2029 
2029 
2030 
2030 
2030 
2030 
2030 
2032 

The number in heavy type at the upper 
left of each Abstract is its Universal Decimal 
Classification number. The number in heavy 
type at the top right is the serial number of the 
Abstract. DC numbers marked with a dagger 
(t) must be regarded as provisional. 

UDC NUMBERS 

Certain changes and extensions in UDC 
numbers, as published in PE Notes up to and 
including PE 666, will be introduced in this and 
subsequent issues. The main changes are: 
Artificial satellites: 551.507.362.2 (PE 657) 
Semiconductor devices: 621.382 (PE 657) 
Velocity-control tubes. 

klystrons, etc.: 621.385.6 (PE 634) 
Quality of received sig-

nal, propagation con-
ditions, etc.: 621.391.8 (PE 651) 

Color television: 621.397.132 (PE 650) 

The "Extension and Corrections to the 
UDC," Ser. 3, No. 6, August, 1959, contains 
details of PE Notes 598-658. This and other 
UDC publications, 'including individual PE 
Notes, are obtainable from The International 
Federation for Documentation, Willem Witsen-
plein 6, The Hague. Netherlands or from The 
British Standards Institution, 2 Park Street, 
London, W. 1, England. 

A list of organizations which have avail-
able English translations of Russian 
journals in the electronics and allied 
fields appears each June and December 
at the end of the Abstracts and Refer-
ences section. 

534.133-8+621.372.412 2516 
Degenerate Oscillations and Doublet Split-

ting of the Natural Frequencies of Piezoreso-
nators Finagin. (See 2570.) 

534.14 2517 
Wave Excitation on a Plane Comb Struc-

ture - M. 1). Khaskind. (Akum. Z., vol. 7, no. 3, 
pp. 366-369; 1961.) A method developed 
earlier (3059 of 1960) gives a simple and effec-
tive form of solution for the problem of surface-
wave excitation in the two-dimensional and 
the three-dimensional case. 

534.231 2518 
The Field of a Point Source in a Layered 

Inhomogeneous Medium Bounded by an Un-
even Surface—Yu. P. Lysanov. (A kas!. Z., vol. 
7, no. 3, pp. 320-323; 1961.) An integral ex-
pression for the field is derived by a perturba-
tion method. 

534.231:551.508 2519 
Contribution to the Study of Acoustic Zones 

of Silence and the Distant Focusing of Sound— 
J. Ecollan., J. Hieblot, and Y. Rocard. (C. R. 
Acad. Sci. (Paris), vol. 250, pp. 3605-3607; 
May 30, 1960.) The focusing of sound in the 
Sahara at a point 200-km distant from its 
source suggests reflection at an equivalent 
height of about 120 km. The possibility of ex-
tending measurements of wind velocity and air 
temperature to such an altitude by this method 
is considered. 

534.24 2520 
The Total Reflection of Waves in Media in 

Movement—A. Metz. (C. R. Acad. Sci. 
(Paris), vol. 250, pp. 3792-3794; June 8, 1960.) 
Theory is developed to determine the condi-
tions necessary for total reflection in a medium 
in which one part is moving relative to another. 
See also C. R. .4cad. Sci. ( Paris), vol. 250, pp. 
3591-3592; May 30, 1960. 

534.241 2521 
A Mechanism of Acoustic Echo Formation 

Fiuedman. (Acustica, vol. 12, no. 1, 

pp. 10-21; 1962.) The combination of "image 
pulse" and "creeping wave" mechanisms is be-
lieved to account for the main scattering phe-
nomena from rigid convex bodies, the former 
mechanism being paramount outside the 
shadow region at small wavelengths, the latter 
mechanism predominating at large wave-
lengths. 

534.26 2522 
Diffraction of a Cylindrical Sound Wave at 

a Cylinder---E. L. Slienderov. (Akus. Z., vol. 
7, no. 3, pp. 370-374; 1961.) The axis of the 
abstacle is displaced relative to the wave axis. 
Field calculations are compared with experi-
mental data. 

534.283-8 2523 
Damping of Ultrasound in Metals, Carbon 

Steels and Nickel - P. J. Gellings. (Acusiica, 
vol. 12, no. 1, pp. 29-32; 1962.) The resonant 
reverberation method is described. The results 
obtained are given together with a qualitative 
theoretical interpretation. 

534.5 2524 
Power Flow between Linearly Coupled 

Oscillators—R. H. Lyon and G. Maidanik. 
(J. A coast. Soc. Am., vol. 34, pp. 623-639; 
May, 1962.) The power flow between two in-
dependently and randomly excited harmonic 
oscillators is calculated assuming small linear 
coupling. The method is extended to the prob-
lem of the interaction between two multimodal 
systems. 

534.52 2525 
Spherical Aberration of Solid Acoustic 

Focusing Lenses— B. D. Tartakovskii. (A kas!. 
Z., vol. 7, no. 3, pp. 349-357; 1961.) The de-
pendence of the longitudinal spherical aberra-
tion on the index of refraction and the shape of 
the lens is investigated, and the optimum rela-
tions between them are determined. The role of 
transverse waves in forming an additional focus 
is explained. 

534.61-14 2526 
Measurement of the Thermal-Noise Spec-

trum of Water—D. FI. Ezrow. (J. Acoust. Soc. 
Am., vol. 34, pp. 550-554; May, 1962.) Ex-
perimental values in the frequency range 1.0-
2.5 Mc determined from measurements of the 
radiation resistance of thin-disk transducers 
loaded by water, show good agreement with a 
theoretical spectrum. 

534.614-8 2527 
Analysis of the Pulse Superposition Method 

for Measuring Ultrasonic Wave Velocities as a 
Function of Temperature and Pressure - II. J. 
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McSkimin and P. Andreatch. (J. Acores& Soc. 
Am., vol. 34, pp. 609-615; May, 1962.) A 
method suitable for measurements on single 
crystals is described and data on some experi-
ments with quartz are given. 

534.62 2528 
An Anechoic Chamber for Acoustic Meas-

urements—A. N. Rivin. (Akusi. Z., vol. 7, 
no. 3. pp. 324-336; 1961.) The chamber is 
lined with fiberglass wedges and has a working 
volume of 370 m3. The acoustic field 3-4 m 
from a radiator is uniform to within + 0.5 db 
over a wide frequency range down to 70 cps. 

534.76:621.396.97 2529 
Stereophony—(Onde ¿lea., vol. 42, pp. 155-

526; March, 1962.) Twelve papers covering 
various aspects of transmitting, recording and 
reproducing systems. 

534.78:534.41 2530 
The Investigation of Speech by means of 

the Tone-Pitch Recorder—W. ICallenbach. 
(Frequenz, vol. 16, pp. 37-42; February, 1962.) 
Applications of the recorder developed by 
Grützmacher and Loettermoser (see e.g., 1226 
of 1953) in phonetic and linguistic investiga-
tions are discussed. 

534.86:534.6 2531 
Electroacoustic Measuring Equipment and 

Techniques—L. L. Beranek. (Paoc. IRE, vol. 
50, pp. 762-768; May, 1962.) Sound-level 
measurements, calibration techniques and the 
determination of response chsracteristics are 
discussed. 

534.874.1 2532 
Model Experiments with Acoustic van Atta 

Reflectors— K. Walther. (J. Acoust. Soc. Am., 
vol. 34, pp. 665-674; May, 1962.) An array of 
.36 conical horns on a flat surface 9 in. X9 in. 
was used in reflection experiments in the fre-
quency range 2.5-9.0 kc/s. Back-scatter dia-
grams are shown. 

534.88 2533 
Range Dependence of Acoustic Fluctuations 

in a Randomly Inhomogeneous Medium— 
R. G. Stone and D. Mintzer. (J. Acoust. Soc. 
Am., vol. 34, pp. 647-653; May, 1962.) 
Acoustic pulses are transmitted through a 
water tank in which turbulent mixing is pro-
duced by heating from below. The "microstruc-
ture" of the water temperature is examined 
with thermistors and a comparison made with 
the resulting acoustic fluctuations over vari-
ous path lengths. 

534.88 2534 
Generalized Form of the Sonar Equations— 

R. J. Urick. (J. Acoust. Soc. Am., vol. 34, 
pp. 547-550; May, 1962.) Sonar equations are 
aerived for short transients or pulsed CW 
waveforms. For long pulses of constant inten-
sity they reduce to the ordinary sonar equa-
tions. 

534.88:534.417 2535 
Effect of Correlated Phase Fluctuation on 

Array Performance—H. G. Berman and A. 
Berman. (J. Acoust. Soc. Am., vol. 34, pp. 
555-562; May, 1962.) The response of a uni-
form array of point detectors receiving CW 
signals is computed under the assumption that 
there are correlations in the phase fluctuations 
of the signals. General formulas are developed 
for various ranges of correlation. 

621.395.625.3 2536 
Current Problems in Magnetic Recording— 

M. Camras. (Paoc. IRE, vol. 50, pp. 751-761; 
May, 1962.) Theories explaining the recording 
and playback processes are discussed. 

681.844.08 2537 
Some Aspects of Gramophone Pickup De-

sign—R. W. Bayliff. (Prot. IEE, pt. B, vol. 
109, pp. 233-243; May, 1962.) Analysis of the 
mechanical problems together with a new 
pickup design. 

ANTENNAS AND TRANSMISSION LINES 

621.315.2 2538 
The Characteristic Impedance of Cylindri-

cal Conductors in respect of Variously Ar-
ranged Plane Screens—W. Buschbeck. (Tele-
funken Zig., vol. 34, pp. 69-76; March, 1961.) 
English summary, p. 81.) The impedance is 
calculated for thin cylindrical conductors 
placed a) in a right-angled corner, b) in a 
tube of square section, c) in a rectangular 
U-channel, and d) between two parallel planes, 
all of conducting material. Design curves and 
formulas are given. 

621.315.212 2539 
Relation between Reflections in High-

Frequency Cables with Static and with Pulse-
Modulated Operation—H. E. Martin and D. 
Dosse. (Arch. elekt. Übertragung, vol. 16, pp. 
56-66; February, 1962.) Under certain condi-
tions a simple relation exists between the fre-
quency-dependent input reflection coefficient 
and the pulse-echo voltage due to internal re-
flections along the cable, as obtained by the 
two standard methods of cable testing. The 
derived relation makes it possible to dispense 
with one of the tests. 

621.315.212 2540 
Reflection-Coefficient Curves of Compen-

sated Discontinuities on Coaxial Lines and the 
Determination of the Optimum Dimensions: 
Part 2—A. Kraus. (J. Brit. IRE, vol. 23, pp. 
365-371; May, 1962.) The optimum dimen-
sions of supports compensated at their edges 
are derived from a series of measurements. 
Part 1: 1487 of 1960. 

621.372.823:621.372.833 2541 
A Broad-Band Waveguide Junction con-

taining Dielectric—P. J. B. Clarricoats. (Proc. 
IRE, pt. C, vol. 108, pp. 398-404; September, 
1961.) A method of obtaining an impedance 
match at the junction of two circular wave-
guides of different radius is described. It uses 
an axial dielectric rod partially filling the guide 
cross section. 

621.372.823:621.372.853.2 2542 
Microwave Propagation through Round 

Waveguide Partially Filled with Ferrite—A. J. 
Baden-Fuller. (Proc. IEE, pt. C, vol. 108, 
pp. 339-348; September, 1961.) Microwave 
field components and propagation constants 
are computed for four cases of circular sym-
metry. Good agreement is found between cal-
culated and measured Faraday rotation at 
9370 Mc. 

621.372.824: 621.372.831.4: 537.226 2543 
Action of a Dielectric Window, Metallized 

on One Face Placed in a Coaxial Waveguide— 
S. Lefeuvre. (C. R. Acad. Sci. (Paris), vol. 252, 
pp. 72-73; January 4, 1961.) A theoretical 
treatment using Smith diagrams. 

621.372.825 2544 
Ridged-Waveguide Receiver and Compo-

nents—W. Shelton. (Microwave J., vol. 5, 
pp. 101-107; April, 1962.) A summary of design 
data and performance figures for ridge-wave-
guide components. 

621.372.826 2545 
Design of Cylindrical Surface Waveguides 

with Dielectric and Magnetic Coating—T. 
Berceli. (Proc. IEE, vol. 108, pp. 386-397; 
September, 1961.) Propagation characteristics 
for a radially symmetric transverse magnetic 

wave are given, and used to discuss the design 
of surface waveguides. 

621.372.833 2546 
Wide-Band Coupling Systems between a 

Waveguide and a Transmission Line—B. 
Rogal and A. L. Cullen. (Proc IEE, pt. C, 
vol. 108, pp. 433-437; September, 1961.) The 
system described is particularly suitable for 
coupling a klystron cavity to a waveguide. Al-
most constant power transfer is obtained over 
a bandwidth of about 25 per cent. 

621.372.85:538.6 2547 
Microwave Hall Effect and the Accompany-

ing Rotation of the Plane of Polarization— 
H. E. M. Barlow. (Prot. ZEE, pt. C, vol. 108, 
pp. 349-353; September, 1961.) The Faraday 
rotation for TEM waves in a medium, subject 
to the Hall effect arises from a displacement 
current, and the behavior at infrared fre-
quencies is briefly discussed. 

621.372.852.22 2548 
The Part Played by Surface Waves on the 

Reflection at a Ferrite Boundary—L. Lewin. 
(Proc. IEE, pt. C, vol. 108, pp. 359-361; 
September, 1961.) Further examination of a 
problem previously studied (388 of 1960), to 
resolve an anomalous energy flux situation 
which arises in a particular case. 

621.372.852.32 2549 
Some Ferrite Components for Isolation and 

Controlled Coupling—R. J. Benzie, P. A. N. 
Kerrigan, and J. A. Penney. (Prot. IEE, pt. B, 
vol. 109, pp. 277-283; May, 1962.) Details are 
given of three types of current-controlled vari-
able attenuators and switches which are based 
on microwave power division by the field-
controlled microwave permeability of ferrites. 

621.372.852.322:621.372.821 2550 
Yttrium Garnet Isolator using a Strip Line 

— Viet Nguyen Tuong. (C. R. Acad. Sci. 
(Paris), vol. 252, pp. 686-688; January 30, 
1961.) The principle of operation and experi-
mental results are described for isolators using 
two strip-lines side by side. 

621.372.852.5 2551 
Mode Conversion in the Excitation of TE0 

Waves in a TEot Taper-Type Mode Transducer 
— S. 1 iguchi. (Rev. Elect. Comm. Lab., Japan, 
vol. 9, pp. 725-732; Nov./Dec., 1961.) Concise 
formulas for determining the magnitudes of 
unused modes are derived from Reiter's teleg-
raphist's equations for a nonuniform wave-
guide with a straight axis. 

621.372.853.1 2552 
Backward Waves in Waveguides containing 

Dielectric—P. J. B. Clarricoats. (Proc. IEE, 
pt. C, vol. 108, pp. 496-501; September, 1961.) 
Conditions are determined which ensure back-
ward-wave propagation in dielectric-loaded 
inhomogeneous waveguide structures. An ex-
ample given is the backward-wave propagation 
of the hybrid H11 mode in a circular waveguide 
containing an axial dielectric rod. 

621.372.853.3:537.56 2553 
Propagation in a Waveguide Filled Nonuni-

formly with Plasma—G. H. Bryant. (J. Elec-
tronics and Control, vol. 12, pp. 297-305; 
April, 1962.) By dividing the plasma radially 
into an inner attenuating region of high aver-
age electron density, and an outer region of 
lower average electron density, an approximate 
solution is obtained for the EH mode in a 
plasma-filled cylindrical waveguide. 

621.396.67 "31.3" 2554 
The Future of Antennas—M. D. Adcock, 

R. E. Hiatt, and K. M. Siegel. (Pitoc. IRE, 
vol. 50, pp. 712-716; May, 1962.) Likely de-
velopments in data processing and electronics 
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scanning as applied to antenna systems are 
outlined. The discussion also covers antennas 
for space communication. 

621.396.677:523.164 2555 
The New Cambridge Radio Telescope— 

Ryle. (See 2624.) 

621.396.677:523.164 2556 
The Italian Cross Radiotelescope: Part 1— 

Design of the Antenna—Braccesi and Cec-
carelli. (See 2623.) 

621.396.677:621.396.43:551.507.362.2 2557 
Ground Station Aerials for Satellite Com-

munication—J. K. Todd. (Point to Point Tete-
commun., vol. 6, pp. 30-42; June, 1962.) 
Mechanical problems of tracking communica-
tion satellites with large aerial systems are con-
sidered. 

621.396.677.001.24:621.396.96 2558 
Aerial Design with the Aid of Geometrical 

Optics—R. Xlaunz. (Telefunken Zig_ vol. 34, 
pp. 51-57; March, 1961. English summary, 
p. 80.) A method of designing radar antennas 
is described which is based on the dissection of 
the paraboloidal reflector into elements large 
with respect to X; only the vertical radiation 
pattern is considered. 

621.396.677.71:621.372.826 2559 
The Launching of Surface Waves by an 

Endtlre Array of Slots—A. L. Cullen and J. A. 
Staniforth. (Proc. IEE, pt. C, vol. 108, pp. 
492-495; September, 1961.) An endfire array 
of slots suitable for launching surface waves 
on a dielectric-coated metal sheet is described 
and analyzed. The slots are represented as 
magnetic dipoles in the plane of the sheet, their 
axes being at right angles to the line of the 
array. Experimental results support the theo-
retical conclusion that high launching effi-
ciency is possible. 

621.396.677.85:621.396.965 2560 
An Electronically Scanning Radar Antenna 

—W. H. von Aulock. (Bell Labs. Rec., vol. 
40, pp. 118-123; April, 1962.) Problems of de-
sign are considered in particular for airborne 
equipment operating at 9375 Mc. 

621.396.679.4:621.396.65 2561 
The Effects of Several Reflection Points in 

Aerial Feeders for F.M. Radio-Link Systems — 
U. v. Kienlin and A. Kürzl. (Frequenz, vol. 16, 
pp. 49-58; February, 1962.) The frequency 
characteristics of the reflection coefficient at 
the input of feeders, and the group delay dis-
tortion caused by reflections are determined. 
The mean noise level of a transmission channel 
can be estimated from measurements of the 
maximum input reflection coefficient. 

AUTOMATIC COMPUTERS 

681.142 2562 
The Impact of Hybrid Analogue-Digital 

Techniques on the Analogue-Computer Art— 
G. A. Korn. (Paoc. IRE, vol. 50, pp. 1077-
1086; May, 1962.) 

681.142 2563 
Quarter-Squares Multiplier—J. C. Cluley. 

(Electronic Tech., vol. 39, pp. 225-229; June, 
1962.) High-speed analog units using square-
law diodes are described. 

681.142:621.382.23 2564 
Some New High-Speed Tunnel-Diode 

Logic Circuits—M. S. Axelrod. A. S. Farber, 
and D. E. Rosenheim. (IBM, J. Res. & Des., 
vol. 6, pp. 158-169; April, 1962.) The circuits 
are designed for majority-type logic or ma-
jority-type logic with inversion and use a 
multiphase sinusoidal power supply to obtain 
signal directivity. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3:061.3 2565 
International Conference on Components 

and Materials used in Electronic Engineering 
—(See 2767.) 

621.3.004.6: 621.39 2566 
The Reliability of Components for Tele-

communications Equipment -J. Katona. 
(Nachrtech., vol. 12, pp. 68-72; February, 
1962.) Life tests and methods of statistical 
analysis are outlined. 

621.3.049.75 2567 
The Micromodule Approach to Micro-

miniaturization—S. F. Danko. (Electronics 
Reliability Micromin., vol. 1, pp. 65-72; 
January-March, 1962.) Microminiaturization 
techniques are classified and the specifications 
and characteristics of micromodule designs are 
discussed. 

621.3.049.75:621.382 2568 
Semiconductor Networks—W. Adcock and 

J. S. Walker. (Electronics Reliability Micromin., 
vol. 1, pp. 81-95; January-March, 1962.) 
Production techniques for integrated networks 
are described and design data for various 
circuits are given. 

621.319.4.001.4 2569 
Short-Period Tests and Long-Term Be-

haviour of Capacitors—P. Petrick, (Radio 
Mentor, vol. 28, pp. 206-209; March, 1962.) 
The difficulties of basing predictions of useful 
life of capacitors on the outcome of short-
term tests are discussed. Results of ionization 
tests on various types of capacitor are analyzed. 

621.372.412+ 534.138-8 2570 
Degenerate Oscillations and Doublet Split-

ting of the Natural Frequencies of Piezoreso-
nators—B. A. Finagin. (Akust. Z., vol. 7, 
no. 3, pp. 358-365; 1961.) Doublet splitting 
can occur for certain oscillation modes which 
are normally degenerate as a result of the re-
moval of degeneracy by a small perturbation. 

621.372.413 2571 
On Casting Plastic Microwave Cavities - 

1. M. Firth. (J. Sci. Instr., vol. 39, pp. 131-132; 
March, 1962.) Epoxy resin microwave cavities 
are described which after machining, polishing 
and silver-plating had Q values of about 6000 
at 1.2° K. 

621.372.413:621.375.9:538.569.4 2572 
Design of Multimode Waveguide Cavities 

for Solid-State Masers—G. J. Troup. (Proc. 
IRE (Australia), vol. 23, pp. 166-171; March, 
1962.) Conditions for the propagation of pure 
TE and TM modes in anisotropie dielectrics 
are determined and propagation constants for 
uniaxial and biaxial crystals are derived. Ap-
plication of the conditions to maser cavity 
design is indicated. 

621.372.44 2573 
The Analysis of Nonlinear Resonant Cir-

cuits—C. B. Newport and D. A. Bell. (Proc. 
¡EE, pt. C, vol. 108, pp. 374-385; September, 
1961.) Two graphical methods are described 
for calculating the response to a sinusoidal in-
put current of a resonant circuit containing a 
nonlinear inductor. 

621.372.44 2574 
Series Resonance with a Nonlinear Capaci-

tor—J. C. Hoffmann. (C. R. Acad. Sci. (Paris), 
vol. 125, pp. 2904-2905; December 19, 1960.) 
An improved method of constructing resonance 
curves taking account of Q-factor variations. 
See 3519 of 1955. 

621.372.512 2575 
The Impulse Response of a Number of 

Identical Circuits in Cascade—K. Tharmalin-
gam. (Proc. ¡FE, pt. C, vol. 108, pp. 335-338; 
September, 1961.) Approximate analytical ex-
pressions are derived, which agree well with 
exact solutions for a special case. Rough ap-
proximations for peak-to-peak ringing are 
given. 

621.372.54 2576 
A Method of Calculating the Transfer Func-

tions of Ladder Networks—N. Ream. (Proc. 
IEE, pt. C, vol. 108. pp. 354-358; September, 
1961.) Recurrence relations are derived from 
the Kirchhoff equations and used to obtain 
transfer functions, working from either the 
input or output end of the network. 

621.372.54 2577 
A Note on Optimum Linear Pdultivariable 

Filters--R. J. Kavanagh. (Proc. ¡FE, pt. C, 
vol. 108, pp. 412-417; September, 1961.) A 
general method is given for factorizing any 
power matrix to obtain explicit solutions for 
the optimum filter. 

621.372.54: 621.372.414 2578 
All-Pass Circuit consisting of Transmis-

sion-Line Resonators—P. Birgels. (Arch. elekt. 
Übertragung, vol. 16, pp. 149-157; March, 
1962.) The use of the bridged-T network as all-
pass filter is discussed. For higher frequencies 
the reactances of the network can be formed 
by the input impedances of short- or open-
circuited transmission-line sections. 

621.372.54:621.374 2579 
Filters with Favourable Transient Charac-

teristics—J. Jess and W. Schüssler. (Arch. 
elekt. Über ragung, vol. 16, pp. 117-128; 
March, 1962.) Further design data for pulse-
shaping networks are given lsee also 1751 of 
1961 (Herrmann and Sehtissler)). 

621.372.6 2580 
Sign Matrices and Realizability of Con-

ductance Matrices—G. Biorci. (Proc. ¡EE, 
pt. C, vol. 108, pp. 296-299; September, 1961.) 
A procedure for solving some topological net-
work problems is proposed. 

621.372.6 2581 
Travelling-Wave Analysis of Generalized 

Networks—J. Zawels. (Proc. ¡FE, pt. C, vol. 
108, pp. 300-308; September, 1961.) The be-
havior of networks is discussed in terms of 
traveling waves, and generalized wave param-
eters are derived. A "wave matrix" treatment 
of multiport networks is given, and typical 
"wave flow diagrams" are shown. 

621.372.6 2582 
Topological Synthesis of Nonrectprocal 

Resistance Networks—R. Onodera. (Proc. 
¡EE, pt. C, vol. 108, pp. 325-334; September, 
1961.) A method of synthesizing resistance 
networks for a specified driving-conductance 
matrix is demonstrated: some examples are 
given. In general, ideal transformera are re-
quired. 

621.373: 621.391.822 2583 
Electrical Generation of Random Processes 

with Predictable Statistical Properties —J. 
Swoboda. (Arch. elekt. übertragung, vol. 16, 
pp. 135-148; March. 1962.) A system is de-
scribed using a random-noise source for pro-
timing chance decisions, with facilities for con-
trolling the probability of events. Applications 
of stochastic processes thus produced in the 
testing of communication systems are dis-
cussed. 

621.373.421.1 2584 
Frequency Variations of a Circuit caused by 

Changing the Loss Angle by means of Diodes— 
F. Zülilke. (Nachrtech., vol. 12, pp. 78-80; 
February, 1962.) The tuning of a diode-loaded 
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oscillator circuit by varying the working point 
of the diode is described. 

621.373.431:531.76 2585 
Crystal-Locked Blocking Oscillators for a 

Time Mark Generator—P. P. Petry and C. S. 
Muller. (Electronic Eng., vol. 34, pp. 395-398; 
June, 1962.) The circuit comprises six cas-
caded blocking-oscillator frequency dividers, 
each with a division ratio of one tenth. The 
first stage is crystal-controlled. Output rates 
range from 1 µsec to 1 sec. Long-term stability 
within I part in 10, has been observed. 

621.374.3:621.382.333 2586 
High-Speed Transistorized Pulse Genera-

tor—D. Grollet. (Mallard Tech. Commun., 
vol. 6, pp. 238-245; April, 1962.) The circuit 
was designed for measurement of semiconduc-
tor diode transient characteristics. Pulse ampli-
tude is adjustable up to 50 ma with rise and 
fall times about 5 nsec. 

621.374.32: 621.317.373 2587 
Frequency Dividing Circuit and Phase 

Comparator—E. Archbold. (J. Sci. Instr., vol. 
39, pp. 107-110; March, 1962.) "A pulse 
counting circuit is described which delivers 
every nth pulse to its output where n is any 
number up to the capacity of the circuit. The 
phase comparator accepts two pulse trains of 
the same frequency and measures the phase 
difference between them to an accuracy of 
better than four parts in ten thousand." 

621.374.32:621.318.134 2588 
Flux Counters using Ring Cores of Square-

Loop Ferrite—W. Hilberg. (Nachrtech. Z., vol. 
15, pp. 88-94; February, 1962.) Several types 
of counter circuit are described including two 
suitable for operation within wide tempera-
ture limits. 

621.374.32:681.142 2589 
Nanosecond Coincidence Circuit using 

Tunnel Diodes—A. Whetstone and S. Kou-
nosu. (Rev. Sci. Instr., vol. 33, pp. 423-428; 
April, 1962.) A tunnel-diode circuit is de-
scribed suitable for compounding into complex 
logic schemes. 

621.375.13:517.3 2590 
The Standardization of Valve Circuits for 

Distortionless Electrical Integration: Parts 
1 & 2—K. H. Kerber. (Arch. tech. Messen, 
nos. 313 and 314, pp. 37-38 and 67-70; 
February and March, 1962.) The conditions 
for error-free integration of continuous signals 
are established, and the parameters and char-
acteristics of several valve amplifiers with inte-
grating quadripoles in the grid or anode circuits 
are given. 

621.375.4 2591 
Mismatch Design of Transistor I.F. Ampli-

fiers—D. M. Duncan. (Proc. IRE (Australia), 
vol. 23, pp. 147-158; March, 1962.) A method 
of designing narrow-band amplifiers is de-
scribed in which stability is achieved by mis-
match of transistor terminations. 

621.375.432 2592 
Calculation of the Frequency Response of a 

Nonlinear Transistor Amplifier- 1. Gumowski. 
(C. R. Acad. Sci. (Paris), vol. 250, pp. 4322-
4324; June 27, 1960.) Poincaré's method is 
used to solve the equation derived in earlier 
work [1448 of 1961 (Gumowski, el al.)]. 

621.375.9:538.569.4 2593 
A Molecular Amplifier for an Operating 

Temperature of 90°K—H. Reitbeick and A. 
Redhardt. (Z. Naturforsch., vol. 17a, pp. 187-
188; February, 1962.) Synthetic ruby is used 
as active material; the signal frequency is 
9730 Mc and the pump frequency 24240 Mc. 

621.375.9:621.372.44 2594 
Parametric Circuits with Particular Regard 

to the Characteristics of the Nonlinear Ele-
ment—K. H. Steiner. (Arch. elekt. Übertragung, 
vol. 16, pp. 67-82; February, 1962.) Detailed 
discussion of the results given in 3303 of 1961. 

621.376.233 2595 
Frequency Response of Nanosecond Radio-

Frequency Pulse Detectors—B. G. Whitford. 
(J. Sci. Instr., vol. 39, pp. 303-305; June, 
1962.) The pulse distortion caused by inade-
quate bandwidth in the video output circuit 
of a crystal detector is measured by using the 
detector as a mixer of two CW signals and 
metering the amplitude of the output at the 
difference frequency. The theory and experi-
mental results for 800-Mc bandwidth are 
given. 

621.376.332:621.385.623.5:621.316.726 2596 
Microwave Discriminator for the Frequency 

Stabilization of a Reflex Klystron— M. J. A. 
Smith. (J. Sci. Insir., vol. 39, p. 127; March, 
1962.) The arrangement and operation of a 
two-cavity system are described. No micro-
wave bridge is required and no sidebands of the 
modulation frequency are produced. 

GENERAL PHYSICS 

535.13 2597 
Generalization of the Edge Condition— 

P. Poincelot. (C. R. Acad. Sci. (Paris), vol. 
250, pp. 4316-4318; June 27, 1960.) The edge 
condition established in earlier papers (see 
e.g., 813 of 1961) for an infinitely thin, in-
finitely conducting plane screen is generalized 
by considering a perfectly conducting solid 
with a curved smooth continuous edge. See 
also C. R. Acad. Sci. ( Paris), vol. 251, pp. 
2670-2671; December 5, 1960. 

537.29+538.69 2598 
Decoupling of Bloch Bands in the Presence 

of Homogeneous Fields—G. H. Wannier and 
D. R. Fredkin. (Phys. Rev., vol. 125, pp. 1910-
1915; March 15, 1962.) Extension of earlier 
theory [2289 of 1960 (Wannier)]. 

537.311.3 2599 
Electrical Conduction Phenomena in Aniso-

trophic Media—D. Langbein. (Z. Phys., vol. 
167, pp. 83-95 and 96-99; February 28, 1962.) 

Part 3—Galvanomagnetic Effects (pp. 83-
95). 

Part 4—A Further Model for the Electron-
Phonon Interaction Matrix Element (pp. 
96-99). 

Part 2: 2233 of July. 

537.311.33 2600 
Mobility of Electrons in Intense Electric 

Fields—A. V. J. Martin and J. Le Mée. (J. 
phys. radium, vol. 23, pp. 7-11; January, 1962.) 
An introductory report of work an nonconstant-
mobility theory, with application to the techne-
tron, and a review of literature dealing with 
electron mobility at high field strengths. See 
also 3967 of 1961 (Martin and Le Mée)• 

537.312.62:538.221 2601 
Superconductivity and Ferromagnetism 

—B. T. Matthias. (IBM J. Res. le. Dey., vol. 
6, pp. 250-255; April, 1962.) A discussion of 
the relations between the two phenomena. 

537.525.2:538.221 2602 
Polarization of Field-Emission Electrons 

from Magnetically Saturated Iron—H. v. 
Issendorff and R. Fleischmann. (Z. Phys., 
vol. 167, pp. 11-19; February 28, 1962.) 
Field-emitted electrons from longitudinally 
magnetized Fe were accelerated to 126 key 
and a polarization value of 0.0001 ± 0.0019 
was measured. 

537.533 2603 
Electronic Simulations of the Effect of Lens 

Aberrations on Electron-Beam Cross-Sections 
—P. W. Hawkes and V. E. Cosslett; J. K. 
Oxenham. (Brit. J. Ape Phys., vol. 13, pp. 
272-279; June, 1962.) The aberrations pro-
duced by focusing or correcting elements with-
out rotational symmetry are simulated up to 
the fifth order and implicitly to any order. Ex-
amples of simulated aberrations are illustrated. 

537.533.33 2604 
Electron-Optics in Multistage Lens Sys-

tem: Part 1—M. Morikawa. (Z. angew. Math. 
Phys., vol. 13, pp. 167-175; March 25, 1962. 
In English.) An extension of the expressions 
for the cardinal elements of a lens system as 
derived on the basis of a simplification (to be 
published in J. Appi. Phys.). 

537.533.74 2605 
The Angle Dependence of the Characteris-

tic Energy Losses on Al, Si, Ag— C. Kunz. 
(Z. Phys., vol. 167, pp. 53-71; February 28, 
1962.) Discrepancies between plasma theory 
and the results of loss measurements on elec-
trons scattered in passing through metal foils 
are discussed. Some losses are attributed to the 
effects of surface excitation. See e.g., 1104 of 
1958 (Ferrell and Quinn). 

537.56:538.63 2606 
Magnetohydrodynamics of a Ternary 

Plasma and Associated Types of Wave—P. 
Cavaillès, R. Jancel, and T. Kahan. (C. R. 
Acad. Sci. (Paris), vol. 250, pp. 3789-3791; 
June 8, 1960. 

537.56.08 2607 
Errors Due to Diffusion in Drift Velocity 

Measurements—J. J. Lowke. (Aust. J. Phys., 
vol. 15, pp. 39-58; March, 1962.) Errors in the 
measurement of electron drift velocity by 
shutter methods are discussed. 

538.11 2608 
Magnetic Disorder as a First-Order Phase 

Transformation—C. P. Bean and D. S. Rod-
bell. (Phys. Rev., vol. 126, pp. 104-115; April 
1, 1962.) 

538.561.029.65 2609 
Spanning the Microwave Infrared Gap— 

P. D. Coleman. (Pooc. IRE, vol. 50, pp. 1219-
1224; May, 1962.) The problems of producing 
coherent radiation in the 100-1000-µ wave-
length range are reviewed and the probable 
direction of future developments is indicated. 

538.566:535.42 2610 
Diffraction by a Cylinder with a Variable 

Surface Impedance—L. B. Felsen and C. J. 
Marcinkowski. (Proc. Roy. Soc. (London) A, 
vol. 267, pp. 329-350; May 22, 1962.) The 
two-dimensional Green's function is evaluated 
for a cylinder whose surface impedance varies 
sinusoidally around its periphery. 

538.569.4: 535.21 2611 
Broadening and Shift of Magnetic Reson-

ance Lines caused by Optical Pumping—J. P. 
Barrat and C. Cohen-Tannoudji. (C. R. Acad. 
Sci. (Paris), vol. 252, pp. 255-256; January 
9, 1961.) Using equations established in a pre-
vious note (C. R. Acad. Sci. (Paris), vol. 252, 
pp. 93-95; January 4, 1961.) optical pumping 
is considered as a relaxation process in the 
fundamental state and is shown to cause shifts 
of magnetic resonance lines. 

538.569.4:535.21 2612 
Observation of the Shift of a Magnetic 

Resonance Line caused by Optical Pumping— 
C. Cohen-Tannoudji. (C. R. Acad. Sci. (Paris), 
vol. 252, pp. 394-396; January 16, 1961.) Ex-
perimental evidence supporting the theory 
previously developed (2611 above) is obtained 
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using the isotope '"Hg excited by radiation 
from a 204ff g 8011rCe. 

538.569.4:538.221 2613 
On the Physical Significance of Kittel's 

Formula in Ferromagnetic Resonance—R. 
Vautier. (C. R. Acad. Sci. (Paris), vol. 250, 
pp. 3801-3803; June 8, 1960.) The imaginary 
demagnetizing factors of Kittel's formula are 
shown to play the role of supplementary elastic 
restoring couples which modify the period of 
natural precessional motion. 

538.569.4:538.222 2614 
Double Nuclear Resonance and Nuclear 

Relaxation—E. C. McIrvine, J. Lambe, N. 
Laurance, and T. Cole. (Phys. Rev. Lett., 
vol. 8, pp. 318-320; April 15, 1962.) A double-
resonance technique is described in which 
Zeeman transitions of distant nuclei are used 
to detect hyperfine transitions associated with 
nuclei at paramagnetic impurities. 

538.569.4:621.375.9 2615 
Excitation, Relaxation and Continuous 

Maser Action in the 2.613-Micron Transition 
of CaF2:1331--G. D. Boyd, R. J. Collins, 
S. P. S. Porto, A. Yariv, and W. A. Har-
greaves. (Phys. Rev. LeU., vol. 8, pp. 269-272; 
April I, 1962.) Details of experimental ar-
rangements and discussion of results. 

538.569.4: 621.375.9: 535.61-2 2616 
Measurements of Optical Maser Oscilla-

tion in Ruby— K. Kubota. (J. Phys. Soc., 
Japan, vol. 17, pp. 570-571; March, 1962.) 
A report on measurements of the maser out-
put for varying input energy. 

538.569.4.029.64:537.226 2617 
Mechanism of Dielectric Absorption in the 

Microwave Region—S. Dasgupta and G. 
Mohan. (Proc. Roy. Soc. (London) A, vol. 267, 
pp. 424-432; May 22, 1962.) A model is pro-
posed to explain the behavior of long-chain 
aliphatic compounds, which is at variance 
with the conventional Debye-Frohlich mecha-
nism. 

538.633:621.374/.376 2618 
The Corbino Disc and its Self-Magnetic 

Field—H. H. Johnson and D. Midgley. (Proc. 
I EE, pt. B, vol. 109, pp. 283-286; May, 1962.) 
Possible applications for rectifiers, amplifiers 
and trigger circuits are discussed. 

539.2:538.1 2619 
Magnetic Configurations—F. Bertaut. (C. 

R. Acad. Sci. (Paris), vol. 252, pp. 76-78; 
January 4, 1961.) A general method for 
analyzing spin configurations theoretically is 
described. See 131 of 1961. 

GEOPHYSICAL AND  

EXTRATERRESTRIAL 

PHENOMENA 

523.12 2620 
'Arc Welding' Theory of Cosmic Evolution 

—C. E. R. Bruce. (Engineering (London), vol. 
192, pp. 821-823; December 22, 1961.) Expla-
nation of the formation of the universe on the 
basis of electric field breakdown leading to ag-
gregation of matter along the discharge chan-
nels. See also 2271 of July. 

523.164:523.75 2621 
Sudden Cosmic Noise Absorption at 29 

Mc/s—M. Krishnamurthi, G. S. Sastry, and 
T. S. Rao. (Aust. J. Phys., vol. 15, pp. 20-24; 
March, 1962.) Absorption events are closely 
related to intense solar flares, but are governed 
by initial conditions in the terrestrial atmos-
phere and at frequencies above 25 Mc cannot 
be used for flare prediction. 

523.164:621.396.62 2622 
The Italian Cross Radiotelescope: Part 2— 

Preliminary Design of the Receiver—G. 
Gelato, C. Rosatelli, and G. Sinigaglia. 
(Nuovo Cim., vol. 23, pp. 254-257; January 1, 
1962.) A general description of the receiver to 
operate in conjunction with the antennas de-
scribed in Part 1. 

523.164:621.396.677 2623 
The Italian Cross Radiotelescope: Part 1— 

Design of the Antenna—A. Braccesi and M. 
Ceccarelli. (Nuovo Cim., vol. 23, pp. 208-215; 
January 1, 1962.) The telescope, which will 
operate at 408 Mc, is of Mills cross design 
with two antennas each about 1.2-km long and 
30-m wide. 

523.164:621.396.677 2624 
The New Cambridge Radio Telescope— 

M. Ryle. (Nature, vol. 194. pp. .517-518; 
May 12, 1962.) Three 60- ft-diameter circular 
antennas, two fixed and one on a railway line 
running E-W give a comparable performance 
to that of a conventional paraboloid 1250 ft 
in diameter. It is planned to use the instrument 
initially on a frequency of 408 Mc/min, with 
an expected resolution of 1.5 arc. 

523.164.3 2625 
Radiation from Jupiter at 4.8 Mc/s— 

G. R. A. Ellis, (Nature, vol. 194, pp. 667-
668; May, 1962.) A description of measure-
ments made at Hobart, Tasmania. June-
August, 1961. 

523.164.32 2626 
A Study of the Slowly Varying Component 

of the Sun at 327 Mc/s--G. Mannino, G. 
Setti. and S. Delli Santi. (Nuovo Cim., vol. 23, 
pp. 923-926; March 1, 1962.) Particular at-
tention is given to the relation between the 
radio flux and sunspot areas. 

523.164.32:523.75 2627 
Velocities of Shock Fronts in Solar Corona 

Generating Type II Radio Bursts at Metre 
Wavelengths— NI. Krishnamurthi, G. S. 
Sastry, and T. S. Rao. (Aust. J. Phys., vol. 15, 
pp. 120-122; March, 1962.) Intense solar 
flares produce X rays which cause sudden 
cosmic noise absorption and shock fronts which 
excite plasma oscillations in the solar corona 
and cause enhanced RF emission. Shock-
Iront velocities are calculated from the time 
difference between these two events. 

523.164.32: 523.75 2628 
The Decimetre-Wavelength Radiation As-

sociated with Type IV Solar Radio Bursts— 
T. Krishnan and R. F. NIullaly (Ausi. J. 
Phys., vol. 15, pp. 86-95; March, 1962.) This 
radiation is produced simultaneously with 
m-X emission, in widely separated regions of 
the solar atmosphere. It is not simply an ex-
tension of the Type IV continuum. 

523.165 2629 
Small Cosmic-Ray Increases Measured at 

Ground Level, September 3, 1960, July 18 and 
July 20, 1961—B. G. Wilson, D. C. Rose, and 
M. D. Wilson. (Coned. J. Phys., vol. 40, pp. 
540-549; May, 1962.) 

523.165 2630 
Energy Spectrum of Geomagnetically 

Trapped Protons—H. H. Heckman and A. H. 
Armstrong. (J. Geophys. Res., vol. 67, pp. 
1255-1262; April, 1962.) The measured 
energy spectrum of protons in the inner Van 
Allen radiation belt is discussed for energies 
>12 mev. 

523.165 2631 
Geomagnetically Trapped Protons from 

Cosmic-Ray Albedo Neutrons—A. M. Lenchek 
and S. F. Singer. (J. Geophys. Res., vol. 67, pp. 

1263-1287; April. 1962.) Albedo neutrons 
from galactic cosmic rays are shown to account 
for the gross features of the observed geomag-
netically trapped protons. This leads to an 
equilibrium intensity that compares favorably 
with observations. 65 references. 

523.165 2632 
Outer Van Allen Belts and Neutral Points 

on Interface between Solar Wind and Geo-
magnetic Field—C. C. Chang. (Nature, vol. 
194, pp. 424-426; May 5, 1962.) A possible 
trapping mechanism for high-energy solar 
particles in the formation of the Van Allen 
belt is suggested. Two neutral points, found by 
analysis on the interface between solar wind 
and geomagnetic field allow the plasma to seep 
into the field without reflection. 

523.165:551.507.362.2 2633 
Measurements of the Intensity and Spec-

trum of Electrons at 1000-Kilometre Altitude 
and High Latitudes—B. J. O'Brien, C. D. 
Laughlin, J. A. Van Allen, and L. A. Frank. 
(J. Geophys. Res., vol. 67, pp. 1209 - 1225; 
April, 1962.) A preliminary report on measure-
ments made by detectors on the satellite Injun 
I at magnetic latitudes between about 45° and 
80°. 

523.165:551.507.362.2 2634 
Direct Observations of Dumping of Elec-

trons at 1000-Kilometre Altitude and High 
Latitudes—B. J. O'Brien (J. Geophys. Res., 
vol. 67, pp. 1227-1233; April, 1962.) A dis-
cussion of the detection by the satellite lnjun I 
of the quiescent dumping of electrons with 
energy above 40 key in intensities of the order 
of 10 , particles per cm, sec. ster. 

523.165: 551.507.362.2 2635 
Time Variations of Intensity in the Earth's 

Inner Radiation Zone, October 1959 through 
December 1960—G. Pizzella, C. E. McIlwain, 
and J. A. Van Allen. (J. Geophys. Res., vol. 67, 
pp. 1235-1253; April, 1962.) Measurements 
made by Explorer VII indicate a time varia-
tion in the earth's inner radiation belt and 
suggest the existence of a strong impulsive 
source of trapped particles throughout the 
inner zone. 

523.5:621.396.96 2636 
Radar Observat ons of Meteor Echoes as a 

Means of Investigation in the Field of Meteor 
Astronomy and Physics—N. Carrara, P. F. 
Checcacci, and L. Ronchi. (Nuovo Cim., vol. 
24, pp. 145-1.55; April 1, 1962.) Methods of 
deriving velocity and radiant distributions of 
meteors and obtaining data on trail formation 
in the atmosphere are described. 

523.5:621.396.96 2637 
Radio-Echo Observations of Meteors in 

the Antarctic—C. S. Nilsson and A. A. Weiss. 
(Aust. J. Phys., vol. 15, pp. 1-19; March, 
1962.) The observed characteristic are in 
agreement with a three-source model for the 
distribution of the radiants. 

523.75:550.38 2638 
Propagation of Solar Particles and the 

Interplanetary Magnetic Field—C. S. War-
wick. (J. Geophys. Res., vol. 67, pp. 1333 - 
1346; April, 1962.) The presence of an inter-
planetary magnetic field is'inferred from effects 
on the propagation of energetic solar particles. 
This field is related to polar-cap absorption 
and the solar modulation of galactic cosmic 
rays. 

550.38 2639 
The Distant Geomagnetic Field: Part 1— 

Infinitesimal Hydromagnetic Waves—C. P. 
Sonett, A. R. Sims, and I. J. Abrams. (J. 
Geophys. Res., vol. 67, pp. 1191-1207; April, 
1962.) Comprehensive machine reductions of 
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Pioneer I magnetometer data are discussed in 
connection with the presence of infinitesimal 
hydromagnetic waves at geocentric distances 
2.4-4.4 X 104 km. 

550.384.4 2640 
Diurnal Variations of the Geomagnetic 

Field at Tamanrasset from 1948 to 1955 
(Horizontal Component)—F. Duclaux. (Ann. 
Géophys., vol. 18, pp. 110-115; January-
March, 1962. 

550.385.3 2641 
Geomagnetic Bay-Like Disturbances be-

fore Geomagnetic Sudden Commencements of 
Sudden Impulses—T. Ondoh. (Ann. Géophys., 
vol. 18, pp. 45-61; January-March, 1962. In 
English.) Solar RF bursts of Type IV and 
polar-cap blackouts are shown to bear a close 
relation to the geomagnetic bay-like disturb-
ances. 

550.385.37 2642 
Geomagnetic Micropulsations—V. Kato. 

(Aust. J. Phys., vol. 15, pp. 70-85; March, 
1962.) A detailed summary of world-wide 
observational results. 66 references. 

550.385.37 2643 
Geomagnetic Micropulsations with Periods 

0.3-3 sec. (`Pearls')—J. A. Jacobs and E. J. 
Jolley. (Nature, vol. 194, pp. 641-643; May 19, 
1962.) 

550.385.4: 551.510.53 2644 
Relations between Atmospheric Ozone and 

the Earth's Magnetism—A. Vassy and I. 
Rasool. (C. R. Acad. Sci. (Paris), vol. 250, pp. 
3865-3866; June 8, 1960.) An analysis of two 
years data shows a correlation between the 
occurrence of magnetic storms and increase of 
atmospheric ozone. 

550.386:523.74 2645 
On the Semiannual Variation of Geo-

magnetic Activity and its Relation to the Solar 
Corpuscular Radiation—W. Priester and D. 
Cattani. (J. olmos. Sci., vol. 19, pp. 121-126; 
March, 1962.) Indirect support is given to the 
axial hypothesis of semiannual variation by a 
strong amplitude modulation of the variation 
during the solar cycle which is apparently 
related to the heliographic latitudes of the 
sunspot zones. Three models are derived to 
explain observed geomagnetic variations but 
show a phase lag of 20-30 days. 

551.507.362.1 2646 
Investigation of the Ion Composition of the 

Earth's Atmosphere on Geophysical Rockets 
1957-1959.—V. G. Istomin. (Isk. Spat. Zemli, 
no. 7, pp. 64-77. 1961. Planet-Space Sci., vol. 
9, pp. 179-193; April, 1962.) 

551.507.362.2 2647 
The First Anglo-American Satellite—(Elec-

Ironic Eng., vol. 34, pp. 400-401; June, 1962.) 
A list of the experiments for which ARIEL was 
designed. 

551.507.362.2 2648 
Intermediary Equatorial Orbits of an 

Artificial Satellite—J. P. Vinti. (J. Res. 
NBS, vol. 66B, pp. 5-13; January-March, 
1962.) Restrictions on the orbital inclinations 
specified in a previous paper (115 of January) 
are removed and simplifications of the periodic 
terms for approximately equatorial orbits are 
given. 

551.507.362.2 2649 
Luni-solar Perturbations of the Orbit of an 

Earth Satellite—G. E. Cook. (Geophys., J. R. 
astr. Soc., vol. 6, pp. 271-291, April, 1962). The 
effects of the gravitational attraction of the 
sun and moon on the orbital elements of an 
earth satellite are investigated using La-

grange's planetary equations. Expressions are 
obtained for the change in the elements during 
one revolution of the satellite and for the rates 
of change of these elements. Corresponding 
expressions are obtained for the effects of solar 
radiation pressure, including the effect of the 
earth's shadow. 

551.507.362.2 2650 
The Contraction of Satellite Orbits under 

the Influence of Air Drag: Part 2—With 
Oblate Atmosphere—G. E. Cook, D. G. King-
Hele, and D. M. C. Walker. (Proc. Roy. Soc. 
(London) A, vol. 264, pp. 88-121; October 24, 
1961.) An extension of earlier work (Part 1: 
Proc. Roy. Soc. (London) A, vol. 257, pp. 224-
249; Sept. 6, 1960) in which an analytical 
method was developed for determining the 
effect of air:drag on satellite orbits of low eccen-
tricity in a spherically symmetric atmosphere. 

551.507.362.2 2651 
The Contraction of Satellite Orbits under 

the Influence of Air Drags: Part 3—High-
Eccentricity Orbits (0.2 <c< 1)—D. G. King-
Hele. (Proc. Roy. Soc. (London) A, vol. 267, 
pp. 541-557. June 5, 1962.) Part 2: 2650 above. 

551.507.362.2 2652 
Atmospheric Density Measurements with a 

Satellite-Borne Microphone Gauge—G. W. 
Sharp, W. B. Hanson and D. D. McKibbin. 
(J. Geophys. Res., vol. 67, pp. 1375-1382; 
April, 1962.) Ram pressure measurements of 
atmospheric densities agree with satellite or-
bital data. 

551.507.362.2: 621.391.812.3 2653 
The Scintillation of the Radio Transmis-

sions from Explorer VII: Parts 1 & 2—D. G. 
Singleton and G. J. E. Lynch. (J. Atmos. Terr. 
Phys., vol. 24, pp. 353-374; May, 1962.) The 
scintillations at 20 Mc are associated with both 
the frequency- and range-spread types of 
spread F. They can be interpreted in terms of 
irregularities at heights of 200-600 km, which 
are field aligned and have dimensions of the 
order of 1 km. A distinction can be made be-
tween the scintillations associated with the 
two types of spread F. 

551.507.362.2:621.396.43 2654 
The Orbits of Needle Satellites—G. E. 

Cook and J. M. Hughes. (Planet-Space Sci., 
vol. 9, pp. 153-166; April, 1962.) The formation 
of orbital belts of needles and perturbations 
due to solar radiation pressure and the earth's 
gravitational potential are investigated. 

551.507.362.2:396.9 2655 
Navigational Satellites—(See 2684). 

551.507.362.2:621.396.9 2656 
Navigation Satellites with particular refer-

ence to Radio Observations—Johnson. (See 
2685). 

551.507.362.2: + 629.191:621.398 2657 
Instrumentation for Space Research.— 

D. Brini, U. Ciriegi, A. Gandolfi and G. L. 
Tabellini. (Nuovo Cim., vol. 22. suppl. no. 2, 
pp. 545-589; 1961. In English.) Detailed de-
scription of telemetry and tele-control systems 
and circuits. 

551.510.535 2658 
Atmospheric Blow-up at the Auroral Zone— 

K. D. Cole. (Nature, vol. 194, p. 761; May, 26, 
1962.) As a result of Joule heating of the upper 
atmosphere by the e ectric currents which 
cause geomagnetic variations (1942 of June) 
regions of the auroral ionosphere above 150 
km may show scale height increases of the 
order of ten times. 

551.510.535 2659 
Atmospheric Composition and the F Layer 

of the Ionosphere—H. Rishbeth. (Planet-
Space Sci., vol. 9, pp. 149-152: April, 1962.) 
The photochemical processes which are be-
lieved to control the production and loss of 
F-region ionization are summarized. Seasonal 
anomalies and storm effects in the F2 layer are 
discussed. 

551.510.535 2660 
The Geographical Distribution of Ioniza-

tion and the Equator of the F2 Layer.—R. 
Eyfrig. (J. Geophys. Res., vol. 67, pp. 1678-
1682; April, 1962.) The existence of the equa-
torial trough in the western zone during the 
northern solstice month of 1953 is confirmed 
[see 3849 of 1960 (Minnis and Bazzard)]. An 
examination of data for July, 1953-1959 shows 
that in the western zone the minimum of the 
trough does not coincide with the magnetic-
dip-equator. 

551.510.535:523.164.4 2661 
Ionospheric Focusing of Cosmic Radio 

Sources—M. D. Grossi, K. M. Strom and 
S. E. Strom. (J. Geophys., Res.. vol. 67, pp. 
1672-1674; April, 1962.) The earth's iono-
sphere, acting as a spherical lens, can focus 
HF cosmic radio waves. 

551.510.535: 523.745 2662 
Solar Activity and the Occurrence of Es— 

M. K. Das Gupta and R. K. Mina. (J. Atmos. 
Terr. Phys., vol. 24, pp. 408-411: May, 1962.) 
Statistical analysis suggests that there is a 
positive correlation between the occurrence of 
E. with fc>5 Mc at Inverness, Scotland, and 
the Zurich sunspot number. 

551.510.535: 523.746.5 2663 
Dependence of the Ionospheric F Region 

on the Solar Cycle—J. W. Wright. (Nature, 
vol. 194, pp. 461-462; May 5, 1962). Iono-
spheric electron density distributions are 
examined for typical quiet days in high, 
medium and low altitudes. Summer and winter 
distributions are illustrated for sunspot num-
bers 0, 100 and 200. 

551.510.535:550.386 2664 
The Effect of Geomagnetic Acitivity on the 

F2 Region over Central Africa—R. G. Rastogi. 
(J. Geophys. Res., vol. 67, pp. 1367-1374; 
April, 1962.) The variations of the F2 layer 
with time of day, season, and magnetic ac-
tivity are examined for stations in Central 
Africa where the geomagnetic and the magnetic 
equators are separated from each other. It is 
concluded that the variations at low and 
medium latitudes are determined by the 
magnetic and not by the geomagnetic latitude 
of the station. 

551.510.535:551.507.362.1 2665 
Rocket Measurement of the Electron-

Density Distribution in the Topside Ionosphere 
—S. J. Bauer and J. E. Jackson. (J. Geophys., 
Res., vol. 67, pp. 1675-1677; April, 1962.) 
Electron densities are measured by observa-
tions of the Faraday rotation at 73.6 Mc, and 
are compared with a theoretical model. 

551.510.535: 551.507.362.1 2666 
Instrumentation for Rocket Measurements 

of the Free-Electron Density in the Ionosphere 
—K. I. Gringauz, V. A. Rudakov and A. V. 
KaproskiI. (Isk. Spat. Zemli, no. 6, pp. 33-47; 
1961, Planet-Space Sci., vol. 9, pp. 247-257; 
May, 1962.) A description of the system of 
radio instrumentation used to investigate the 
electron density distribution in the ionosphere 
by geophysical rockets. 

551.510.535: 551.507.362.1 2667 
Mass Spectrometer Investigations of the 

Structural Parameters of the Earth's Atmos-
phere at Altitudes from 100 to 210 km—A. A. 
Pokhunkov. Usk. Sput. Zemli, no. 7, pp. 89-
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100; 1961, Planet-Space Sel., vol. 9, pp. 269-
279; May, 1962. 

551.510.535:621.391.812.63 2668 
Polarization Characteristics of E. Echoes 

at Waltair—C. A. Reddy and B. R. Rao. 
(J. Atmos. Terr. Phys., vol. 24, pp. 401-405; 
May, 1962.) At frequencies in the range 2-8 
Mc, polarization measurements show that 
dense E. reflects both magneto-ionic compo-
nents while the semitransparent type reflects 
mainly the X component. 

551.510.535: 621.391.812.63 2669 
Some Aspects of Gyro Splitting in the 

Ionosphere—G. G. Bowman. (Aust. J. Phys., 
vol. 15, pp. 25-38; March, 1962, plates.) 
X-mode propagation below the electron gyro-
frequency was observed in some ionograms 
from Hobart (geomagnetic latitude 52°S). A 
detailed study of a few examples is made on the 
basis of Ellis's theory (2888 of 1960). 

551.510.535(98) 2670 
The Ionospheric Triple Splitting in High 

Geomagnetic Latitudes—W. Becker and P. 
Schanz. (Arch. eleki. Übertragung, vol 16, pp. 
100-104; February, 1962.) Quantiatative con-
firmation of the qualitative results given by 
Wright (4248 of 1960) is derived. Triple 
splitting is possible only in rhe E layer even 
at Thule. An interpretation is given of the 
third F-layer component occasionally observed 
and a closer analysis of ionograms is proposed. 

551.510.535(98): 621.391.812.631 2671 
A Study of Solar Activity associated with 

Polar-Cap Absorption—C. S. Warwick and 
M. W. Haurwitz. (J. Geophys., Res., vol. 67, 
pp. 1317-1332; April, 1962). Solar data are 
used to identify the solar event responsible for 
each of 43 polar-cap absorption events. The 
results show little evidence for the association 
of p.c.a. with places on the far side of the sun 
and there is no significant dependence of occur-
rence frequency or delay time on position of 
the flare. A relation is found between delay time 
and phase of the solar cycle, with long delay 
times occurring near the maximum of solar 
activity. 

551.510.535(98): 621.391.812.631 2672 
Polar-Cap Absorption and the Magnetic 

Storm of February 11, 1958—W. L. Axford and 
G. C. Reid. (J. Geophys. Res., vol. 67, pp. 
1692-1696; April, 1962.) Interplanetary mag-
netic field changes, due to the solar corpuscular 
emissions associated with geomagnetic dis-
turbance, are discussed in relation to polar-cap 
absorption. 

551.510.62: 551.508.8 2673 
Radiosonde for Atmospheric Refractive-

Index Measurements—A. P. Deam. (Rev. Sel. 
¡asir., vol. 33, pp. 438-441; April, 1962.) A 
description of a light-weight refractometer, 
operating at 403 Mc, with a ceramic coaxial 
cavity as the sensing device. 

551.594.5 2674 
The Occurrence of Aurora in Geomag-

netically Conjugates Areas.—R. N. DeWitt. 
(J. Geophys. Res., vol. 67, pp. 1347-1352; 
April, 1962.) 

551.594.5:550.385.36 2675 
An Auroral-Zone Electron Precipitation 

Event and its Relationship to a Magnetic Bay 
—R. R. Brown and W. H. Campbell. (J. Geo-
phys. Res., vol. 67, pp. 1357-1366; April, 1962.) 
Simultaneous observations of X rays at balloon 
heights, cosmic-noise absorption, geomagnetic 
micropulsations, and the geomagnetic elements 
H, D and Z have made it possible to follow the 
details of the event. It is suggested that the 
current system of the bay was initiated by a 
sudden increase in the flux of precipitated 
electrons. 

551.594.5:550.386 2676 
Magnetic Activity during Periods of 

Auroras at Geomagnetically Conjugate Points 
—E. Wescott. (J. Geophys. Res., vol. 67, 
pp. 1353-1355; April, 1962.) The magnetic 
variations at Kotzebue, Alaska, and Macquarie 
Island, in the sub-Antarctic, show a high degree 
of correlation on two days when aurorae were 
present at the two stations. 

551.594.5:621.396.96 2677 
Radio-Echo Observations of the Aurora in 

Terre Adélie: Part 2—The Fading Character-
istics of the Radio Echoes and their Frequency 
of Occurrence as a Function of Range, Ampli-
tude, Height and the Aspects Effect—K. Bul-
lough. (Ann. Géophys., vol. 18, pp. 1-17; 
January-March, 1962. In English.) A more 
detailed study of several aspects of the radio-
echo phenomena reported in Part I (see 4147 
of 1961.) 

551.594.5:621.396.96 2678 
A Study of the Statistics of VHF Oblique 

Auroral Reflections—A. Egeland, J. Ortner, and 
B. Hultqvist. (Ann. Geophys., vol. 18, pp. 23-
44; January-March, 1962. In English) Measure-
ments from October, 1957, to May, 1960 at 
92.8 Mc at Kiruna, Sweden, have been cor-
related and data are given for diurnal, day-to-
day and seasonal variations as well as duration 
and signal strength of echoes. 

551.594.5: 621.396.96 2679 
Evidence of Low-Frequency Amplitude 

Fluctuations in Radar Auroral Echoes—R. S. 
Leonard. (J. Geophys. Res., vol. 67, pp. 1683-
1684; April, 1962.) The amplitude fluctuations 
of an auroral radar echo are compared with 
magnetic field micropulsations. 

551.594.6 2680 
Direct Observation of Correlation between 

Aurorae and Hiss in Greenland—T. S. 
JOrgensen and E. Engstrup. (Nature, vol. 194, 
pp. 462-463; May 5, 1962.) A close correlation 
is observed between 8-kc hiss and the occur-
rence of aurorae. See also 3869 of 1960 (Martin, 
et al.). 

551.594.6 2681 
Very-Low-Frequency Noise at Brisbane— 

H. E. Brown & G. G. Cairns. (Nature, vol. 194, 
p. 962; June 9, 1962.) Results obtained at 
Brisbane are illustrated. This is the lowest 
latitude at which noise in the 5-kc region has 
been recorded. 

551.594.6 2682 
The Ray Paths of Whistling Atmospherics: 

Differential Geometry—R. F. Mullaly. (Aust. 
J. Phys., vol. 15, pp. 106-113; March, 1962.) 
Expressions are derived for the ray curvature 
in terms of electron density, magnetic field 
strength, and field direction. The rays do not 
generally follow the lines of force closely. 

551.594.6 2683 
Wide-Band Bursts of V.L.F. Radio Noise 

(Hiss) at Hobart—R. L. Dowden. (Ausi. J. 
Phys., vol. 15, pp. 114-119; March, 1962.) 
Because of attenuation, the ground intensities 
observed at several frequencies drop markedly 
with increase in frequency, while the deduced 
intensities above the ionosphere show a rela-
tively flat spectrum. 

LOCATION AND AIDS TO NAVIGATION 

621.396.9:551.507.362.2 2684 
Navigational Satellites—(J. Inst. Nov., 

vol. 15, pp. 129-157; April, 1962.) The text of 
four papers presented at a meeting of the 
Institute of Navigation, September 26, 1961. 

The Transit System—R. B. Kershner and 
R. R. Newton. (pp. 129-144). 

A First Attempt to Obtain a Fix from 

Transit—W. Nicholson. (pp. 144-149). 
Navigational Aids from Other Satellites— 

H. C. Freiesleben. (pp. 149-154). 
Ionospheric Research through Transit— 

E. Golton. (pp. 154-157). 

621.396.9:551.507.362.2 2685 
Navigation Satellites with particular refer-

ence to Radio Observations—W. A. Johnson. 
(J. Brit. IRE, vol. 23, pp. 383-397; May, 1962. 
Description of work at the Royal Aircraft 
Establishment. 

621.396.933 2686 
The Air Traffic Control Equipment Sub-

system—Present and Future—P. C. Sandretto. 
(Paoc. IRE, vol. 50, pp. 663-672; May, 1962.) 
The technical aspects of the control problem are 
considered and forecasts are made regarding 
the equipment required for future systems. 
79 references. 

621.396.96.089.6:523.164.32 2687 
Passive Radar Measurements at C-Band 

Using the Sun as a Noise Source—W. O. 
Mehuron. (Microwave J., vol. 5, pp. 87-94; 
April, 1962.) An investigation of atmospheric 
refraction and attenuation, radiation charac-
teristics of the sun, solar scintil ation, and the 
usefulness of the sun as a navigation reference 
was made as part of a development program 
for precision radar and other tracking systems. 

621.396.963 2688 
Limits of the Detectability of Targets in 

M.T.I. Rardar Systems—G. Kuhrdt. (Tele-
funken Zig., vol. 34, pp. 42-50; March, 1961. 
English summary, pp. 79-80.) A graphical 
method is given for determining the practical 
limits of a system allowing for the presence of 
fixed-target signals and the velocity of the 
moving target. 

621.396.969.34 2689 
Medium-Range Radar for Air Traffic Con-

trol—J. Mücke and K. Rührich. (Telefunken 
Zig., vol. 34, pp. 5-12; March, 1961. English 
summary, pp. 77.) Operational requirements 
and design specifications of new German 23-cm 
radar equipment are outlined. For details of the 
system see 2690 below. 

621.396.969.34 2690 
Medium-Range Radar Equipment—(Tele-

funken Zig., vol. 34, pp. 13-41; March, 1961.) 
A group of papers describing various features 
of the new German radar system outlined in 
2689 above. 

a) The Transmitter of the Medium-Range 
Radar Installation—H. O. Voigt. (pp. 13-21, 
English summary, pp. 77-78. 

b) The Display Equipment of the Medium-
Range Radar Installation—K. Schluckebier. 
(pp. 22-27, English summary, p. 78). 

c) Radar-Display Transmission for the 
Medium-Range Radar Installation—H. Hart. 
(pp. 27-32, English summary, p. 78). 

d) The Aerial of the Medium-Range Radar 
Installation—J. Bartholornfi. (pp. 33-41, Eng-
lish summary, p. 79). 

MATERIALS AND SUBSIDIARY 

TECHNIQUES 

535.215:546.48'221 2691 
On the Varied Shape of the Spectral 

Sensitivity Curves of the Photoconduc-
tivity of Pure Cadmium Sulphide Crystals. 
Influence of Crystal Thickness—E. Grillot, 
E. F. Gross, M. Bancie-Grillot, and B. Novi-
kov. (C. R. Acad. Sel. (Paris), vol. 252, pp. 
864-866; February 6, 1961.) The shape of the 
curve of the photo-effect at 77° K was found to 
vary with the thickness of the specimen. 
Crystals were prepared by sublimation, with a 
strong temperature gradient. 
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535.37 2692 
Experimental Verification of Field Ioniza-

tion of Traps in Luminescent Materials— 
D. E. Brodie, H. E. Petch and R. R. Haering. 
(Canad. J. Phys., vol. 40, pp. 665-669; May, 
1962.) Experimental investigation of the ap-
plicability of the field-ionization method for the 
measurement of trap energies. 

535.37 2693 
On the Luminescence of TICH-ICC1 Phos-

phor—S. C. Sen. and H. N. Bose. (Z. Phys., 
vol. 167, pp. 20-25; February 28, 1962. In 
English.) An analysis of X-ray diffraction 
spectra. 

535.37:546.47'221 2694 
Paramagnetic Resonance of Fe- Ions in 

Synthetic Cubic Crystals of ZnS—A. Riiuber 
and J. Schneider. (Z. Naturforsch., vol. 17a, 
pp. 266-270; March, 1962.) 

535.37: 546.47'221 2695 
Piezoluminescence in Zinc Sulphide Phos-

phors—G. Alzetta, N. Minnaja and S. San-
tucci. (Nuovo Cim., vol. 23. pp. 910-913; March 
1, 1962.) The crystals were mechanically ex-
cited by hydrostatic compression. Both pres-
sure steps and pressure pulses were used. 

535.376: 546.48'221 2696 
Displacement of the Cadmium Atom in 

Single-Crystal CdS by Electron Bombardment 
— B. A. Kulp. (Phys. Rev., vol. 125, pp. 1865-
1869; March 15, 1962.) A threshold for the 
production of two fluorescence bands in CdS 
under electron bombardment at - 196°C has 
been observed at 290 key. 

537.226 2697 
Dielectric Properties of Pb(FeTa)0.503— 

PbTiO3 and Pb(FeTa)0.303—PbZr03 Systems 
— S. Nomura and T. Kawakubo. (J. Phys. Soc., 
Japan, vol. 17, pp. 573-574; March, 1962.) 
The positions of the Fe and Ta ions in the 
Pb(FeTa)0.503 crystal are studied in X ray and 
dielectric measurements. 

537.227 2698 
Material Constants of Ferroelectric Ce-

ramics at High Pressure—R. F. Brown and 
G. W. McMahon. (Caned. J. Phys., vol. 40, 
pp. 672-674; May, 1962.) A continuation of 
previous work 13428 of 1961 (Brown)]. The 
effects of planar stress on the effective piezo-
electric constants, elastic modulus, electro-
mechanical coupling factor and high-field di-
electric loss have been determined for ( Ba, Ca, 
Pb) TiO3, (Ba, Ca, Co)TiO3, and the (Pb, 
Zr)TiO3 compounds PZT4 and PZT5. 

537.227 2699 
Ferroelectric Properties of Mixed Titanates 

of the System Bi4Ti30,2, n-BaTiO3—P. H. 
Fang, C. Robbins, and F. Forrat. (C. R. Acad. 
Sci. (Paris), vol. 252, pp. 683-685; January 30, 
1961.) An experimental investigation covering 
the temperature range - 194° to 800°C for 
n = 1 and 2. 

537.227:538.569.4.029.6 2700 
Microwave Losses in Strontium Titanate 

above the Phase Transition—G. Rupprecht 
and R. O. Bell. (Phys. Rev., vol. 125, pp. 1915-
1920; March 15, 1962.) Losses have been in-
vestigated as a function of frequency and 
temperature. 

537.277:538.569.4.029.6 2701 
Microwave Absorption in Cubic Strontium 

Titanate—B. D. Silverman. (Phys. Rev.. vol. 
125, pp. 1921-1930; March, 15, 1962.) An 
analysis of the temperature dependence of the 
microwave loss in SrTiO3 is presented using the 
linear chain model of a ferroelectric as a basis 
for discussion. 

537.227:546.431'824-31:539.23 2702 
On the Preparation of Thin Single-

Crystal Films of BaTiO3—R. C. DeVries. 
(J. Amer. Ceram. Soc., vol. 45, pp. 225-228; 
May, 1962.) Crystals 300 A thick were evapo-
rated on to Pt substrates. Uniform thickness 
was maintained over crystal areas 0.2 mm,. 

537.228.1:548.0 2703 
Lattice Theory of the Piezoelectric and 

Elastic Properties of Crystals with Zinc Blende 
Structure allowing for Electron Polarization— 
L. Merten. (Z. Naturforsch., vol. 1'la, pp. 174-
180 and 216-227; Febrlary and March, 1962.) 

Part 1—General Relations based on Crystal 
Symmetry (pp. 174-180). 

Part 2—Representation of the Piezo-electric 
Constant el.1 by Microscope Parameters for the 
Model of Pure Field Polarization and for the 
Shell Model (pp. 216-227). 

537.228.1:549.514.51 2704 
The Growth Rate Dependence of the In-

ternal Friction of Synthetic Quartz—C. K. 
Jones and C. S. Brown. (Proc. Phys. Soc. 
(London) A, vol. 79, pp. 930-937; May 1, 
1962.) 

537.311.32:546.86:538.63 2705 
A New Effect in the Magnetoresistance of 

Antimony at 4.2°K—W. R. Datars and P. C. 
Eastman. (Cando. J. Phys., vol. 40, pp. 670-
672; May, 1962.) The effect has been observed 
in high-purity single crystals. The V/I char-
acteristic shows a step decrease in voltage 
across the specimen followed by a nonlinear 
negative-resistance region. 

537.311.32:546.87: 538.63 2706 
Classical Explanation of the Anomalous 

Magnetoresistance of Bismuth—J. J. Hop-
field. (Phys. Rev. Lett., vol. 8, pp. 311-312; 
April 15, 1962.) Recent results of Esaki (1596 
of May) showing anomalous breaks in the 
//V relations for Bi, are explained by the 
existence of an extra force due to the onset of 
travelling-wave amplification, in the equation 
of motion of the carriers. 

537.311.32:546.87:538.632 2707 
Hall Coefficient for Thin Films of Bismuth 

—J. Salardenne. (J. phys. radium, vol. 23, pp. 
133-134; February, 1962.) Possible causes of 
the varied values obtained for the Hall co-
efficient are examined. 

537.311.33 2708 
Surface Properties of Semiconductors - 

A. Frova and A. Stella. (Nuovo Cim., vol. 22, 
suppl. no. 2, pp. 517-544; 1961.) Experimental 
methods for the determination of surface con-
ductivity and mobility states are reviewed. 

537.311.33 2709 
Interband Electron-Electron Scattering and 

Transport Phenomena in Semiconductors— 
J. Appel. (Phys. Rev., vol. 125, pp. 1815-1823; 
March 15, 1962.) The effect of interband 
scattering is investigated using a variational 
method based on a generalization of Kohler's 
variation principle to a multiband conductor. 
The combined influence of interband and intro-
band scattering on the transport coefficients of 
Ge is discussed. 

537.311.33 2710 
One-Phonon Transition Rate in Impurity 

Conduction—J. Mycielski. (Phys. Rev., vol. 
125, pp. 1975-1977; March 15, 1962.) The one-
phonon transition rate for carrier transfer is 
calculated taking account of the dependence of 
the equilibrium position of the lattice atoms on 
the state of the carrier. See also 1978 of June. 

537.311.33 2711 
Warm-Electron Effect in Polar Semi-

conductor—R. Stratton. (J. Phys. Soc. Japan, 

vol. 17, pp. 590-591; March, 1962.) Correction 
and extension of earlier work (Prot. Roy. Soc. 
(London) A. vol. 246, pp. 406-422; August 19, 
1958.) Relating to the field dependence of 
electron mobility in polar semiconductors. 

537.311.33:534.283:538.6 2712 
Magnetoacoustic Effects in Non-degenerate 

Semiconductors—H. N. Spector. (Phys. Rev., 
vol. 125, pp. 1880-1892; March 15, 1962.) A 
self-consistent semiclassical treatment is given 
for the attenuation of a sound wave in a non-
degenerate impurity conductor with spherical 
energy bands, using the formalism developed 
by Cohen, et a/. (2585 of 1960). 

537.311.33:537.323 2713 
The Influence of Halogen Doping on the 

Thermoelectric Properties of the System 
Birkholz and G. Haacke. 

(Z. Naturforsch., vol. 17a, pp. 161-165; 
February, 1962.) 

537.311.33:538.614 2714 
Note on the Faraday Effect in Anisotropic 

Semiconductors -- B. Donovan and J. Webster. 
(Proc. Phys. Soc.. (London) A, vol. 79, pp. 
1081-1082; May 1, 1962.) Algebraic errors in 
a recent paper ( 1318) of April) are corrected 
and revised expressions are given. 

537.311.33:538.632 2715 
Measurement of the Hall Effect in Metal-

Free Phthalocyanine Crystals—G. H. Heil-
meier, G. Warfield, and S. E. Harrison. (Phys. 
Rev. Lett., vol. 8, pp. 309-311; April 15, 1962.) 
A report of Hall-effect measurements on an 
organic semiconductor. 

537.311.33:539.23 2716 
Electron Tunnelling in Solids—L. W. 

Davies. (Proc. IRE (Australia), vol. 23, pp. 
127-132; March, 1962.) A review of recent 
work on tunneling of electrons through in-
sulating films between two metals in either 
normal or super-conducting states. 15 
references. 

537.311.33[546.28+546.289 2717 
Band Structure of Silicon, Germanium 

and Related Semiconductors—J. C. Phillips. 
(Phys. Rev., vol. 125, pp. 1931-1936; March 15, 
1962.) A classifiation of energy levels based on 
a survey of recent optical and cyclotron. 
resonance experiments. 

537.311.33:1546.28+546.289 2718 
Valence Bands of Germanium and Silicon 

in an External Magnetic Field—V. Evtuliov. 
(Phys. Rev., vol. 125, pp. 1869-1879; March 15, 
1962.) 

537.311.33: 546.28 2719 
Loop-Shaded Images Observed in X-Ray 

Diffraction Micrographs of Silicon Single 
Crystals—M. Voshimatsu, T. Suzuki, T. 
Kobayashi, and K. Kohra. (J. Phys. Soc. 
Japan, vol. 17, pp. 583-584; March, 1962.) A 
new kind of lattice defect observed in a Si 
crystal is reported. 

537.311.33:546.28 2720 
Impurity-Induced Pipes through Diffused 

Layers in Silicon—A. Goetzberger. (Solid-
Stale Electronics, vol. 5, pp. 61-70; March-
April, 1962.) Most "pipes" appear to be caused 
by diffusion from localized sources of impurities 
on the surface. A theory is developed and com-
pared with the results of observations. 

537.311.33 : 564.28 2721 
A Pulse Staining Method for Delineating 

n-n' and p-p Junctions in Silicon—B. A. 
Joyce. (Solid-State Electronics, vol. 5, pp. 102-
104; March/April, 1962. 
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537.311.33: 546.28:539.23 2722 
Epitaxial Growth of Silicon by Vacuum 

Evaporation—B. A. Unvala. (Nature, vol. 194, 
pp 966-967; June 9, 1962.) Advantages of the 
method, which produces films comparable to 
those formed by chemical means, are cleanli-
ness, the use of movable masks, the making of 
ohmic contacts, and the possibility of fabri-
cating complete devices in a vacuum 

537.311.33: 546.289 2723 
Change of the Debye Temperature of Ger-

manium with Donor Concentration—J. Peretti. 
(NuovoCim., vol. 23, pp. 1144-1146; March 16, 
1962. In English.) An explanation is given for 
the variation in Debye temperature, and cal-
culated values of temperature are compared 
with the results of measurements. 

537.311.33: 546.289 2724 
The Determination of the Diffusion Co-

efficient of Arsenic at p-n Junctions in Ger-
manium—R. W5Ifle and H. Dorendorf. (Solid-
Slate Electronics, vol. 5, pp. 98-102; March 
/April, 1962. In German.) Measurements of the 
diffusion coefficient at 580° and 650°C are 
reported and results are compared with those 
of other authors. 

537.311.33: 546.289 2725 
Electron-Hole Scattering at High Injection 

Levels in Germanium—L. W. Davies. (Nature, 
vol. 194, pp. 762-763; May 26, 1962.) An ex-
pression is given for the mobility due to elec-
tron-hole scattering which gives results in 
agreement with experiment. Results are rele-
vant to semiconductor rectifiers. 

537.311.33: 546.289 2726 
Noise Temperature of Hot Electrons in 

Germanium—E. Erlbach and J. B. Gunn 
(Ph vs. Rev. Lett., vol. 8, pp. 280-282; April 1, 
1962.) The distribution function in energy of 
hot electrons is determined from results of 
measurements. 

537.311.33: 546.289 2727 
Inelastic Scattering of E ectrons in Ger-

manium—J. Callaway and F. W. Cummings. 
(Phys. Rev., vol. 126, pp. 5-9; April 1, 1962.) 
An approximate calculation of the average rate 
of energy loss of electrons by a molecular ex-
citation process in doped compensated Ge at 
low temperatures is given. 

537.311.33: 546.289 2728 
Infrared Absorption in Heavily Doped 

n-Type Germanium—C. Haas. (Phys. Rev., 
vol. 125, pp. 1965-1971, March 15, 1962.) 

537.311.33: 546.289 2729 
The Dependence of Photovoltage on the 

Wavelength of the Photons Absorbed in Ger-
manium—A. Surduts. (C. R. Acad. Sci. (Paris), 
vol. 251, pp. 2665-2666; December 5, 1960.) 
For a given wavelength, which depends on the 
semiconductor and adsorbed molecules, in 
addition to the normal action of photons, vari-
ations of photopotential are observed, due to 
fast electrons which cross the surface potential 
barrier. 

537.311.33:546.289: 537.312.9 2730 
Piezoresistance in n-Type Germanium at 

Low Temperatures—K. Sugiyama and A. 
Kobayashi. (J. Phys. Soc. Japan, vol. 17, 
p. 574; March, 1962.) 

537.311.33 : 546.289: 539.23 2731 
Interaction of Gases with Evaporated Ger-

manium Films between 78°K and 373°K— 
M. J. Bennett and F. C. Tompkins. (Trans. 
Faraday Soc., vol. 58, pp. 816-828; April, 1962.) 
The results of experiments using 02, H2, N2r 
CO and CO2 are reported. 

537.311.33 : 546.289: 539.23 2732 
Defects in Epitaxially Vapour-Growth Ger-

manium Deposits—J. R. Dale. (Solid-Stale 
Electronics, vol. 5, pp. 108-109; March/April, 
1962.) A new etch treatment for the study of 
epitaxial layers is described. Structural features 
of the deposits not usually seen are made 
clearly visible. 

537.311.33: 546.48'161 2733 
Free-Charge-Carrier Effects in Cadmium 

Fluoride—J. D. Kingsley and J. S. Prener. 
(Phys. Rev. Leti., vol. 8, pp. 315-316; April 15, 
1962.) Optical absorption and conductivity due 
to free electrons have been observed in CdF2 
crystals doped with trivalent rare-earth ions. 

537.311.33: 546.48'221 2734 
Hole Drift Mobility and Lifetime in CdS 

Crystals—J. Mort and W. E. Spear. (Phys. 
Rev. Lett., vol. 8, pp. 314-315; April 15, 1962.) 
Measurements of mobility and lifetime made 
by fast-pulse techniques are described and 
briefly discussed. 

537.311.33: 546.48'231 2735 
Exciton Structure and Zeeman Effects in 

Cadmium Selenide—R. G. Wheeler and J. O. 
Dimmock. (Phys. Rev., vol. 125, pp. 1805-1815; 
March 15, 1962.) 

537.311.33: 546.681'19: 538.569.4 2736 
Spin Transitions Induced by External R.F. 

Electric Field in GaAs—E. Brun, R. Hann, 
W. Pierce, and W. H. Tanttila. (Phys. Rev. 
Lett., vol. 8, pp. 365-366; May 1, 1962. 

537.311.33: 546.682'86 2737 
Electrical Properties of InSb (P-n) Junc-

tions— Y. Marfaing. (C. R. Acad. Sci. (Paris), 
vol. 250, pp. 3608-3610; May 30, 1962.) 
An analysis of the //V characteristics recorded 
at 80° and I00°K using 25-cps 200 µsec current 
pulses. 

537.311.33: 546.682'86 2738 
The Galvanomagnetic Properties of InSb 

with High Magnetic Fields—H. Hieronymus 
and H. Weiss. (Solid-Stale Electronics, vol. 5, 
pp. 71-84; March/April, 1962. In German.) 
The Hall coefficient of intrinsic and heavily 
n-doped InSb at room temperature does not 
depend upon the magnetic induction up to 
150,000 G. It grows for small n-doping, and 
becomes smaller for low p doping with in-
creasing magnetic field. The hole mobility de-
creases from about 700 cm2/V sec with no field 
to 610 cm2/V sec at 150,000 G. The intrinsic 
electron concentration in InSb at room temper-
ature is independent of the magnetic induction. 
From 10 G to 150,000 G, for the conduction 
band the Hall coefficient R„ = - 1/en. 

537.311.33: 546.682'86: 535.215 2739 
Study of Photovoltaic Effects (Lateral and 

Transverse) in Indium Antimonide p-n Junc-
tions—G. Courrier and Y. Marfaing. (C. R. 
Acad. Sci. (Paris), vol. 250, pp. 3798-3800; 
June 8, 1960.) Measurements of infrared sensi-
tivity and its variation with temperature are 
described. Results are given in terms of equiv-
alent noise power. 

537.311.33: 621.382 2740 
Contributions of Materials Technology to 

Semiconductor Devices—R. L. Petritz. (Puoc. 
IRE, vol. 50, pp. 1025-1038; May 1962.) 
Purification techniques, crystal growth and 
diffusion and alloying processes are discussed 
and future developments outlined. 76 references. 

537.311.33: 621.391.822 2741 
Recombination-Generation Noise Theory 

for Semiconductors in Equilibrium—D. A. 
Evans and P. T. Landsberg, (Proc. Roy. Soc. 
(London) A, vol. 267, pp. 464-477; June 5, 
1962.) A unified discussion is given of equi-

librium recombination-generation noise in 
semiconductors, and its relation to the steady-
state and transient lifetimes. It extends existing 
results and covers situations where certain 
types of Auger processes, as well as one-electron 
transitions, contribute to the noise. 

537.312.62 2742 
Superconductivity in Molybdenum—T. H. 

Geballe, B. T. Matthias, E. Corenzwit, and 
G. W. Hull, Jr. (Phys. Rev. Lat., vol. 8, p. 313; 
April 15, 1962.) 

537.312.62 2743 
Superconductive Tunnelling—M. H. Cohen, 

L. M. Falicoy, and J. C. Phillips. (Phys. Rev. 
Lett., vol. 8, pp. 316-318; April 15, 1962.) 
A Hamiltonian treatment of the process of 
tunnelling from a normal metal to a super-
conductor. 

537.312.62:538.6 2744 
Heat Capacity Evidence for a High Degree 

of Superconductivity in V3Ga in High Magnetic 
Fields—F. J. Morin, J. P. Maita, H. J. 
Williams, R. C. Sherwood, J. H. Wernick, and 
J. E. Kunzler. (Phys. Rev. Lett., vol. 8, pp. 
275-277; April I, 1962.) Results indicate that 
the sample contains a large number of filaments 
making most of it appear superconducting. 

537.583 2745 
Determination of Mechanical, Chemical 

and Thermionic Properties of Thoriated 
Tungsten—P. Schneider. (Le Vide, vol. 17, pp. 
182-185; March/April, 1962. In English and 
French.) 

538.221 2746 
Directional Order Induced by Tension in an 

Equiatomic Ni-Co Alloy—R. Vergne. (C. R. 
A cad. Sci. (Paris), vol. 252, pp. 82-84, January 
4, 1961.) Annealing of the alloy under tension 
creates an oriented superstructure. This is not 
in agreement with the theory of Neel (2983 of 
1954.) 

538.221 2747 
Domain Structures and Coercivity of 

Alcomax III—L. F. Bates, D. J. Craik, and 
E. D. Isaac. (Proc. Phys. Soc. (London) A, 
vol. 79, pp. 970-976; May 1, 1962.) 

538.221: 537.533.7 2748 
Antiparallel Weiss Domains as Biprisms 

for Electron Interference Effects: Part 2— 
H. Boersch, H. Hamisch, K. Grohmann, and 
D. Wohlleben. (Z. Phys. vol. 167; pp. 72-82; 
February 28, 1962.) The experimental investi-
gations of Part 1 (2307 of 1961) were continued 
on thin permalloy films. The interference pat-
tern is calculated allowing for the domain 
structure and the results are compared with 
those of the observations. 

538.221: 538.569.4 2749 
Interpretation of NMR Spectra in Ferro-

magnetic Alloys—A. M. Portis and J. Kana-
mod. (J. Phys. Soc., Japan, vol. 17, pp. 587-
588; March, 1962.) A note on the possible origin 
of satellite line observed in nuclear-magnetic-
resonance spectra. 

538.221 :538.652 2750 
A Connection between Crystal Anisotropy 

and Magnetostriction in Nickel—R. Brenner. 
(Z. Nalurforsch., vol. 17a, pp. 150-154; Febru-
ary, 1962.) 

538.221: 538.662 2751 
On the Variations of Magnetization due to 

Heating and Cooling in the Rayleigh Domain— 
O. Yamada. (C. R. Acad. Sci. (Paris) vol. 250, 
pp. 4313-4315; June 27, 1960.) Heating and 
cooling in the Rayleigh domain causes an ir-
reversible increase of magnetization which is 
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dependent only on the amount of thermal 
change and not on its sign. 

538.221:539.23 2752 
Thin Magnetic Films—J. C. Anderson. 

(Electronic Tech., vol. 39, pp. 230 -234; June, 
1962.) A review of experimental properties and 
an outline of problems in the theory of thin 
films. 

538.221:539.23 2753 
Magnetoresistance of Thin Nickel Films: 

Perpendicular Effect—G. Goureaux and A. 
Colombani. (C. R. Acad. Sci. (Paris), vol. 250, 
pp. 4310-4312; June 27, 1960.) Magneto-
resistance is plotted as a function of field 
strength and of temperature well below the 
ferromagnetic Curie point, and the variation of 
magneto-resistance with film thickness for 
films of different dimensions is illustrated. 

538.221:539.23 2754 
On the Hall Effect, due to the Magnetiza-

tion, of Thin Layers of Nickel—G. Goureaux 
and A. Colombani. (C. R. Acad. Sci. (Paris), 
vol. 252, pp. 517-318; January 23, 1961.) 

538.221:539.23 2755 
Magnetoresistance of Thin Films of Nickel : 

Longitudinal Effect—G. Goureaux. (C. R. 
Acad. Sci. (Paris), vol. 252, pp. 858-860; 
February 6, 1961.) Measurements were made 
as functions of the magnetizing field, the layer 
thickness and the temperature. 

538.221:539.23:538.61 2756 
Magneto-optic Detection of Ferromagnetic 

Domains using Vertical Illumination—A.Green 
and M. Prutton. (J. Sci. ¡asir., vol. 39, pp. 
244-245; May, 1962.) An improved version of 
the conventional Kerr-effect microscope is de-
scribed in which a single lens serves as both 
capacitor and objective. Conventional micro-
scope construction can be used and magnetic 
fields are more easily arranged than in the 
oblique case. 

538.221:621.318.124 2757 
New Remanent Structure of Magnetic Do-

mains in BaFei2019—H. Kojima and K. Goto. 
(J. Phys. Soc. Japan, vol. 17, p. 584; March, 
1962.) An unusual domain structure exhibited 
by very thin single crystals of BaFet20j9 under 
certain conditions is illustrated. 

538.221:621.318.134 2758 
Creeping of the Hysteresis Loop in Ferrites 

Subjected to Two Magnetic Fields at Right 
Angles—G. Buttino, A. Cecchetti and A. 
Drigo. (Nuovo Cim., vol. 24, pp. 324-333; 
April 16, 1962.) Experimental investigations 
were carried out on tubular ferrite specimens 
with superimposed longitudinal and circular 
magnetization. Results indicate that Néel's 
theory is applicable to ferrites under these 
conditions of magnetization. 

538.221:621.318.134 2759 
Infrared Faraday Effect in Yttrium Garnet 

—F. Gires. C. R. Acad. Sci. (Paris), vol. 252. 
pp. 540-541; January 23, 1961. 

538.221:621.318.134 2760 
Magnetic Studies of some Orthoferrites— 

D. Treves. (Phys. Rev., vol. 125, pp. 1843-
1853; March 15, 1962.) A method is described 
for distinguishing between antisymmetric ex-
change and single-ion magnetocrystalline aniso-
tropy as causes of weak ferromagnetism. 
Comparison of measured and calculated coeffi-
cients for Y, La and Lu orthoferrites shows the 
antisymmetric exchange mechanism to be pre-
dominant. 

538.221:621.318.134 2761 
Ferrimagnetic Structure of a Magnetite 

Crystal as Revealed by Electron Diffraction-

S. Yamaguchi. (Phys. Rev., vol. 126, pp. 102-
103; April 1, 1962.) 

538.221 : 621.318.134 : 534.283-8 2762 
Temperature Dependence of Microwave 

Acoustic Losses in Yttrium Iron Garnet—E. G. 
Spencer, R. T. Denton. and R. P. Chambers. 
(Phys. Rev., vol. 125, pp. 1950-1951; March 15, 
1962.) Measurements on single crystal Vlie 
garnet at 500 and 1000 Mc are described. 

538.221:621.318.134:538.569.4 2763 
Ferrimagnetic Resonance in Polycrystalline 

Nickel Ferrite—W. B. Nash and K. J. Stand-
ley. (Proc. Phys. Soc. (London) A, vol. 79, pp. 
981-986; May I, 1962.) A study of resonance 
in Ni ferrite spheres in the temperature range 
20°-500°C at wavelengths close to 3.13, 1.25 
and 0.87 cm. 

538.221 : 621.318.134 : 538.569.4 2764 
Spin-Wave Propagation and the Magneto-

elastic Interaction in Yttrium-Iron Garnet— 
J. R. Eshbach. (Phys. Rev. Left., vol. 8, pp. 357-
359; May 1, 1962.) Direct observation of the 
propagation of pulses of microwave energy via 
short-wavelength spin waves is reported. The 
experiments were carried out at 9420 Mc over 
a temperature range •-•-,0°-300°K. 

538.221:621.318.134:538.614 2765 
Study of Faraday Rotation in Ferrites in 

the Region of Ferrimagnetic Resonance— 
M. C. Vigneron. (J. phys. radium, vol. 23, pp. 
129-130; February, 1962.) The equipment is 
described and some results are given in 
graphical form. 

538.222:538.569.4 2766 
Paramagnetic Resonance of Ni2+ and Ni  

in J. Gerritsen and E. S. Sabisky. 
(Phys. Rev., vol. 125, pp. 1853-1859; March 
15, 1962.) 

621.3:061.3 2767 
International Conference on Components 

and Materials used in Electronic Engineering— 
(Proc. IRE, pt. B, vol. 109, suppl. nos. 21 and 
22, pp. 1-294 and 295-630; June, 1961.) The 
text is given of the papers presented and the 
session discussions at the conference held in 
London, June 12-16, 1961. 

621.318.2 2768 
The Stability of Permanent Magnets— 

C. E. Webb. (Proc. IEE, pt. C, vol. 108, pp. 
317-324; September, 1961.) A report of tests 
made to compare the magnetic stability of 
representative isotropic and anisotropic alloys. 

621.771.8:621.382.032.27 2769 
Trace-Plating—a New Semiconductor-De-

vice Fabrication Technique—W. Rindner and 
J. M. Lavine. (Solid-State Electronics, vol. 5, 
pp. 85-88; March/April, 1962.) The technique 
involves the deposition of fine traces of soft 
metals by abrasion on semiconductor or insu-
lating surfaces and their subsequent plating. 
Its feasibility for fabrication of small electrodes 
and transistors is demonstrated. 

666.1.037.5:621.3.032.53 2770 
A New Chromium-Free Refinable Iron-

Nickel Fusible Alloy for the Construction of 
Microwave Valves—W. Düsing. (Telefunken 
Zig., vol. 34, pp. 64-68; March, 1961. English 
summary, p. 81.) A Fe-Ni-Mn alloy (47/48/5) 
is described with properties suitable for making 
glass/metal seals, particularly to lead glass. 
The characteristics of other Fe-Ni alloys are 
also given. 

669.046.5 2771 
Zone Melting—W. G. Pfann. (Science, vol. 

135, pp. 1101-1109; March 30, 1962.) Details 
of the technique with examples of its applica-
tion. 

MATHEMATICS 

519.621.372.63 2772 
On a Generalization of Kron's Method for 

Active Networks—L. Castagnetto and J. C. 
Matheau. (C. R. Acad. Sci. (Paris), vol. 252, 
pp. 85-86; January 4, 1961.) A method is pro-
posed for writing directly the solution of the 
most general active network. 

MEASUREMENTS AND TEST GEAR 

621.3.018.41.029.65(083.74) 2773 
Simple Millimetre-Wave Frequency Stand-

ard—A. F. Dietrich. (Rev. Sci. Instr., vol. 33, 
pp. 486-487; April, 1962.) A standard suitable 
for the calibration of wavemeters in the 50-60-
Gc range. 

621.317.1.029.6 2774 
Microwave Measurements.—H. A. 

Wheeler. (Paoc. IRE, vol. 50, pp. 1207-1214; 
May, 1962.) Techniques and equipment are 
classified and future developments outlined. 

621.317.31.029.6 2775 
Image Loop Probe for Measurement of 

Microwave Surface Currents—R. W. Dressel. 
(Rev. Sci. ¡asir., vol. 33, pp. 311-314; March, 
1962.) Design and performance data are given 
for a screened loop-type probe. The accuracy 
achieved at 10 Ge in measurement of the phase, 
amplitude and direction of surface currents is 
within ±5 per cent, ± 2 per cent and ± 3 per 
cent, respectively. 

621.317.33: 537.226 2776 
A New Electrode System for the Measure-

ment of Surface Resistance—K. C. Kao. (J. 
Sci. ¡asir., vol. 39, pp. 208-209; May, 1962.) 
The system eliminates the effect of shunt re-
sistances caused by indirect current paths both 
across the remaining surface and through the 
bulk of the dielectric system. A uniform field is 
produced on the surface under consideration by 
avoiding fringe effects due to electrode edges. 

621.317.33:537.311.33 2777 
Circuit to Facilitate the Measurement by 

the Four-Probe Method of the Resistivity of 
Silicon in the Range 0.002 to 10,000 S) cm— 
A. L. Barry and W. D. Edwards. J. Sci. 
Instr., vol. 39, pp. 119-121; March, 1962.) 
Measurements are made to an accuracy within 
+4 per cent using a 400-cps current which can 
be varied from 0.12 pa to 2.5 ma. The waveform 
of the signal at the voltage probes is monitored 
as an indication of correct operation. 

621.317.33:537.311.33 2778 
The Accuracy of Four-Probe Resistivity 

Measurements on Silicon—J. K. Hargreaves 
and D. Millard. (Brit. J. Ape Phys., vol. 13, 
pp. 231-234; May, 1962.) Causes of error in the 
technique are elucidated and precautions neces-
sary for accurate results are considered. 

621.317.341:621.315.221.029.6 2779 
Attenuation Measurement on High-Fre-

quency Cables and Transmission Lines—G. 
Bittner. (Arch. tech. Messen, no. 314, pp. 57-58; 
March, 1962.) A simple method is described 
which is based on the measurement of power 
loss and is advantageous for use at Gc fre-
quencies. 

621.317.38.029.64:538.632:537.311.33 2780 
A Proposed New Method of Measuring 

Microwave Power and Impedance using Hall 
Effect in a Semiconductor—H. E. M. Barlow. 
(Proc. IEE, pt. B, vol. 109, pp. 286-289; May, 
1962.) The Hall effect produced by the HF 
electric field in the presence of a steady applied 
magnetic field is first measured, then the Hall 
effect produced by the HF magnetic field is 
obtained when a steady current is applied. This 
gives information about the electric and mag-
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netic vectors from which the power density and 
the wave impedance can be computed. 

621.317.4: 539.23 2781 
New Anisotropy Recorder for Ferromag-

netic Thin Films—R. Collette. (Rev.. Sci. 
Instr., vol. 33, pp. 450-454; April, 1962.) The 
instrument gives a rapid measurement of the 
anisotropy over a 360° range of film rotation. 

621.317.42 2782 
Problems Arising in the Measurement of 

Small Magnetic Forces at Low Temperatures 
by the Faraday Method—A. N. Gerritsen and 
D. H. Damon. (Rev. Sci. Instr., vol. 33, pp. 
301-307; March, 1962.) The accuracy of meas-
urements of magnetic susceptibility below 
4.2°K may be greatly affected by the presence 
of the exchange gas. Some precautions are 
suggested. 

621.317.444: 550.380.8 2783 
Rubidium Vapour Magnetometer—L. W. 

Parsons and Z. M. Wiatr. (J. Sci. Instr., vol. 
39 pp. 292-300; June, 1962.) The instrument 
measures the total geomagnetic field and 
records its variations continuously over the 
range 0-1 cps, with sensitivity 5 X 10-6 oersteds. 

621.317.7: 621.391.822 2784 
Low-Frequency Standard Noise Source— 

A. C. Macpherson. (Rev. Sci. Instr., vol. 33, 
pp. 386-387; March, 1962.) The device uses 
two 20-k11 wire-wound potentiometers one in 
liquid nitrogen, the other at room temperature. 
They are coupled mechanically and electrically 
to give rapid independent control of source 
impedance and noise temperature for the 
frequency range 1-1000 cps. 

621.317.725: 621.391.822 2785 
Mean-Square Voltmeter—S. M. Bozic. 

(J. Sci. Instr., vol. 39, pp. 210-213; May, 
1962.) The scale of the meter is linearly propor-
tional to the mean-square applied voltage, IV 
rms at the input giving full scale deflection. 
The circuit is suitable for noise voltage meas-
urements in the range 20 cps 10 Mc. 

621.317.737:621.372.413 2786 
An Accurate Method for the Dynamic 

Measurement of the Q-Factor of Resonant 
Cavities—K. Leibrecht. (C. R. Acad. Sci. 
(Paris), vol. 250, pp. 3966-3968; June 13, 
1960.) Equipment is described with which rapid 
measurements of cavity gain factors can be 
made at frequencies up to 9 Ge. Absorption 
and dispersion curves are displayed on a CRO. 

621.317.77 2787 
Electronic Device for Measuring the Phase 

of a Voltage Impulse with reference to the 
Origin of its Low-Frequency Periodic Carrier 
Frequency—C. Curie and J. Cava. (C. R. 
Acad. Sci. (Paris), vol. 252, pp. 692-694; 
January 30, 1961.) 

621.317.79:537.311.33:535.215 2788 
Measurement of Photomagnetic Sus-

ceptibility by Means of a Vibrating Reed 
Balance—J. O. Kessler and A. R. Moore. (Rev. 
Sci. Instr., vol. 33, pp. 478-483; April, 1962.) A 
method for studying changes in the magnetic 
susceptibility of semiconductors with modu-
lation of incident light. 

OTHER APPLICATIONS OF RADIO 

AND ELECTRONICS 

531.715:621.374.32 2789 
Interferometry in Length Measurements— 

J. L. Goldberg and R. H. Brockman. (Elec-
tronic Tech., vol. 39, pp. 140-144, 186-191, and 
238-243; April-June, 1962. 

Part 1—Electronic Counting of Interference 
Fringes. 

Part 2—Practical Considerations. 

Part 3—Waveform Generator Suitable for 
Reversible Counting. 

537.311.33:536.53 2790 
Use of Germanium as a Second-Sound Re-

ceiver—H. A. Snyder. (Rev. Sci. Instr., vol. 33, 
pp. 467-469; April, 1962.) Doped Ge crystals 
show results superior to those of other receivers 
for measuring temperature waves in liquid He 
at frequencies up to 10 kc. See e.g., Phys. Rev., 
vol. 71, pp. 600-605; May 1, 1947. (Lane, et al.). 

621.384.62 2791 
An Experimental Proton Linear Accelerator, 

using a Helix Structure—D. P. R. Petrie, R. 
Bailey, D. G. Keith-Walker, H. Longley, and 
D. R. Chick. (Proc. IEE, pt. C, vol. 108, pp. 
424-432; September, 1961.) See 571 of 1958 
(Chick, et al.). 

621.385.833 2792 
Experiments on the Elimination of Charges 

on Transmission Objects by Additional Irradi-
ation with Slow Electrons— H. Mahl and W. 
Weitsch. (Z. Naturforsch., vol. lia, pp. 146-
150; February, 1962.) Improvements in the 
images produced by small-angle diffraction of 
electron beams (see e.g., 1283 of 1961) are illus-
trated. 

621.385.833 2793 
Energy-Selecting Electron Microscope— 

H. Watanabe and R. Uyeda. (J. Phys. Soc. 
Japan, vol. 17, pp. 569-570; March, 1962.) 
Note on a technique for obtaining an electron-
microscope image formed by mono-energetic 
electrons of any preselected energy value. 

621.385.833:621.3.032.269.1 2794 
Characteristics of a Point-Cathode Triode 

Electron Gun—D. W. Swift and W. C. Nixon. 
(Brit. J. Appt. Phys., vol. 13, pp. 288-293; 
June, 1962.) 

669.046.5:537.533 2795 
Technique for the Zone Melting of Insula-

tors—L. Neumann and R. A. Huggins. (Rev. 
Sci. Instr., vol. 33, pp. 433-434; April, 1962.) 
An electron-beam technique is described for 
the zone melting of materials with very high 
melting points. The build-up of a negative 
charge on the sample is prevented by secondary 
emission. 

681.828:621.382.3 2796 
Transistorized Organ Generators—A. 

Douglas. (Electronic Eng., vol. 34, pp. 388-394; 
June, 1962.) Full circuit diagrams are included. 

PROPAGATION OF WAVES 

621.371.011.21 2797 
The Surface Impedance Concept and the 

Structure of Radio Waves over Real Earth— 
Z. Godzinski. (Proc. IEE, pt. C, vol. 108, pp. 
362-373; September, 1961.) The surface im-
pedance concept is generalized to the case of an 
arbitrarily inhomogeneous earth; practical 
applications to the measurement of earth con-
stants and geological prospecting are discussed. 
77 references. 

621.391.812.62.029.64 2798 
Microwave Propagation Test in Mirage 

District—S. Ugai, Y. Kaneda, and T. Amekura. 
(Rev. Elect. Comm. Lab. Japan, vol. 9, pp. 687-
717; November/December, 1961.) Tests in an 
area subject to mirage phenomena demonstrate 
that phase-controlled space-diversity reception 
is effective in the relief of deep interference 
fading. The foretaating of weather liable to 
cause abnormally deep fading would be useful 
to communication engineers. 

621.391.812.63+ 534.2-14 2799 
Ray Paths in Inhomogeneous Anisotropic 

Media—R. F. M ullaly. (A ust. J. Phys., vol. 15, 

pp. 96-105; March, 1962.) Expressions are de-
veloped for the curvature of a ray path and are 
applied to a) radio rays in an ionized medium 
pervaded by a nonuniform magnetic field, and 
b) acoustical rays in a moving fluid. 

621.391.812.63 2800 
The Geometry of Radio Reflections from 

Field-Aligned Ionization Irregularities in the 
Ionosphere—E. W. Dearden. (J. Atmos. Terr. 
Phys., vol. 24, pp. 375-384; May, 1962.) The 
aim is to determine the surface formed by 
points at which the ray paths of radio signals 
emanating from a common source intersect 
the earth's magnetic field at a given angle. 
Chapman's treatment (1357 of 1953) has been 
generalized for an arbitrary angle of incidence. 

621.391.812.63 2801 
High-Frequency, High-Power, Pulse Sig-

nals from an Australian Transmitter—J. F. 
Ward. (Nature, vol. 194, pp. 518-521; May 12, 
1962.) Propagation anomalies were examined 
using a 25-Mc pulse transmission from southern 
Victoria, Australia. Pulse patterns were re-
ceived and photographed in Australia, south-
east Asia, and the United Kingdom. 

621.391.812.63.029.45/.51 2802 
Ionospheric Reflection Processes for Long 

Radio Waves: Part 1—B. S. Wescott. (J. 
Atmos. terr. Phys., vol. 24, pp. 385-399; May, 
1962.) The calculations are based on the 
Darwin-Hartree microscopic theory of re-
radiation. The formulas obtained are applied 
to a horizontally stratified ionosphere with an 
exponential electron density profile. Typical 
results are shown graphically. 

621.391.812.63.029.45:550.385.4 2803 
Very-Low-Frequency Phase Perturbations 

Observed during Geomagnetic Storms—C. F. 
Sechrist, Jr. (J. Geophys. Res., vol. 67, pp. 
1685-1686; April, 1962.) Phase shifts observed 
at 18-kc during geomagnetic storms are related 
to vertical movements of 200-500 m in the 
lower ionosphere. See 668 of February (Sechrist, 
and Felperin.) 

RECEPTION 

621.376 2804 
Harmonic Analysis in Systems using Phase-

Sensitive Detectors—A. M. Russell and D. A. 
Torchia. (Res. Sci. Instr., vol. 33, pp. 442-444; 
April, 1962.) An analysis is made of a system 
of modulation and synchronous detection, the 
modulated signal being expressed as a Taylor 
expansion and as a Fourier series. 

621.391.812.624 2805 
The Frequency and Duration of Individual 

Fade-Outs in Ionospheric Scatter Links—J. 
Grosskopf and L. Fehlhaber. (Nachrtech., Z., 
vol. 15, pp. 71-78; February, 1962.) From a 
statistical analysis of short-term fading count-
carried out on scatter links operating in the fref 
quency range 100-2000 Mc, the occurrence os 
deep fading and the distribution of fading 
duration over long periods can be determined. 

621.391.82 2806 
Analysis and Prediction of Interference 

Factors and their Impact on the Future—R. M. 
Showers. (Paoc. IRE, vol. 50, pp. 1316-1320; 
May, 1962.) The factors contributing to spec-
trum crowding are outlined, and methods of 
assessing and predicting the extent of spectrum 
utilization are discussed. 

621.396.62:523.164 2807 
The Italian Cross Radiotelescope: Part 2— 

Preliminary Design of the Receiver—Gelato, 
Rosatelli, and Sinigaglia. (See 2622.) 

621.396.621 2808 
The 'Stenode'—L. A. Moxon. (Wireless 
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World, vol. 68, pp. 300-304; July, 1962.) A 
simple circuit of 30 years ago incorporating a 
modern high-stability local oscillator gives an 
enhancement of AM carrier signal relative to 
the sidebands; this eliminates distortion due to 
selective fading. The circuit can be adjusted to 
provide 15-20-db rejection of one sideband. 

STATIONS AND COMMUNICATION 

SYSTEMS 

621.395.44:621.375.4 2809 
The Equipment of Carrier-Current Tele-

communication Links with Transistor Ampli-
fiers—H. Krause. (Nachrtech., vol. 12, pp. 54-
59; February, 1962.) Discussion of operational 
and economic advantages of the use of transis-
tor instead of valve amplifiers. 

621.395.44: 621.391.827 2810 
The Problem of the Interference Effect on 

Balanced Carrier-Current Cables caused by 
Broadcast Transmitters—H. G. Prenzlow. 
(Nachrlech., vol. 12, pp. 60-63; February, 1962.) 
Measurements were made on cable systems in 
the vicinity of medium- and long-wave trans-
mitters operating at frequencies in the range 
100-1100 kc. Means of reducing this interfer-
ence are mentioned. 

621.396.43:551.507.362.2 2811 
Communications via Satellites—(Elec-

ironic Eng., vol. 34, pp. 382-387; June, 1962.) 
A description of the British Post Office equip-
ment at Goonhilly Downs and of the equip-
ment and functions of the Telstar satellite. 

621.396.43:551.507.362.2 2812 
Satellite Communication Links—S. A. W. 

Jolliffe and \V. L. Wright. (Point to Point Tele-
commun., vol. 6, pp. 6-28; June, 1962.) A 
review of important aspects of communication 
systems using earth-satellite repeaters. 

621.396.43:551.507.362.2 2813 
Optimum System Engineering for Satellite 

Communication Links with Special Reference 
to the Choice of Modulation Method—W. L. 
Wright and S. A. W. Jolliffe. (J. Brit. IRE, 
vol. 23, pp. 381-391; May, 1962.) SSB, wide-
band FM and pulse-code methods are consid-
ered. The advantages of PCM are shown and 
expected SNR values in practical 600-channel 
systems are evaluated. 

621.396.65:621.391.812.624 2814 
Transhorizon Radio Links—( Rev. tech. 

Comp. franc. Thomson-Houston, no. 34, pp. 1-
127; June, 1961.) Seven papers are presented 
describing equipment, including aerials, for 
tropospheric scatter communication, with 
particular reference to recent improvements 
in commercial apparatus. 

621.396.65.029.63 2815 
4-Gc/s Radio-Link System (FM960-TV 

/4000) for 960 Telephony Channels and Tele-
vision—(Telefunken Zig., vol. 34, pp. 285-347; 
December, 1961.) 

Part 1—Radio-Link System—E. Will-
wacher. (pp. 285-294; English summary, p. 
352). 

Part 2—Modulation and I. F. Section.— 
H. Oberbeck. (pp. 295-304; English summary, 
pp. 3.52-353.) 

Part 3—Microwave Section—E. Will-
wacher. (pp. 304-313; English summary. p. 
353). 

Part 4—Aerial Installations and Feeders— 
E. SchüttRiffel. (pp. 314-325; English summary 
p. 354). 

Part 5—Transmission Characteristics of a 
Radio-Link System—H. Oberbeck and R. 
Steinhart. (pp. 326-340; English summary, 
pp. 354-355). 

Part 6—Transmission of the Sound Chan-

nel—R. Heer (pp. 341-344; English summary, 
p. 355). 

Part 7—Equipment for Diversity Recep-
tion—H. Junghans, and A. Koreis. (pp. 344-
347; English summary, p. 355). 

See 3150 of 1961 for 2-Gc radio-link equip-
ment. 

621.396.65.029.64 2816 
7- Geis Radio Link Installation for 120 

Telephony Channels: FM 120/7000—E. Will-
wacher. (Telefunken Zig., vol. 34, pp. 58-64; 
March, 1961. English summary, pp. 80-81.) 
Description of the main features of the equip-
ment. 

621.396.97+621.397.13 2817 
Broadcasting Developments Now Taking 

Place-0. Reed, Jr. (PRoc. IRE, vol. 50, pp. 
837-847; May, 1962.) Review of rules and 
regulations and allocations covering AM and 
FM sound broadcasting and television systems. 
Developments in systems and techniques are 
also discussed. 

621.396.97:534.76 2818 
Stereophony—(See 2529.) 

SUBSIDIARY APPARATUS 

621.3.087.4:621.395.625.3 2819 
A Theoretical Solution for the Magnetic 

Field in the Vicinity of a Recording Head Air 
Gap—E. E. Francis and T. C. Ku. (IBM J. 
Res. Dey., vol. 6, pp. 260-262; April, 1962.) 
A solution is obtained for pole pieces having 
an arbitrary angle 0, and is compared with 
Booth's solutions for 0=0 and ir/2 (768 of 1953). 
The optimum angle for the usual recording 
distance is ( 7/18)T. 

621.311.69:621.383.5 2820 
Preparation and Study of Silicon Solar Cells 

of High Efficiency—H. Valdman. (C. R. Acad. 
Sci. (Paris), vol. 252, pp. 246-248; January 9, 
1961.) An efficiency of 14 per cent has been 
attained by diffusion of P into Si. 

621.314.63: 621.373.51 2821 
An Audio-Frequency High-Power Genera-

tor employing Silicon Controlled Rectifiers— 
R. Thompson. (Proc. IEE, pt. B, vol. 109, pp. 
249-258; May, 1962.) The design and con-
struction of a 2-kw generator is discussed. 
This type of circuit has fewer components and 
is more reliable than conventional transistor 
units. 

621.314.632: 621.382.22 2822 
Phenomenological Theory of Turnover in 

Point-Contact Rectifiers—T. Numata. (J. 
Phys. Soc. Japan, vol. 17, pp. 447-454; March, 
1962.) Minority carriers are shown to play an 
important part in the turn-over behavior of 
semiconductor diodes, and reasonable agree-
ment with previous experimental results is 
obtained. 

621.314.634 2823 
Capacitance Measurements on Selenium 

Rectifiers—U. Dolega. (Z. Phys., vol. 167, pp. 
46-52; February 28, 1962.) An n-type CdSe 
film is formed between the metal electrode and 
the p-type Se during the manufacture of the 
rectifiers. This n-p contact determines the 
rectifier characteristics. From capacity meas-
urements the acceptor and donor concentra-
tions in Se and CdSe, respectively, and the 
thickness of the CdSe film can be obtained. 

621.316.721/.722:621.382.3 2824 
Drifts in Silicon Transistors as a Function 

of Operating Time and of Temperature—G. 
Giralt and J. C. Polisset. (C. R. Acad. Sci. 
(Paris), vol. 252, pp. .519-521; January 23, 
1961.) The general results obtained for Ge 
transistors in stabilized power supplies [1782 of 

1960 (Cassignol, et alai are extended to Si 
devices. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397:061.3 2825 
International Television Conference— 

(Wireless World, vol. 68, pp. 306-307; July, 
1962.) A short review of some of the 130 papers 
read at the International Television Confer-
ence, London, May 31-June 7, 1962. 

621.397.13+621.396.97 2826 
Broadcasting Developments Now Taking 

Place—Reed. (See 2817.) 

621.397.6.018.782.3 2827 
Considerations on the Suitable Measure-

ment and Tolerance Limits of the Transient 
Response of Television Equipment -H. 
Springer. (Nachriech. Z., vol. 15, pp. 57-62; Feb-
ruary, 1962.) Comparison of test methods 
using a) a 250-kc square wave, and b) a sine-
squared pulse and bar signal. A simplified pulse 
test method combined with a measurement of 
phase and amplitude distortion is proposed. 

621.397.612: 621.375.2 2828 
The Design of a Group of Plug-In Tele-

vision Studio Amplifiers—K. J. Austin. (BBC 
Engrg. Div. Monographs, no. 41, pp. 5-19; 
April, 1962.) 

621.397.621 2829 
The Relation between Noise Bandwidth 

and Transient Response of Flywheel Syn-
chronization Circuits in Television Receivers--
H. Grosskopf and A. Grünewald. (Nachrtech. 
Z., vol. 15, pp. 66-69; February, 1962.) The 
differences in the effects of additive and modu-
lation-type interference in flywheel synchroni-
zation systems are discussed. The noise band-
width of the filter should not be reduced ex-
cessively if jitter is to be minimized. See also 
351 of 1961 (Grosskopf & Springer). 

621.397.712 2830 
The B.B.C. Television Centre and its Tech-

nical Facilities—F. C. McLean, H. W. Baker, 
and C. H. Colborn. (Prot. ¡EE, pt. B, vol. 109, 
pp. 197-219; May, 1962. Discussion, pp. 219-
222.) 

621.397.74:621.391.833 2831 
Picture Quality Assessment and Waveform 

Distortion Correction an Wired Television 
Systems— B. W. Osborne. (J. Brit. IRE, 
vol. 23, pp. 399-404; May, 1962.) The design 
and use of a compact, low-cost video-frequency 
transversal equalizer are described and an 
equalizer capable of correction video waveform 
distortion on a modulated carrier is considered. 

621.397.743:621.315.212 2832 
Carrier-Current Television Transmission 

over Coaxial Cables for Short Links—B. 
Precht. (Nachrtech., vol. 12, pp. 64-67; 
February, 1962.) Description of system and 
equipment for use in outside-broadcast links. 

TRANSMISSION 

621.396.61:621.398 2833 
Remote-Control Equipment for Short-

Wave Transmitters - E. Baranowski. (Nachr-
tech. Z., vol. 15, pp. 79-83; February, 1962.) 
Design and operational details of equipment 
for the overseas transmitting station Elmshorn 
are given. 

TUBES AND THERMIONICS 

621.382 : 539.23 2834 
Schottky Emission through Thin Insulating 

Films - P. R. Emtage and W. Tantraporn. 
(Phys. Rev. Lett., vol. 8, pp. 267-268; April 1, 
1962.) Temperature-dependent Schottky emis-
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sion predominates over tunnel emission in thick 
films and for high work functions. The measure-
ments provide two ways of estimating metal-
insulator work functions. 

621.382:621.375.9 2835 
Current Gain in Metal-Interface Ampli-

fiers—J. M. Lavine and A. A. lannini. (Solid-
State Electronics, vol. 5, pp. 109-110; March/ 
April, 1962, plates.) The large current-transfer 
ratio (,---,0.9) in a metal-interface amplifier 
is investigated and shown to be a result of 
depletion-layer transistor action. 

621.382.2/.3:621.317.7 2836 
Microprobing of Functioning Semi-conduc-

tor Devices for Internal Voltage and Current 
Distributions—D. E. Sawyer. (Solid-State 
Electronics, vol. 5, pp. 89-96; March/April, 
1962.) The devices are potted and sectioned to 
expose the internal active region, then polished 
and etched. A fine-tipped tungsten carbide 
probe is lowered to the exposed surface and the 
probe voltages over a rectangular area are re-
corded for the bias conditions of interest, using 
a low-duty-cycle source. 

621.382.23 2837 
Characterization of Tunnel Diode Per-

formance in Terms of Device Figure of Merit 
and Circuit Time Constant—L. Esaki. (IBM 
J. Res. ô. Dev., vol. 6, pp. 170-178; April, 1962.) 
Tunnel-diode oscillation, flip-flop switching and 
Goto twin operation have been characterized 
on the basis of numerical integration of a non-
linear differential equation representing tran-
sient behavior in the simplified, lumped equiv-
alent circuit. 

621.382.23 2838 
A Proposed Technique for Stabilization of 

Tunnel Diodes—E. G. Cristal. (Microwave J., 
vol. 5, pp. 108-113; April, 1962.) An analysis of 
a method for correcting short-circuit instability 
of a tunnel diode. 

621.382.23:621.372.44 2839 
Optimum Performance of Parametric 

Diodes at S Band—B. J. Robinson and J. T. 
de Jager. (Proc. IEE, pt. B, vol. 109, pp. 267-
276; May, 1962.) The Fourier expansion of the 
inverse of the barrier capacitance describes the 
potential noise performance better than the 
Fourier expansion of the capacitance itself. Ex-
perimental results give a good agreement with 
theoretical analysis over a wide range of pump 
power. The theoretical analysis suggests a 
definition of a simple static figure of merit 
which is easily measured at microwave 
frequencies. 

621.382.3 2840 
Applications of the Charge-Control Concept 

to Transistor Characterization—D. E. Hooper 
and A. R. T. Turnbull. (Proc. IRE (Australia), 
vol. 23, pp. 132-147; March, 1962.) Stored 
charge is considered as a fundamental concept 
and is used to derive transistor operating 
parameters significant in large- and small-
signal applications. Extensions of the basic 
charge-control model to more complex devices 
are discussed. 

621.382.333 2841 
Properties of Germanium Transistors ob-

tained by Double Diffusion—R. Deschamps. 
(C. R. Acad. Sci. (Paris), vol. 250, pp. 4307-
4309; June 27, 1960.) Base resistance and 
breakdown voltages have been calculated and 
measured, and parameters important for opera-
tion at high frequency have been examined. 

621.382.333:539.12.04 2842 
Low-Dose Gamma Irradiation of Alloy 

Junction Transistors—D. E. Vaughan. (J. 
Electronics Control, vol. 12, pp. 307-312; 
April, 1962.) Investigations have been carried 

out of the effects of small (10 kilorad) doses 
of 6,Co gamma radiation on Ge p-n-p alloy 
junction transistors, with particular reference 
to the effect upon gain and minority carrier 
lifetime. 

621.362.333: 621.318.57 2843 
Switching Transistors—J. N. Barry. (Elec-

tronic Tech., vol. 39, pp. 206-211; June, 1962.) 
The types of transistor circuit available for 
switching systems are discussed and an analysis 
is made of transistor parameters important in 
the design of fast saturating circuits. 

621.382.333:621.318.57 2844 
Contribution to the Theory of Switching 

Times of Alloy-Junction Transistors—S. Neu-
mann. (Arch. elekt. übertragung, vol. 16, pp. 
105-116; March, 1962.) (With reference to the 
work of Ebers and Moll (884 of 1955) and 
Beaufoy and Sparkes (308 of 1958) a simple 
exponential desaturation process is formulated 
for the current- or voltage-controlled transistor. 
The charge-controlled transistor can be re-
garded as a generalization of the current- or 
voltage-controlled type. 

621.382.333.33.012.8 2845 
Equivalent Circuits and Four-Terminal 

Parameters of High-Frequency Transistor— 
S. Kawaguchi and M. Hirai. (Rev. Elect. 
Comm. Lab. Japan, vol. 9, pp. 661-686; 
November/December, 1961.) Frequency-de-
pendent characteristics of the elements of the 
small-signal equivalent circuits are calculated. 
A method of obtaining and measuring the 
equivalent circuit from earthed-base h parame-
ters is described and data from various types of 
transistor are tabulated. 

621.383+621.385.83 2846 
Beam-Deflection and Photo Devices— 

K. Schlesinger and E. G. Ramberg. (Pacec. 
IRE, vol. 50, pp. 991-1005; May, 1962.) A 
historical review including important recent 
advances. 163 references. 

621.383.2 2847 
Calculations of the Noise Figure and Power 

Gain of Photodiodes— M. J. O. Strutt. (Arch. 
ele/el. Übertragung, vol. 16, pp. 158-162; 
March, 1962.) The photodiode is considered as 
a radiation receiver, e.g., for the measurement 
of small temperature changes (Arch. elekt. 
übertragung, vol. 15, pp. 355-358; August, 
1961) and an equivalent circuit is derived 
which takes account of input and gain fluctua-
tions and the output characteristics of the 
diode. In practice the noise figure may be 2 and 
the available gain 15. 

621.385.032.213.23 2848 
The Conductivity of Oxide Cathodes: Part 

10—Spontaneous Generation of Negative Ions 
—G. H. Metson. (Proc. IEE, pt. C, vol. 108, 
pp. 438-449; September, 1961.) A Ba-Sr oxide 
matrix is found to be thermally unstable at 
1020°K due to oxygen-ion generation by the 
Sr oxide component. The reaction is funda-
mental and factors determining the equilibrium 
concentration of free oxygen ions are described. 
Part 9: 2497 of July (Metson and Holmes). 

621.385.032.213.23 2849 
The Conductivity of Oxide Cathodes: Part 

11—Thermal Stability of the Alkaline-Earth 
Oxides—G. H. Metson and H. Batey. (Proc. 
IEE, pt. C, vol. 108, pp. 450-454; September, 
1961.) In a massive evaporation from a plati-
num substrate at 1200°K Ba oxide is removed 
in the form of unchanged molecules while the 
Sr and Ca oxides leave the substrate in ele-
mental form. Part 10: 2848 above. 

621.385.1 2850 
Low-Voltage Valves of High Mutual Con-

ductance—F. H. Reynolds and R. E. Hines. 
(Proc. IEE, pt. B, vol. 109, pp. 259-266; 
May, 1962.) Receiving type tubes have been 
developed suitable for operation at supply 
voltages in the region of 20-50 y and having 
workable mutual conductances up to about 20 
ma/v. The requisite electrode geometry is at-
tained by the use of a new tube component 
known as a double grid. 

621.385.33.012 2851 
The Influence of Fluctuations of the Pene-

tration Factor on Valve Characteristics—H. 
Stahl. (Nachriech. Z., vol. 15, pp. 84-88; 
February, 1962.) The slope and distortion 
factor of a triode are calculated, whose pene-
tration factor varies owing to structural im-
perfections. A method is given for assessing the 
possibilities of improving the performance of 
high-slope low-distortion triodes by structural 
changes. 

621.385.4.029.63 2852 
A Rugged 3-kMc/s, 40-Watt Transmitting 

Tetrode—J. J. Hamilton. (J. Brit. IRE, vol. 
23, pp. 405-411; May, 1962.) Unusual design 
features of a planar tetrode are described, and 
its operating parameters and characteristics are 
given. 

621.385.6 2853 
Elektrokinetic Turbulent Energy Flow— 

W. Riedler. (Arch. elekt. Übertragung, vol. 16, 
pp. 129-134; March, 1962.) Theorems for dc 
and ac energy flow in electron beams under 
conditions of turbulent flow and at relativistic 
velocities are derived. The Manley-Rowe rela-
tions are obtained for this case. See also 2122 
of June. 

621.385.6 2854 
Large-Signal Calculations of the Admit-

tance of an Electron Beam Traversing a High-
Frequency Gap—L. Solymar. (J. Electronics 
and Control, vol. 12, pp. 313-317; April,' 1962.) 
Calculations of beam loading are made using 
formulas previously derived for the equivalent 
current [2095 of 1952 (Warnecke and Guénard) 
and for electron motion (2506 of July) in a 
high-frequency gap. The range of validity of 
the solution is given. 

621.385.6.029.6 2855 
Current European Developments in Micro-

wave Tubes—A. H. W. Beck. (Paoc. IRE, 
vol. 50, pp. 985-991; May, 1962.) Develop-
ments differing from those in the U.S.A. are 
noted in particular. 52 references. 

621.385.623.5: 621.316.726: 621.376.332 2856 
Microwave Discriminator for the Frequency 

Stabilization of a Reflex Klystron— Smith. 
(See 2596.) 

621.385.63:621.318.2 2857 
Periodic Magnetic Focusing of Solid 

Beams in the 10-25 kV Range—E. J. Nalos and 
F. K. Patton. (Microwave J., vol. 5, pp. 95-100; 
April, 1962.) An extension of earlier work on 
beam focusing [e.g., 1021, of 1959 (Sterrett and 
Hoffner)] to the case of a practical high-power 
traveling-wave tube. 

621.385.65 2858 
A Periodic Electrostatic Focusing System 

for Travelling-Wave Tubes—W. Henne. (Arch. 
elekt. Überiragung, vol. 16, pp. 83-92; Febru-
ary, 1962.) Details are given of a focusing sys-
tem and the electron paths are computed on the 
basis of equipotential line measurements. Re-
suits of measurements on an experimental tube 
are in agreement with the theoretical results. 

621.387.322 2859 
Characteristics of Glow-Discharge Ref-
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erence Tubes with Various Cathode Geome-
tries and Surface Finishes—F. A. Benson and 
P. M. Chalmers. (Proc. I EE, pt. B, vol. 109, 
pp. 209-293; May, 1962.) 

621.387.322.3 2860 
A New Dekatron for Direct Operation of 

Digitrons—D. Reaney. (Electronic Eng., vol. 
34, pp. 372-376; June, 1962.) Performance 
characteristics and circuit details of the Type 
GGA1OG and Type GSA1OG number-display 
dekatrons are given. 

MISCELLANEOUS 

061.4:621.3 2861 
1962 International Instruments, Electronics 

and Automation Exhibition— (Electronic Tech., 
vol. 39, pp. 212-220; June, 1962.) A list of 
exhibitors and review of selected items shown 
at Olympia, London, May 28-June 2. 

621.38/.39"1912/19-62" 2862 
Communications and Electronics, 1912-

1962—(PRoc. IRE, vol. 50, pp. 657-1448; 
May, 1962.) A group of over 100 papers ar-
ranged in collaboration with the Professional 

Groups of the IRE. The subject matter is 
divided into 28 sections. For abstracts of some 
of these papers see under the appropriate sub-
ject headings. 

621.38/.39"2012" 2863 
Communications and Electronics-2012 

A.D.—(Paoc. IRE, vol. 50, pp. 562-656; May, 
1962.) A symposium of predictions prepared by 
Fellows of the IRE, covering anticipated 
developments in various fields during the 
period 1962-2012. 



IBM asks basic questions in memory 

What is the fastest way to remember? 

This is one of eight fxr substrates in a new experimental 
memory containing 576 bits of information per square inch, 
the densest packaging ever reported for thin magnetic films. 

Computing speed is accelerating constantly. But be-
fore computers can process data, they must pass it 
through main storage. Unless ways are found to trans-
fer more information in less time from main storage 
to central processing units, the time required to obtain 
stored data will limit the speed of the computer. 

To shorten access time, IBM is developing advanced 
memories. Recently, IBM scientists fabricated a mag-
netic thin-film memory which completes a full read-
write cycle in 100 nanoseconds. They also have put 
to use a technique for measuring switching times in 
the nanosecond range with polarized light. Experi-
ments with this technique revealed that a multi-
layer-bit thin-film "sandwich" switched ten times 
faster than an equivalent single-layer-bit device. 

More immediate gains in access time can be attained 
through new developments in ferrite core technology. 
By reducing the core size from 50 thousandths of an 
inch to 30 thousandths of an inch in outside diameter, 
IBM engineers have created a 1.2 million bit magnetic 
core memory with a cycle time of only 2 micro-
seconds. A device which contributed greatly to this 
development, a load-sharing matrix switch, was also 
instrumental in the creation of a 74,000 bit "scratch 
pad" ferrite core memory capable of a read-write 
cycle time of less than 700 nanoseconds. This matrix 

The switching speed of this experimental thin-film device 
(center) is being measured by timing a polarized light beam 
which rotates each time direction of magnetization changes. 

switch makes it possible for the switching-power load 
to be shared by several drivers at once, thus reduc-
ing the total power requirements. 

The efficiency of computing systems can be increased 
by improving the design of their memory structures 
as well as through the development of new compo-
nents. IBM engineers are developing nondestructive 
read-out techniques which can reduce the number of 
machine operations required in thin-film and ferrite 
core memories. They have formulated addressing sys-
tems in which machine-word lengths vary according 
to the natural lengths of the bits of information being 
stored. They have devised associative memory tech-
niques which retrieve information on the basis of re-
lated data rather than specified addresses. Out of sev-
eral developments like these, which reduce machine 
references to memory and simplify programming, 
may come the memory systems of the future. 

If you have been searching for an opportunity to 
make important contributions in memory develop-
ment, software, space systems, or any of the other fields 
in which IBM scientists and engineers are finding 
answers to basic questions, please contact us. IBM is 
an Equal Opportunity Employer. Write to: Man-
ager of Professional Employment, IBM Corp., Dept. 
645 W, 590 Madison Avenue, New York 22, N. Y. 
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14th ANNUAL 
CONVENTION 
AND EXHIBITS 
OF THE 

AUDIO 

ENGINEERING 

SOCIETY 
HOTEL BARBIZON-PLAZA 

Central Park South 

New York City 

Showing Professional 

Audio Equipment 

for Studio and 

Laboratory 

OCTOBER 15-19 
One hundred Papers 

• Microphones and Earphones 

• Audio Electronics 

• Loudspeakers 

• Disc Recording and Reproduction 

• Recording Techniques in Europe 

• Music and Electronics 

• Magnetic Recording 

• Modern Telephony 

• Stereophonics 

• Sound Reinforcement and Acoustics 

• FM Stereo Broadcasting 

• Broadcast Audio/Studio Equipment 

• Psychoacoustics 

SESSIONS: Monday through Friday, 
9:30 a.m., 1:30 and 7:30 p.m. Annual 
Award Banquet, Thursday, 7:00 p.m. 

EXHIBITION: Tuesday through Friday, 
noon to 6:45 p.m. except Thursday and 
Friday to 5:00 p.m. 

For Program write or telephone: 

Program Chairman 

Audio Engineering Society 
P.O. Box 12, Old Chelsea Station, 

New York 11, N.Y. 

Circle 6-1855 

Membership 

The following transfers and admissions 
have been approved and are now effec-
tive: 

Transfer to Senior Member 

Andrews, It. It,. New London, Conn. 
Bassett, D. M., Edmonds, Wash. 
Benson, F. A., Sheffield, Yorkshire, England 
Bias, G. H., Linthicum Heights, Md. 
Cohn, E. M., Brooklyn, N. Y. 
Driver, J. P., Flint, Mich. 
Edwards, N. P., Bethesda, Md. 
Ely, R. C., Wantagh, L. I., N. Y. 
Fletcher, T. C., Fullerton, Calif. 
Frary, R. S., Haddonfield, N. J. 
Frerking, H. W., Gainesville, Fla. 
Geselowitz. I). II., Philadelphia, l'a. 
Gorton, R. E., East Hartford, Conn. 
Haddad, J. A., White Plains. N. Y. 
Hayden, H. P., Poughkeepsie, N. Y. 
Hayden, L. O., Accokeek, Md. 
Heinz, K. E., Alexandria, Va. 
Heney, J. F., Thousand Oaks, Calif. 
Honda, N., Sendai, Japan 
Kaenel, R. A., Murray Hill, N. J. 
Knechtli, R. C., Malibu, Calif. 
Kublin, V. J., West Long Branch, N. J. 
Lamb, W. X., Woodland Hills, Calif. 
Longmire, R. M., Santa Monica, Calif. 
Matsu°, T., Sendai, Japan 
Neubauer, R. A., Buffalo, N. Y. 
Nishizawa, J - i., Sendai, Japaa 
Ochs, S. A., Princeton, N. J. 
Ordas, A. F., Huntertown, Intl. 
Ray, G. T., Locust Valley, N. Y. 
Roth, S., Montreal, Que., Canada 
Schutzman, E., New York, N. Y. 
Seeley, P. E., Wellesley Hills, Mass. 

Shibata, Y., Sendai, Japan 
Siera, M. M., Mountain View, Calif. 
Solecki, J. E., Indianapolis, Ind. 
Sorrows, H. E., Dallas, Tex. 
Stirling, P. H., Beloeil Station, Que., Canada 
Stocker, D. V., Detroit, Mich. 
Tillman, J. D., Jr., Knoxville, Tenn. 
Van Anrooy, P. H., Itasca, Ill. 
Weinhardt, P., Indianapolis, Ind. 
Whitaker, R. O., Indianapolis, Ind. 
Wilson, G. G., DeWitt, N. Y. 
Young, A. F., Baltimore, Md. 
Zemanek, H., Vienna, Austria 

Admission to Senior Member 

Bulk, G. K., Pacific Palisades, Calif. 
Cameron, S. H., Northfield, Ill. 
Conkling, E. V., Vienna, Va. 
Coren, G., Plainview, L. I., N. Y. 
Donovan, H. W., San Diego, Calif. 
Ebenau, K. W., Den Haag, Netherlands 
Field, H. M., New York, N. Y. 
Guillot, P. J., Van Nuys, Calif. 
Heineman, R. E., Los Angeles, Calif. 
Hines, L. J., Hawthorne, Calif. 
Kautz, A. D., Albuquerque, N. M. 
Kapany, N. S., Belmont, Calif. 
McWilliams, C. W., Teterboro, N. J. 
Mesarovic, M. D., Cleveland, Ohio 
Nash, W. B., Pomona, Calif. 
Papasifakis, C. E., Havertown, Pa. 
Parlanti, C. A., Natick, Mass. 
Pile, D. W., Van Nuys, Calif. 
Schroeder, A. H., Wappingers Falls, N. Y. 
Searle, L. V., Northridge, Calif. 
Wallett, R. A., Rochester, N. Y. 
Williams, R. D., Palo Alto, Calif. 

Transfer to Member 

Blaine, W. E., Atlanta, Ga. 
Carpenter, J. F., Chenango Bridge, N. Y. 
Cave, J. H., Ferguson, Mo. 

(Continued on page 842) 

WHICH DEFLECTION YOKE 
FOR YOUR DISPLAY 

YOKE SPECIALISTS 
Syntronic's team of experts knows more about yoke design, engineering and 

quality control than anyone else. A solid 10-year record of leadership— 

acknowledged throughout the industry. Benefit from it. 

• 

syntronic INSTRUMENTS, INC. 100 Industrial Road, Addison, Illinois 

Phone: Kingswood 3-6444 
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°clotpICS 
» ofki 504 

is the information 
wanted today by the 
electronics 
manufacturing and 
user industries 

The NEW British monthly for the soaring 

industrial applications of electronics 

INDUSTRIAL ELECTRONICS will meet the rapidly rising demand for information 
on the practical applications of electronics in all branches of industry. 
It will show how electronic techniques can cut costs, in-
crease productivity, improve quality. It will spotlight new 
advances and applications, describing new products and 
equipment from manufacturers all over the world. INDUS-
TRIAL ELECTRONICS is a development of Electronic 
Technology; building on the unique experience of that inter-
nationally known journal, it will provide a vital service for 
production executives, works managers, buyers and direc-
tors — helping them to meet ever-increasing competition. 

am mmmim ma immmu riwamom ims wane, 

To Brit ish Publications Inc.. 30 East 60th st.. New York 22. N.Y. 

MAKE SURE 
OF YOUR 
FIRST COPY 
TODAY! 

my,our subscription to INDUSTRIAL ELECTRONICS tor 

:2 months ( 12 issues) $8.50. 36 months (36 issues) $17.00. 

Check,M.O. forS enclosed. 

Name 

-iddress--

C'ty 

Zone Stile 
MMMMM 

I. 

1 
I. 

I 
I.í:À• 

INDUSTRIAL 

ELECTRONICS 

The widest, most practical 

coverage of today s needs 

PLus the established authority 

of Electrcnic Technology' 
PLbhshed mcnthly front October 1962 

Sege,l'eeffleed:Meeiereeg 

•••••••  



ACf UAL 

SWITCH -RF XMSN LINE 
SPOT 28 VDC 

PN 15630 SEX NO. 41 

INSP 

82152 US 
ET-7, 

RELIABILITY 
BY DESIGN ... Transco's coaxial, SPOT, Type W, solenoid-operated 
Latching Switch is designed for applications where continuous solenoid 
current is not available. Low heat, minimum moving parts ensure exceptional 
reliability. Exceeds military environmental specifications for missile and air-
craft use. Typical specifications with Type N connectors: 7 KMC, VSWR 1.2, 
Insertion loss 0.2 db, Crosstalk 40 db, actuator 28 vdc. Optional voltages, 
connectors, terminals. Non-latching model also available. Write 
for technical data: Trarsco Products, Inc., 12210 IRANSCO 
Nebraska Ave., Los Angeles 25, California 

COAXIAL SWITCHES • MICROWAVE COMPONENTS • VALVES • ANTENNAS • WAVEGUIDE SWITCHES • ACTUATORS 

--"S71LF' 
trucking 

receiver 

The Model 509CS VLF 
Tracking Receiver compares 
the frequency of a local 
standard to the received 
carrier of any stabilized 
VLF transmission. 
Relative time or frequency 
can be measured to a part in 
109 in 30 minutes. 24 hour 
averaging yields parts in Wu. 
Superheterodyne receiver is 
tuneable in 0A KC steps from 
12-25 KC. A servo-driven 
phase shifter continuously 
corrects the phase of the local 
standard frequency. Phase 
error in microseconds is 
presented directly on a digital 
dial or can be recorded. 
Coherent AGC provides 
stable operation and uniform 
servo-loop gain over a wide 
range of conditions. 

FOR FULL DETAILS WRITE TE 

84> 
fee+ 

RF Range: 
Inputs: 

Sensitivity: 

Stability: 

Power: 

Price: 

Delivery: 

SPECIFICATIONS 

I 2-25KC 
100 KC or 1 MC 
0.01 microvolt 

microseconds 

110-125 vac, 50-60 cps 
30 watts. Provis:on for standby 
battery 

Model 599CS ;4650 

60 days 

YWOI 1003(1. AM« 

1  

000 MOO .00 

I.,. WAY WM. 01.0010000. AM 00. 

WM. 00. 1004000. 00.0000 IMO 41141000 10.10 

AN 

A Division of TRACOR Inc. 

BOX 9207 • AUSTIN 7. TEXAS 

1.00 117 

113 Membership 
(Continued f roui page 82A) 

Cimera, V. J., Melrose Park, Ill. 
Craigue, A., Barrington, III. 
Cranston, E. M., Anaheim, Calif. 
Diger, J. E., Richfield, Minn. 
Ehrlich, W. E., Red Bank, N. J. 
Frederick, C. L., Jr., Wheaton, Md. 
Guth, R. U., Cleveland, Ohio 
Hammond, R. L., Huntsville, Ala. 
Lee, W. W. S., Midwest City, Okla. 
Long, A. B., Beaumont, Tex. 
Martin, H. R., Syracuse, N. Y. 
McWilliams, P. B., Columbus, Ohio 
Mead, E. S., Hanover Center, Mass. 
Mencius, W. M., Annandale, Va. 
Merrell, G. T., Albuquerque, N. M. 
Mitchell, B. C., Baltimore, Md. 
Morrisey, J. A., Washington, D. C. 
Mousel, G. W., El Segundo, Calif. 
Murray, W. J., Bradford, Pa. 
Nichols, H. F., Jr., South Hamilton, Mass. 
Odom, C. H., Glendora, Calif. 
Pearce, G. E., Shawinigan, Que., Canada 
Piker, J. S., Texas City, Tex. 
Sandefer, S. R., Garland, Tex. 
Savalli, F. P., Largo, Fla. 
Schiff, A., Lake Katrine, N. Y. 
Shellkopf, R. E., Baltimore, Md. 
Sono, M., Norwalk, Conn. 
Spence, R. C., Parkersburg, W. Va. 
Spencer, R. J., Brooklyn, N. Y. 
Squire, R. C., Santa Maria, Calif. 
Stein, B. M., East Meadow, L. I., N. Y. 
Stewart, A. G., Victoria, B. C., Canada 
Symms, J. H., Reseda, Calif. 
Warner, C. W., Smiths Falls, Ont., Canada 

Admission to Member 
Adams, V. J., Jr., Parsippany, N. J. 
Agam, Y., Ramat Gan, Israel 
Albers, P. H., Cedar Grove, N. J. 
Ambler, L. G., Santa Maria, Calif. 
Anders, E. C., South Braintree, Mass. 
Arya, V. K., Pilani ( Rajasthan), India 
Attwood, T. V., Liverpool, England 
Ausband, R. W., Clearwater, Fla. 
Avera, I). S., Jr., Winston-Salem, N. C. 
Bailey, H. H., Winston-Salem, N. C. 
Baker, C. H., Stamford, Conn. 
Barash, L. S., Greensburg, Pa. 
Barber, S. E., Ridgecrest, Calif. 
Behn, R. C., Columbus, Ohio 
Belasco, M., Dallas, Tex. 
Bell, F. A., Smithtown, L. I., N. Y. 
Bilyk, Z., Long Island City, N. Y. 
Blacklock, R. L., Buffalo, N. Y. 
Blair, B. E., Boulder, Colo. 
Blair, J. A., Dover, N. J. 
Boom, I). l'., Riverside, N. J. 
Boyes, R. F., Tucson, Ariz. 
Brackett, C. F., Lexington, Mass. 
Bradley, J. D., Cambridge, Ohio 
Brady "K" M., Sandy, Utah 
Brockrneyer, C. H., Littleton, Colo. 
Brockus, W. G., South Pasadena, Calif. 
Brown, E. S., Grand Rapids, Mich. 
Brown, J. R., West Asheville, N. C. 
Brownlee, G. H., London, England 
Brubaker, L. N., Washington, D. C. 
Bruinsma, P. J. T., Ann Arbor, Mich. 
Bryce, W. E., Merrisville, Pa. 
Burgess, B. C., Liverpool, N. Y. 
Burney, A. K., Karachi, Pakistan 
Burns, W. S., Jr., Winston-Salem, N. C. 
Byrd, J. D., Jr., Beltsville, Md. 
Cameron, D. A., Ottawa, Ont., Canada 
Campbell, D. V., Red Bank, N. J. 
Carnley, I. E., Ocean Springs, Miss. 
Caswell, A. R., Winthrop, Mass. 
Caussin, J- P, Dinant, Belgium 

(Continued on page 86A) 
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ijF0 Trimmers and LC tuners help keep 
Transit Satellite transmitters on exact frequencies 

Transit, the Bureau of Naval Weapon's all-weather global navigation system, is sched-
uled for operational use in 1962. Transit will provide ships, submarines and aircraft with 
the most precise method ever devised for fixing their positions. 

The highly critical nature of the system's measurement functions demanded highest 
reliability, stability and exactness in the performance of its two frequency sources. JFD 
VC42GW trimmer capacitors were specified for each of the two crystal-controlled oscilla-
tors to help assure frequency stability of 2 to 4 parts in 10°. JFD trimmers were used also 
in the frequency multiplier circuit to maintain required oscillator frequency outputs. 

JFD LC tuners as well as trimmers were called for in both the B-system and C-system 
power amplifiers of the transmitter circuits and in the Transit diplexing antenna system 
to provide highest possible operating stability. 

This is another example of how JFD precision electronic components satisfy space-
challenging demands of tuning accuracy and stability under severe shock and vibration. 
Fewer parts, precise tolerances, patented telescoping anti-backlash adjustment are a few 
of the reasons why more engineers specify JFD 

For complete information, contact your local JFD Field office or your local JFD fran-
chised Industrial Distributor. 

Applied Physics Laboratory of the Johns Hopkins University speci-
fied JFD Trimmer Capacitors and Tuners in the Transit 2-A Satellite. 

JFD LC Tuners and Trimmers in Transit frequency multipliers and 
power multiplier amplifier circuits provide maximum tuning range 
in minimum space ... high reliability and ruggedness. 

JFD VC42GW actual size 
Variable Trimmer Piston Capacitor 
1.0 mmf. to 21.0 mmf. 

JFD LC326 LC Tuner actual size 
200 to 450 mc. 
self-resonating frequency 

JFD ELECTRONICS CORPORATION 
Components Division • 6101 16th Avenue, Brooklyn, New York • Phone DEwey 1-1000 • TWX-NY25040 

JFD WESTERN 
P. 0. Box 3416 

Van Nuys, Calif. 
Phone: EMpire 4-4131 

JFD MIDWESTERN 
P. 0. B. 588 

Skokie, Illinois 
Phone. 675-1140 

JFD NORTHEASTERN 
Ruth Drive, P. O. Box 228 

Marlboro, Mass. 

Phone: HUntley 5-7311 

JFD CANADA 

51 McCormack Street 
Toronto, Ontario, Canada 

Phone: ROger 9-1129 

VARIABLE TRIMMER PISTON CAPACITORS • FIXED METALIZED INDUCTORS • LC TUNERS • DIPLEXERS 
FIXED AN D VARIABLE. DISTRIBUTED AND LUMPED CONSTANT DELAY LINES • PULSE FORMING NETWORKS 
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KE.ARFO'TT 
LOW COST- LOGIC CIRCUITS 

IN TO-5 CASES 
The all welded construction of Kearfott's MicroFunction Circuits, 
in Standard TO-5 cases, permits 16:1 volumetric reduction of 
conventional digital circuit design. 

Through the use of pre-tested, close tolerance components, high 
density circuits of unlimited flexibility handling high power can 
be supplied quickly, at low cost, to match any system requirement. 

Kearfott's Germanium or Silicon Transistors may be specified; 
dependent on temperature requirements. Also available are dual 
matched pairs within a TO-5 case. A number of available circuits 
can be provided in TO- 18 cases on specia: order. 

DEVICE SYMBOL GERMANIUM SILICON 

INVERTER I 11 INVG 11 INVS • 

NOR 

TO 5 

21 NRLG 

TO 5 

21 NRLS 
FAN IN FAN OUT 

• 

N • 
• 

EMITTER 
FOLLOWER 
(BUFFER) 

• TO 5 

21 EFG 

TO 5 

21 LES EF • 

OR 

TO 5 

21 ORG 

TO 5 

21 ORS 

• 

0 • 

AND 

TO 5 
TO 18 

DLG 

TO 5 
TO 18 

41 DLS DA • 41 

FLIP FLOP 

2 TO 5 
INVERTED 
2 TO 5 
PIGGY BACK 

22 FFG 

2 TO 5 
INVERTED 
2 10 5 
PIGGY BACK 

22 FFS 

0-- 

0— 
FF —9—C) 

—4.-0 

M MP MATCHED• 
PAIRS 
(TO 5) 

TO 5 
TO 18 

22 MPS 

TO 5 
TO 18 

• MP 22 MPG • 

DARLINGTON 
TO 5 
TO 18 

21 DARS 

TO 5 
TO 18 

21 DARG 

DELAY 

2105 2105 
INVERTED 
2105 
PIGGY BACK 

21 DELS 

0— 
DELAY 

_...0  4 
t 

I2NyrnED 

PIGGY BACK 

21 DELG 

For complete data write Kearfott Semiconductor Corp., West 
Newton, Massachusetts. 

GG-DD GENERAL 
PRECISION 

Membership 

(Continued from page 81.1,, 

Chavez. R., Long Beach. Calif. 
Clark, R. R.. Salt Lake City, Utah 
(«oates. V. R.. Mount Holly, N. J. 
Cochran, A. I.., Richardson. Tex. 

Cohen, A. II., Edison, N. J. 
o',un. B. E.. Canoga Park, Calif. 

•y, II. J., Atlanta, Ga. 

n, K. R., lilendale, Calif. 
P. E., VoUligWoOd, l'a. 

Conw•ay. E. J., Mobile, Ala. 

A. E., Rochester, N. Y. 
••-•.:rove. M. J., Hamilton. I Mt., Canada 

, • , ver. J. S., North Wales, l'a. 

, ort•Ilampton. D.. Riverton. N. I. 

urfis, J. A., Lynchburg, Va. 

D'Agostini. NI. M.. Rome. Italy 
Das, S., Albuquerque, N. M. 

Davidson, M. J., Palisades, N. Y. 
Davis, S. \V., North Vancouver, B. C., Canada 

DeGreene, K. It., Santa Monica. Calif. 
DeLoriol, F., Bern. Switzerland 

DeVito, M. J.. Freehold, N. J. 
Dodd, J. A., Jr., Haddonfield, N. J. 
Dodd, J. C., Westmont, N. J. 

Dolim J. I San Francisco. Calif. 

Doyle, E. F., linint Arlington, N. J. 
Easterwood. M. J., Beaumont, Tex. 
Ebner, L. J., San Diego., Calif. 

Eden, W. D., Los Alamitos, Calif. 
Ellis, IL, Jr.. San Diego. Calif. 

Evans, W. NI.. Bristol. England 

Finam R. K., Fords. N. J. 
Fioretti, E. E., Chicago. III. 

(Col:tinned oft rage I 

CALIBRATION 
CHECKING 
MEASURING 
TRACEABLE DIRECTLY TO THE 
NATIONAL BUREAU OF STANDARDS 

• From routine quality control to 
highest precision standardization. 

• Resistance, capacitance, induc-
tance. 

• Standard Cells. 

• Indicating instruments. 
• Insulation testing. 

• All standards directly traceable to 
NBS. 

Full details on request 

'Physics Research 
LABORATORIES 
P. 0. Box 555 • Hempstead, L. I., New York 
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MICRO-MESH SIEVES DETERMINE 

PARTICLE SIZE DISTRIBUTION-Accurately 

1460e.' 

Set ot Buckbee Mears Co. 
Micro-mesh sieves, 
standard sizes from 20 
to 90 microns. Smaller 
sizes to order. Background: 
En lar,ied evaporation mask 
for tiñese transistor. 

Buckbee Mears research in subminiature 
mesh has solved many problems for the 

industry. A few current items are— 

EVAPORATION MASKS—Mesa Transistors 

SHADOW MASKS—Color TV 

STORAGE MESH—Radar Tubes 

CALIBRATED DIALS—Test Equipment 

Anything that can be drawn can be repro-
duced. Send us your problems 

SETS FROM 

20 TO 90 

MICRONS 

The accurate measurement of 

particle size distribution of 

cracking catalyst has become 

practical. Buckbee Mears has 

developed screen sets which 

have been thoroughly tested 

as reported on by Ketjen N. V. 

Amsterdam*, and ASTME*. 

One comment "micro- mesh 

sieve method produces data 

with great accuracy and repro-

ducibility." Another " the 

sieves made by Buckbee 

Mears Company appear espe-

cially attractive." 

According to these papers, 

previous methods had dis-

advantages and results by 

different methods varied con-

siderably. Now BMC sieves are 

recommended as a primary 

standard for testing size dis-

tribution of dry materials 

(cracking catalyst). 

*Copies of these papers will be sent 

on request also complete sieve 
information. 

iszeclebce iii cars 
245 EAST SIXTH STREET 

est 
• ST. PAUL 1, MINNESOTA 
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WANTED: Decoys that 
will fly with the " Ducks" 

How to maximize an ICBM's probability of penetration of enemy defenses is 
an area of technology under investigation at CAL. 

Studies cover the entire spectrum of penetration aids, as well as the other 
side of the coin — ways to distinguish the decoys from the "ducks." Roy W. 
Johnson, former director of ARPA, indicated the magnitude of the problem 

in 1959 when he told the House sub-committee on appropriations that the 
ICBM "defense system may be forced to deal with objects with behavior 
exceedingly complex and erratic, which may appear in great numbers, and 
which may embody great quantities of warheads... There are other concepts, 
less well defined, which also need further work..." 

The complexities of extending the penetration threat and the corollary problem 
of postulating an effective defense to that threat, pose some of the most 
challenging problems confronting military planners and scientists alike. 

CAL is proud that its research is making important contributions to this 
imagination-stimulating work, knowing full well that time is of the essence. 

For this work we seek senior aeronautical engineers experienced in vehicle 
composite design, aerothermodynamicists, physicists experienced in plasma 

sheath work, and scientists with experience in ICBM/anti-ICBM gaming. 

For full information, mail coupon today. 

CORNELL AERONAUTICAL LABORATORY, INC. 
of Cornell University, 

Buffalo 21, N.Y. 

J. P. Rentschler 

CORNELL AERONAUTICAL LABORATORY, INC. 
Buffalo 21, New York 

Send me a copy of your factual, illustrated employment prospectus, 
"A Community of Science." 

DH 

Name   

Street   

City   Zone   State   

Piease incLide employment information. 
An Equal Opportunity Employer 

Positions 

Open 
iniiiiiimuninnumniumminuniumuni 

The following positions of interest to 
IRE members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No. 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

Proceedings of the IRE 
I East 79th St., New York 21, N.Y. 

DEVELOPMENT AND DESIGN ENGINEER 

Development and design engineer, for ad-
vanced work in electronically regulated power 
supplies. Must have thorough working knowledge 
of solid state circuits and feedback systems. Sal-
ary to $16,000 according to qualifications and 
experience. l'osition offers a career opportunity 
in a rapidly expanding organization. Apply to 
Chief Engineer, Kepco, Inc., Flushing 52, N.Y. 

COMMUNICATIONS FOREMAN 

U.S. Oil Company, operation Middle East, 
seeks foreman with FCC or International Radio 
Telephone and Radio Telegraph First Class to 
supervise complete communications system with 
diversified equipment (AM, FM. HF, VHF, 
Teletype Printer, 100 Line PABX, Multichan-
neling, etc.). Candidate must have thorough back-
ground Electronic Theory with ten years prac-
tical experience (2 to 3 years Supervisory Ex-
perience). Approximately $11,600/year which 
includes $204 month Field Living Allowance; 
Bachelor Status; 30 day annual vacation with 
transportation paid; Savings Plan. No U.S. or 
Foreign Income Tax. Send Resume to Box 2074. 

SENIOR PROJECT ENGINEERS 

Immediate openings available for electrical 
engineers with solid state circuit design experi-
ence. Must be capable of assuming project ad-
ministrative responsibilities. Will handle techni-
cal liaison activities with outside contractors. Be 
capable of directing in-house design effort, com-
ponent evaluation, and subsystems tests. Masters 
Degree in Physics or Electrical Engineering de-
sirable, but will accept Bachelors Degree with 
record of solid project achievement. An Equal 
Opportunity Employer. Send complete resume 
to Jet Propulsion Laboratory, 4804 Oak Grove 
Drive, Pasadema, California. 

TRANSFORMER DESIGN ENGINEER 

Transformer design engineer for electronic 
power supply components and to assist in pio-
neering development of magnetic type power con-
trol devices. Applicants must have a thorough 
knowledge of magnetic materials and component 
design. Salary to $ 16,000 according to qualifica-
tion and experience. Position offers a career op-
portunity in an expanding organization. Apply to 
Chief Engineer, Kepco, Inc., Flushing 52, New 
York. 

ELECTRONIC ENGINEER 

A unique position is available for an Electronic 
Engineer to work in productizing advanced chem-
ical and physical laboratory instrumentation in 
the field of nuclear magnetic resonance spectros-
copy. Successful candidate should have a back-
ground including at least 5 years experience in 
electronic circuit design. Position offers out-
standing growth potential and individual should 
have project engineer capabilities. Outstanding 
benefit program includes Cash Profit Sharing 
and Stock Purchase Plans. Submit resume in 
confidence to: Varian Associates, 611 Hansen 
Way, Palo Alto, California. 

(Continued on page 924) 
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RESEARCH ENGINEERS; , 
GO FUNDAMENTAL 

GO ALLISON! 

• Engineers looking for opportunities to convert laboratory 

experiments to initial stages of development will find excit-

ing new challenges at Allison. 

Current contracts have generated long-term programs in 

new energy conversion projects such as Military Compact 

Reactor (MCR), Liquid Metal Regenerative Fuel Cell, 

Boundary Layer Control (BLC), and others. 

We have immediate requirements for men with experi-

ence and advanced degrees: 

MECHANICAL ENGINEERS—Ph.D. or Sc.D. mechanical or 

electrical engineering, 5 years experience in solid state de-

vices. Must be capable of directing design and construction 

of prototype models of solid state energy conversion con-

cepts previously worked out in research laboratory. 

Also, M.S. with 5 years actual experience in design field, 

including working knowledge in processing, fabrication, ma-

terials, and metal joining techniques. Must have good un-

derstanding of fluid mechanics, thermodynamics, heat trans-

fer and mechanics of materials. 

INSTRUMENTATION SPECIALISTS—M.S. or equivalent with 

background in thermodynamics, fluid mechanics, electronics 

and systems control. Requires working experience in elec-

tronics and controls associated with (1)—energy conversion 

devices operating in the plasma temperature ranges and 

utilizing electrical discharge methods and or (2)—nuclear 

power systems. 

HEAT TRANSFER SPECIALISTS—Ph.D. in ChE or ME, or 

equivalent. Requires a high level of analytical ability and 

broad experience in research, design, and application of 

liquid metals as heat transfer fluids. Will be responsible for 

major research programs involving liquid metals. 

SYSTEMS ENGINEERS—B.S. or M.S. Requires broad 

background in areas related to design, test, installation and 

operation of nuclear power systems. Duties include plan-

ning future requirements, applications, and programs for 

these systems. 

DIRECT CONVERSION DEVICE SPECIALISTS—Sc.D. or 

equivalent in ChE. Background in electrochemical engineer-

ing, liquid metal technology or related fields. For develop-

ment of liquid metal cell devices and handling of liquid 

metals in the environment of an electrochemical conversion 

system. 
Also, ME with some experience in design and fabrication 

of thermionic converters or related devices (microwave tubes, 

small ceramic-metal tubes, etc.). Requires knowledge of 

thermionic materials, refractory metals, high temperature 

ceramics, thermionic emitters, and mechanical design prob-

lems associated with high temperature electron devices. 

Other challenging openings exist for scientists and en-

gineers interested in advancing the various forms of energy 

conversion systems. 

Openings available NOW. A promising future for those 

who qualify is available in the creative environment at 

Allison—plus all the opportunities and advantages offered 

through an organization with the character of General 

Motors. Interested? Let us hear from you. Send your re-

sume or write to: Mr. V. A. Rhodes, Professional and 

Scientific Placement, Dept. 611, Allison Division, General 

Motors Corporation, Indianapolis 6, Indiana. 

An equal opportunity employer 

Energy Conversion Is Our Business 

ALLISON DIVISION, GENERAL MOTORS CORPORATION 
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A MATERIALS LABORATORY IN SPACE 

A comprehensive understanding of the reaction of materials to outer space 

is an important key to this country's space program. In their study of materials, 

scientists at Lockheed Missiles & Space Company found the problem could be 

most graphically depicted by showing the various environmental factors impinging 

on a simple cube-shaped vehicle. A cube, placed in a noon polar circular orbit, 

would allow unusual isolation of the effects of space on materials; make their 

measurement simpler and more accurate; and offer a built-in control of the results. 

For example: The horizontal surface facing away from the earth would receive 

only direct solar insolation, while that facing the earth would get mostly earth shine 

and earth- reflected solar radiation. This hypothetical model lucidly illustrates 

the effects of such phenomena as: Solar irradiation, sputtering, micro- meteoritic 

erosion, solar corpuscular radiation, auroral radiation and the like. 

Guided by engineers and scientists of outstanding calibre, Lockheed Missiles & 

Space Company has won its place in the forefront of many disciplines in missile 

and space technology. And such progress constantly creates key positions for 

others of proven ability. Lockheed's location in Sunnyvale and Palo Alto on the 

beautiful San Francisco Peninsula is ideal. So is the climate— physical and mental. 

If you are interested in correlating your specialty to one of Lockheed's many 

challenging assignments, please write to: Research & Development Staff, 

Dept. M-37A, 599 North Mathilda Avenue, Sunnyvale, California. 

An equal opportunity employer. 

LOCKHEED MISSILES a seace COMPANY 
A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS 

programs. Other current programs include SAINT, ADVENT and such NASA projects as OGO, °AO, ECHO, and NIMBUS 

SUNNYVALE. PALO ALTO. VAN NUYS. SANTA CRUZ. SANTA MARIA. CALIFORNIA • CAPE CANAVERAL. FLORIDA • HAWAII 
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MeIpar needs scientists and engineers 
who enjoy reaching the conclusions of applied 
research but who are not given to making 
upidiperous turns.* 

Scientists and Engineers, who have the 
desire to participate in open-ended applied re-
search programs are offered an opportunity to 
attack unexpected problems and originate new 
concepts in an atmosphere charged with the 
competence and enthusiasm of a growing organiza-
tion and lively colleagues. 
Emerging problems have led to openings for: 

Applied Meteorologists and Seismologists to 
explore 

• New areas of instrumentation for 
nuclear detonation detection 

• Extra terrestrial/terrestrial interaction 
Telluric currents 

Microwave Physicists for studies of 
• Microwave plasma interactions 
• Microwave parametric amplification 

Maser-Laser Engineers and Physicists to 
• Investigate techniques of utilizing 

Masers and Lasers in electronic 
systems 

Electromagnetism Theorists for research in 
• Space reconnaissance and exploration 

Molecular Circuit Designers for developmental 
research on 

• Thin films • Polycrystals 
• Monocrystals 

Systems Theory Specialists for studies of 
• Optimal control techniques 
• Coding systems 
• Statistical decision processes 
• Network theory • Sampling systems 

Applied Mathematicians for Research in 
• Information theory 
• Switching theory • Digital theory 
• Analog to digital conversion processes 
• Stochastic processes • Error analyses 

Scientists and engineers with PhD, MS or equiva-
lent experience are invited to communicate with 
John Haverfield, Manager, Professional Placement, 

Applied Science Division 

1111.111MW 

•Wei 

NIELPAR !INC 
A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 

3342 Arlington Blvd., Falls Church, Va. 
an equal opportunity employer 

A upidiperous turn is a 180° turnabout where the main direc-
tion or goal is temporarily forgotten or denied. The word 
upidiperous is seen regularly, in contracted form, on street 
signs, NO U TURNS. 

• 

Positions / 

Open 
. "'"  11111110H 

( ( •,, lit'mire/ 1-,11/ page SSA) 

SENIOR ELECTRONIC ENGINEER 

Excellent position involves working in the ex-
perimental and initial development phases of ad-
vanced types of commercial scientific instru-
mentation. Must be willing to work with unu-
sual circuitry and components which often re-
quire extending the state of the art. Some back-
ground in tube and transistor circuits, radio 
frequencies, microwave, stabilized amplifiers 
and other servoproblems is desirable. Work will 
be in close contact with both physics and chem-
istry. A BS or MS in EE or Physics plus sev-
eral years experience. Outstanding benefit pro-
gram includes cash profit sharing and stock 
purchase plans. Submit resume in confidence to: 
Varian Associates, 611 Hansen Way, Palo Alto, 
California. 

INSTRUMENTAL SCIENCES FACULTY 
POSITION 

All graduate instruction and research. Young 
Ph.D. Physicist or Electrical Engineer with 
strong interest in the multidiscipline field or in-
strumentation and control. Develop courses and 
researêh program for M.S. degree and for ex-
pansion into Ph.D. program. Twelve month em-
ployment. Reply with resume to: Head, Elec-
tronics and Instrumentation, University of Ar-
kansas, Graduate Institute of Technology, P.O. 
Box 3017, Little Rock, Arkansas. 

(Continued an page 96.4) 

SENIOR SCIENTISTS 

and ENGINEERS 

M.S. and Ph.D. 

Our clients include many of 
the leading research labora-
tories from coast to coast, as 

well as numerous small and 
newer research and develop-
ment firms. 

Fine opportunities for profes-
sional advancement exist 
among them. 

For information, submit a 

resume to Mr. M. Ostrander, 
Director. 

Professional & Technical 
Recruiting Associates 

(A div. of Permanent Employment Agency) 

Suite 2, 825 San Antonio Road 

Palo Alto, California 

Davenport 6-0744 

92A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE September, 1962 



The world's smallest satellite has been developed by Space 
Technology Laboratories. Its shape will be different from all 
other satellites before it. STL engineers and scientists have 
used a tetrahedral configuration to bring about some remark-
able characteristics in a space vehicle. There will be no need 
for batteries nor regulators in flight. The satellite will have 
no hot side, no cold side. It will require no attitude control 
devices. No matter how it tumbles in space it will always 
turn one side toward the sun to absorb energy, and three 
sides away from the sun to cool instrumentation and telem-
etry equipment inside. It can perform isolated experiments 
in conjunction with other projects. Or it can be put into 
orbit by a small rocket to make studies of its own, up to five 
or more separate experiments on each mission it makes. 

4,6 

STL is active on hardware projects such as this and as prime 
contractor for NASA's OGO and an entirely new series of 
classified spacecraft for Air Force — ARPA. We continue 
Systems Management for the Air Force's Atlas, Titan and 
Minuteman programs. These activities create immediate 
opportunities in: Space Physics, Radar Systems, Applied 
Mathematics, Space Communications, Antennas and Micro-
waves, Analog Computers, Computer Design, Digital 
Computers, Guidance and Navigation, Electromechanical 
Devices, Engineering Mechanics, Propulsion Systems, 
Materials Research. For So. California or Cape Canaveral 
opportunities, please write Dr. R. C. Potter, Dept. I, One 
Space Park, Redondo Beach, California, or P. O. Box 4277, 
Patrick AFB, Florida. STL is an equal opportunity employer. 

SPACE TECHNOLOGY LABORATORIES, INC. 
a subsidiary of Thompson Ramo Wooldridge Inc. 

Los Angeles • Vandenberg AFB • Norton AFB. San Bernardino • Cape Canaveral • Washington. D.C. • Boston • Huntsvi.le • Dayton 
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NUCLEAR SCIENCE 
AT THE NAVAL LABORATORIES IN CALIFORNIA 

. . . probes the long, short term effects of the 
unseen world of nuclear radiation 

No scientific problem now being investigated by the U. S. Naval Laboratories in 
California is of more significance than the problem of nuclear radiation effects upon 
man and material. This research and development program embraces the entire 
spectrum of natural and man-made radiation, including both military and civilian peace-
time application. Focal point of this research is the Naval Radicagical Defense Laboratory 
(NRDL), San Francisco, where radiation investigation encompasses the discip!ines of 
chemistry, biochemistry, physics, biophysics, biology, medicine, pharmacology, operations 
analysis, engineering and electronics. Here, career scientists investigate, among others, 
such phenomena as the chemical properties of fission products; the ability of materials 
to absorb, shield and attenuate nuclear and electro-magnetic radiation; the acute and 
long-term biological effects of nuclear and other radiations; protective engineering 
methods and reclamation techniques related to radioactive contaminants; and the 
development of radiac devices and other electronic instrumentation for radiological 
research. 

Other Naval Laboratories in California also have interests in the nuclear field. For 
example, NCEL, Port Hueneme, is presently engaged in investigating the effectiveness of 
shielding neutron and gamma rays for shelter ertrances; and NEL, San Diego, has a 
strong interest in the effects of nuclear weapons on shipboard operations. 

Whether assignment concerns the measurement and evaluation of radiation fallout 
in a distant Pacific field test, or a laboratory-controlled experiment on the effects of 
ionizing radiation on mammalian systems, these challenging projects require skilled and 
dedicated professional personnel, with appropriate degrees and experience. Qualified 
scientists, engineers and technicians interested in exploring employment opportunities 
at the U. S. Naval Laboratories in California not only in nuclear science, but such 
other all- embracing areas as underwater ordnance or missiles and space, are invited 
to contact the Personnel Coordinator, Dept. Bat the laboratory of their choice. 

U. S. Naval Radiological Defense Laboratory (NROL), San Francisco 
U. S. Naval Civil Engineering Laboratory ( NCEL), Port Hueneme 
Pacific Missile Range (PMR) and U. S. Naval Missile Center (NMC), Point Mugu 
U. S. Navy Electronics Laboratory ( NEL), San Diego 
U. S. Naval Ordnance Test Station ( NOTS), China Lake and Pasadena 
U. S. Naval Ordnance Laboratory ( NOLC), Corona 

All qualified applicants will be considered for employment 
without regard to race, creed, color, sex, or national Origin. 

U. S. NAVAL LABORATORIES IN CALIFORNIA 

ELECTRONICS ENGINEERS 
& SCIENTISTS 

Explore Today's Most 
Advanced Projects in 

Near and Deep 

SPACE 
COMMUNICATIONS 
( Vehicle-to-Ground ) 
Vehicle-to-Vehicle 

A diversity of advanced communi-
cations problems offer you stimu-
lating assignments at Republic's 
Missile Systems Division. These in-
clude communications systems for 
a number of next-generation satel-
lites and hypersonic vehicles. Em-
phasis is on applications of new 
digital techniques in wideband in-
formation transmission; mt.ltiplex-
ing, security coding and noise 
reduction. Re-entry blackout com-
munications problems are under 
study; new concepts in IR cameras 
are under development. 

Openings at all levels on 
Systems and Component 
Design & Development. 
Systems Analysis, & 
Test Programs for 

MICROWAVE ENGINEERS 

RADAR ENGINEERS 

COMMUNICATIONS ENGINEERS 

IR & OPTICS SPECIALISTS 

DIGITAL COMPJTER 
SPECIALISTS 

Also, unusually varied assignments 
for CIRCUIT DESIGN ENGINEERS 
with experience in transistorized 
UHF & microwave systems, includ-
ing: High Frequency Pulse Circuits, 
Digital Computer Building Blocks, 
RF Circuits, Communication Cod-
ing Circuits, Feedback Control 
Circuits. 

Write Mr. Paul Hartman, 

Technical Employment Supervisor 

MISSILE 
SYSTEMS 
DIVISION 
REPUBLIC 
AVIATION CORPORATION 

223 Jericho Turnpike 
Mineola, Long Island, New York 

• 
An Equal Opportunity Employer 
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Engineers & Scientists 
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Your next job? It depends on what you're seeking ... a compatible increment in salary... or a no-holds-
barred chance to wrestle with problems of an entirely new magnitude. An example of the latter lies 
between the lines of the diagram above. D Superficially, the schematic traces the data flow at a hypo-
thetical Control and Reporting Center of the Air Weapons Control System 412-L. In the over-all mosaic of 
a fully integrated 412-L System, such a Control and Reporting Center is a key element. D We are manag-
ing the integration and implementation of the 412-L program under the direction of the U.S.A.F. Elec-
tronic Systems Division, from system concept and development, through the installation and checkout of 
complete operating equipments. If you'd like more information about this program, and the calibre of 
opportunities it offers, send us an outline of your education and experience. Your personal reply will 
include a technical brochure describing the entire system. There's no obligation. 

These are the general areas of immediate opportunity: Communication Systems / Applied Mathematics / 
Materials Engineering / Microminiature Electronic Packaging / Semiconductor Circuits Design / Com-
puter Systems Applications / Electronic Liaison- Production Engineering / Microminiature Mechanical 
Design / Operations Analysis / Systems Equipment Analysis / Telecommunication Systems Design / 
Project Integration Engineering / Equipment Evaluation. 

Address your inquiry in confidence to Mr. P. V. . Christos, Div. 53-MI, Defense Systems Department, 
General Electric Company, Northern Lights Office Building, Syracuse, New York. 

auk ” 

 ll „»,» 

4 DSD DEFENSE  SYSTEMS DEPARTMEIT 
Department of the Defense Electronics Divis on 

GENERAL ELECTRIC 
Northern Lights Office Building— Syracuse, New York 

An Equal Opportunity Employer 



UNCOMMON 

PROFESSIONAL 

OPPORTUNITIES 

INVOLVING 

world-wide communications 
=systems planning  
Federal Electric Corporation, a subsidiary of ITT, 
is moving ahead from a capability- base of more 
than a decade of success across virtually the 
entire communications spectrum. 

Today, important opportunities await high-level 
engineering contributors who can offer broad 
backgrounds in long lines and microwave com-
munications plus extensive knowledge of stand-
ard U.S. or European planning and operating 
specifications for large-scale telecommunica-
tion systems. 

Your responsibilities will include world-wide 
liaison with various technical groups in the 

discussion and development of compatibility 
objectives and operating parameters for the 
Med-Tropo, Big Rally systems. 

An important prerequisite is your demonstrated 
ability to develop high quality, complete sys-
tems employing tropospheric scatter, micro-
wave radio and digital transmission systems 
engineered to advanced USAF and international 
standards. 

To apply, or gain more information, write in 
strictest confidence to Mr. H. R. Gudenberg, 
ITT-Federal Electric Corporation, Paramus In-
dustrial Park, Paramus, New Jersey. 

An Equal Opportunity Employer 

FEDERAL ELECTRIC CORPORATION ITT 

New Positions with 

BELL AEROSYSTEMS CO. 
IN 

COMMUNICATIONS 
RESEARCH 
& ADVANCED 
DEVELOPMENT 
IN TUCSON, ARILON 

To meet the increasing need for advanced knowledge in the communica-
tions area, Bell Aerosystems Company is expanding, creating new positions 
for Research Scientists. Programs will be undertaken in research and ad-
vanced development in the general technical areas of modulation and de-
modulation, information theory and communication in the presence of 
noise and interference as applied to: 

ELECTROMAGNETIC INTERFERENCE 
SPECTRUM UTILIZATION • SMALL SIGNAL DETECTION 

MODERN COMMUNICATION SYSTEMS 
ELECTROMAGNETIC PROPAGATION 

Permanent positions are immediately available at all professional levels of 
communication engineering for Research Engineers with PhD, MS, or BS 
and some experience related to the areas of study. 

Inquiries are invited. Please address 
Mr. Ned Franklin, Industrial Relations Manager. 

BELL_ ,IXE ROSYSTEMS CC>. 
DIVISION OF BELL AEROSPACE CORPORATION-A t)e -(in011 COMPANY 

1050 East Valencia, Tucson, Arizona 
.;r1 Equal 1)ppommity Employer 

Positions 

Open 
11111111111111 111 1111 11111111111 

(Continued from page 92A) 

SALESMAN 
To sell semi-technical instrument in eastern 

Pennsylvania and Delaware for manufacturers' 
representative on straight commission (no draw, 
no expenses; we handle the product on that ba-
sis). Degree not needed. Age is immaterial so 
long as you possess health and integrity. Write 
Box 2075. 

Ph.D. MICROWAVES AND/OR 
SOLID STATE 

Excellent opportunity for Ph.D. with back-
ground in microwaves and/or solid state. Some 
teaching and some research required. Private 
consulting encouraged. Department has Ph.D. 
program. Good salary and rank arrangements 
will be made for exceptional man from either 
the industrial or academic fields. Address re-
plies to Dr. Fred Schumann, Chairman, Electri-
cal Engineering Department, Vanderbilt Uni-
versity, Nashville, Tennessee. 

ASSOCIATE PROFESSOR ELECTRICAL 
ENGINEERING 

Ph.D. degree required. Salary $7500 to $8000 
per academic year. Opportunity to develop re-
search activity in area of interest. Address re-
plies to: Head, Electrical Engineering Depart-
ment, South Dakota School of Mines and Tech-
nology, Rapid City, South Dakota. 

(Continued on page 98A) 
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Of interest to engineers and scientists 

2-7ee 

AiogP° 
ANTARCTIC RIOMETER PROGRAM 

/0,30 Me -04-.feti-e° 

...one of more than 500 R&D programs under way at Douglas 

This Douglas program is being conducted in 
cooperation with the National Science Founda-
tion with these objectives: 

To investigate the apparent existence of a 
world-wide semi-annual variation in the occur-
rence of polar cap absorption events; to deter-

mine the frequency and time-intensity of solar 
cosmic ray events; to correlate North and South 
Pole riometer measurements and study differ-
ences in the polar ionospheres; to study the ef-
fects of radiation on ionospheric parameters. 
The program will continue through the next 

solar sunspot maximum in 1969. Among other 
aspects, it will be useful in setting up criteria for 
the protection of astronauts from radiation. 

Of career interest to engineers and scientists 

Douglas has entered into a period of greatly 
expanded activity in research programs like the 
one above and huge development projects like 

DOUGLAS/ 

MISSILE tg SPACE SYSTEMS DIV/S/ON 

An equal opportunity employer 

Skybolt, Saturn IV, Rebound, and others. Out-
standing positions are now open in practically 
all scientific and engineering fields related to 
missile systems and space exploration. 

Scholarships and financial assistance are 
available to continue your studies in such near-
by universities as U.C.L.A., Southern Cali-
fornia and Cal Tech. 
Send us your resume or fill out and mail the 

coupon. Within 15 days from the receipt of your 
letter, we will send you specific information on 
opportunities in your field at Douglas. 

Mr. F. V. Edmonds 
Missile and Space Systems Division 
Douglas Aircraft Company 
3000 Ocean Park Boulevard 
Santa Monica, California 

G-4 

Please send me full information on profes-
sional opportunities in my field at Douglas. 

Name 

Engineering or 
scientific field 

Address 

City  State 

— 1 

PROCEEDINGS OF THE IRE September, 1962 97A 



COMPUTERS AND 
CONTROL SYSTEMS 

• OPTICAL SPECIALISTS 

• LOGIC DESIGNERS 

• PROJECT ENGINEERS 

• ADVANCED ELECTRONICS 

Scientists and engineers needed with experience in all phases 
of digital computer and control system design. 

Systems organization, logic design, magnetic core and drum 
memories, dynamic analysis, and electro-optical correlation 
devices. Also advanced areas such as high-speed tunnel-diode 
techniques, thin films, and hybrid analog-digital techniques. 
Applications include airborne digital equipment, numerical 
machine control, photogrammetric equipment, and special-
purpose control computers. Both commercial and military 
programs, emphasizing advanced development and research. 
We think you will find this work unusually stimulating and 
satisfying. Comfortable and pleasant surroundings in suburban 
Detroit. 

If interested, please write or wire A. Capsalis, 

Research Laboratories Division, The Bendix Corporation, 

Southfield, Michigan. 

Research Laboratories Division 

An equal opportunity employer 

T71 rig/We 

CORPOR ATIOs 

PROFESSIONAL GUIDANCE 
YOU CAN TRUST 

A New Concept In Scientific Manpower Recruitment 

POSITIONS 
IMMEDIATELY 
AVAILABLE 
Chief Engineers 
Communications 
Digital Computer 
Logical Design 
Infra Red 
Navigation 
Physicist 
Mathematician 
Operation Research 
Antenna 
Systems 
Quality Assurance 
Circuit Designers 
Inertial Guidance 
Radar 
Semiconductor 

Salaries to $30,000 

Accredited's personalized service has been proved by En-
gineers and Employers for over 25 years. Because of our 
specialized recruiting experience we have been selected by 
over 250 companies all over America as their confidential 
consultants. Excellent positions are available to cover nearly 
every area of professional interest. 

WE DO AU. THE WORK 

No need to interview or write many different companies. 
We will make a conscientious effort to provide you with the 
job you want in almost any location you desire. 

ALL YOU HAVE TO DO IS 

Send us 3 complete resumes, stating your present and de-
sired salary, the kind of work you want and where you 
would like to live. You will get fast action on the job you 
desire. There is NO COST TO YOU! 

HARRY L. BRISK (Member IRE1 

ccredited Wersonnel ervice 
Employment Counselors Since 1937 

Department A 

12 South 12th St., Philadelphia 7, Penna. WAInut 2-4460 

Positions 

Open 
1141111 

(Continued front page 96A) 

Ph.D. ELECTRICAL ENGINEERING 
Unusual opportunity in U.S. Civil Service 

to recent Ph.D. in Electrical Engineering to con-
tinue his research or teaching while administer-
ing Army-sponsored basic research projects at 

U.S. universities, colleges and institutes. Air-

conditioned offices located on the Duke University 
campus immediately adjacent to the Engineering 

College and Physics-Mathematics Diartments. 

Associates on the Engineering Sciences Staff 
active in individual research projects at Duke. 
University campus very attractive in a progres-

sive area of the South. Good family environ-

ment. Civil Service levels begin at GS- 11 
($7560) to GS- 14 ($ 12,210), depending on back-

ground qualifications. Write details of back-
ground or submit a Form 57 ( obtainable at any 

post office) to J. J. Murray. Army Research Of-
fice ( Durham), Box CM. Duke Station, Dur-

h,m. North Carolina. 

ELECTRONIC ENGINEERS 
Electronic Engineers for permanent positions 

with Federal Communications Commission, 

Washington, D.C., GS- 12, $5955 to GS•I3 

$10,635. Must be graduate engineers with good 
knowledge of problems involved in the area of 

space communications. Government will pay ex-

penses for transportation of employee, his fam-
ily, and household goods to Washington. Attrac-

tive fringe benefits include retirement, life and 
health insurance, automatic pay increases. Good 
opportunity to enter goverament career service. 

Reply to Personnel Officer. Federal Communica• 
tions Commission. Washington 25, D.C. 

LIFE SCIENCE ENGINEERS 
The human factor as a design detail is as old 

as engineering; as a studied design factor it is 

relatively new. Engineers with training or ex-

perience in the biological or behavioral sciences 
who are interested in analysis and experimenta-

tion in the areas of terrain-following and other 
radar displays, photointerpretation, advance ve. 
hide handling qualities and heuristic program-

ming techniques are invited to reply to: F. I'. 
Rentschler, Cornell Aeronautical Laboratory, 

Inc.. Buffalo 21. New York. 

RESEARCH ASSOCIATE or 

ASSISTANT PROFESSOR 
Immediate opening for professional-level ap-

plicant as Research Associate or Assistant Pro-

fessor to supervise designing, fabricating, and 

maintaining specialized electronic equipment for 

research in science and engineering. A properly 
qualified person will, if he desires, have the op-

portunity to participate in electronic research 

or teach. A staff member on full-time appoint-

ment may enroll for one course each semester. 

Salary in range of $7500 to $8500. Annual ap-
pointment with one month vacation. Application 

or further inquiry should be made to: Dean 
Virgil W. Adkisson, Research Coordinator, Uni-

versity of Arkansas, Fayetteville, Arkansas. 

ELECTRONIC ENGINEER 
Electronic Engineer, B.S., recent graduate 

with a few years of practical experience in 

electronics or communications, for design and 
field engineering work. Projects will involve in-
strumentation for studies of the auroral iono-

sphere, radio-wave propagation, and geomagne-

tism. Salary in the $900-$1000 per month range. 
Write: Geophysical Institute, University of 

Alaska, College, Alaska. 

(Continued on page 100.4) 
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SO HERSHEIMER 
COMES IN AND 

I TELL HIM 
I'M QUITTING! 

I WANT TO WORK 

WITH A COMPANY 

RUKI BY 
ENGINEERS 

FOR 
ENGINEERS! 

AND HE SAYS 

WHY? YOU'RE 

GETTING AS MUCH 

AS SIEFRIED 
AND LUCAS! 

I WANT FULFILLMENT 

I WANT TO WORK ON 

THE SURVEYOR. 
AT I-4UGHES! 

I\JO MORE ELECTRONIC 

EGG-TIMERS! I'LL 

PE CONTRIBUTING! 

I'LL BE DOING 

SOMETHING SIGNIFICANT! 

SOMETHING INTER-PLANETARY! 

GO I SAID: MONEY! 

WHAT'S MONEY? YOU 

BUSINESSMEN JUST 

DON'T UNDERSTAND 

"re MIND 

OF AN 
ENGINEER! 

JUST -THINK! 
SOMEDAY THERE'LL 

BE A LITTLE 
PIECE OF ME 

ON 11-IE 

MOON! 

BESIDES— 
HUGHES 

IS CLOSER 
TO TH 

13EACH. 

Hughes is hiring! Numerous opportunities now exist in a variety of 
advanced projects and studies. Examples include: The SURVEYOR—which will soft 
land an instrumented payload on the moon, SYNCOM—synchronous-orbit communi-
cations satellite, VATE—automatic test equipment for ballistic missiles, anti- ballistic 
missile defense systems—boost- intercept, mid-course and terminal, and many others. 
Positions are open at all levels for specialists with degrees from accredited universities. 

CONTROLS ENGINEERS. Concerns airborne 
computers and other controls related areas for: 
missiles and space vehicles, satellites, radar 
tracking, control circuitry, control systems, 
control techniques, transistorized equalization 
networks and control servomechanisms. 

CIRCUIT DESIGNERS. Involves analysis and 
synthesis of systems for: telemetering and com-
mand circuits for space vehicles, high efficiency 
power supplies for airborne and space electronic 
systems, space command, space television, guid-
ance and control systems, and many others. 

INFRARED SPECIALISTS. To perform sys-
tems analysis and preliminary design in infrared 
activities for satellite detection and identification, 
air-to-air missiles AICBM, infrared range meas-
urement, air-to-air detection search sets, optical 
systems, detection cryogenics and others. 

SYSTEMS ANALYSTS. To consider such 
basic problems as: requirements of manned space 
flight; automatic target recognition requirements 
for unmanned satellites or high speed strike re-
connaissance systems; IR systems requirements 
for ballistic missile defense. 

Please airmail 
your resume to: 

Mr. Robert A. Martin 

Head of Employment 

Hughes Aerospace Divisions 

11940 W. Jefferson Blvd. 

Culver City 37, California 

Creating a new world wlth Electronics 

1 HUGHES' 

HUGHES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS 

An equal opportunity employer. 
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UTILIZATION 
OF TALENT 
a Specialty at 

• 

àdiihdlIMIlhdid I 

It takes more than knowledge, dedication, and imagination to 
achieve your career objectives. You've also got to pick the right 
company; to work for — one that has a variety of state-of-the-art 
projects. One that's going places. One that knows how to make 
optimum use of good engineering abilities. Motorola is that kind 
of company — a pace-setter that excels in the selective place-
ment of engineers and scientists. If you're looking for the oppor-
tunity to fully utilize your talents on high priority programs, 
write to Phil Nienstedt, Dept. 619. 

SPECIFIC OPPORTUNITIES ARE: 

Antennas and Propagation 
Command and Control 
Missile and 
Space Instrumentation 

Ground Support Equipment 
Digital Logic Systems 
Integrated Circuitry 
Reliability Analysis 
Reliability Program Coordination 

An Equal 
Opportunity 
Employer 

Motorola also offers 

Parts Reliability 
Data Acquisition, Processing 
and Display 

Radar and Radar Transponders 
Guidance and Navigation 
Space Communications 
Telemetry 
Instrumentation and Display 
Test Engineering 

MOTOROLA 
Military Electronics Division 
WESTERN CENTER • P.O. BOX 1417. SCOTTSDALE_ ARIZONA 

opportunities 2;1 Ch -cago, Illinois, and at Cuver City and Riverside. California 

Positions 

Open iItItHHIIlIiiillI 

1 I ,,11i11111,1 /My.' 98A .) 

ELECTRICAL DESIGN ENGINEERS 

Experienced in video-amplifiers and pulse cir-
cuitry design. Familiarity with solid-state devices 
and transistorized circuitry would be desirable. 

Send resume to: George T. Rimbach, 'Supervisor 
of Personnel, HRB-Singer Inc., Science Park. 

l'.0. Box 60, State College, l'a. QuaEfied appli-
cants will hold at least a four-year degree in 

science or engineering with three to five years 
related experience. 

MECHANICAL DESIGN ENGINEERS 

Experienced in military electromechanical as-
semblies and high-speed rotational devices. Send 

resume to: George H. Rimbaclt. Supervisor of 

Personnel. H RII-Singer Inc.. Science Park. 
P.O. Box 60, State College, Pa. Qualified ap-
plicants will hold at least a four-year degree it, 

science or engineering with tltree to five years 

related experience. 

RELIABILITY ENGINEERS 

Knowledge of reliability theory and experi-
ence in military specifications, predicion tech-
niques, and evaluation and testing methods. 

Send resume to: George H. Rimbach, Super-
visor of Personnel, HRB-Singer Inc., Science 

Park, P.O. Box 60, State College, l'a. Quali-

fied applicants will hold at least a four-year de-
gree in science or engineering with three t.i 

live years related experience. 

SUPERVISORY TECHNICAL 
PUBLICATIONS EDITOR 

ncumbent will be the Assistant Technical 

Publications Officer for the Naval Aviation En-
gineering Service Unit. He will supervise the 
publication of the Digest of S. Naval Avi-
ation Electronics and other technical publica-

tions. All manuscript copy will be sulenitted to 
him for review and editing. Ile will supervise a 

group if engineers engaged as writers and a 
clerical force and instruct a continuing chang-
ing group of Naval officers in the art of techni-
cal writing. CS- 12—$8955 per annum. Send 

resume to: Industrial Relations Department, 
Naval Air Material Center, Philadelphia 12. 

Pa. 

TEACHING POSITION 

Ph. D. in Electrical Engineering needed for 

fall quarter. Undergraduate and master's pro-
grams. Nine months contract with sutmner em-

ployment readily available i,n area. Salary good 
and depends on rank and experience. New facil-

ities. Electronics or communications fiekls pref-
crable. Address replies to: Chairman. Depart-
ment of Electrical Engineering, Seattle Univer-

sity. Seattle 22. Washington. 

ELECTRONICS OR RADIO ENGINEER 

Rapidly growing Manufacturing Company. 

employing 160. located near Philadelphia, re-

quires individual with minimum of 3 years ex. 
perience in microwave design and measurements 

to head research and development in the ap-
plication of coaxial cable to high frequency equip. 

ment: B.Sc, in physics or E.E. minitnum re-
quirement, Masters desirable. Send resume and 
salary requirements t., Box #2076. 

CRITICAL VACANCIES AT GRIFFISS AIR 
FORCE BASE, NEW YORK 

Electrical Engineer 
Electronic Engineer 

CS-5 

CS-5 

(Continued on page 

$5335 pa 

$5335 pa 
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Explorers 
in 

the shape 
of 

things to come 

An idea in the mind of man ... tlat's where every 
achievement in the world begins. Peer into the minds 
of Lockheed Scientists and Engineers. There you see 
ideas in the maKing—ideas that some day witl take on 
form and substance. Not all, of course. Some are too 
"far out." But, no matter how visionary, all ideas 
win serious attention. 

As a result, this freedom of imagination has led to 
many distinguished accomplishments at Lockheed. And 
the future holds still more. For, among Lockheed's 
ever-expanding programs are: Spacecraft; Satell:tes; 
Man- M-Space Studies; Hypersonic Manned Aircraft; 
Advanced Heiicopter Design; Sophisticated ASW 
and Ocean Systems. 

Scientists and Engineers who thrive ir. an atmosphere of freedom; whose creative processes flour.sh through 
exchange of ideas; who relish exploring the unexplored—to such men we say: Lockheed has a place 
for you. For example: In Human Factors; Electronics Research; Thermodynamics; Guidance and Control; Stress; 
Servosystems; Reliability; Dynamics; Manufacturing Engineering; Astrophysics; Astrodynamics; Advanced 
Systems Planning; RF Equipment Engineering; Bioastronautios and Soace Medicine; Weapons Effects; 
Aeophysics; Digital Commuricatiors; Antennas and Propagator Engineering; Tracking, Telemetry and Command 
Engineering; Communications Analysis. Send résumé to: Mr. E. W. Des Lauriers, Manager Professional 

Placement Staff, Dept. 1809, 2402 N. Hollywood Way, Burbank, California. An equal opportunity employer. 

LOCKHEED 
CALIFORNIA COMPANY 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 
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An 

Invitation 

to 

ENGINEERS 

AND 

SCIENTISTS 

to investigate challenging as-
signments in Melpar's Aero-
space, Research, and Engineer-
ing Divisions. Assignments 
range from basic research in 
solids and films to the design 
and development of exotic sci-
entific equipment for extrater-
restrial exploration. 

ADVANCED CIRCUIT 

DEVELOPMENT 

SPECIALISTS 

Task requires an engineer with 
several years experience to de-
sign advanced circuits utilizing 
transistors and other solid 
state components. Work in-
volves basic research on circuit 
synthesis and will include de-
velopment of analytical tech-
niques for applying phenomena 
observed in films and surfaces 
to circuit application. An ad-
vanced degree in Electrical En-
gineering desired. 

CIRCUIT DESIGN 

SPECIALISTS 

Task requires an engineer with 
several years experience to de-
sign and develop solid state cir-
cuits for use in new scientific 
equipment. This work will re-
quire close association with 
others working in such disci-
plines as optics, chemistry, 
automatic control theory, and 
mechanical design. 

Write in confidence to: 

John Haverfield 
Manager, 

Professional Placement 

MELPAR i7 INC. 
A Subsidiary of Westinghouse 

Air Brake Co. 

3339 Arlington Blvd., 

Falls Church, Va. 

an equal opportunity employer 

ENGINEERS • PHYSICISTS 
Expansion of our Electron Tube operation in commercial, in-
dustrial and military markets has created several outstanding 
opportunities for qualified candidates. 

Engineers and Physicists with experience or interest in R&D, 
Product Design, Manufacturing Engineering, or Application 
Engineering are invited to explore immediate openings in the 
following areas: 

IMAGE TUBES. Storage tubes and devices, image display 

devices, pick-up tubes, circuitry. 

CATHODE RAY. Black and white picture tubes, industrial 
and military, electro luminescent ferro electric display de-
vices. 

POWER TUBES. Radiation detectors, industrial R.F., mer-
cury pool, high vacuum switch, communication. 

MICROWAVE TUBES. Magnetrons, klystrons, TWT's, spe-
cial electron devices, fundamental study programs on inter-
action circuits, beam study programs. 

Write or send resume to: 

Mr. Wm. Kacala, Technical Recruitin_ 
P.O. Box 284, Elmira, New York 
or phone collect REgent 9-3611 

An Equal Opportunity Employer 

Wptip.ghpg..e 

RESEARCH ENGINEERS AND PHYSICISTS 
UNUSUAL OPPORTUNITIES FOR PROFESSIONAL CAREERS. 

CHALLENGING THEORETICAL PROBLEMS IN: 

• Theory of Communications 
• Self-Adaptive Systems 
• Satellite Systems Studies 

• Nuclear Weapons Effects 
• Space Physics 
• Operations Research 

• Owned and Managed by Employee-Scientists 
• Southwest Climate • Low Population Density 
• Wide Range of Benefits Including Profit Sharing 
• Emphasis Placed on Theoretical Concepts 
• No Hardware Development • Advanced Degree Desirable 

ADDRESS INQUIRIES TO: 

THE 

DI mood 
CORPORATION 

4805 Menaul Blvd. N.E. Albuquerque, N.M. 
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EXPANSION OF INTEGRATED ELECTRONICS PROGRAMS 
CREATES NEW OPENINGS FOR TOP LEVEL SCIENTISTS 

AND ENGINEERS AT DELCO RADIO 

solid state electronics• 
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DELCO RADIO 

DIVISION OF 

GENERAL MOTORS 
KOKOMO, INDIANA 

An equal opportunity employer 

DELCO'S accelerated research effort in the exciting field of 
integrated electronics has created an urgent requirement for 
Ph.D.'s in physics—physical chemistry—metallurgy—and 
mathematics. Also, openings exist in this area for: M.S.— 
chemistry; M.S. (EE)—with good background in circuit anal-
ysis; M.S.—mathematics; B.S.—physics, chemistry, metal-
lurgy and electrical. 

Integrated electronics investigations at Delco are pursued 
in the new Research and Engineering center, where you'll find 
laboratories equipped with the latest in sophisticated research 
facilities. And, the recently completed semiconductor manu-
facturing center features unexcelled capabilities for the pro-
duction of electronic devices. 
Within these outstanding facilities exists an atmosphere of 

professional freedom where individual initiative and ability 
are respected and encouraged. Here, scientists and engineers 
of unusual competence are pioneering in the research, devel-
opment, and production of such solid state devices as very 
high power transistors . . . rectifiers . . . modules . . . static 
power supplies . . . static machine controls . . . computers . . . 
mobile communication equipment . . . and the field that's full 
of Delco firsts—automotive radio design and development. 
Major expansion in device development has created additional 
opportunities in all disciplines: 

• SEMICONDUCTOR DEVICE DEVELOPMENT— 
BS in Physics, Metallurgy or Electrical Engineering; 

minimum of 2 yrs. experience in high current silicon rectifier 
development; must be capable of developing these devices 
and maintaining technical responsibility through pilot pro-
duction. 

• PHYSICISTS, CHEMISTS AND METALLURGISTS 

For semiconductor device development; experience in 
encapsulation, alloying and diffusion, chemistry of semicon-
ductor devices, materials (to lead a program on metallurgical 
research of new semiconductor materials). 

• ELECTRONIC ENGINEERS— 
Experienced in machine controls (relay and/or static) 

to assist in the development and application of static transis-
torized controls. 

• TRANSISTOR PROCESS ENGINEERS— 
MEs to develop and create new processes for manu-

facturing germanium and silicon semiconductor devices and 
to develop automatic and semi-automatic fabrication equip-
ment. Experience preferred. 

If you're looking for an opportunity to fully exercise your personal 
talents ... among men of similar ability ... in unmatched facilities 
...then let us hear from you. Send your resume to the attention of 
Mr. Carl Longshore, Supervisor Salaried Employment. 
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CONTRIBUTE YOUR PROFESSIONAL 

KNOW-HOW to ADVANCED PROJECTS at — 

GENERAL DYNAMICS/ELECTRONICS 

gliiiienternerinnelta 

Openings Available Now in: 

▪ RECONNAISSANCE EQUIPMENT DESIGN 

Engineers at all levels, experienced in design of: 

RECEIVERS 

Panoramic, signal seeking, manually 
tuned. 

DISPLAYS 
Digital, CRT amplitude-time, storage 
tube direction finder, panadapter, 
high-speed pulse recording. 

REMOTE CONTROLS 

Antenna servo followers, antenna and 
receiver remote positioning and tun-
ing. 

DATA HANDLING 

Transistorized timer- programmer, on-
line printer, automatic signal analy-

II ELECTRONIC RECONNAISSANCE 

RELIABILITY ENGINEERS 

BSEE with 3 to 5 years experience. 
Must be systems oriented in the relia-
bility field, preferably with some op-
erations research background. Will be 
responsible for designing and imple-
menting a reliability program on a 
large electronic system and will make 
the necessary data reduction involved 
in such a program. 

DESIGN ENGINEERS 

8S with 8 years experience, of which 
5 must have been in design in two or 

• HYDROACOUSTICS 

ser, magnetic tape analysis equip-
ment. 

EQUIPMENT INTEGRATION 

Console and rack design, sub- system 
layout and blackbox compatibility, 
design standardization, sub-system 
analysis, man-machine optimum de-
sign, blackbox sub-system specifica-
tions. 

RADIO FREQUENCY 

INTERFERENCE CONTROL 

Analysis of equipment RFI problems, 
establishment of design procedures, 
testing to MIL-I-26600, reports, ven-
dor liaison and direction. 

SYSTEMS 

more of the following: digital, RF, 
pulse, audio, CRT, photorecorders, 
magnetic recorders, pulse multiplex 
and frequency multiplex. To assist in 
evaluation of complex electronic re-
connaissance systems. 

DESIGN ENGINEERS 

BS with 3 to 5 years experience in RF 
and microwave receivers, digital dis-
play circuits, data handling and CRT 
displays including storage tube cir-
cuits. To assist in evaluation of com-
plex electronic reconnaissance sys-
tems. 

SENIOR SONICS ENGINEER 

BS or MS in ME or Physics with at least 5 years experience in Industrial 
Sorties. Should have background in sonic cleaning, processing and impact 
drilling plus a basic knowledge of acoustics, general physics and chemistry. 

• TEST EQUIPMENT & INSTALLATIONS 

PROJECT ENGINEERS 

To supervise design and integration of test stations. Knowledge should include 
I or more of the following areas: flight control systems, radar indicators, 
HF-VHF navigation and communication equipment, microwave equipment, an-
tenna systems and ECM. Should be familiar with all types of testing tech-
niques and equipment associated with particular areas of interest. BSEE. 

SENIOR DESIGN ENGINEERS 

MEE with thorough background in one of the following: microwave signal 
generators and receivers; low frequency signal generators, HF-UHF signal gen-
erators, digital and pulse circuits. AGE Systems. 

• TECHNICAL WRITING 
Requires thorough background in the electronics industry in preparation of 
military handbooks and manuals or in engineering proposals. 

For more informat•  on the areas discussed above, and 
how your background might be utilized in one of these 
programs, send a re,tune to Mr. M. J. Downey, Dept. 20. 

G11111 ID 
GENERAL DYNAMICS I ELECTRONICS 

ROCHESTER aN Eoup, oPPORTuN1TY EMPLOYER 

1400 N. Goodman St., Rochester 3, New York 

Positions 

Open 

(Continued from page 100A) 

Electronic Engineer 
(Electro-Magnetics 

Medical Officer 
(Occupational Health & 

Medicine) 

*Radar Repairer 

*Ground Radio Installer 
*Radar Repairer W.11 $2.66 ph 
"—Positions require 75% travel along the East-

ern Seaboard. 

GS-I1 $8340 pa 

CS- 12 $8955 pa 
W-8 $2.41 ph 

W-8 $2.41 ph 

POTENTIAL CHIEF ENGINEER 
Minimum 5 year experience, semi-conductor 

and vacuum tubes, circuit design, degree re-
quired, test equipment experience desirable. 

Opportunity to become Chief Engineer of a 
small growing test equipment manufacturer. 

Send resume of education and experience to: 

Dynatran Electronics Corp., 173 Herricks Rd., 

Mineola, Long Island, New York. 

00 
f›......Positions A 

ILt--7 Wanted 443E\ 

1111 

By Armed Forces Veterans 

In order to give a reasonably equal op-
portunity to all applicants and to avoid 
overcrowding of the corresponding col-
umn, the following rules have been 
adopted: 
The IRE publishes free of charge 

notices of positions wanted by IRE mem-
bers who are now in the Sesvice or have 
received an honorable discharge. Such 
notices should not have more than five 
lines. They may be inserted only after a 
lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
IRE necessarily reserves the right to 
decline any announcement without assign-
ruent of reason. 

Address replies to box number indi-
cated, c/o IRE, 1 East 79th St., New 
York 21, N.Y. 

FLORIDA SALES REPRESENTATIVE 

An aggressive engineer with M B A and es-

tablished O.E.M. contacts is available to sell 
your electronic instruments or components. Age 

30, married. Ultimate goal is to establish a rep-
resentative organization. Box '3994 W. 

PUBLICATIONS ENGINEER, SENIOR 

Experience: Supervisor, computer manuals 

group; 18 years experience in electronics and 
writing. Graduate of Capitol Radio Eng. Inst., 
B.A. in English at Univ. of Md. 30 sem. units 

graduate study its English plus misc. training 
courses in electronics. Box 390.'1 W. 

MICROMINIATURE COMPONENT 
ENGINEER 

Graduate engineer, age 35, with ten years' ex-

perience in design, development and production 
of semiconductors, resistors, capacitors and mi-
crominiature circuits, seeks responsible position 

with manufacturer or user. Experience includes 

semiconductor device fabrication. thin filins, 

photolithography, ceramic and glass-to-metal 
seals, ultramicrominiaturization techniques. Box 

3996 W. 

(Continued on page 107.1) 

s. 
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The moment of insight is a private thing. 

It can happen anytime, anywhere. Somewhere in the mind the barrier to a solution crumbles. Everything suddenly slips into 

place. It can't be forced or commanded. But it comes about most often in a climate of mutual respect and recognition. 

This is the kind of climate you'll find at Northrop. 

You'll also work in a climate of constant professional challenge at Northrop. We have more than 70 active projects in work, 

and we're always evaluating new lines of inquiry. Projects range from space guidance and navigation to automatic checkout 

equipment, from computer design and world-wide communications to laminar flow control. 

On the following pages you'll find some specific positions available now at Northrop Space Laboratories. Look them over. 

One may be just the spot for you. 

But even if you don't find your specialty listed— don't go away. We simply don't have room to mention all the oppor-

tunities to be found throughout Northrop's several divisions. If you're the kind of man who has fresh insights into problems, 

there's bound to be a place for you at Northrop. Write to Dr. Alexander Weir at Northrop N Rum) p 
Corporation, Beverly Hills, Calif., and tell us about you rself.You will receive a prompt reply. 

AN EQUAL OPPORTUNITY EMPLOYER 



NOWHERE TO GO...BUT UP. Growth is the parallel story of PhiIco Western Development Laboratories and the 

career engineers and scientists who have joined WDL and have played roles in communications 

and control systems development for major U. S. space age projects. From a small nucleus. Phi lc° 

WDL has grown to a staff of more than 3000, and the sprawling Palo Ato WDL complex is continu-

ally being expanded with modern laboratories to accommodate the growing staff. Growth means 

that there's work to be done. Growth means a record of achievement. To you, at Philco WDL, growth 

means a real career, opportunity for advancement, opportunity for achievement at the frontier of 

the ration's space age effort. 

Write in confidence for in4ormation on how you can find your career at Phi lco WDL, with the addi-

tional rewards of ideal living on the San Francisco Peninsula and professional and monetary ad-

vancement commensurate with your own ability. Requirements include B.S. or advarced degree 

(electronics, mathematics, physics) and U. S. Citizenship or currently transferable C.O.D. clear-

ance. Address Mr. Patrick Manning, Department R-9. 

PH I LCO WESTERN DEVELOPMENT LABORATORIES 
A SUBSIDIARY CF 3875 Fabian Way, Palo Alto, California 

(70;a9/6JIA.VWvetity, an equal oppprtunity employer 

106A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE September, 1962 



Positions 

Wanted 
1111 11111111111 1111111 11111111111 11111111 1111111111 1I 

By Armed Forces Veterans 
(Continued from page 104A) 

ELECTRONICS TECHNICIAN 

Retiring from military service April 1963 
with twenty years of communications-electron-

ics experience. Graduate civilian and military 
schools. Resume upon request. Box 3997 W. 

COMMUNICATIONS ENGINEER 

Currently recalled as Captain in U.S. Army 
Security Agency. Industrial R & D experience 

in radio DF, communications, satellites, and mil. 

itary communications systems. B.S. and M.S. in 
EE: PE; Ph.D. course work; languages; age 

31; highest clearances.Desires long term assign-
ment in Europe in communication systems engi-

neering or management. Box 3998 W. 

ELECTRICAL ENGINEER 
Elect. Engr. Tech; RCA T3 Grad; Married; 

28; Evening student at CCNY. 2 yrs. with 
switching systems engineering dept. of R & D 

lab. Desires challenging position with room for 
advancement in N.Y.C. Box 3999 W. 

MAINTAINABILITY ENGINEERING 
BSEE: MS Experimental Psychology; 8 years 

experience as electronics technician in military 
and civilian electronics desires position in main-

tainability engineering. Anywhere in the world 

except S. California, U.S. Citizen, formerly 
held Crypto clearance. Married, available approx-

imately September 10, 1962. Write Box 4008 W. 

(Continued on page 108A) 

PROGRAM DIRECTOR 
High Level Systems Mgmt. $24-30,000 

SYSTEMS INTEGRATION 
Major Space Systems $12-20,000 

SATELLITE COMMUNICATIONS DESIGN 
Ground & Airborne Telemetry 

$14-20,000 
SOLID STATE DEVICE 

Lab. Sensor Development $15-20,000 

& RELIABILITY 

Ground & Airborne EE $11-15,000 

SYSTEMS ANALYST 
Complex Weapon System $12-18,000 

SR. TECH. CONTRIBUTOR 
Integrated R & D Lab $16-22,000 

MGR. OPS. RESEARCH 
Develop & Lead Large Group 

$20-25,000 
NUMERICAL ANALYST 

Computer Development $12-18,000 

SENIOR PLANNER 
Pert, Pet, etc. 

SHARP YOUNG EE 

"Jack-of- all-Trades" $8-11,000 

$11-17,000 

Expenses Paid by Employer Clients 

CROSS 
COUNTRY 
CONSULTANTS 

PERSONNEL SEARCH SPECIALISTS 

225 E. REDWOOD ST • BALTIMORE 2. MD • 539.6604 

Designed to Find the 
Creative Engineer and Scientist 

Wanted: Men with fresh insight 

Northrop Space Laboratories needs men whose imaginations are crisp; men who can 

unriddle problems with a fresh point of view. If this describes you, then you'll feel 

at home with us. NSL is new, with the freedom of movement only a new organization 

can have. Its future will be what you can make it. And you'll have the full facilities 

of the Northrop Corporation behind you. Come in now, and grow along with us. 

These key openings are immediately available: 

Solid state physicists, to conduct fundamental research on many-body problems as 

applied to an ultra high pressure program. The goals of this program are to study the 

electrical and physical behavior of materials under ultra high pressure, to investigate 

the origin, history and structure of the moon and planets, and to find ways to utilize 

their natural resources. 

Scientists, to perform research in nuclear and radio chemistry, and to conceive and 

carry out investigations in the fields of activation analysis, dosimetry, gamma ray 

spectrometry, surface phenomena, and numerous other areas. 

Stress analysts, to develop fresh analytical techniques and apply them to new space 

structural concepts; to do stress analysis and design optimization studies on 

advanced space vehicle structures. 

A plasma physicist, to join our growing program in the measurement of plasma 

properties, spectroscopy, diagnostics, accelerators, and power conversion devices. 

A mathematician-physicist, to concentrate on systems analysis and operations 

research applied to military and non-military space systems. 

Physicists experienced in electro-optical imaging devices and laser theory; engineer-
ing mathematicians interested in detection theory, reconnaissance and tracking; 

electronic engineers who know their way around statistical communications theory 

and noise phenomena; for new and original work in satellite detection systems. 

For more information about these and other opportunities, write to W. E. Propst, 

Space Personnel Office, 1111 East Broadway, Haw NoRTHRID p 
thorne, California. You will receive a prompt reply. 

AN EQUAL OPPORTUNITY EMPLOYER 
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Wanted 

trifled Forces Veterans 
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PATENT/ENGINEER 

Examiner. Potent Office, Electro-3I ed. Art. 
Some experience in E. E.. Veteran. Navy Elec-

tronics. it. S. Physics. Desires position in metro-

politon New York City. Write Box 4009 W. 

AUDIO EQUIPMENT DESIGN 

BSEE 1958 (Electronics Option), Georgia 

Tech., age 26, single. Have been on duty in the 

Air Force since January 6, 1959. Desire ulti-
mate employment in audio equipment design. re-

search & development. Available in June or July 

1962. Write Box 4010 W. 

ELECTRICAL ENGINEER 

BE & MS in EE. Registered l'E, California. 
5 years supervisory experience in Navy ( LT 

USSR), including 2 years shipboard and 3 
years instructor duty in U.S. Naval Academy in 

EE. 2 years associated with conduct and adminis-
tration of industrial technical training on ad-

vanced equipment for major firm. Family. Flu-

ent in Spanish. U.S. Citizen. Desire position in 

engineering in Central America because of family 
ties. Write Box 4014 1V. 

ELECTRICAL ENGINEER 

USSR Officer, 25, BS ' 59. Three years su-
pervisory and instructor experience in digital 

computation training program including com-

puter mathematics, programming, transistor and 
logic circuitry. l'revious industrial electronic ex-

perience. Desire opportunity in systems iir coin. 
puler design. Available September 1962, Write 
Box. 4015 \V. 

EASTERN SALES REPRESENTATIVE 

Will provide your compony uith profitable 

sales coverage, liase operations in New York 
City. Near- future expansion to three man or-

ganization. Comprehensive engineering and snar-
keting background in systems, components and ca-
pabilities; electronics optics, electro-optics and 

opto-mechanics: military and commercial. Write 
Box 4016 W. 

Section 

Meetings 

A KRON 

"Proposed Unification of IRE & AIEE," 

Bereskin. University of Cincinnati; Student 
Paper Competition; Joint with AIEE; 3/20/62 

"Information Storage Density of Magnetic Re-
cording & Other Systems," M. Camros, Armor 

Research Foundation; Joint with Cleveland IRE 
Section; 4/12/62. 

"Terminal Air Traffic," R. Meuleman. AVCO; 
Joint with PGANE; 5/15/62. 

Tour of Akron-Canton Airport Facilities; 
6/19/62. 

ALAMOGORD0-11OLLOMAN 

"SYNCOM" (Synchronous Communications 
Satellite). S. Klien, Hughes Aircraft Co.; 6/19/62. 

ALBUQUERQUE-LOS ALAMOS 

Annual Picnic; 6/16/62. 

(Continued on Page 110A) 
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EASTERN OPERATION 
Sylvania Electronic Systems 
100 First Ave., Waltham 54, Mass. 

CENTRAL OPERATION 
Sylvania Electronic Systems 
1100 Wehrle Dr., Williamsville 21, N. Y. 

WESTERN OPERATION 
Sylvania Electronic Systems 
P.O. Box 188, Mountain View, Calif. 

SYSTEMS ENGINEERING 
& MANAGEMENT OPERATION 
Sylvania Electronic Systems 
40 Sylvan Road, Waltham 54, Mass. 

APPLIED RESEARCH LABORATORY 
Sylvania Electronic Systems 
40 Sylvan Road, Waltham 54, Mass. 

PRODUCT SUPPORT ORGANIZATION 
Sylvania Electronic Systems 
1210 VFW Pkwy., West Roxbury, Mass. 
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Evolving ENGINEERS— SCIENTISTS 

the Art and Science of Electronics 
for the Space Age 

The electronics family tree has grown prodigiously from the seeds Clerk Maxwell planted. Today it is putting 
out vigorous new branches: in space/earth communications; in electronic reconnaissance, detection, counter-

measures; in information handling; in complex systems for military command and control of many systems. 

A major contributor in all these areas is Sylvania Electronic Systems, a multi-unit organization of laboratories, 

plants and product support for installations around the free world. This major Sylvania division also conducts 
a large scale Systems Engineering and Management Operation responsible for planning, engineering and direction 
of major government contracts for the parent company, General Telephone & Electronics. 

EXPANDING HORIZONS OF DISCOVERY AND OPPORTUNITY WITH SYLVANIA ELECTRONIC SYSTEMS 
Here a talented man can concentrate on the electronics field of his choice and enjoy advancement opportunities 
at any of 17 research and advanced development laboratories, or with SES's Product Support Organization at 

sites throughout the world. He can change his field, if new interests develop. He can specialize, or become a 
generalist. Behind him is the stability of the entire GT&E complex. 

OPPORTUNITIES AT SYLVANIA ELECTRONIC SYSTEMS LOCATIONS 

APPLIED RESEARCH LABORATORY 
(Suburban Boston) 
Waltham, Mass. 

Central Research Facility for Entire Division. Conducts basic 
& applied investigations related to electronic systems in-
cluding communications, information processing, radio and 
space physics, space techniques, mathematics, engineering, 
operations research. 

RESEARCH ASSIGNMENTS IN: 

(1) Secure Communications Techniques 
(2) Perception & Learning Theory 
(3) Character Recognition 
(4) Speech Recognition 
(5) Operations Research 

EASTERN OPERATION 

(Suburban Boston) Laboratories at 
Waltham, Mass. 

Systems Engineering Laboratory; Microelectronics Labora-
tory; Antenna & Microwave Laboratory; Radio Frequency 
Laboratory. 

R&D ASSIGNMENTS IN: 
(6) Phased Array Radars 
(7) Optical Data Sensing Systems 
(8) Electroluminescent Display Systems 
(9) Microwave & Antenna Systems 
00) Circuitry & Systems Development 

& Analysis 

(Suburban Boston) Laboratories at 
Needham, Mass. 

Programming & Analysis Laboratory; Computer Laboratory; 
Data Conversion Laboratory; Display & Instrumentation 
Laboratory. 

R&D ASSIGNMENTS IN: 

(11) Digital Control Systems 
(12) Special Purpose Data Processing 
(13) Programming Research 

PRODUCT SUPPORT ORGANIZATION 

(Suburban Boston) 
West Roxbury, Mass. 

The organization which assures maximum customer utiliza-
tion and field support of advanced electronics systems 
around the Free World. 

FIELD ENGINEERING ASSIGNMENTS IN: 
(14) Continental U.S. and Overseas 

SYSTEMS ENGINEERING and 
MANAGEMENT OPERATION 

(Suburban Boston) Division 
Headquarters at Waltham, Mass. 

This operation provides advance planning, systems engi-
neering and management to the government for major 
GT&E defense, command and control, and space systems. 

OPPORTUNITIES IN: 

(15) Advanced Systems Planning 
(16) Installation, Test and Customer Training 

CENTRAL OPERATION 

(Suburban Buffalo) Laboratories at 
Williamsville, N. Y. 

Advanced Communications Systems Laboratory; Product 
Engineering Laboratory; Product Development Laboratory. 

R&D ASSIGNMENTS IN: 
(17) Secure Communication Systems 
(18) Microwave, Millimeter & Optical Systems 
(19) Countermeasures Systems 
(20) Navigational Systems 
(21) Antenna, Transmitter & Receiver 

Techniques 

WESTERN OPERATION 

(Suburban San Francisco) 
Laboratories at 
Mountain View, Calif. 

Electronic Defense Laboratories (Advanced Systems & 
Equipment Engineering); Reconnaissance Systems Labora-
tories (Systems Technology & Development Engineering). 

R&D ASSIGNMENTS IN: 

(22) Anti-intrusion anti-missile systems 
(23) Reconnaissance Systems 
(24) ECM & ECCM Techniques 

NOTE: Sylvania Electronic Systems also operates production facilities at Santa Cruz, Calif.; Muncy, Pa.; Buffalo, N. Y.; Needham, Mass. 

I am interested in 

assignments in the 
areas circled: 

1 2 3 4 5 6 

7 8 9 10 11 12 

13 14 15 16 17 18 

19 20 21 22 23 24 

Degree(s) 

and Year(s) 
Obtained: 

BS: 19_ 
MS • 19_ 

PhD- 19  
Title of 
Present 
Position . 

For further information about openings with Sylvania 
Electronic Systems, fill in coupon and mail to your 
location preference — 
Attention: MANAGER, PROFESSIONAL STAFFING. 

Name 

Address  

City 7one State  

SYLVANIA ELECTRONIC SYSTEMS 
Government Systems Management 

for GENERAL TELEPHONE 'ELECTRONICS 

An Equal Opportunity Employer 

6ElltRAL 

svs/s. 



SERVO ENGINEERS 
C AR EER 

APPOINTMENTS 

The Applied Physics Laboratory 

of The Johns Hopkins University 
offers several attractive career 

appointments to men with B.S. or 
M.S. degrees in Mechanical or 
Electrical Engineering and with 
approximately five years' expe-

rience in electro-mechanical-hy-
draulic servo analysis, design, and 
evaluation. 

The staff members in this group 
will conduct theoretical analyses 
of the requirements for high per-
formance servos for missile con-

trol systems; design and develop 

experimental and prototype hard-
ware; and engage in tests and 

evaluation of noise saturation 
characteristics, hydraulic ampli-

fier transfer values, impedance 
characteristics of hydraulic lines, 

and feedback characteristics. 

A PL is the creator of complete 
missile and satellite systems in-

cluding Transit, Typhon, lidos, 
Tartar, and Terrier. Its modern 
laboratory is located an equal 

distance between Washington, 
D. C. and Baltimore—giving you 
a choice of country, suburban, or 
city living. Several nearby uni-

versities offer graduate study. 
Public schools in the area rate 
among the best in the nation. 

Direct your inquiry to: 

Professional Staff Appointments 

The Applied Physics Laboratory 
The Johns Hopkins University 

8603 Georgia Avenue 
Silver Spring, Maryland 
(Residential suburb of 
Washington, D. C.) 
AN EQUAL OPPORTUNITY EMPLOYER 

Section 

Meetings 

(Continued from page 108A) 

ATLANTA 

"Communications, Present and Future," J. W. 
Travis, Southern Bell Telephone Co.; Election of 
officers; 6 '22/62. 

BAY OF QI•INTE 

"Flying Saucers." W. L. Smith. Dept. of 
ransport; 2/21/62. 

"The RCAF Intergrated Data Processing Sys-

tem for Inventory Control." G. C. Mansell, Data 
Processing Air Material Command; 3/21/62. 

"Nits, Bits, and Dits," R. N. E. Naughton, 

Bell Telphone Co.; Report on the 1962 International 

IRE Convention; K. V. Burkett; 4 ' 19 "62. 
Annual Dinner; Election of officers; 5 23/62. 

BINGHAMTON 

"A Method of Defining PPI Resolution." 
D. %V. Deno, G. E. Co.; "An Electrical-Optical 
Analogy" F. Saltz, IBM; "Predicing Transistor 
Turn-on Delay Time in the Common Emitter 
Configuration," R. J. Wilfinger, IBM; "Channel 

Capacity of a Realizable Passive Two-Port." T. B. 
Horgan, IBM; 6/18/62. 

CEDAR RAPIDS 

"The History of Avionics," R. Bruland, Collins 
Radio Co.; 5 16/62. 

Annual Picnic; 6 ' 16 '62. 

CENTRAL PENNSYLVANIA 

"Radiation Experiments with the Tiros 
Weather Satellite," W. Nordberg, NASA, Garddard 
Space Flight Center; Joint Banquet Meeting with 
AIEE; 4/16/62. 

"The IRE-AIEE Merger," A. B. Bereskin, 
Univ. of Cincinnati; Joint with AIEE and IRE 
%Villiamsport and Emporium Sections; 5/8/62. 

CHINA LAKE 

"Electronics in Everyday Life," R. G. S. 
Sewell. U. S. Naval Ordnance Test Station; 
6/21/62. 

CONNECTICUT 

"Interaction of Light Waves in Non-Linear 
Dielectrics," N. Bloembergen, Harvard Univer-

sity: 4/19/62. 
Discussion on " Engineering Education," W. A. 

Shaw, So. New Eng. Tel. Co.; W. P. Berggren, 

College of Engrg. Univ. of Bridgeport; W. R. 
Bush, Hamilton Std. Div.; F. Zweig, Vale School 
of Engrg.; R. E. Evans, Remmington Arms Co.; 

A. B. Bronwell, Univ. of Conn.; Joint with Fair-
field County Subsection; 5/17/62. 

"A Family Plan for Radiation Survival." 
P. P. F. Bujalski & H. FI. Gatch, Jr.. Windsor 

Locks & Self, Mystic; Election of officers; Joint 
with PGNS; 6 ' 7 '62. 

DENVER 

"New Trends in Electrical Energy Generation," 

L. F. Epstein, G. E. Co.; 3/9/62. 
"Professionalism in Engineering." L. M. 

Robertson, Public Service Company of Colo.; 
4/20/62. 

"Teaching Machines," R. deKeiffer, Univ. of 
Colorado; Election of officers; 5,'25/62. 

DETROIT 

"What Every Engineer's 'ife Should Know," 

W. Kock, Bendix Systems Div.; Election of officers; 
6/5 /62. 

EL PASO 

"Ultra- Reliable Potentiometers," K. Doty. 
Trimpot Corp.; 4/26/62. 

(Continued on page 112A) 

Make your reservation now — Plan to Attend the Seventh 

CONFERENCE ON COMMUNICATIONS 

Cedar Rapids, Iowa 

Roosevelt Hotel 

For Information on Registration 

J. D. Duncan 

P.O. Box 948 

Cedar Rapids, Iowa 

September 21 & 22 

and Housing Contact: 

Sponsored by the cedar rapids section 

1.• 
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I ELECTRO -PHYSICS 

LABORATORIES 

NATURE, 

THE 

UNBOUNDED 

VARIABLE 

The Electro-Physics Laboratories' research 
areas are too new to be marked by beaten paths. 
Our scientists and engineers are engaged in a 
number of advanced projects, including investi-
gations of ionospheric propagation (in general 
and as applied to communications), the develop-
ment of unique long-distance communications 
techniques, and investigation of upper atmosphere 
phenomena by means of unusual rocket probe 
techniques. 

Outstanding career opportunities for scientists 
and engineers are now available in these and 
other research fields. You will find at Electro-
Physics Laboratories a stimulating, creative 
atmosphere in which ideas can flow freely and in 
which the rewards are equal to the challenges. 
Research staff members guide their projects from 
the concept stage, to applied research, to proto-
type development. Freed from administrative 
burdens, they focus their full talents on the 
scientific aspects of assignments, while the im-
portance of the research effort gives each staff 
member a very real feeling of contributing to our 
national purpose. 

For additional information, please send your 
resume to: 
Mr. William T. Whelan 
Director of Research and Development 

ACF ELECTRONICS 
DIVISION 

ACF INDUSTRIES 

3355 52NDAVENUE, HYATTSVILLE, MARYLAND (A RESIDENTIAL SUBURB OF WASHINGTON, D.C.) AN EQUAL OPPORTUNITY EMPLOYER 
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scientific careers 

WHERE ENGINEERING 

AND PRODUCTION 

JOIN FORCES 
HRB-SINGER MANUFACTURING SERVICES DIVISION' 

Exciting careers in technical production are attracting engineers 
with the highest qualifications to HRB's Manufacturing Services 
Division. This unusual production facility is fabricating state-of-the-
art components, sub-assemblies of major defense systems and com-
plete infrared reconnaissance systems. 
The Division maintains the following modern facilities: Production 

Department, Mechanical Design and Drafting, Etched Circuitry, Ma-
chine Shop, and Quality Control and Testing. These facilities offer the 
engineer the opportunity to choose his work from all lines of technical 
production, from conception and design to fabrication, check out and 
field test. Close liaison with HRB's R and D departments helps the 
Division engineer keep abreast of new concepts and developments in 
the industry. 

In addition to this excellent technical environment, HRB offers un-
usual employee benefits. These include company-paid graduate study 
at The Pennsylvania State University, generous hospitalization, life 
insurance and vacation programs as well as a company-paid retire-
ment program. 

If you are interested in learning more about carees opportunities at HRB-Singer, write 

George H. Rimbach, Supervisor of Personnel, Dept. R-3. 

*for technical data write Dept. MSD. 

An equal opportunity employer 

HRB-SINGER, INC. 

A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 

Science Park, P.O. Box 60, State College, Pa. 

tà  Section 
Meetings 

(Continued from page 11(1A) 

Tour of Precision Measurements Lab. at 
Biggs AFB; 5/31/62. 

Election of officers; 6/28/6.2. 

EMPORIUM 

"The Proposed IRE/AIEE Merger." A. Here-
skin. Univ. of Cincinnati; 5/15/62. 

"Why We Must Go Into Space," W. R. Doren-
berger, Bell Aerosystems Co.; 6112/62. 

EVANSVI LLE-OWENSHORO 

Annual Picnic; 6/10/62. 

FLORIDA W EST COAST 

"Future of Electronics in the Ilome," t*. A. 
Sadlow, Westinghouse; 6/20 /62 

FORT UACHUCA 

"The Myth of Electronic Warfare." \V. ltr ant, 
TPED; Election of Officers; 6/26/62. 

FORT W AYNE 

"I-low to Succeed in Busine in Spite of Being 
an Engineer." E. A. White, Bowmar Instrument 

Corp.; Election of officers; 6,7 152. 

GENEVA 

"The International Astronautical Federation," 
L. P. Shepherd, IAF; Films—USA Space Flight- - 
Glenn.; "USSR Space Flight—Again to the Stars"; 
5 /29/62. 

Films—"CSA Space Flight." 'Friendship 7"; 
"USSR Space Flight." "Gagarin Flight"; 6 662. 

HAWAII 

Election of Officers; 6/23./62. 

ISRAEL 

Lecture Series -- "Sensory Information and the 

Electrical Activity of the Brain," W. A. Rosenblith, 
MIT; 4 3-5-9/62. 

LAS VEGAS 

"Proposed IRE/AIEE Merer." I). Reynolds, 
Univ. of Washington; 6/25/62. 

LITTLE ROCK 

"Voices from the Sky," R. Cook, SI ntlimestern 
Bell Telephone Co.; 5/28/62. 

1.1:BBC/CI: 

"Project Mercury," C. Boaz. Southwestern 
Bell Telephone Co.; 6 19 62. 

M [ run 

"A Decade of Growth in Electronics," D. R. 
Hull, USN. retired; 4/19/62. 

Student Papers Contest —"Photo Multipliers," 
R. Buckley; " Electronically Measured Water Ski 

Jumps," R. Couch; "Automatically Controlled 
Power Supplies," R. Craig; "Mirror Theory in 

Plasmas," S. Jacobson; "Cryogenics," J. Weber: 
Univ. of Miami; 5/23/62. 

"Birth of a Section," P. H. Craig, Airpax Co.; 
"The AIEE and Unity." R. H. Stevens, Florida 
Power and Light Co.; "The Role of a Student in a 

Profession," F. B. Lucas. Univ. of Miami; "What 
is a Region," M. R. Briggs, Westnghouse Electric 
Corp.; " Electronics, Men and Machines," P. E. 
llaggerty. President of IRE; 6/16.62. 

MONTREAL 

"Reliability—The Prospect Before Us," I. 
Kirkpatrick. RCA Victor Co.; Election of Officers; 
6/13/62. 

(Continued on page 116.4) 
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A personal invitation from 

Mr. W. T. Noll, Vice President and 

General Manager of Honeywell's 

Aeronautical Division in Minneapolis 

What opportunities does Honeywell-Aero offer you? Read the stories of these 

6 engineers...and why 
they moved to Honeywell 

Don Walker, 
Materials Engineering 
(Formerly of California) 

"I was first attracted to Honeywell 
by the top level importance of the 
work I'd be doing, along with the 
creative freedom I'd have. The po-
tential challenge offered by Honey-
well's broad programs in the space 
and missile field were of prime 
importance to me. After I arrived 
here I quickly became aware of 
other advantages, such as the 
number of lakes and variety of 
summer activities available." 

Gordon Handberg 
Aerospace Development 
(Formerly of Fort Worth, Texas) 

"The Honeywell-Aero Division 
knows where it's going and what 
it's doing. And the supervisors know 
what they're after. Yet there's a tre-
mendous amount of freedom here. 
The supervisor tells the engineer 
what needs to be done but doesn't 
necessarily specify the mechanism 
for getting it done; that's left up to 
the engineer. Besides, the engi-
neer has a knowledge of his project 
from beginning to end." 

e Don Drung, 
Marine Systems 
(Recently from Ohio) 

"The nature of my work is chal-
lenging— I'm working with top level 
people on the most important engi-
neering projects that exist today. 
And I have a good deal of working 
freedom. There's also a sufficient 
volume and variety of work to mean 
security for the individual engineer. 
And in many fields Honeywell-Aero 
is leading the industry. Besides 
this, the locale offers good fishing 
and The Minnesota Twins." 

"The men you see on these pages are repre-
sentative of the hundreds of scientists and 
engineers who are finding rewarding work and 
careers at Honeywell. 

At Honeywell we believe in and provide these 
things: freedom to create; a highly personal 
atmosphere; time to pursue individual con-
cepts; a chance to work on the nation's most 
important aerospace projects; pleasant, un-
regimented working conditions; company-
supported educational opportunities. 

If you would like to 
know what Honeywell 
can offer you, fill out 
and mail this inquiry 
card. It will be held in 
strictest confidence. 
You will be personal-
ly contacted by a 
member of our pro-
fessional staff in your 
career field." 
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Dale Gunderson, Computer 
Systems Research 
(Recently from New Jersey) 

The Aeronautical Division of 
Honeywell offers me a lot of oppor-
tunity for advancement in my field 
of interest ... computers. Incident-
ally, Minneapolis is one of the lead-
ing computer centers in the country. 
Besides, we enjoy the advantages 
of this area: Uncrowded conditions 
(I live just 10 minutes from work in 
a really nice suburb), first rate 
schools, outdoor life." 

Sheldon Sorensen, 
Data Proc. and Comp. 
(Native Minnesotan) 

"First, as a mathematician I felt 
Honeywell offered me challenging 
and financially rewarding work. 
Second, here the individual is im-
portant. Third, the area has all the 
cultural and social advantages of 
the largest cities in the country 
(big- league sports, symphony, art 
centers, top level schools, etc.) yet 
manages to maintain a warm, 
friendly atmosphere." 

Norman Schamber 
Evaluation Engineer 
(Recently from Utah) 

"I knew that at Honeywell I'd be 
working on challenging engineer-
ing problems. I also knew that if I 
could help solve them, this is the 
kind of company that would give 
me recognition and advancement. 
In addition, this is a fine section 
of the country to live in, especially 
from the standpoint of education 
facilities and the caliber and sta-
bility of the people." 

Right now we have openings for scientists and engineers to work on 

projects like Apollo, Mercury, Gemini and X-15 

Instrumentation and Displays Engineer • Circuit Engineer • Packag-
ing Engineer • Microelectronics Engineer • Airborne Display & 
Control Engineers • Engineering Project Administrators • Semicon-

17:1 
ductor Applications Engineers • Reliability Engineers • Applied 
Mathematicians • Vehicle Flight Controls Systems Analysts • Flight 
Cont. Systems Engineer • Flight Ref. & Nay. Systems Dey. Engineers 

If you are interested in knowing more about a professional career with Honeywell 
in Minneapolis, fill in and mail the inquiry card attached to this ad, or write Mr. 
Roy Richardson, Director of Technical Service, Minneapolis- Honeywell, Aero-
nautical Division, 2660 Ridgway Road, Minneapolis 40, Minn. 

To explore professional opportunities in other Honeywell locations, coast-to-coast, 
send your application in confidence, to Mr. H. G. Eckstrom, Minneapolis-Honeywell, 
Minneapolis 8, Minnesota. 

WE ARE AN EQUAL OPPORTUNITY EMPLOYER 

Honeywell 
ierbieethf,pitd.e. H 
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The great paradox of our time, perhaps of all time, 
is that peace depends on our capacity to fight a 
war. Thus the person who contributes to our military 
strength, contributes to the cause of world peace. 

MITRE's contribution is the design of command 
and control systems to give our military command-
ers the means to detect attack and retaliate. 

The men who design these systems must think in 
terms of war and military operations — weapons, 
logistics, communications, intelligence, ability to 
destroy and ability to survive. They must be able to 
predict and solve the problems of future military 
command within the reality of existing or predict-
able electronic capability. 

We call this" Military Command Technology." 

MITRE's specific assignment is the design, de-
velopment, evaluation, and integration of several 
interrelated, constantly evolving systems. It en-
compasses Command Systems (such as NORAD); 

Control Systems (such as SAGE); Intelligence Sys-
tems (such as MIDAS); and Warning Systems 
(such as BMEWS). 

The work involves important new areas of tech-
nology in such fields as communications, intelli-
gence, space surveillance, survivability, computer 
applications, data processing and other electronic 
techniques. 

MITRE is located in pleasant, suburban Boston. 
Requirements: B.S., M.S., or Ph.D. in these dis-
ciplines — electronics, physics, and mathematics. 
Rewards are competitive. Openings also available 
in Washington, D.C. and Colorado Springs, Colo. 

Write in confidence to 
Vice President —Tech-
nical Operations, The 
MITRE Corporation, 
Box 208, Dept. 9000, 
Bedford, Mass. 

THE 

CORPORATION 

An Equal Opportunity Employer 

WAR 

How would it be fought? 

What would this nation's strategy be? 

What kind of decisions would have to be made? 

How would the commander command? 

Who and what would survive? 

ete 
MITRE is an independent, nonprofit corporation working with — not in competition with — industry. Formed 
under the sponsorship of the Massachusetts Institute of Technology, MITRE serves as Technical Advisor to the 
Air Force Electronic Systems Division, and is chartered to work for such other Government agencies as FAA. 
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N RESEARCH ENGINEERING 

PROFESSIONAL PERSONNEL 

If your potential is not being recognized, consider the excel-
lent growth atmosphere at NCR: 

• Extensive Company backed R & D 

• New facilities: 40% expansion in building for R & D 

(complete-1963) 

• Advanced programs encompassing major sciences inte-
grated for practical results 

• Excellent employee benefits 

• An aggressive management group 

• Professional advancement encouraged through Company 
sponsored programs 

We have openings at this time as listed below. All are for 
our Dayton, Ohio, R & D Center: 

SENIOR CIRCUIT DESIGNER: 

Familiar with solid-state circuitry; creative; desire to work 
at advanced development stage.* 

THIN FILM: 

Materials research; device development.* 

DATA REDUCTION ENGINEERS/MATHEMATICIANS: 

Large systems background required; project leader experi-

ence; ( military) 

CHEMISTS—RESEARCH: 

Project leader capability; desire background and interest in 
physical chemistry; polymers. 

TEST EQUIPMENT DESIGN ENGINEERS: BS or MSEE 

MECHANICAL DESIGN ENGINEERS: 

Small mechanism experience desired. 

ADVANCED DEVELOPMENT 

PLANNING SPECIALISTS* 

OPERATIONS RESEARCH* 

INTEGRATED ELECTRONICS* 

*These positions are not limited to any special level. PH.D. 
background is preferred for many and some areas of re-
sponsibility involve Management or Technical Director quali-
fications. 

Send your personal letter to: T. F. Wade, Technical Place-
ment, The National Cash Register Company, Main & K 
Streets, Dayton 9, Ohio 

An equal opportunity employer 

SCIENTISTS 

ENGINEERS 

CALIFORNIA 
offers you and your family 

• A world center of the electronic industry for CAREER ADVANCE-

MENT 

• The High Sierra and the Pacific Ocean for RECREATION 

• Some of the nation's finest public schools for your CHILDREN 

• World Famous Universities for ADVANCED STUDY 

• MAJOR CULTURAL CENTERS 
while living in such places as 

Exciting San Francisco 

Fabulous Southern California 

Cultural Palo Alto 

companies pay interview, relocation and agency expenses 

submit resume in confidence to: 

PROFESSIONAL 8( TECHNICAL 
RECRUITING ASSOCIATES 

(a division of the 
Permanent Employment Agency) 

825 San Antonio Rd. 

Palo Alto, Calif. 

Section 

Meetings 

IC Wit ' nut d Poll! page 112‘1) 

NORTHERN NEW JERSEY 

Trip to IBM Research Center; 6/13/62. 

NORTHWEST FLORIDA 

"Naval Mine Warfare and Countermeasures 
Techniques," W. C. Bennett, USN; 5,24/62. 

"Electronics in Archaeology," W. C. Lazarus, 

Eglin Air Force Base; 6/21/62. 

ORLANDO 

"The IRE," P. E. Haggerty, President of IRE; 

"How to Succeed as an Engineer," E. Fallon, The 
Martin Co.; 6/14/62. 

PITTSBURGH 

Panel Discussion—"Why Two Institutes?" 
A. B. Bereskin, Univ. of Cincinnati; W. F. Denk-

haus. Bell Telephone Co.; A. A. Johnson, Westing-
house Electric Corp.; 4/4/62. 

"New Method of Characterizing Nonlinear 
Devices," L. J. Giacoletto, Michigan State Univer-
sity; 5/7/62. 

Boat Cruise along the Mpnongaliela. Ohio 8z 
Allegheny Rivers; 6/16/62. 

QUEBEC 

"Upper Atmospheric Composition Studies Us-
ing Microwaves," J. Beaulieu, Canadian Arma-
ment & Development Est.; Election of officers; 
5/29/62. 

"Structural and Thermal Design of the Topside 
Sounder Satellite," J. Mar, Defence Research 

Telecommunications Est.; 6/19/62. 

(Continued on page 120A) 
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Saturn Launch Vehicle Dyna•Soar Space Glider 

Boeing's Aero-Space Division, holder of major contracts 

on such advanced space programs as SATURN, DvNA-SOAR 

and MINUTEMAN, has a number of immediate, long-range 
openings offering professional challenge, and in many 

instances, unique ground-floor opportunities in newly-
formed divisional organizations. 

ELECTRONIC/ELECTRICAL engineering assignments are 

available in many areas, including the design of electronic 
equipment. the development of improved design techniques. 

electronic parts, electronic packaging techniques and the 

Boeing openings for Electronic / Electrical Engineers 

U.S. Science Pavilion a'. Seattle Wo-ld's Fair 

Fly.casting on Skykomish R:ver near Seattle 

BeaJtiful homes line Seattle's 200 miles of shore 

Mimiterran ICBM 

design and development of improved electronic systems. 

Salaries are commensurate with all levels of education 
and experience. Minimum requirements are a B.S. degree 
in any applicable scientific discipline. Most of the assign-

ments are in the uncongested Pacific Northwest, offering 
outstanding family living and recreational advantages. 

Send your resume, today, to Mr. Lawrence W. Blakeley, 
The Boeing Company, P. 0. Box 3822 - PRS, Seattle 24, 
IT.-shington. Boeing is an equal opportunity employer. 

BISKEZIVG 
Divisions: Military Aitcraft Systems • Transport • Vertoi • AERO-SFACE • Industrial Products— Boeing Scientific Research Laboratories 
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The Lincoln Labora-
tory is a center of 
research and devel-
opment in advanced 
electronics, with 
responsibilities in 
national defense 
and space technol-
ogy. Scientists of 
many disciplines 
participate in a pro-
gram directed to-
ward extending the 
range and depth of 
scientific knowl-
edge and solving 
problems funda-
mental to the se-
curity of the nation. 

• RADIO PHYSICS and AS-

TRONOMY • RE-ENTRY PHYS-

ICS • PENETRATION AIDS • 

TARGET IDENTIFICATION • 

SYSTEMS: Space Surveillance, 

Strategic Communications, In-

tegrated Data Networks • NEW 

RADAR TECHNIQUES SYS-

TEM ANALYSIS • COMMU-

NICATIONS: Techniques, 

Psychology, Theory • INFOR-

MATION PROCESSING • 

SOLID STATE Physics, Chem-

istry, and Metallurgy • A more 

complete description of the Labo-

ratory's work will be sent to you 

upon request. All qualified applicants wIll 

recetve consKleratIon for employment without re-

gard to race, creed, color or national origin. 

IIMMIZIMIN 

Research and Development 0 
LINCOLN LABORATORY 

Massachusetts Institute of Technology 

Box 16 

LEXINGTON 73, MASSACHUSETTS 

Section 

Meetings 

(Continued 1,- at rage 116,1) 

RIO DE JANEIRO 

"The Participation of Brazil in the Experi-

mental Program of Communications via Artificial 
Satellites," J. L. Emerick, RADIONAL; 4/11/62. 

"Inadequacies of Existing Laws Covering Tele-

communications & their Effects on the Country's 
Economy, Administration & Security," J. da Costa 

Vallim, Brazilian Air Force; 5/9/62. 

SAN ANTONIO-AUSTIN 

"LORAN C Long Range Navigation System," 
N. C. Dickerson, Collins Radio Co.; 4/26/62. 

SAN FRANCISCO 

Forum—IRE/AIEE Consolidation; 4/26/62. 

Description of the pseudo-scientific arguments 
that have been employed to bolster or win the 
weaker side of a question, R. Weller, Lockheed 
Missiles & Space Co.; 5/11/62. 

"Listening in on the Universe," C. L. Seeger, 
Stanford University; 6/12/62. 

SCHENECTADY 

"Airborne Particles," T. A. Rich, G. E. Co.; 
6/12/62. 

"Optical Masers," K. Tomiyasu, G. E. Co.; 
5/8/62. 

SHREVEPORT 

"Air Force DATACOM (Phase I—COMIOG-
NET) System," F. W. Schultz, USAF; 5/15/62. 

"Conquest in Communications," J. Z. Millar, 

Western Union Co.; 6/5/62. 

SOUTH CAROLINA 

Social Meeting; Joint with AIEE; 6/13/62. 

TUCSON 

"Lightning," W. Evans, Univ. of Arizona; 

2/15/62. 
"Solar Energy Laboratory," C. Hodges, Univ. 

of Arizona; 3/21/62. 
"Spectrum Conservation and Transmitter Mu-

tual Interference," M. Winkler, RCA; 4/26/62. 
"Fundamental Systems for Producing Pulse 

Code Modulation," G. E. Clark. University of 

Ariz.; "A Voltage Variable Bridge Suitable for 
Automatic Gain Control," G. F. Ingle, Univ. of 

Arizona; 5/16/62. 

VIRGINIA 

Executive Committee Meeting; 6/8/62. 

WESTERN MICHIGAN 

"Transistors and Some of their Applications," 

L. J. Giacoletto, Mich. State Univ.; 4/11/62. 
"FM Multiplexing," D. Wolters, Wood TV; 

5/9/62. 
Tour of WKZO-TV. F. Morse & Engineering 

Personnel; 6/13/62. 

WASHINGTON 

Debate on "Should the IRE & AIEE Merge?" 
W. Pike, R. Voight, S. Bailey, W. Swift; 5/7/62. 

Social Evening; 6/15/62. 

SUBSECTIONS 

CAMBRIDGE 

"Electronic Encephalography," V. H. Fischer, 
Battelle Memorial Inst.; Election of Officers; 

6/26/62. 

CATSKILL 

Annual Dinner Dance; 6/23/62. 

(Continued on page 142A) 

VHF HF 
Communication 

Engineers 
with design and development 

experience in 

IONOSPHERE SOUNDERS 

RECEIVERS 

TRANSMITTERS 

FREQUENCY 
SYNTHESIZERS 

TIMING SYSTEMS 

VIDEO DISPLAYS 

Here is a unique opportunity to join 
a dynamic young company with 
proved accomplishments and an ex-
citing future. The reason — empha-
sis on proprietary equipmentbacked 
by a true understanding of h-f 
communications requirements. 
Some of the other reasons for join-

ing G.A. are: Great opportunities 
for advancement and accomplish-
ment; Excellent stock purchase plan; 
Sound technical management; Liv-
ing at its best in the San Francisco 
Bay Area; Proximity to Stanford Uni-
versity and other excellent educa-
tional facilities. 
For additional information please 

contact Jerry Franks, Personnel Man-
ager, Dept. No. E-7. Send for com-
plete capabilities brochure. Possibil-
ity of local interview by members 
of engineering staff. 

974 Commercial Street, Palo Alto, Calif. 
DAvenport 1-4175 (Area Code 415) 

an equal opportunity employer 
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ENGINEERS, PROGRAM ANALYSTS: 

PROGRAMMERS/ANALYSTS. For reel-time pro-
gramming analysis and development. Broad ac-
tivities encompass advanced programming 

systems, including ipecial color display rou-

tines; diagnostic programs; automatic recovery; 
problem-oriented language; artificial intelligence. 

OPERATIONS ANALYSTS. To establish systems 
requirements in satellite control, air traffic con-

trol. ASW and command/control. Also, assign-
ments in man/machine communications and 
information retrieval. 

An Equal Opportunity Employer 

securing man's 
control of the 
complex weapons 
he has invented 
Factoring into large scale command and control systems 
the latest advances in all relevant technologies is a con-
tinuing responsibility of ITT's International Electric 
Corporation. 

Currently, IEC engineers and 
scientists are adding a remark-
able new capability to the SAC 
Command and Control System 
465-L: data presentation in color. 

Operating at speeds that appeared incredible only a short 
time ago, the system enables computer outputs to be con-
verted to alpha-numeric form ... photographed ... devel-
oped and projected on control center screens in as many 
as 7 colors in a matter of seconds. 

This new capability opens up a whole new field of data 
format techniques to be explored. An obvious and imme-
diate value is the enhancement of human perception 
through color changes denoting differing degrees of situa-
tion criticality. 

OPPORTUNITIES IN MANY COMMAND AND CONTROL 
AREAS NOW OPEN TO SYSTEMS ENGINEERS AND SENIOR 
PROGRAMMERS 

Many of these positions are on 465-L, for which IEC is pro-
viding systems management, development and design. 
Other opportunities relate to large-scale commercial digital 
communication systems, oceanic systems, and satellite 
control. Your inquiry about any of the positions listed below 
will receive immediate attention. 

SYSTEMS IMPLEMENTATION ENGINEERS. Elec-

tronic engineers to develop tests for stressing 
and evaluating communication-display-computer 

systems. Recommend improvement and rafine-

ments. Also, field positions for installation and 

integration of digital comnand/control syeems. 

INFORMATION SYSTEMS ENGINEERS. For de-

sign of command/control and advanced com-
munications systems. Experience in traffic, 

antenna and propagation theory, and mathe-
matics as applied to communications and space 
technology. 

DIGITAL SYSTEMS ENGINEERS. Engineers with 

management ability to direct sub-systems en-
gineering effort on a global command/control 

system. Experience is desired in message traffic 

control, data processing systems, data display 
and multi-sequencing techniques. 

Write fully in confidence to Mr. E. A. Smith, 
Rm. II, ITT- International Electric Corporation, 

Route 17 & Garden State Parkway, Paramus, 
New Jersey. 

INTERNATIONAL ELECTRIC CORPORATION ITT 



Systems, Design, 

Development 

PHYSICISTS 

opportunity 
and 
advancement 
are 

`GO' 
at VITRO! 
DYNAMIC EXPANSION 

CREATES NEW 

CAREER POSITIONS 
Vitro Laboratories is expanding on all fronts . . . 
missile systems engineering ... design and devel-
opment ... analysis ... research and study. We 
are stretching the parameters of knowledge in 
space, in the air, on the ground and underseas. 
We invite you to enter the "go" climate of Vitro. 

Vitro is a good place to work. Here you will find a 
professional atmosphere conducive to original and 
imaginative thinking. Skilled clerical and tech-
nical support frees you to concentrate on the crea-
tive aspects of your assignments, and salaries are 
at a level worthy of your attention. You will advance 
as fast as your talents allow. 

Career appointments are available immediately in 
the following areas: 

MISSILE SYSTEMS ENGINEERING 

Polaris, Typhon, Tales, Tartar 

DESIGN & DEVELOPMENT 

Digital equipment 

AS« equipment 

Underwater vehicles 

Simulators • Torpedoes 

Electro-mechanical launching equipment 

ANALYSIS 

Radar and IR systems 

Digital and analog equipment 

Fire control systems 

RESEARCH & STUDY 

Reliability and feasibility studies 

Basic and applied research 

Weapons systems analysis 

Acoustic studies 

ASW studies 

WRITE OR PHONE COLLECT for details: 
Manager, Professional Employment 

1/131 -2 7 LABORATOR/ES 
Division of Vitro Corporation of America 
Dept 225 14000 Georgia Ave 
Silver Spring, Maryland 
(Residential suburb of Washington, D. C.) 
Phone: WHitehall 2-7200 
An equal opportunity employer 

Membership 

(LontInued train page 80.4) 

Fitzgerald, C. S., Arlington, Mass. 

Fondeur, R. H., Levittown, N. J. 
Fowler, A. M., Jr., Anaheim, Calif. 

Fox, J. O., North Highlands, Calif. 

Frank, R., Palo Alto, Calif. 

Freeman, G. G., Compton, Calif. 

Frost, P. A., Rockville, Conn. 

Funk, R. R., Framingham, Mass. 

Gallup, B. H., Rome, N. Y. 

Garside, E. L., Blackwood, N. J. 

Geckos, G. J., Chicago, Ill. 

Celinas, R. B., Redwood City, Calif. 

Gianaris, G. N., Orlando, Fla. 

Giordano, J. A., Glen Burnie, Md. 

Green, M. A., Brunswick, Me. 

Grieshaber, G. H., Camillus, N. Y. 

Gross, J. L., Baltimore, Md. 
Hahn, G. M., Monterey, Calif. 

}laid', R. D., Rochester, N. Y. 

Hall, M. E., Visalia, Calif. 

Hall, R. T., Forest Hills, L. I., N. Y. 
Harlan, W. T., Richardson, Tex. 

Harris, D. L., Dallas, Tex. 

Hastings, K. E., Rochester. Minn. 

Haymaker, W. G., Jr., Granada Hills, Calif. 

Hennmeller, F., Chicago, Ill. 

(Continued on page 124.4) 

Use your 

IRE DIRECTORY 

It's valuable! 

e Engineering Management iS 
Several of our prominent scientific clients 
are seeking engineering executives to as-
sume responsible and challenging posi-
tions within their organization. 

CHIEF ENGINEER— 

COMMUNICATIONS LABORATORY 

Technical and administrative responsibility 
in a very active laboratory of approxi-
mately ISO technical personnel engaged in 
both surface and airbcrne application of 
radio and digital communication equip-
ments. The applicant should have a MSEE 
or equivalent and 10 to 15 years experi-
ence in the following arcas: Data Trans-
ceiver Equipment Design, Radio Trans-
mitter and Receiver Design and Transistor 
Circuit Design. Salary 520,000-$25,000. 

DIRECTOR— 

SPACE DEVELOPMENT 

Doctorate level to head space and other 
R & D Projects. Laboratory active in ma-
terial analysis and instrumentation de-
velopment with broad experience in radia-
tion measurement, transistor circuit de-
sign, including digital techniques and of 
miniaturization techniques and packaging. 
Must be capable of directing growing 
group of physicists, electrical and me-
chanical engineers, and managing all as-
pects of projects. Salary $ 18,000-$22,000. 

All fees and relocation expenses paid by 
our client companies. Negotiations will be 
held in strict confidence. 

For further information please forward 
your resume to: 

Mr. J. Edward Beauregard, Dept. A-9 

EMPLOYMENT SPECIALISTS 
150 Tremont St., Boston I I, Massachusetts 

HAncock 6-8400 

Director of Engineering 
for 

Philips Laboratories 
We are seeking an outstanding engi-
neer offering vigorous and effective 
leadership for a new branch of our 
Laboratories being organized to pro-
vide close support in product devel-
opment for an assemblage of many 
divisions manufacturing devices, com-

ponents and equipments broadly in. 
volving electrical, electronic and 
mechanical technologies. 

OUR NEW DIRECTOR 

OF ENGINEERING should be 

of Ph.D. level in Electrical Engineering or 

Physic' and mum have high technical coin-

petence and broad industrial experience as a 

basis for a productivo cooperation with man-

agers and top technical personnel of divisions 

marketing a wide range of products such as 

power and special purpose tubes, ferrites, 

precision resistors, precision timing devices, 

electromechanical relays, small electric mo-

tors, analytical instrumentation and ethers. 

He will supervise a group of enginerrs who 

will work closely with outstanding scientists 

in our Laboratories to put ideas and inven-

tions arising from our research program into a 

form exploitable by existing or newly created 

operating diviaions. 

He must have the experience based on solid 
accomplishments which will enable him to 

formulate, acquire and lead development pro-
grams under sponsorship of governmen agen-

cies. He will have the initiative to develop 
an engineering groan wità the technical re-

sources required for a substantial and grow-

ing industrial organization involved in corn• 

plea and changing technologies. 

Philips Laboratories has engaged in 
a successful research program, pre-
dominantly company-supported, for 
eighteen years at the present location, 
20 miles north of Times Square. The 
new Director of Engineering will 
participate in the detailed planning 
for new facilities on a 94 acre site 
in Briarcliff Manor just 10 miles 
farther north with access to the heart 
of New York City in less than an 
hour by train or automobile. 

Send detailed letter or resume and 

salary required (in confidence) to: 

Mr. William Arnett 
Exeruare A sais font lo Dires for 

PHILIPS LABORATORIES 
Irvington- On- Hudson, New York 

NORTH AMERICAN 

PHILIPS COMPANY, INC. 

An equal 

opportunit , 

employer 4'ore/comammal 
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One judiciously chosen broken line 
allows a nine oy sixteen rectangle to 
be cut into two parts and rearranged 
to form a twelve by twelve square. 
Before the discovery, trial and error. 
The step- like solution is found only 
when insight, ihe sudden flash, Ach-
phenomenon occurs./The bent to 
strike off in new directions, to con-
sider novel configurations, to try the 
,mined, ;s encouragei at Litton 

NMI 
1111111111111111111111111M 
11111MIIIIMM11111111111 
111111111111111MIMMIIIIIII 

111111111111111111111 
1111111111111111111111.11111111111111 

111111111111" ralli 
MUM 1111111111111111.1 
u... 11111.11111111111 

Systems. If you are eager to exer-
cise your creative hunches and you 
have doable ideas, send a complete 
resume to Mr. Don D. Krause. It will 
receive his immed'ate attention. 

CEI LITTON SYSTEMS, INC. 
Guidance and Control Systems Division 

5500 Canoga Ave., Wocdland Hills. Calif. 

an equal opportunity employer 

Guidance Systems/Control System 

Computers / Computer Components 
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MISSILE 
ELECTRONIC 
ENGINEERS 

...about professional growth, 
advancement and improved 
technical proficiency? They can 
be yours at... 

BENDIX 
YORK 

Immediate Openings At 

ALL LEVELS 
Challenging design opportunities in 

MICROWAVE 
COMPONENTS 
AND SYSTEMS 

RADAR PULSE MODULA-
TORS & VIDEO CIRCUITS 

RADAR TEST EQUIPMENT 

R.F. & I.F. AMPLIFIERS 

TRANSISTOR CIRCUITS 

I.R. SYSTEMS 

WRITE— giving brief outline of your 
education It experience to: 

PROFESSIONAL EMPLOYMENT, DEPT. P 

7,17ftnek, 
CORPORATION 

YORK DIVISION • YORK, PENNSYLVANIA 
on equal opportunity employer 

r' Membership 

(Continued front page 122A) 

Herge, R. R., Hyde Park, N. Y. 
Herman, L. M., Columbus, Ohio 

Herrin, B. G., Santa Maria, Calif. 
Hersey, M. P., Jr., Orinda, Calif. 

Hill, J. W., Walton-on-Thames, Surrey, Eng-
land 

Hiller, J., Sydney, Australia 
Hinshaw, M. L., APO, New York, N. Y. 

Hirschman, M., Utica, N. Y. 

Hornby, B. R. I., Walton-on-Thames, Surrey, 
England 

Horowitz, D. J., Warminster, Pa. 

Hunter, W. P., Oxnard, Calif. 
Iden, C. C., Cambridge, Ohio 

Ikard, W. L., Tulsa, Okla. 

Isaksson, H., Kobenhavn, Valby, Danmark 
Jacobs, H., East Northport, L. I., N. Y. 

Jensen, L. V., Torrance, Calif. 
Jester, C. E., Jackson, Miss. 

Johnston, W. T., Whittier, Calif. 
Judd, M. A., Loveland, Colo. 

Judd, O. P., Los Angeles, Calif. 
Kalos, S., West Hollywood, Fla. 
Kazerman, S., Malden. Mass. 

Kessen, R. F., Columbia, S. C. 

Kessler, I., Rockville, Md. 

Knuth, L. L., Seattle, Wash. 
Kress, J. H., Eau Gallie, Fla. 
Lampos, N. T., West Orange, N. J. 

I.atorre, V. R., Bellevue, Wash. 

Lapanne, L. L., Orlando, Fla. 
Lea, A. T., Bragknell, Berks, England 

Leach, R. F., Lynnfield, Mass. 
LeBlanc, E. A., Huntington, L. I., N. Y. 

(Continued on page 126A) 

PHOENIX 
GOODYEAR AIRCRAFT 

(Arizona Division; 

offers career opportunities that will 
challenge your talent in the technical 
areas listed below. 

SR. DEV. ENG'RS. 
Develop wideband i-f amplifiers, i-f oscil-
lators, i-f isolation amplifiers, and related 
circuits. 
Develop microwave circuits and equipment 
including wave-guide assemblies, and re-
lated circuits. 
Servomechanisms. Develop and design of 
antenna stabilization servo systems. Film 
drive control systems. 
Develop radar transmitters and modulators 
including pulse forming networks, trans-
formers, protection circuits. X-band ampli-
fiers and related circuits. 
Display and pulse circuits. Develop display 
circuits and controls. Bomb navigation cross 
hair circuitry. 

SR. DESIGN ENG'RS. 
Optical design and development. Design 
lenses and complete optical systems. 

SR. PACKAGING ENG'RS. 
Layout packaging and detailing layout of 
electronic sub-assemblies including i-f and 
r-f units. 
Request Application or Send Resume to: 
M. J. McColgan, Engineering Personnel 

Goodyear Aircraft Corporation 
Litchfield Park, Arizona 

An equal opportunity employer. 

Similar positions at Goodyear Aircraft 
Corporation, Akron, Ohio. 

The Measure of an Engineer's Accomplishments . 

As in any complicated formula, an engineer must meas-
ure his accomplishments by three factors: creative 
satisfaction . . . speed of advancement . . . and com-
pensation. Guilford-placed scientists score success on 
all three counts. How do you qualify? 

TOP POSITIONS OPEN—RIGHT AT THIS MOMENT: 

New division—TOP OPENINGS in National Co.. To $ 25,000 

send resume to 

Digital Systems 
_Development Engineer 

Equitable Building • Baltimore 2, Maryland • MUlberry 5-4340 

Rapidly expanding company specializing in on-line digital data 
systems offers outstanding career opportunity to development en-
gineer for system and detailed circuit design. EE or physics degree 
and minimum 2 years experience essential. MSEE and nuclear in-
strumentation background helpful. 

Please send resume, including salary requirements, 
in conzplete confidence to Mr. A. J. Zaremba. 

TECHNICAL 
MEASUREMENT 
CORPORATION 

441 WASHINGTON AVENUE NORTH HAVEN, CONN. 
A uEquid a 
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We've got 
1980 on the 
drawing 
boards. 

41, 

Advanced propulsion- type trajectories 
are more efficient but have low thrJst, 

which causes the rocket to operate over 
most of the trajectory. A typical mission, 
for example, is one where the space-
craft approaches its destination target 
with the same velocity as the target. 

From this information we've been com-
piling, you can find out what payload 
capability an interplanetary mission wili 
have at any date from now to 1980, 
how much gas it's going to cost you, 
and how long it takes to hit target. 

woe. 
Solar probes. Landings on Mars. 
Round trip tra'ectories. That's my field. 
Working on trajectories of future 
spacecraft with advanced propulsion 
systems. Ion propulsion, for example. 

We've been working on advanced 
propulsion trajectories, applying 
optimization theory to come out with 
the best estimate of payload 
capabilities. 

The people I work with are pretty 
hard to beat anywhere. As far as 
being in the midst of things, you'd have 
to go some to find a place like this. 
All the facilities you need. And I'm 

only a 15- minute bike- ride to work. 

The normal chemical rocket has a 
high initial thrust. Everything happens 
all at once, when it leaves the 
Earth. Then it coasts the rest of the 
way with a small maneuver to trim 
tl,Mns in. 

We managed to come UD with 
trajectory techriques that Cor't 
involve the design parameters cf 
existing propulsion systems. It's all in 
a paper I gave at an ARS meeting 
in Son Francisco ast March. 

You've just been talking with Dr. 
William Melbourne of Jet Propulsion 
Laboratory. He's been a- JPL 10 
six years. And he's here to stay. Do 
you feel that way about where you 
are now? If not, why not write 
to JPL today. 

"Research and development for 
America's lunar, planetary and 
interplanetary exploration programs!' 

JET PROPULSION 
LABORATORY 
Operated by California Institute of Technology for 
the National Aeronautics & Space Administration 

4804 Oak Grove Drive, Pasadena, California 

Attention: Personnel Department 

"An equal opportunity employer" 
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WRITE for 
TI R&D 
brochure 

Research Opportunities 
FOR GROUP LEADERS 

at Texas Instruments in 

ANTENNAS 
Eit PROPAGATION 

The study of advanced antenna techniques is cm of 
many interesting investigations in TI's antenna and 
propagation research program. If you wish to combine 
your research interests with the advancement oppor-
tunities offered by a young and vigorous growth com-
pany, investigate employment possibilities at Texas 
Instruments where you will participate in an integrated 
R&D program covering the spectrum from centimeter-
wave through optical frequencies. 

OTHER OPENINGS exist at all experience levels for 
specialists in radar systems, quantum electro-optical 
methods, microwave devices and techniques, communi-
cations systems, and nanosecond digital circuit tech-
niques. 

Engineers and scientists with appropriate education and 
experience backgrounds, who have demonstrated com-
petence in research plus technical leadership capabilities, 
are invited to submit resumes directly to: 

DR. ROBERT MALM, Manager 
Research and Development Dep.2rtmeat 

Dept. 144 

APPARATUS DIVISION 

1-171:,P TEXAS INSTRUM ENTS 
INCORPORATED 

BOX 6013 DALLAS 22, TEXAS 

An Equal Opportunity Employer 

G membership 
(Continued from page 124A) 

Lee, D. R., El Paso, Tex. 
Lee, J. R., Alexandria, Va. 
Leifer, M., Bronx, N. Y. 
Lemay, R. V., Cranston, R. I. 

Leslie, E. B., Wanamassa, N. J. 
Lewis, J. G., Lantana, Fla. 
Lindfors, P. 0., Edwards, Calif. 
Liveley, S. P., Laval Des Rapides, 

Que., Canada 
Lochinger, R. B., Cranbury, N. J. 
Lodge, W. D., Brunswick, Me. 
Lott, L. M., Bethany, Okla. 
Luck, J. 0., Murray Hill, N. J. 
Ludford, J. F., Rome, N. Y. 
Lutz, R. W., Williamstown, Mass. 
MacCormick, A. J. A., Woomera, 

South Australia 
Malagari, P. E., Windsor, N. Y. 
Maravilla, M. M., Tokyo, Japan 
Martin, W. L., Canoga Park, Calif. 
Massa, J. A., Gardena, Calif. 
May, C. B., Ridgecrest, Calif. 
McAhron, M. C., Las Vegas, Nev. 
McBain, R., Chicago, Ill. 
McDonald, J. W., Arlington, Va. 
McDowell, A. N., Amherst, N. H. 
McIntyre, G. W., Kearns, Utah 
McLeod, I. N., Akron, Ohio 
Meeks, A. E., Merrick, L. I., N. Y. 
Meli, J. J., Dayton, Ohio 
Middlestead, R. W., Drexel Hill, Pa. 
Millar, G., Newtownabbey, North Ire-

land 
Miller, J. E., Baltimore, Md. 
Miller, R. W., Canton, N. Y. 

(Continued on 

Mitchell, C. H., San Luis Obispo, 
Calif. 

Mollen, J. C., .,Norwich, N. Y. 
Moore, R. B., Washington, D. C. 
Moran, J. K.. North Babylon, L. 1.. 

N. Y. 
Morton, K. C., Mobile, Ala. 
Nloxley, J. E., Pacoima, Calif. 
Muchow, R. B., Linthicum Heights, 

Md. 
Mueller, K. M., Burlington, Mass. 
Muller, F. A., Amsterdam, Nether-

lands 
Murray, T. K., Jr., Millbrook, N. Y. 
Neilson, R. A., Manhattan Beach, 

Calif. 
Newson, H. R., Syracuse, N. Y. 
Nonokuchi, K., Tokyo, Japan 
Olson, F. J., Costa Mesa, Calif. 
Ostinett, R. J., Fayetteville. N. Y. 
Packard, W. B., Oklahoma City, Okla 
Paine, R. B., Fair Haven, N. J. 
Palmer, J. E., Syracuse, N. Y. 
Patton, G. A., Allentown, Pa. 
Perkins, H. C., Washington, D. C. 
Perry, J. E., Woodland Hills, Calif. 
Pettingill, O. E. Fox Lake, Ill. 
Pfeifer, G. F., Jr., Utica, N. Y. 
Pohlman, R. T., Bountiful, Utah 
l'opp, D. J., Chicago, Ill. 
Rayan, A. A., Amman, Jordan 
Raxter, N. E., Goleta, Calif. 
Reynolds, W. P., Berkeley, Calif. 
Ricketts, T., Dorchester, Mass. 
Riddle, J. E., Woodland Hills, Calif. 

page 128A) 
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DIRECTOR of 
ENGINEERING 

The communications division of an internationally 
known electronics corporation is presently seeking a 
man to become its director of engineering. 

This challenging position has been created due to an 
accelerated expansion program. This man has a mini-
mum of 10 years successful & responsible experience 
which encompasses a broad technical knowledge, a 
thorough knowledge of military specifications and a 
strong background in administration & supervision of 
engineering personnel in both military & commercial 
electronics. 

He will be responsible for our continued and rapidly 
expanding engineering & development programs cover-
ing communications equipments; systems and instru-
mentation. He will be responsible for initiating & de-
veloping program controls necessary to direct & co-
ordinate the activities of several chief engineers super-
vising R & D programs employing over 100 technical 
& professional personnel. 

A BSEE is required; an advanced engineering admin-
istration degree is desirable. Location New York City 
& Northern metropolitan New Jersey. 

Starting salary sis,000+ 

Liberal fringe benefits including stock option 
Oar employees ore aware uf titis 0(1 

Send complete resume to Box 2077, 

Institute of Radio Engineers, 1 E. 79th St., 
New York 21, N.Y. 

an equal opportunity employer 

MeaeigienetneMeMalifflage.:e....gnegaiMiegffleiniiel." 

plan. 
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ELECTRONICKERS 

KEY PERSONNEL is a National 

organization devoted exclusively 

to the selective search for com-

petent careerists among the tech-

nical disciplines. 

Working closely with clients 

Coast to Coast, it is our policy to 

provide a professional service to 

scientists and engineers, that is 

ethical, knowledgable and confi-

dential. Our service is designed 

to provide YOU with a conveni-

ent focal point from which to ex-

plore, easily and efficiently, the 

numerous career opportunities 

existing—anywhere in the U.S. 

Our service to you—the indi-

vidual scientist or engineer—is 

WITHOUT COST since our search 

fees are assumed by our organi-

zational clients, who are Indus-

trial, Defense and non-profit or-

ganizations engaged in the ad-

vancement of the state-of-the-

art. 

We are currently searching to fill 

a broad spectrum of positions 

from semi- junior to General Man-

ager across the entire continent. 

If you would like to explore for 

yourself, our unique approach, 

write for our confidential sum-

mary form or forward a copy of 

your current resume as soon as 

possible: 

John F. Wallace 
Executive Vice President 

KEY 
Personnel Corp. 

440 Tower Bldg. 

Baltimore 2, Md. 

Senior Engineers and Scientists 

GRADUATE STUDY OPPORTUNITIES VIA TV 
AT RAYTHEON'S EXPANDING ASW CENTER 

Academic Advancement A microwave television link between 
Ra)theon's A-SW Center and the University of Rhode Island is pro-
viding unique academic and professional growth opportunities for 
Raytheon engineers and scientists. Two-way audio enables students 
to ask questions and receive answers, just as if they were on campus. 
The time and cost involved in travelling to and from the university 
is completely eliminated. Raytheon spares no expense in providing 
growth potential for its engineers and scientists. 

Challenging Growth Positions Now Highly qualified senior 
and intermediate-level engineers are needed at Raytheon's ASW 
Center in beautiful Portsmouth and Newport. R.I., in the following 
areas: Advanced Systems, Marine Systems, Airborne Systems, 
Mechanical Design, Electrical Design, Transducers. 

Thorough training and considerable experience in one or more of 
these areas may qualify you for one of the above positions: Sonar, 
communications theory, advanced mathematics, computer program-
ming, circuitry design, information theory. detection or fire control 
systems, and servomechanisms. 

Completely Integrated Facility At Raytheon's ASW Center, 
you have the unique and refreshing opportunity to witness the whole 
developmental picture, rather than just a particular segment. Reason: 
complete integration of research, design, development, and produc-

tion — all in one location. This is the first private industrial complex 
in the U.S. devoted to the study of the detection, communications, 
and the classifications of objects in hydrospace. Located in Ports-
mouth and Newport, R.I., in the lovely Narragansett Bay area that 

is noted for leisurely living. 

Please send resume to: 

D. T. Anderson 
Raytheon Company 
Submarine Signal Operation 
Portsmouth, Rhode Island 

RAYTHEON 

An equal opportunity employer 
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Re!)E  

Precision 
Regulated 

.01% 
Transistor Power Module 

SPECIFICATIONS — TP Series: 

• 5 to 41 Volts D.C. 
• Up to 3.5 Amps 
• .01% Regulation 
• 500 µV Max. Ripple 
• Transient Response within 50pSec for 50% change in load 
• Full output to 50°C without heatsink 
• Adjustable overload with automatic reset 

FOR COMPLETE DATA REQUEST TP BULLETIN 

TO OBTAIN IMMEDIATE INFORMATION . . . or if you wish to 
discuss special requirements for D.C. Power Modules CALL US 
DIRECT/COLLECT — ask your local operator for the ACDC Enterprise 
number for your area — or phone us Collect — THornwall 2-7192. 

.r7>  

ED cc ELECTRONICS, INC. 

2979 North Ontario Street Bebank, California 

I Membership 

í dinned Pram page I 2(A ) 

Robison, P. E., Long Branch, N. J. 
Ross, W. R. D., Chambly, Que., 

Canada 
Rote, J. C., Roseland, N. J. 
Roveti, D. K., Washington, D. C. 
Salgarkar, S. N., Bombay, India 
Sasaki, I., Kawasaki, Japan 
Satterfield, M. V. G., l'alos Verdes 

Estates, Calif. 
Scanlan, S. O., Croydon, Surrey, 

England 
Scarbrouglt, H. H., Warrington, Fla. 
Schleicher, C. L., Hicksville, L. I., 

N. Y. 
Schwartz, M. B., Fair Lawn, N. J. 
Seelhoff, H. L., Plymouth, Mich. 
Shajenko, P., Warren, Mich. 
Sharma, P. D., Panjab, India 
Shipman, R. W., Detroit. Mich. 
ShuIts, R. D., Atlanta, Ga. 
Siegel, M. L., Scottsdale. Ariz. 
Simons, E. H., Albuquerque, N. M. 
Slatten, L. L., Manhattan Beach. 

Smith, C. A., London, England 
Soderholm, R. V., Alexardria, Va. 
Stamler, A. D., Fairfax, Va. 
Stirling, N. C., Playa del Rey, Calif. 
Subbarao, M. K., Poona, India 
Sudlow, W. R., Houston, Tex. 
Thomas, G. L., Kokomo, Ind. 
Thomas, W. N., Philadelphia, Pa. 
Toche, C. A., Woodland Hills, Calif. 
Vail, T. E., Pasadena, Calif. 
Van Weelden, R. K., Evanston, Ill. 
Vercillo, A. J., Chicago, Ill. 
Waaben, S. G., Princeton, N. J. 
Watson, T. A., Stamford, Conn. 
Weakley, W. V., Washington, D. C. 
Weinstein, S., Woodbury, L. I., N. Y. 
Wham, R. D., Pfafftown, N. C. 
Whittall, W. J., Aurora, Ont., Canada 
Williamson, W. J., Bayswater, West-

ern Australia 
Wojtasinski, R. J., Jupiter, Fla. 
Woodhull, J. G., Topanga, Calif. 
Woodward, J. C., II, APO, San Fran. 

cisco, Calif. 
Wuerstl, J. D., Los Angeles, Calif. 
Yamada, E. Y., Torrance, Calif. 
Yerry, D. F., Maple Shade, N. J. 
Yim, H. C., Gardena, Calif. 
Yoshida, Y., Tokyo, Japan 

Admission to Associate 
Adams, M. D., Ardsley, Pa. 
Arnold, G. M., Bloomington, Minn. 
Asada, A., Osaka-shi, Japan 
Atwood, C. B., Cincinnati, Ohio 
Austin, H. M., Washington, D. C. 
Beltran, S. F., Mexico, I). F., Mexico 
Beresford, J. C., Montreal, Que., 

Canada 
Beverstock, C. A., APO, New York, 

N. Y. 
Bigelow, H. %V., Washington, D. C. 
Blanchard, F. H., Houston, Tex. 
Brancati, T. A., Commack, L. I., N. Y. 
Brown, D. S., Syracuse, N. Y. 
Buss, A., St. Louis, Mo. 
Capparelli, M. J., Jr., Utica, N. Y. 
Charlton, G. W., Salem, Ill. 
Clark, R. C., Houston, Tex. 
Derby, B. R., Kent, Ohio 
Donahue, F. X., Revere, Mass. 
Dorsey, J. E., Jr., Houston, Tex. 
Dry, J. S., Jr., Orlando, Fla. 
Durand, E. E., Jr., Pewee Valley, Ky. 

1 

Eiland, J. L., Houston, Tex. 
Erhart, R. C., Valley Station, Ky. 
Fong, T. M., Hong Kong 
Forti, J. S., Washington, D. C. 
Fox, M. A., Las Vegas, Nev. 
Genre, M. J., Wayne. Pa. 
Gobel, R. S., Syracuse, N. Y. 
Goldfarb, M. S., South Euclid, Ohio 
Graham, J. W., Lubbock, Tex. 
Griffiths, J. E., Ilford, Essex, England 
Grinnell, B. J., Oweg,é, N. Y. 
Haberman, H., Woodside, L. I., N. Y. 
Hagan, N. A., September Iles, Que., 

Canada 
Haxton, D. W., Goleta, Calif. 
Hayes, E. J., Jr., Talcoma Park, Md. 
Haylock, D. G., San Mateo, Calif. 
Holbrook, P. W., West Swanzey, N. H. 
Horton, R. A., Bellaire, Tex. 
Howard, F. G., Freeport, L. I., N. Y. 
Howe, L. D., Jr., Apalachin, N. Y. 
Jansen, J. C., Oswego,, Ore. 
Jesperson, C. P., Chicago, Ill. 
Kaufmann, L. B., Houston, Tex. 
Krampe, A., Danbury, Conn. 
Lawres, N. I., Glen Cove, L. I., N. Y. 
Lawshe, C. A., Jr., Gulfport, Miss. 
Lawson, A. S., Toronto, Ont., Canada 
Levoy, D. G., El Segundo, Calif. 
Lippman, R. I., Philadelphia, Pa. 
MacK eragh an , L. R., Chittenango, 

N. Y. 
Mackey, A. C., FPO New York, N. Y 
Mandakis, J. B., Winston-Salem, N. C. 
Martynowski, R. F., Philadelphia, Pa. 
McKinley, H. F., Houston, Tex. 
Mehnert, R. C., APO New York, 

N. Y. 
Nferken, A. L., East Northport, L. I., 

N. Y. 
Mill, C. B., Burlington, N. C. 
Molnar, J., Wyckoff, N. J. 
Neville, J. J., Honolulu, Hawaii 
Olson, F. W., APO New York, N. Y. 
O'Mathuna, P. G., Montreal, Que., 

Canada 
Owens, A., Jr., Paramus, N. J. 
Palmer, J. R., Sanford, Me. 
Pipe, G. E. P., Los Altos, Calif. 
Plate, P. J., Mount Kisco, N. Y. 
Powell, C. J., Jr., Fort Bliss, Tex. 
Ranshous, W. E., Conneaut, Ohio 
Ray, E. F., Los Angeles, Calif. 
Reisner, R., Wilmington, Calif. 
Robinson, R. C., St. Petersburg, Fla. 
Rose, J. R., Jr., Inglewood, Calif. 
Rose, S. M., Akron, Ohio 
Schwartz, P. B., Philadelphia, Pa. 
Seigel, F. G., Brooklyn, N. Y. 
Skolnick, B., Brooklyn, N. Y. 
Skolnick, D., Chicago, Ill. 
Sorensen, N. S., Provo, Utah 
Spungin, N., Lexington, Mass. 
Staggs, J. B., Bensenville, Ill. 
Steinberg, G. D., Redwood, Calif. 
Stowe, J. P., Newton, Conn. 
Taylor, J. C., Don Mills, Ont., Can-

ada 

Tubbs, T. P., Patrick AFB, Fla. 
Tucker, J. M. C., Indianapolis, Ind. 
Tuger, J. A., North Palm Beach, Fla. 
Turner, J. H., Burlington, N. C. 
Viola, P. J., Houston, Tex. 
Vleming, D. R., Poughkeepsie, N. Y. 
Williams, F. D., APO New York, 

N. Y. 

Wynn, E. H., Arnold, Md. 
Zeik, J. E., Bridgeport, Ohio 
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ULTRA-RELIABLE DVM 
New instrumentation system capabilities are available to systems designers and laboratory engineers in EAl's fully transistorized 

digital voltmeters and system accessories. Solid-state reliability, six-month guaranteed stability, high speed and complete system 

provisions make EA! Series 5000 and 5001 DVM's ideal for the most critical applications. CI EA! Series 5000 and 5001 Digital 
Voltmeters are completely solid-state with 0.01% plus 1 digit absolute accuracy, six months stability, W milliseconds maximum 

reading time, buffer storage with BCD and decimal outputs and full-time input impedance to 1000 megohms. D Series 5500 

AC-DC Converter is a completely solid-state operational amplifier type providing 0.05% accuracy with 150 milliseconds maximum 

settling time. E Series 5700 Input Scanner utilizes highly reliable cross-bar switching for scanning up to 30 points per second. 

EAI output devices include: D Series 5600 Remote Visual Readout D Series 5610 Printer Control for compatibility with 

parallel printer D Series 5010 Seriafirer for compatibility with serial recorder D Series 5620 High Speed Printer for recording 

up to 220 lines per minute (=1 Complete information on EA! Series 5000 and 5001 transistorized digital voltmeters and system 

accessories are available in Bulletin IC 6077. Write for your copy today. 

EAI ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 
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AUTOMATIC 
SIGNAL TRACKING 
BANDPASS FILTER 

SERIES 450 VARIES ITS CENTER FREQUENCY 
AS SIGNAL CHANGES 
With bandpass continuously adjust-
able from 2.5 to 100 cps via a panel 
knob, this electronic signal chaser 
improves signal/noise ratio of analog 
signals that either drift or change 
frequency as a function of time. 
Signal frequency can vary from 100 
cps to 120 kc — the Series 450 Filter 
tracks it, automatically, with S/N 
improvement up to 38 db. Lost signal 
momentarily? No problem. The 450 has a memory — searches to re-acquire 
the signal. 

Output is the frequency itself, multiplied times 1, 10 or 100. Optional acces-
sories include a dc analog of the input signal frequency, wide-band detector 
to extract intelligence from the tracked signal, and a pilot acquisition con-
trol to permit phase- locking to an external pilot frequency until the signal 
itself reaches that frequency. 

WRITE TO Oitiedeile ELECTRORICS CORPORRI1011 

t — 
_7st, • °•::::° 

707 East Vermont Ave. • Anaheim, California • Phone 714-772-2222 

(A subsidiary of Interstate Engineering Corporation) 
NATIONWIDE REPRESENTATIVES 

ANOTHER adeldak SOLID- .ee- INSTRUMENT 

A.C. OR D.C. SMALLEST 
VANEAXIAL BLOWERS 

Only 11/2 " in diameter by a maximum 13/4" long, these smallest 
blowers move 10 cfm of air against 0.4" H20 back pressure! 
lise these rugged sub-miniature blowers for spot cooling of 
critical components where space is cramped and weight is 
important. 

VAX-1 blowers operate on 28 v.d.c. or less, or 28 v.a.c., 

400 cycles. Weight is 1.4 ounces. Mounts with standard servo 
ring clamps. (Globe makes larger blowers also.) Request Bul-
letin XAV from Globe Industries, Inc., 1784 Stanley Avenue, 
Dayton 4, Ohio. 

GLOBE 

o 

La.1 
OC 

GLOBE 

INDUSTRIES, Lk.' 

INC. 
cc 
ri)cfm 8 10 12 

6" 

4" 

2" 
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NEWS 
New Products 

R 

(Continued from rage 48.4) 

Audio Engineering Society Announces 
Fourteenth Annual Convention Program 

and Professional Products Exhibits 

More than one hundred papers covering almost every aspect 
of sound and sound reproduction will be presented at the Four-
teenth Annual Audio Engineering Society Convention to be held 
at the Hotel Barbizon-Plaza, October 15th through 19th. 

Because of the growing importance of communications, em-
phasis will be placed on new aspects in this field—FM stereo 
broadcasting and modern telephony. According to Convention 
Chairman H. E. keys, the fifteen sessions this fall will interest 
not only engineers, but also audio personnel and technicians in 
specialized branches who regularly attend the Society's Conven-
tions. 

Recording Techniques 

People concerned with disc recording and reproduction will 
have a field day—three sessions devoted to these topics alone. 
Recording techniques in Europe will receive considerable atten-
tion also, during which time papers written by research engineers 
at Telefunken-Decca, Germany, Philips Phonographic Indus-
tries, the Netherlands, Ortofon Industry A/S of Denmark, along 
with others, will be presented. 

At the session sponsored by IRE-PGA, several papers on 
Stereophonics will be read, in addition to a panel discussion of 
the topic, "What Hath Stereo Wrought." 

Guest speaker at the Annual Banquet to be held in the Barbizon 
Room on Thursday, October 18, at 7:00 P.M. will be George R. 
Marek, vice president and general manager, RCA Victor Record 
Division, who will speak on "Sound—History and Future." 
Presentation of awards and fellowships by the Society will take 
place at this time. 

Exhibits 

Due to the success of previous Professional Products Exhibits, 
the Society will hold its fifth exhibit this year. 

The program this year has been organized by H. E. Roys, 
chairman, R. C. Moyer, vice chairman, Benjamin B. Bauer, 
Harold Bodel, Warren L. Braun, Robert W. Carr, Gilbert F. 
Dutton, J. Donald Harris, F. K. Harvey, H. Philip Iehle, Irving 
Joel, Ronald D. Klumpen, C. J. LeBel, A. H. Lind, Rein Narma, 
D. J. Plunkett, E. H. Uecke, J. E. Volkmann, D. R. von Reck-
linghausen, and P. B. Williams. 

Sessions 

The complete list of technical sessions follows: 
Monday, October 15 
9:00 A.M.—Annual Business Meeting 
9:30 A.M.—Microphones and Earphones 
1:30 P.M.—Atidio Electronics 
7:30 P.M.—Loudspeakers 

Tuesday, October 16 
9:30 AM.—Disc Recording and Reproduction 1 
1:30 P.M.—Disc Recording and Reproduction II 
7:30 P.M.—Recording Techniques in Europe 
7:30 P.M.—Music and Electronics 

Wednesday, October 17 
9:30 A.M.—Magnetic Recording 
1:30 P.M.—Requisites of Modern Telephony 
7:30 P.M.—Stereophonics—(Sponsored by IRE-PGA) 

Thursday, October 18 
9:30 A.M.—Sound Reinforcement and Acoustics 
1:30 P.M.—FM Stereo Broadcasting I 
7:00 P.M.—Annual Banquet—Presentation of Awards 

Friday, October 19 
9:30 A.M.—FM Stereo Broadcasting II 
1:30 P.M.—Broadcast Audio/Studio Equipment 
7:30 P.M.—Psychoacoustics 

Exhibit Hours—Audio Engineers Show 

Tuesday through Friday Noon to 6:45 P.M., except 
October 16-19, 1962 Thursday mil Friday to 5:00 P.M. 
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0000 

WIISH SOMEBODY WOULD 
COME UP WITH A GOOD 

LOW COST TWT FOR APPLICATIONS 
WHERE NOISE LEVEL 

ISN'T CRITICAL. 
HAVEN'T YOU HEARD 
ABOUT GE'S... 

THEIR WHAT? DON'T 
TALK IN PICTURES. 
IT ISN'T NATURAL. 

I WONDER IF 
TALKING LIKE 
A CATALOG 
IS NATURAL? 

1T-I EN IF IT'S FACTS YOU 
WANT HERE THEY ARE... 

GENERAL ELECTRIC'S NEW, LOW COST 
ZM-3105 TWT IS a rugged, dependable, 

"high-perfornance-in-critical-temperatures" TWT. General Elec-
tric is now offering the ZM-3105 at about half the usual price 
for such a product. 

The ZM-3105 operates in ambient temperatures of — 65 to 
--1- 100 degrees C. Helps solve your hot and cold installation 
problems. G.E. has made the ZM-3105 tough, too. During en-

durance tests it holds up under 50-G shock and 10-G vibration 
from 55 to 2000 CPS. Looks like it'll lead to a whole new line 

of TWT's for application where noise factor is not a major 

consideration. 

ZM-3105 characteristics include ... 

Frequency  7000 to 11,000 Megacycles 
Heater 

Voltage 6  3 Volts 
Current, nominal 04 Ampere 

Focusing Method—Periodic Permanent Magnet 
Noise Figure, maximum   25 Decibels 
Small Signal Gain, minimum   30 Decibels 
Saturation Power Output, minimum   20 Milliwatts 
Collector Diss;pation 1  0 Watt 
Impedance, Coaxial 

Input, VSWR  Less than 2.5 to 1 
Output, VSWR  Less than 2.5 to 1 

ELECTRONICS INCLUDING IGNITRONS, HYDROGEN 

PROGRESS IN MICROWAVE TECHNOLOGY THYRATRONS, MAGNETRONS, METAL- GENERAL ELECTRIC 
CERAMIC TETRODES, HIGH-POWER 

DUPLEXERS, HIGH-POWER WAVEGUIDE FILTERS, KLYSTRONS AND THERMIONIC 
CONVERTERS. FOR INFORMATION ON THESE PRODUCTS, WRITE SECTION 265-20, POWER TUBE DEPARTMENT 265-20 

POWER TUBE DEPT., GENERAL ELECTRIC CO., SCHENECTADY, N. Y. OR TELEPHONE 
TODAY: SCHENECTADY. N. Y ERanklin 4-2211 ( Ext. 5-3433) • WASHINGTON, D. C. EXecutive 3-3600 • DAYTON, OHIO BAldwin 3-7151 • LOS ANGELES, CALIF. BRadshaw 2-8566 

SYRACUSE, N. Y. 652-5102 • CHICAGO, ILL. Spring 7-1600 • CLIFTON, N. J. GRegory 3-6387 • NEW YORK, N. Y. Wisconsin 7-4065 • ORLANDO, FLA. GArden 4.6280 



Microwave, semiconductor and 

fast switching circuits with high 

density packaging, that hereto-

fore have been thought imprac-

tical or impossible to build be-

cause of their bulk or complexity, 

can be successfully produced in 

TRI-PLATE Strip Transmission 

Line. D In breadboarding, pack-

aging and quantity production, 

what the concept of strip trans-

mission promised, TRI-PLATE 

techniques deliver — they've 

made the concept a practical 

reality! E New circuit ideas — 

no matter how different or dar-

ing — are tested quickly, easily 

and economically with TRI -

PLATE Strip Transmission Line 

Modules. They let you go from 

paper schematics to functîoning 

circuits in just minutes to evalu-

ate new design concepts. E A 

new approach to the design of a 

Dual Directional Coupler-Varia-

ble Phase Shifter, for example, 

was recently conceived by Bendix 

engineers. They needed a pack-

age that weighed only 8 ounces 

— and they needed it in just 

Evaluate 
new design 
concepts 
with 

Tri-Platee modules 

30 days! By breadboarding with 

TRI-PLATE Modules the circuit 

was proved practical, and Bendix 

gave Sanders the go-ahead to 

produce the design in quantity 

as Integrated TRI-PLATE Pack-

ages. D Production models were 

delivered on schedule and 

weighed only 6 ounces! This is 

but one illustration of the new 

directions in electronics made 

possible by TRI-PLATE Products. 

E There are more than 600 

TRI-PLATE Modules — including 

over 150 TRI-PLATE Mounts for 

standard and advanced semi-

conductor devices — available to 

help you speed the time from de-

sign to production. And systems 

designed in Modules can be pro-
duced in quantity as Integrated 

TRI-PLATE Packages, with per-

formance equal to or better than 

the modular prototype, and with 

great savings in size and weight. 

For further information about 

TRI-PLATE Products — includ-

ing specifications and prices — 

or for consultation regarding 

your specific requirements.write 

to Sanders Associates, Inc., 

Microwave Products Depart-

ment, Nashua, New Hampshire. 

CREATING NEW DIRECTIONS IN ELECTRONICS 
SANDERS -llre-a__ p ® STRIP TRANSMISSION LINE ,:ad 
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RE Professional 4 

Group Meetings 

AEROSPACE AND NAVIGATIONAL 
ELECTRONICS 

Philadelphia-December 14 

"Dynasoar Comm unica tionsand Track-
ing Subsystems," J. Byron Garrett, Jr., 
RCA, Camden, N. J. 

Philadelphia-February 22 

"The Computer Simulation of Space 
Vehicle Characteristics," Harold G. Tremb-
lay, ITS Naval Air Development Center, 
Johnsville, Pa. 

ANTENNAS AND PROPAGATION 
MICROWAVE THEORY 
AND TECHNIQUES 

Philadelphia-November 15 

"Microwave Optic Frontiers," L. B. 
Lambert, Columbia University. 

Philadelphia-May 16 

"This Microwave Business," T. N. 
Anderson, Budd-Stanley, Syosset, N. Y. 
"Electronically Steerable Antenna Sys-
tems," R. M. Scudder, RCA, Moorestown, 
N. J. 

San Diego-May 8 

"Tunnel Diode Circuits at Microwave 
Frequencies," C. L. Cuccia, RCA, Los 
Angeles, Calif. 

BIO-MEDICAL ELECTRONICS 

Los Angeles-June 14 

"Automated Data Processing for a 
Modern Hospital-A Simulated Study," 
H. H. Wilson, Systems Development 
Corporation, Santa Monica, Calif. 

Memphis-June 14 

"Neurosurgical Aspects of Medicine," 
C. D. Ray, M.D., University of Tennessee. 

Rochester-June 11 

"Flow Transducers-Electrical Prob-
lems in Long Term Implanted Transducers 
for Study of Blood Flow," Dr. Frederick 
Olmsted, Western Reserve University, 
Cleveland, Ohio. 

San Francisco-March 20 

"DADTA ( Discrimination Apparatus 
for Discrete Trial Analysis)," Drs. Karl 
Pribram and Dan Kimball, Stanford 
Medical School; Gerald Pressman, Stan-
ford Research Institute. 

BROADCASTING 

Vancouver-January 15 

"Field trip to studios of CHAN-TV," 
E. G. Rose, CHAN-TV, Burnaby, B. C. 

(Continued on Page 134A) 

;::;::ANTENNA PEDESTAL ..... ; 

':•584-141P 61B ;sj 
Full azimuth and elevation sweeps 360 degrees 
in azimuth. 210 degrees in elevation. Accurate 
to 1 mil, or better over system. Complete for 
full tracking response. Angle acceleration rate: 
AZ, 9 degrees per second squared EL, 4 degrees 
per second squared. Angle slewing rate: AZ 
20 degrees per sec. EL. 10 degrees per sec. 
Can mount up to a 20 ft. dish. Angle tracking 
rate: 10 degrees per sec. Includes pedestal 
drives, selsyns, potentiometers, drive motors, 
control ampildynes. Excellent condition. Quan-
tity in stock for immediate shipment. Ideal for 
missile & satellite tracking, antenna pattern 
ranges, radar system, radio astronomy, any 
project requiring accurate response in elevation 
and azimuth. 
Complete description in McGraw-Hill Radiation 
Laboratory Series, Volume 1, page 284 and 
page 209, and Volume 26, page 233. 

2 MEGAWATT PULSERS 
(A) 31 KV at 60 arm. . 002 Duty Cycle Ideal 
for 5J26 at 500 KW $950. 

(111 30 KV at 70 amps . 001 Duty Cycle. $1250 
w/Pulse output trans. 

MIT MODEL 9 PULSER 
1 MEGAWATT-HARD TUBE 

Output pulse power 25KV at 40 amp. Max. 
duty ratio: . 002. Uses 6C21 pulse tube. Pulse 
duration . 25 to 2 micrones. Input 115 volte 60 
cycles AC. Includes power supply in separate 
cabinet and driver. Full} guaranteed as new 
condition. Full Desc. MIT. !tad. Lab. Series 
'Pulse Genera to, v." 

SCR 584 RADAR AUTO-TRACK 
3 CM & 10 CM. Our 584s in like new condition, 
ready to go. and In stock for immediate delivery. 
Used on Atlantic Missile Range, Pacific Missile 
Range, NASA Walleye Island, A.11.51.A. Write 
us. Fully Desc. MIT liad. Lab. Series, Vol. 1. 
00s. 207-210, 228, 284-286. 

300 TO 2400MC RF PKG. 
300 to 2400MC CW, Tuneable, Transmitter 10 to 
30 Watts. Output. As new $375. 

AN/TPS-11) RADAR 
500 kw. 1220-1359 nits. 160 nautical mile search 
range P.P.1. and A. Scopes, MT', thyratron 
mod. 5J26 magnetron. Complete system. 

AN/TPS 10D HEIGHT FINDER 
250 KW X-Band. 60 & 120 mile ranges to 
60.000 feet. Complete. 

AN/APS-158 3 CM RADAR 
Airborne radar. 40kw output using 725A mag-
netron. Model 3 pulser. 30 in. parabola stabilized 
antenna. 1'P1 scope. Complete system. $1200 
each. New. 

100 KW 3 CM. X BAND RADAR 
Complete AN/APS-23 radar system using 4J52 
magnetron, l'Pl, antenna 360 degiee rotation 
azimuth 60 degree elevation APX. Complete in-
stallation including gyro stabilizer $2800. 

IM33 TRACKING SYSTEM 
Complete two van complex 3 CM automatic 
tracking system and search system ( 10 CM) 
like new.  

CARCINOTRON 
Type CM 706A Freq. 3000 to 4000 mes. CW. 
Output 200 Watts minimum. New. with full 
guarantee. 

VA-800 KLYSTRON 
1.7 to 2.4 KMC. (continuously turnable). 10 KW. 
CW. 50 (19 Gain uotimi U(1-435 A/U Flange 
$975 

500 KW PULSER 

5C22 Hyd. T1.5 r. Modulator. 22KV at 28 Amos. 
W/IIV & Fit Supplies. 3 pulse length rep rates: 
2.25 usec 300 pm. 1.75 uses 550 pos. .4 usec MOO 
pps. 115V 60 cy. Will deliver nominal 225 KW X 
Band using 4J50 magnetron. 

L BAND RF PKG. 
20KW peak 990 to 10411C. Pulse width .7 to 1.2 
micro sea. Rep rate 180 to 420 pps. Input 115 sac. 
Incl. Receiver $ 1200. 

RADIO RESEARCH 
ERIC INSTRUMENT CO. 
550 FIFTH AVE., NEW YORK 

JUDSON 6-4691 

KIE IF» 
,-.. n  El ..,  • 

.. 
cl)......._ ____.......  

REGULATED DC SUPPLY 

SEIRIIES 
....,..... -a-

it 

REAR 

ta,...” 
,--- ,-----. - , 

6,46p11,di.t 

vlEw •,,:r7z- i-7.;::-., 1-.7-
FOR  '11,, ihi, 6, jei crlD - 

moDn 

A NEW KEPCO SERIES OF 
LOW COST VOLTAGE AND 
CURRENT REGULATED 

DC POWER SUPPLIES 

AVAILABLE 

Model No. 

ABC 2-1M 

FROM 
00 Output 

Volts 

0-2.0 

STOCK! 

Amps 

1.0 
Price 

$179.00 

ABC 7.5-2M 0-7.5 2.0 $159.00 

ABC 15-1M 0-15 1.0 $159.00 

ABC 30-0.3M 0-30 0.3 $119.00 

ABC 40-0.5M 0-40 0.5 $159.00 

ABC 200M 0-200 0.1 $199.00 

ABC 1500M 

Prices listed include 
For unmetered 
Node! No. and 

Model ABC 1500M 
For unmetered 
deduct $ 15 00 

0-1500 

Vol 
units, delete 
deduct $20.00 

includes 
unit, delete 
from poce. 

0.005 

.Amp meter. 
suffix 
from 

voltmeter 
suffix "M" 

$274.00 

"M" from 
price. 

only. 

and 

NI 0.05% Line/Load Regulation 
and Stability 

a 0.5 mv (rms) Ripple 
al Adjustable Overload Protection 

(Front Panel) 
• Input 105-125v ac, 50-440 cps 
U Low Price is achieved by high 

volume production without 
sacrifice in quality and 
reliability. 

3 Control Amplifier Terminals 
included for: 
e Remote Constant Voltage 

Programming 
• Remote Constant Current 

Programming 
• Remote Error Sensing 
• Complementary Tracking 
• Voltage Compliance Extension 
• Slaved Tracking 

FOR DETAILED SPECIFICATIONS 

SEND FOR KEPCO CATALOG B-621 

ic4a pcC11:. 

131-42 SANFORD AVE• FLUSHING 52, N. Y. 
19 1 91 IN 1.7nnn . TWY -4- NV A.x, an 
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EL t'tW 

progress in semiconductors 

I Matching Peak to Peak 

. . . has at least one thing in common 
with dancing cheek to cheek . . . you 
can't get much closer. The matching 
we mean occurs in the new TDP-1 
through TDP-3 germanium tunnel 
diode matched pairs which have peak 
point currents of 1.0, 2.2, and 4.7 ma. 
Each pair is matched for peak point 
current to within 1% and for peak 
point voltage to within 5 mv over the 
temperature range of 15°C to 55°C. 
Each pair is also matched for dy-
namic peak point current to within 
1% at a frequency of 10 megacycles. 
You just don't get 'em any closer 
than that, on a dance floor or in a 
majority logic computer circuit. 

They're characterized for use as high 
speed voltage and current compara-
tors, as sense amplifiers and in pulse 
modulation and sampling systems. As 
for performance, a 1 ma TD pair will 
sense a 10 microampere current 
change in about 10 nanoseconds. In-
cidentally, inside that small epoxy 
case we use the G-E developed sub-
miniature axial lead package which 
features very high junction mechani-
cal strength capability and low case 
capacitance (which is one of the 
reasons these tunnel diodes matched 
pairs are so efficient). 

Did you know that if you drop a 
transistor only 41/2" onto a hard-
wood bench you can cause up to 
5,000 g shock? Avoid common 
semiconductor handling abuses. 
They can't do you or the transis-
tor any good. 

I The Offer Still Goes 

A while ago in these columns we sug-
gested that you get a group together 
at lunchtime and watch a free movie 
in color. "Departure for Perfection" 
runs 25 minutes, tells the why and 
how of semiconductor manufacturing, 
including semiconductor theory, con-
struction techniques, and reliability 
criteria. Good coverage of semicon-
ductor fundamentals, and enjoyable 
too. Favorable response prompted us 
to renew the offer. All we ask is that 
you write to us on your company 
letterhead for a copy of the print, and 
that you return the print when you're 
through with it. Fair enough? Write 
to Section 231135. 

Reliability based on 10 years of 
experience is pretty hard to beat. 
We've been making and testing 
germanium alloy and rate grown 
transistors for that long.The2N43 
series, for example, has life test 
charts covering over 50,000 hours. 
Next time you need the economy 
and reliability of germanium tran-
sistors in the complete frequency 
spectrum from 1 to 20 mc, call 
your G-E District Sales Manager. 

Any questions? Write us at Section 
231135, General Electric Company, 
Semiconductor Products Department, 
Electronics Park, Syracuse, New York. 

In Canada: Canadian General Electric, 
189 Dufferin St., Toronto, Ont. Export: 
International General Electric, 159 
Madison Ave., New York 16, New York. 

GENERAL 
ELECTRIC 

/4\ Professional • 

Group Meetings 

(( ‘ ,11(1,111•11 1, 111 1 

COMMUNICATIONS SYSTEMS 
INFORMATION THEORY 

Los Angeles—January 30 

"Solid and Liquid Lasers," Dr. T. 
Maiman, Quantatron Inc., Santa Monica, 
Calif. 

"Operational Maser Systems for Space 
Communications," Dr. W. Higa, Jet 
Propulsion Lab., Pasadena, Calif. 

ELECTRON DEVICES 

Albuquerque-Los Alamos—June 18 

"Electron Devices in Europe," G. C. 
Dacev, Sandia Corporation, Sandia Base, 
Albuquerque, N. M. 

Los Angeles—June 12 

"Ionic Propulsion For Space Vehicles," 
J. R. Anderson, Hughes Research Labo-
ratories, Malibu, Calif. 

San Francisco—May 30 

"Helium-Neon Gas Phase Optical 
Maser," William Bell, Spectra- Physics 
Inc., Mountain View, Calif. 

Schenectady—June 12 

"Airborne Particles," 1'. A. Rich, 
General Electric Co., Schenectady, N. Y. 

ELECTRONIC COMPUTERS 

Omaha-Lincoln—January 25 

"Medical Applications of Computers," 
Barney Watson, V. A. Hospital, Omaha, 
Neb. 

Philadelphia—May 8 

"Report on Cobol." 
Moderator: A. J. Allott, U. S. Ord-

nance Management Office. 
Panel: H. S. Bright, Philco; A. T. Hill, 

Philadelphia Marine Quartermaster De-
pot; A. S. Kransley, RCA; and R. H. 
Regiani, Ordnance Tank Automotive 
Command. 

Pittsburgh—December 11 

"Machine Data Plotting," J. E. 
Fedako, R. H. Delgado, P. G. Rankin, 
Gulf Research and Development Labs., 
Hammarville, Pa. 

Pittsburgh—February 28 

"Dynamic Programming" ( tutorial), 
Dr. Irving Lefkowitz, Case Institute of 
Technology, Cleveland, Ohio. 

Pittsburgh—May 14 

"MAC Hybrid and Computer Sys-
tems," L. R. Abkemeier, MacDonnell 
Aircraft. 

(Continued on page 1$6A) 
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Only Lambda offers: 

Environment-engineered power supplies 

mass-produced at Competitive Prices 

WITHOUT METERS 

(Controls in Rear) 

LE 101 

NEW r 
LE SERIES 
DC OUTPUT 
(Regulated tor hoe and load.) 

WITH METERS 
(Controls in Rear) 

LE 101-M 

WITH METERS 

(Front Panel Control) 

LE 101-FM 

0-36 VDC 5 Amp LE 101 $420 LE 101-M $460 LE 101-FM $470 

0-36 VDC 10 Amp LE 102 525 LE 102-M 565 LE 102-FM 575 

0-36 VDC 15 Amp LE 103 595 LE 103-M 635 LE 103-FM 645 

0-36 VDC 25 Amp LE 104 775 LE 104-M 815 LE 104-FM 825 

0-18 VDC 8 Amp LE 105 425 LE 105-M 465 LE 105-FM 475 

0- 9 VDC 10 Amp LE 109 430 LE 109-M 470 LE 09-FM 480 

REGULATED VOLTAGE: 

Regulation 

(line and load)   

LA1S3 

Transient Response 

(line) 

(load) 

Remote Programming . 

Ripple and Noise   

Temperature Coefficient . 

CONDENSED TENTATIVE DATA 

Less than .05 per cent or 8 millivolts 
(whichever is greater). For input 
variations from 105-135 VAC and for 
load variations from 0 to full load. 

 Output voltage is constant within 
regulation specifications for any 15 
volt line voltage change within 105-
135 VAC. 

 Output voltage is constant within 25 
MV for load change from 0 to full 
load or full load to 0 within 50 micro-
seconds of application. 

. 50 ohms/volt constant over entire 
voltage range. 

Less than 0.5 millivolt rms. 

. Less than 0.015%/°C. 

Plus THESE FEATURES: 
• All solid state 

• Completely protected 

• Adjustable automatic 
current limiting 

• Continuously variable 

• Remotely programmable 
over entire range 

• Constant voltage/ 
constant current 

• Wide input frequency 
and voltage range 

• Convection cooled—no 
blowers 

• 50°C ambient 

• Guaranteed 5 years 

AC INPUT:  105-135 VAC; 45-66 CPS and 320-480 
CPS in two bands selected by switch. 

OVERLOAD PROTECTION: 

Thermal  Thermostat, reset by power switch, 
thermal overload indicator light front 
panel. 

Electrical: 
External Overload 

Protection  Adjustable, automatic electronic cur-
rent limiting. 

METERS:  Ruggedized voltmeter and ammeter 
to Mil-M- 10304B specifications on 
metered models. 

PHYSICAL DATA: 

Mounting  Standard 19" rack mounting. 

Size   LE 101, LE 105, LE 109 31/2 " H x 19" W x 16" D 

LE 102   51/2 " H x 19" W x 16" D 

LE 103   7" H x 19" W x 16 1/2 " D 

LE 104  10 1/2 " H x 19" W x 16 1/2 " D 

SEND FOR COMPLETE DATA ON LE SERIES 

LAM B D A ELECTRONICS CORP. 
515 BROAD HOLLOW ROAD • HUNTINGTON. LA., NEW YORK • 516 MYRTLE 4-4200 

Western Regional Office: 230 North Lake Avenue, Pasadena, California • Phone: Code 213, MUrray 1-2544 

New England Regional Office: 275 Boston Post Road, Marlboro, Massachusetts • Phone: Code 617, HUntley 5-7122 

Middle Atlantic District Office: 515 Broad Hollow Road, Huntington, L. I., New York • Phone: Code 516, MYrtle 4-4200 

Southeastern Region: W. A. Brown & Associates, Inc., Engineering Representatives 

Orlando, Fla. • Fort Lauderdale, Fla. • Huntsville, Ala. • Alexandria, Va. • Winston-Salem, N. C. 



Here is the electronic engineer', 

dream, for miniaturized metal-

working. Only distilled water 

and electricity are needed to 

operate the Water Welder. Give, 

you temperatures up to 6,000 

degrees F. at the torch tip. With 

this instrument you can weld 

stainless steel in the 300 and 
400 series, as well as other 

nickel base alloys. You can get 

a better weld on wires in thick-

ness up to .050 in., and on sheet 

metal up to .025 in. Torch tips 

are slip-on hypodermic needles, 
23 gage chemically milled. The 

Water Welder weighs only 30 lbs. 

It plugs into any 110-120 V.A.C. 

Uses i oz. distilled water per 

hour. Operating costs .01c per 

hour. Write for literature. 

$249.00 F.O.B. Phoenix 

HENES MANUFACTURING CO. 

4306 East Madison Street 

Phoenix 34, Arizona 

Professional, " 

Group IVIeeting--

(Continued from page 134e1) 

"Hybrid Simulation of a Missile," R. 
Gellman, General Electric Co. 

"Progress on CADI/A," M. Gisser, 
National Bureau of Standards. 

"Hybrid Computer Operation," R. 
Herbst, Westinghouse Electric Corp. 

"Study of the L-D Steel Making 
Process Using a Hybrid Computer," 
R. T. P. Putman, Westinghouse. 

"Combined Analog Digital System 
'-ils Integrated hybrid System," T. D. 

Truitt, Electronic Asociates Inc. 

Pittsburgh—May 21 

"Communication Between Compu-
ters," Neil Clark, Control Data Corp., 
Minneapolis, Minn. 

San Francisco—April 24 

"List Processing and Practical Prob-
lems," J. Weizenbaum. 

ENGINEERING MANAGEMENT 

Chicago—J une 14 

"NEC Policies and Plans," James 
Kogan, General Precision Equipment, 
Chicago, Ill. 

Philadelphia—April 24 

"Project Management," S. Sadin, 
G-E, MSVD, Philadelphia, Pa. 

ENGINEERING W RITING AND 

SPEECH 

Northern New Jersey—June 14 

"Motivation in Writing," Dr. E. J. 
Piel, West Essex Regional I-1. S., North 
Caldwell, N. J. 

Washington, D. C.—February 21 

"Government Evaluation of Your 
Technical Proposals," C. B. Palmer, 
NASA. 

HUMAN FACTORS IN ELECTRONICS 

RELIABILITY AND QUALITY 

CONTROL 

Los Angeles—April 17 

"The Meaning of .999 Reliability," 
A. L. Gichtin, Aerospace Corp. 

"The Effects of Humans on System 
Reliability," A. M. Freed, Aerojet General. 

"System Design on the Mercury 
Project," D. R. White, Spare Technology 
Labs. 

INFORMATION THEORY 

Los Angeles—April 9 

"Receivers for Randomly Varying 
Channels," I/r. T. Kailath, Jet Propulsion 
Lab., Pasadena, Calif. 

"Machine Learning in Automatic Pat-
tern Recognition," Dr. D. Braverman, 
Cl T, Pasadena, Calif. 

e,11 PfIllo' 1.,X.•1) 

NEW BETTER—THAN— EVER 

RELIABILITY 
for long-distance point-to-point communications 

ORTHERN RADIO 

NEW 1 6- CHANNEL TRANSISTORIZED 
VOICE FREQUENCY DIVERSITY CARRIER 
TELEGRAPH TERMINAL TYPE 235 MODEL 3 

MIL DESIGNATION AN/FGC-61A 
. . . All units militarized: components and design ap-

proved by U.S. Military. 

. . . Converters have equalized gain and adjustable time 

delay in each channel for better diversity performance 
and interchangeability. 

. . . Switching Panels provide " local" or "remote" se-

lection of 2-channel or 4-channel diversity modes. 

. . . Combiners have adjustable gains in each channel, 

for complete switching flexibility, and the combining 

follows an ideally modified square law function for both 
2-channel space or frequency and 4-channel space plus 

frequency diversity. 

. . . Keyers have adjustable "threshold" sensitivity con-
trol and simplified input circuit selection. 

... Dotter and Delay Indicator provides test keying 

signal source for keyers and delay equalizers in all 
channels. 

Write for complete literature. 

Pace-Setters in Quality Communication Equipment. 

147 WEST 22nd ST.. NEW YORK 11, NEW YORK 
In Canada. Northern Radio Mfg. Co., Ltd , 1950 Bonk S, Billings Bridge, Ottorei, Ontario 
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To Contractors and Subcontractors 
on U.S. Government Projects 

Western Electric 

offers high reliability diodes, 

transistors and magnetrons 

• Western Electric's Laureldale, Pennsylvania, plant is now in its tenth year of 

producing semiconductor devices of ultra- high quality and reliability for government 

applications. 

I• Devices designed by a resident Bell Telephone Laboratories group have performance 

standards exceeding specification requirements which are based on MIL-S- 19500B. 

• Mechanized production facilities and a comprehensive statistical quality control 
program assure uniformity and contribute to obtaining ultimate process capabilities. 

• For further information on Western Electric-Laureldale electron devices and 

magnetrons ... 

Telephone— Area Code 215 — 929-5811 

LAURELDALE PLANT 
MAKER OF ELECTRON PRODUCTS 

Weetern Electric 
MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 
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INCREMENTAL INDUCTANCE Ng 
No. 1110-C 

INDUCTANCE RANGE: Five Decade resistors are used 
for the induction balance with a max ,mum 
resistance of 111, 110 ohms in steps of 1 ohm. 
RANGE: 
5 decades. 1111.1 H max. — 1 Mh min. 
3 decades. 11.1 H max. — 10 eh min. 
2 decades. 1.1 H max. — I oh min. 
FREQUENCY RANGE: 20 cycles 10 1011c• 
ACCURACY: 0.5% to 5 kc, ± 2% to 10 te. 
CONDUCTANCE BALANCE: Five decade capacitors and 

one air variable, maximum capacitance, 
11.111 MF. 

CONDUCTANCE RANGE: 0.015 micromho to 100 mho. 
RANGE: Series operation, 600 max. @ 
100 cycles. 

Parallel operation, 80 Ave dials @ 100 cycles. 
SUPERIMPOSED DC: 

2 amperes 1 Mh — 100 Mh. 
1 ampere 0.1 H — 10 H. 
0.32 ampere 10 H — 100 H. 
0.1 ampere 100 H — 1000 H. 

OTHER FREED INCREMENTAL INDUCTANCE BRIDGES 
Type 1185 — Mao. D.C. to 30 amps. 
Type 1115 — Mau. D.C. to 15 amps. 

FREED 
VARIABLE TEST VOLTAGE 
MEGOHMMETER NO. 1620 

The Freed Type 1620 Megohrnmeter is a versatile 
insulation resistance measurement instrument with a 
continuously variable DC test potential from 50 te 
1000 volts. 

Components such as transformers, motors, printed 
circuits, cables and insulation material con be tested 
at their rated voltage and above, for safety factor. 

• Resistance — 0.1 megohms to 4,000,000 
rnegohms. 

• Voltage -- variable, 50 1000 volts. 
• Accurate — plus or minus 5% on all ronges. 
• Simple — for use by unskilled operators. 
• Safe — high voltage relay controlled. 
• Self-contained — AC operated. 

OTHER MEGOHMMETERS AVAILABLE 

Type 1620C Megohrnmeter — a type 1620 with 
additional circuitry for testing capacitors. 
Type 1020B Megohmmeter — a 500 volt fixed test 
potential. Range I meow,. to 2 million rnegohrns. 
Type 2030 Portable Megohmmeter — battery oper-
ated, 500 volt test potential. Ronge I megohm to 
10 million rnegohms. 

Send for NEW 48 paon transformer catalog. 
Also ask for complete laboratory test Instru-
ment catalog. 

FREED TRANSFORMER CO., INC. 
1702 Weirtield St., Brooklyn ( Ridgewoodl 27, N.Y. 

  Professional 

Group Meetings 

(ContIntred iront page 136A) 

INSTRUMENTATION 

Long Island—April 17 

"Dockside Testing of Instrumentation 
on Mobile Atlantic. Range Stations," E. L. 
Rod, Sperry Gyroscope Co., Great Neck, 
N. Y. 

Long Island—September 26 

"Seminar on Phase and Time Measure-
ment," Dr. Paul Yu, Ad-Yu Electronics 
Lab., Inc., Passaic, N. J. 

Long Island—November 26 

"Tunnel Diodes—Their Characteriza-
tion and Use in Control Systems and In-
strumentation," V. A. Vulcan, General 
Instrument Semiconductor Div., Hicks-
ville, N. Y. 

MICROWAVE THEORY 
AND TECHNIQUES 

Long Island—February 20 

"Interaction of Microwaves and Plas-
mas," Dr. Nathan Marcuvite, Polytechnic 
Institute of Brooklyn. 

Long Island—April 24 

"This Microwave Business," T. N. 
Anderson, Btidd-Stanley Co., Svossrt, 
N. Y. 

Los Angeles—June 7 

"Recent Developments in Parametric 
Electron Beam Devices," Dr. Robert 
Adler, Zenith. 

Orlando—June 6 

"Microwave Facility Tour," E. C. 
Roberts, Southern Bell Telephone and 
Telegraph Co. 

Schenectady—May 8 

"Optical Masers,. Dr. Kiyo Tomiyasu, 
General Electric Co., Schenectady, N. Y. 

MICROWAVE THEORY AND 
TECHNIQUES/ANTENNAS ANI) 
PROPAGATION 

Albuquerque-Los Alamos—May 28 

"Dry Calorametric Microwave Power 
Meters and Measurements," William 
Sebastin, P.R.D. Electronics, Los Angeles, 
Calif. 

Albuquerque-Los Alamos—June 13 

Films: "Sandia Corporation Story," 
"Big Bounce" "Project Echo.," "Coaxial 
and Microwave Miracles," "Electrical 
Safety." 

MILITARY ELECTRONICS 

Long Island—March 13 

"Space Surveillance and the Space 
Track System," Dr. E. \V. Wahl, Air 
Force Systems Command. 

(Cantinued on page 140A) 

Now available from CREI- Special programs 
in electronics for engineers 
In response to many re-
quests, CREI has developed 
new home study programs 
especially planned to help 
engineers prepare for new 
responsibilities by supple-
menting or up-dating their 
knowledge of electronics. 

WRITE TODAY FOR FREE BROCHURE 
JUST OFF THE PRESS 

E 
The Capitol Radio Engineering Institute 

Founded 192 

Dept. 2609-K. 

3224 Sixteenth St., N.W. Washington 10, D. C. 

••• 

4114rie 

•-• 
:•••.. 

For Printing or Color-banding of 
Electronic Components: 

REJAFIX MARKING MACHINES 
in fifty different models 

POPPER & SONS, INC. 
300 Park Ave. South, New York 10, N.Y. 
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HIGH (200 mA) 
CONDUCTANCE 

LOW (2.0 pf) 
CAPACITANCE 

FAST (2.0 nsec.) 
SWITCHING 

HIGH 
RELIABILITY 

MICROWAVE 
ASSOCIATES 

PLANAR 
• EPITAXIM 
COMPUTER 
DIODE 

Designed to incorporate all the parameters to yield the ultimate in a computer diode and made by the planar epitaxial 

process for greater reliability, Microwave Associates new line of silicon computer diodes are now available for ultra-

fast switching, low capacitance applications. • The units outlined below are available with 2 nanosecond switching 

speeds. Maximum capacitance is 2 picofarads with forward conductance levels from 10 to 200 mA. II The available 

range of forward conductances of these diodes up to 500 mA @ 1.0 V, makes them suitable for applications from low 

current logic to high current memory core driver circuitry. • The unique double hermetic seal construction yields 

the ultimate in moisture resistance and the rugged internal assembly completely eliminates front contact problems. 

For greater heat dissipation the units have a .040' Dumet heat sink on the cathode end. They will meet the most 

stringent electrical and mechanical specifications for aircraft, missile or satellite computers. II Microwave Associates 

planar epitaxial computer diodes can provide the answer to some of your problems. For complete information call or write: 

TYPE 
MA-

FORWARD 
CURRENT 

1V OC 
(mA) 

PEAK 
REVERSE 
VOLTAGE 
@5).‘11 

CAPACITANCE 
MAX GAM 

REVERSE 
CURRENT (, A) 

@i-50V 

25°C @125°C 

REVERSE 
RECOVERY 

(n Sec) 

4441 

4442 

4443 

4444 

4445 

4446 

10 

20 

50 

100 

200 

500 

75 

75 

75 

75 

75 

75 

2 @ OV 

2 (g, OV 

2 (,!'. OV 

2 V, OV 

2 k, OV 

8 OV 

.05 

.05 

.05 

.05 

.05 

.1 

50 

50 

50 

50 

50 

100 

2. 

2* 

2. 

2. 

2. 

150." 

POWER 
DISSI-

PATION 
(mW) 

250 

250 

250 

250 

250 

500 

'Recovery time to I ma when switched from 10 ma to-6V through 100 ohm loop impedance 
"Recovery time to 5 ma when switched from 500 ma to — 50V though 
1000 ohm loop impedance. 

M I C ROWAVE 
ASSOCIATES, INC. 

United Kingdom Sales: 
Microwave ana Semiconductor Devices, Ltd. 
Skimpot Trading Estate, Luton, Bedfordshire, England 

Other Export Sales: Microwave International Corp. 
36 W. 44th St•eet, N.Y.C., N.Y., U.S.A. Cable: Microken 

BURLINGTON, MASSACHUSETTS • WESTERN UNION FAX 
TWX: BURLINGTON, MASS. 942 • BROWNING 2-3000 
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M/1 ,(iE Professional _.2, 

Group Meetings 
makes 

11Seh 
CAP 'S 

SUB-MINIATURE 

MOLDED BOX 
CAPACITORS 
with AXIAL LEADS 

ii 
fltel 

and 

C ÁlP 
SUB-MINIATURE 

MOLDED BOX 
CAPACITORS 
with RADIAL LEADS 

8 

Both in 5 BOX SIZES 
Capacitance Values from lOmmf to .056Mf 

Voltage ratings 200 WVDC & 500 WVDC 

Write for Bulletin M-2 which describes MU-CAPS 
axial lead box capacitors and Bulletin M-1 which 
describes MU-CAPS radial lead box capacitors 
as well as Mucon's entire line of sub-miniature 
ceramic capacitors made with any one of 13 
ceramic bodies. Tailored capacitors to fit your 
special space and electrical requirements are 
readily produced in any quantity. 

MUCON 
CORPORATION 
9 ST. FRANCIS ST., NEWARK 5, N. J. 

201 Mitchell 2-1476-7-8 

(Continued fr.»: pas». I i) 

San Francisco—June 19 

"Mariner R Telemetering System, -
C. C. Kirsten, Jet Propulsion Laborator , 
Los Angeles, Calif. 

RELIABILITY AND QUALITY 
CONTROL 

Los Angeles--May 21 

"Reliability Approach for Midas, 
R. A. Orr, Aerojet General Corp., Azusa. 

"Parts Application and Procurement 
Specification," R. L. Krider, Aerojet Gen-
eral Corp., Azusa. 

"Reliability Program Implementation 
and Results," H. J. Walther, Aerojet Gen-
eral Corp., Azusa. 

Philadelphia—May 22 

Tour of RCA Space Environment Cen-
ter, Hightstown, N.J. 

RELIABILITY AND QUALITY 
CONTROL/COMPONENT PARTS 

Los Angeles—June 11 

"Solid TA Capacitors—Minuteman 
Rel. Prog.," Bernard Hecht, Sprague 
Electric, North Adams, Mass. 

SPACE ELECTRONICS 
AND TELEMETRY 

Los Angeles—April 17 

"Mautel—M icrominiaturized Auto-
netics Telemetry," T. R. Denigan, Auto-
netics, Anaheim, Calif. 

"The General Purpose Digital Corn-
puter—PCM Ground Station," C. A. 
Walker, United Electro Dynamics, Ox-
nard, Calif. 

Los Angeles—May 15 

"Tanlock—Correlation Detector," L. M. 
Robinson, North American Aviation, Dow-
ney, Calif. 

"Efficient Time Sharing of Sampled 
Data as Applied to Spacecraft Telemetry 
Systems," John Meyer, Jet Propulsion 
Lab., Pasadena, Calif. 

San Francisco—May 15 

"Command and Communication Sys-
tems for Future Space Vehicles," R. E. 
Klokow and R. G. Davis, IMSC Research 
and Engineering. 

Washington, D.C.—May 22 

Panel Discussion: "Telemetry in the 
Sixties, Its Problems and Promises." 

Panel Members: Benn Martin, Jet 
Propulsion Lab.; James Rorex, Marshall 
Space Flight Center; F. B. Smith, Langley 
Research Center; R. \V. Rochelle, Joseph 
Purcell and Herman LaGow, Goddard 
Space Flight Center. 

(Continued on page 112.-I) 

A significant advance in 
Precision Central of 
Eattery Charging and Discharging 

Custom designed to meet customer's 
functional requirements. 

The SI-332-PS utilizing magnetic ampli-
fier and semiconductor controls is ve-
programmed to insure full battery power 
capability under ah i conditions. Sensing 
and memory circuits program the charger 
through high rate, low rate, and trickle 
charge modes as required by automatic 
analysis of the battery condition. During 
discharge modes, fast response regulator 
circuits prevent overvoltage conditions 
at the system output terminals. Non-
linear resistor networks maintain the out-
put voltage within narrow limits over a 
wide range of load current and state of 
battery charge. 

Control features have also been included 
to provide local control or unattended 
remote operation. 

For full information about 
Saratoga Industries complete 
design, engineering and pro-
duction facilities write 

LI 

SARATOGA INDUSTRIES 
A D,vision of Espey Mfg.& Electronics Corp. 

Saratoga Springs, N. Y. • Telephone 4100 
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ove Announcing Machlett 

ML-8130 
ML-8139 

Brightness: Over 2000 fool lamberts — ML-8130 
Over 1500 foot lamberts — ML-8139 

Writing Speed — at full brightness: 
Over one half mill:on inches per second — ML-8130 
Over 150,000 inches per second — ML 8139 

Storage: Uniform Storage Characteristics 

Resolution: To 80 written lines per inch at optimum brightness 

Focus: — both tubes: Electrostatic 

Deflection: ML-8130 — Electrostatic 
ML-8139 — Magnetic 

The Machlett Laboratories, Inc. announces the availability of two new Direct View Storage Tubes, ML-8130 
and ML-8139. (Available also in non-shielded versions as ML-7222 and ML-7033). Ruggedized and reliable, 
these tubes are particularly suited for these typical applications: 

Airborne Shipboard Ground 
Weather radar Sonar long-memory displays Slow-scan television 

Search Navigation Marine displays Storage instrumentation 
Terrain Avoidance Sonar devices displays 

PAACH 
Write today for complete data on these new Machlett Direct View Storage Tubes. 

ET I. The Machlett Laboratories, Inc.springdaie, Connecticut 

a subsidia -y of Raytheon Company 
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PROFESSIONAL CONSULTING SERVICES 

Advertising Rates 

Professional Consulting Service Cards 

1 insertion $35.00 
12 insertions $300.00 

50% discount to IRE members on 3 or more 
consecutive insertions. 

In IRE DIRECTORY $35.00 flat rate 

New rate effective January 1963 
1 Insertion $40.00 

12 Insertions $420.00 
50% discount to IRE members on 
3 or more consecutive insertions 

In IRE DIRECTORY $40.00 flat rate 

1 inch only, no cuts or display type. 

Advertising restricted to professional engineer-
ing and consulting services by individuals only. 
No product may be offered for sale, and firm 
names may not be mentioned in cards. 

Prof. D. S. BUGNOLO, Sc.D. 
Consultant 

Satellite & Space Communication 
Propagation, Antennas, Information Theory 

61 Lillian Place Red Bank, N.J. 
SHadyside 7-1549 

ABRAHAM I. DRANETZ 
Con sulta nt 

Electroacoustica I Devices .. Electromechanical 
Instruments . . . Underwater Sound . Shock 
and Vibration . . . Instrumentation 

1191 Donamy Glen, Scotch Plains N.J. 
PLainfield 5-1342 

DR. IVAN FLORES 
Computer Consultant 

logical design 
digital system configuration 

feasibility studies 
mathematical models 
man-machine interface 

23 South Huckleberry Drive 
Norwalk, Conn. S VI 7-2809 

SIDNEY FRANKEL, Ph.D. 
& associates 

Engineering Research • Technical Consultation 
Feasibility Studies 

Communication and Control Systems 
Radio and Radar Techniques 

1165 Saxon Way Menlo Park, Calif. 
DAvenport 6-9166 

EARL GREENBERG & associates 
Solid State Circuits Laboratory 

Transistorized digital/analog calculators 

Special devices and controls 
Design—Development—Prototype Construction 

11-16 154th Street, Whitestone, New York 
H I c kory 5-2459 

LEON HILLMAN 

Engineering Staff and Laboratory 

• Instrumentation • Control Systems 

• Electronic Research and Development 

255 County Rd., Tenafly. N.J. LOwell 7-3232 

LEONARD R. KAHN 
Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Stereophonic Systems 

Television Systems 

81 South Bergen Place, Freeport, L.I., N.Y. 
FReeport 9-8800 

LEONARD J. LYONS 
Consulting Mechanical Engineer 

COOLING—HEATING—FLUID FLOW 
Analysis and Testing 

Heat Transfer & Thermodynamic Problems 
3710 Crestway Dr. AXminster 1-5446 

Los Angeles 43, California 

LEN MAYBERRY 
ELECTRONICS CONSULTING ENGINEER 

Laboratories and Staff 

Transistorized Modular Equipment 
Product Design • Test Equipment Design 

Ill South Oak Street ORegon 8-4847 
Inglewood, California 

EUGENE MITTELMANN, E.E., Ph.D. 

Consulting Engineer, Physicist 
ELECTRONICS FOR INDUSTRY 

Analysis, Research and Development 
549 West Washington Boulevard 

CHICAGO 6, ILLINOIS 
CEntral 6-2983 

Telecommunications Consulting Engineers 
"Worldwide Experience" 
V. J. Nexon and staff 

WIRE, CARRIER, RADIO, MICROWAVE, 
TROPO SCATTER 

Feasibility Studies, Terrain Surveys, System De• 
sign, Job Supervision, Government Proposals, 
Market Research, Product Planning. 
U.S. 46 & Cisco, Denville, N.J. OAkwood 7-7400 

E. M. OSTLUND & associates 
Electronic Engineers 

Radio—Microwave—Carrier— 
Communication—Control— 
Systems and Equipment 

Consulting—Research—Development 
ANDOVER, NEW JERSEY 

Tel: PArkway 9-6635 PEN.). 

MYRON M. ROSENTHAL 
& staff 

Microwave & Electronic Systems 

19 Brookline Dr., North Massapequa, N.Y. 

PErshing 5-2501 

INDUSTRIAL AND MILITARY ELECTRONICS 

EUGENE H. SHEFTELMAN 
System & Component Analysis & Design 
Radar • Communications • Computers 

Advanced Signal Processing Techniques 

10 BEVERLEE DR. NASHUA, N.H. 
TUXEDO 2-7961 

HAROLD A. WHEELER 
Laboratories and Engineering Staff 

Consultation—Research—Development 
Radar and Communication Antennas 

Microwave Assemblies and Components 
Main office: Great Neck, N. Y HUnter 2-7876 

Antenna Laboratory: Smithtown, N. Y. 

/1:4)  Professional e 
Group Meetings 

(Continued from page 140A) 

VEHICULAR COMMUNICATIONS 

Chicago—April 13 

"Mobile System Field Strength Sur-
vey," G. A. Olive, RCA. 

Chicago—June 12 

"Skyphone," J. E. Cain, General 
Motors Corp., Delco Radio Div. 

Los Angeles—January 18 

"Open Fortins on Mobile Radio Main-
tenance," A Panel of Experts with Frank 
Ashby as Moderator. 

Los Angeles—February 16 

Field Trip through the Communication 
Headquarters facilities—Southern Cali-
fornia Edison Co., Alhambra, Calif. 

Section 

Meetings 

(C”litinited ¡roui page 120.-1) 

LANCASTER 

Tour of Armstrong Cork Cis.; 4/10/62. 
"Operational Characteristics of the Comlognet 

System." J. A. Katz, RCA; Election of Officers; 
5/22/62. 

NEW HAMPSHIRE 

"Stereo— FM - Multiplex," D. R. VonReck-
linghausen, H. II. Scott Inc.; 4.4/62. 

"Project Westford," R. M. Lerner, MIT Lin-
coln Labs.; 6 /7 62. 

"Electronic Organs," W. R. Reneker and R. 
Campbell, Kinsman Corp.; Election of Officers; 

6/19/62. 

PASADENA 

"Radio Astronomy & Expansion of the Uni-
verse," A. R. Sandage, Staff Astronomer; Mt. 
Wilson & Palomar Observatories; 2;21/62. 

"Synchronous Communications Satellites," 
11. Rosen, Hughes Aircraft Co.; 4/18/62. 

"Recent Advances in the Production of Intense 
Magnetic Fields." A. F. Hildebrant, J. I'. L. 

N.A.S.A.; 5/16/62. 
"Recent Developments in Microelectronics," 

M. B. Prince, Electro Optical Systems; 6/20/62. 

SOUTHERN 

Plant Tour —Nortronics; Election of Officers; 
6/20/62. 

SOUTHERN ALBERTA 

"Application of Modern Electronics to Seismic 
Explorations," H. H. Ileffering, Imperial Oil Co.; 

Election of Officers; 5/17/62. 

SOUTHWESTERN ONTARIO 

Discussion of Proposed IRE/AIEE Merger— 
D. V. Stocker, Wayne State Univ.; T. W. W. Stew-
art, University of Western Ontario; Election of 

Officers; 5/15/62. 

VICTORIA 

"Television Antenna Distribution System for 
Apartment Blocks," R. V. Mielen, Tele-Tech 
Service Ltd.; 4/25 /62. 

"Forest Values and Wood Uses," W. Reith, 
B. C. Forest Service Dept.; 5/23/62. 
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HOW TO SUCCEED 
IN MICROWAVES 

... WHILE 
REALLY TRYING 

Perhaps the secret to miccess in our In-
dustry, or in any science- based industry, is 
the consistent application of sound scientific 
principles ... in businesi considerations as 
well as in technology. It has worked for us. 

Sage Laboratories was incorporated in 
January 1955 to conduct lesearch, develop-
ment, design and manufacture of micro-
wave components. Tse original engineering 
orientation still prevails — the techn;cal 
heart of the company is a staff of research 
and development personnel who are con-
stantly improving product lines to keep pace 
with the state of the art. More often than 
not, the product improvements result from 
advanced concepts explored and verified in 
the course of developing sophisticated 
microwave components and subsystems for 
the militafy and industry. 

Stab% the case very simply, one might say 
that the secret to success is to define tne 
market's needs, to develop excellent prod-
ucts which meet those needs, and to pro-
perly produce and distribute those products 
... at a profit, wherever possible. 

For additional information cn Sage capabili-
ties, send for our new brochure. 

SAGE 
LABORATORIES, INC. 
3 HURON DRIVE • NATICK, MASS. 
Cable Address: SAGELABS- NATICK 
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accuracies to one 
part in 10 billion 

new... solid state 

SRA SERVO 
PHASE SHIFTER 
When the new Model SRA is com-
bined with its companion unit, the 
Model VLA Receiver Phase Com-
parator, it becomes possible to auto-
matically measure and standardize 
frequencies to an accuracy of one 
part in ten billion. Measurements 
may be permanently displayed on 
a strip-chart recorder. 

Even inexpensive local oscillators 
will give extreme accuracy as the 
Model SRA adds phase correction to 
the oscillator output to phase lock 
the signal with a multiple of the re-
ceived standard frequency. 

Only 31/2 " high, the Model SRA is 
completely modular in construction. 
Meets environmental requirements 
of MIL- E-400B. 

SPECIFICATIONS 

INPUTS 

PHASE OUTPUT 
FOR RECORDER 

DIGITAL READOUT 

(1) Phase detector voltage 
from Model VLA 

(2) 2 x RF signal voltage 
from Model VLA 

(3) 2 x RF synthesized volt-
age from Model VLA 

0.5 milliampere to ± 0.5 
milliampere output into 
1000 ohms corresponding to 
100 microsecond phase shift. 

Calibrated in microseconds 

SIGNAL LEVEL Output of 3 y max. into 1000 
ohms provided for recorder 

POWER 19 v d-c from VLA 

SIZE 31/2" H x 19" W x 171/2 " 
Weight 29 lbs. 

SRA PRICE $1990.00 

For complete technical information, 
write: 

21051 Costanso Street 
or 

P.O. Box 425 
Woodland Hills, California 
Phone: Dlamond 0-3131 
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REQUIRED 
Excellence In Receiver Selectivity With Mini-
mum Component Population 

SOLUTION: 

Midland filters with guaranteed ultimate dis-
crimination of more than 100 db with 60db/3db 
BWR < 1.8 "11 A low cost stock filter with vir-
tually no insertion loss 

FACT, 
Midland crystal filters are 
the result of exact design 
methods and real produc-
tion knowhow. 

Facts are facts and filters are Midland's busi-
ness. Their filter and crystal engineering skills 
and facilities assure the user of top reliability 
and performance. * This is Midland's Type 
FB-5 crystal filter produced by the tens of thou-
sands — the only sure proof of production abil-
ity. It is an 8 pole — 6 zero precision network 
that incorporates no added dissipative elements 
in inband ripple control. Result: Superior selec-
tivity with essentially no midband insertion loss. 
A quality production component with immediate 
delivery. Engineering Bulletin NBS-103 is avail-
able detailing complete technical information. 
Prices on request. 

* Write for Midland's capabilities and facilities bro-

chure, "Midland — in microspect". 

SPECIFICATIONS 
Center Freq: 10.7 MC -± 375 CI'S 
Bandwidth @ 6 db.: 13.0 KC Min. — 13.8 KC Max. 
60 db/6 db BWR: 1.8 Max. 
100 db/6 db BWR: 2.2 Max. 
Ultimate Attenuation: 105 db. Min., 8 MC to 14 MC 
Midband Insertion Loss: 0.5 db. Nominal, 1 di>. Max. 
Inband Ripple: 0.5 db. Nominal, 0.8 db. Max. 
Operating Temp. Range: — 55° C to+90° C 
Zin/Zout Req: 1100 OHMS ± 5% in parallel with ad-

justable capacitor 0-5 picofarads. 
Dimensions: 2"Y. Lx 1" W x 1Là2" H 

MANUFACTURING COMPANY 
Division Pacific Industries, Inc. 

3155 Fiberglas Road Kansas City 15, Kansas 

PROBING THE 
"TRANSPROBE" 
WAVEGUIDE SWITCH 

The only moving parts of the "Transprobe" are solenoid 
plunger and a light weight, dielectrically supported 
metal probe. Result... greater flexibility, longer life, 
ability to switch under full waveguide power. The design 

can be applied to any waveguide size. Unit shown 
is a single-pole-double-throw, X-band switch. 

The design is equally successful for 
adaptation to SPDT, SP3T, transfer 
switch or special configurations. 
Typical specifications: Frequency... 
8.2-12.4 KMC, VSWR ... 1.20, Insertion 
Loss ... 0.2 db, Crosstalk ... 35 db, 
Life ... 2,000,000 operations. To probe 
more thoroughly the unusual advan-
tages in this new approach to wave-
guide switching write Transco Products, 
Inc., 12210 Nebraska Avenue, Los 
Angeles 25, California. 

Measure  

MILLIVOLTS   

- - - - NANOAMPERES 

accurately at low cost 

with DYNATRAN's - - 

Model 
1829 

SENSITIVE 
DC 

VTVM 

Write for complete information about 
this and other quality instruments for 
laboratory, production. incoming in-
spection and quality control. 

DlfNATRAN 

decbtegito mime« 

178 HERRICKS ROAD 
MINEOLA, NEW YORK 

Pioneer 1-41-41 
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MOUNT IT IN 
ANY POSITION-
SHOCK IT, 
SHAKE IT! 
THE PI- 177 WA CAN 
TAKE IT! 

Here is a unique instant-heating 
power tube that can be operated in 
any position and will withstand 
levels of shock and vibration which 
would cause most instant-heating 
tubes to fail. If you've ever had 
to make equipment design com-
promises because of tube operating 
position or environmental restrictions, 
you'll appreciate Penta's new, 
rugged and reliable PL-177WA. 
This 75-watt beam pentode is ideal 
for mobile, airborne, portable, and 
similar applications, where its 
instant-heating filament allows 
minimum stand-by power. 

Like the Penta PL-177A, with 
which the PL-177WA is directly 
interchangeable, this new beam 
pentode is an outstanding performer 
in low- to medium-power linear 
amplifier applications, at frequencies 
up to 175 Mc. The PL-177WA 
incorporates the exclusive Penta 
vane-type suppressor grid, which 
results in excellent linearity, low 
distortion, and high efficiency at 
relatively low plate voltages. 

This small tube— slightly over two 
inches in diameter and less than four 
inches from the base to the top 
of the plate cap— will deliver up to 
210 watts of useful power output 
as a Class-AB, linear amplifier, and 
220 watts in Class-C service. 

Use the Penta PL-177WA beam 
pentode in critical applications 
where mounting position, shock, and 
vibration would damage other 
instant-heating power tubes. And 
write today for your free, factual 
PL-177WA data sheet. 

PENTA LABORATORIES INC 
312 North Nopial Street, Santa Barbara, Calif. 
Trade Mark Reg. U.S. Pat. Off. 

Export Representasite: Frazar & Hansen, Ltd. 
San Francisco 11, California 
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MODELS 80 and 80-R 
Standard 

Signal Generators 

110-

MODEL 58-AS 
VHF Radio Noise 

and 
Field Strength 

Meter 
111.-

MODEL 202-C 
Standard Barrette! 

Bridge 

MODEL 59 
Megacycle 

Meter 
-.4 

MODEL 65-9 
Standard 

Signal Generator 
.4 

MODEL 210 Series 
FM Standard 

Signal Generators 

MODEL 72 
Square Wave 
Generator 

MEASUREMENTS' 
Electronic 

Instruments 
for Research, 

Development and 
Design 

STANDARD 

MODEL 

SIGNAL GENERATORS 

FREQUENCY RANGE PRICE 

65-6 75 Kc to 30 Mc 875.00 

80 2 Mc to 400 Mc 590.00 

80-R S Mc to 475 Mc 625.00 

20 cps to 200 Kc 
82 660.00 

80 Kc to 50 Mc 

84 TVR 400 Mc to 1000 Mc 785.00 

95 50 Mc to 400 Mc 1800.00 

210 25 Mc to 480 Mc 
450.00 

Series to 475.00 

VHF RADIO NOISE 
AND FIELD STRENGTH METER 

MODEL FREQUENCY RANGE PRICE 

58 AS 15 Mc to 150 Mc $925.00 

SQUARE WAVE GENERATORS 

MODEL FREQUENCY RANGE PRICE 

71 6 cps to 100,000 cps $195.00 

72 5 cps to 5 Mc 248.00 

MEGACYCLE "GRID-DIP" METERS 

MODEL FREQUENCY RANGE PRICE 

59-LF 100 Kc to 4.5 Mc $168 00 

59 2.2 Mc to 420 Mc 168 00 

59-Ulf 420 Mc to 940 Mc 198.00 

VACUUM TUBE VOLTMETERS 

MODEL FREQUENCY RANGE PRICE 

67 5 to 100,000 sine-ware cps $235.00 

162 27 cps to over 150 Mc 210.00 

CRYSTAL CALIBRATORS 

MODEL FREQUENCY RANGE PRICE 

111 250 Kc to 1000 Mc $ 97.50 

111 -3 100 Kc to 1000 Mc 110.00 

STANDARD BARRETTER BRIDGE 

MODEL FREQUENCY RANGE PRICE 

202-C 2 Mc to 1000 Mc $375.00 

STANDARD PULSE GENERATOR 

MODEL FREQUENCY RANGE PRICE 

179 60 cps to 100,000 cps $365.00 

MODEL 179 
Standard 
Pulse 

Generator 
-4 

MODEL 162 
Vacuum 
Tube 

Voltmeter 
111-

This is only a partial listing of Measurements' products. 
Write for our complete Catalog. 
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POLARIS— U. S. Navy operational 

long range missile, uses seven types 

of Texas Instruments transistors in 

its Mark 84 fire control system and 
navigational computer system As 

many as 33 transistor parameters 

meet a 0.65 AQL to fulfill the strin-

gent reliability demands of Polaris. 

FLYING 
FISH 
FROM 
INNER 
SPACE 

Rely On TI Advanced Transistor Technology 

As Many As 39 Parameters Meet 0.65 AQL 
Now you can design this same Polaris transistor performance into your 

circuits, products or systems. Ti's Circuit Development- Applications de-
partment would welcome the opportunity to consult with you on your mili-
tary or industrial design requirements. • The following T device types 

are the counterparts of the Polaris units delivered to a 0.65 AQL. They 
are produced by the same technology, equipment and personnel that 
produce " Polaris quality" transistors ... and made possible by Ti's capa-

bilities in precise process control. 2N1047 series, 2N1893/2N696 series, 

2N1132 series, 2N743 series, 2N490 series, 2N1302 series. 2N428 series. 
When you add TI reliability to your products, you add it at low cost 

TRANSISTOR 

PRODUCTS 

DIVISION 

because many years of high-volume production have allowed TI to 

develop extensive mechanization techniques. • More than 800 separate 

automatic productioo and testing facilities provide the manufacturing 
flexibility to meet your special product requirements ... again at low 
cost. • You will find the transistors you need among the over 400 

standard TI device types already in stock for your convenience. • Put 
TI transistors and 11's creative engineering assistance to work for you 

to provide better reliability for your products at lower cost. Call your 
TI sales representative, or write directly to TI's Circuit Development-
Applications department about your specific requirements. You'll find 

out why so many already specify Tl. 

° TEXAS INSTRUMENTS ü 
INCORPORATED 

500 N C,ENTAL EXPKESS‘f\,AY 
P 0 BOX 50 12 • DALLAS 22. TEXAS 



a 
PRECISION CAPACITANCE BRIDGE 

with lever balancing controls, digital readout, automatic 

decimal point location and unit indication greatly simpli4ies balancing. 

RANGE, 10 Fipf to 10 

DIRECT READING 

ACCURACY, 

RESOLUTION, 1 ppm 

* A transformer ratio-arm capacitance 
bridge having the capability of one-step 
3-terminal capacitance measurement — no need for 
secondary balances as required by resistive-arm bridges. 

* Measures 3-terminal and grounded or ungrounded 2-
terminal capacitors. A ground capacitance of I,2f pro-
duces an error of only 0.01% in the measurement of a 
1000-pf capacitor. 

* Highly stable and accurate internal capacitance stand-
ards . . . all standards are made from Invar alloy, and 
the six largest are hermetically sealed in dry nitrogen, 
resulting in a stability of better than 5 ppm, °C. 

* All internal standards can be quickly checked against 
each other for consistency. Only a single external 
standard is required to establish the absolute calibration 
of the entire set. 

* Fast one-step intercomparisons of 3-terminal capacitors 
differing in value by 10,000 to 1 can easily be made. 

* When loss of unknown capacitor is less than that of 
standard, indication is given directly in terms of G. 

* Bridge circuit on panel automatically indicates proper 
bridge connections for each measuring situation. 

Type 1615-A Precision Capacitance Bridge 

Capacitance Range (6 ranges): 10-" to 10-' farads ( 13 ppf to 10), direct 

reading; 6- figure resolution, smallest division 10-" farads. Ranges 
can be extended by use of external standards. 

Dissipation- Factor Range (3 ranges): 0.000001 to 1 at 1 kc, direct read-
ing. Directly proportional to frequency at other frequencies. 

Conductance Range (2 + ranges; 2 — ranges ): 10-'mmilho to 100 ',mho; 
independent of frequency; 4-figure resolution, smallest division 10-, 

mmho. 

Accuracy: Capacitance, *0.01%; direct reading, with internal stand-

ards; at high frequencies, error is 0.0020/ C f 
1.0 1000 

Capacitance, approximately 1 ppm when comparing 
against external standards. 

Dissipation factor, =(0.1% 7 ppm) of measured value. 

Conductance, = 1% 0.0001 gmho. 

Frequency Range: Approximately 100 cycles to 10 kc. 

Temperature Coefficients of Internal Standards: About 5 ppm/°C. 

Maximum Voltage: 20 volts at 1 kc. Proportional to frequency. 

Price: $1475 

Complete Capacitance Measuring Assembly. 
Type 1620 -A ... includes the Type 1615-A Bridge; Type 1232-A 
Tuned Amplifier and Null Detector, a low- noise high-gain instrument with 
a 20-c to 20-kc range and a full scale sensitivity of le; and the new Type 
1311-A Bridge Oscillator, with 11 fixed frequencies from 50c to 10 kc. Price 
for the complete assembly is $2080. 

Write for Complete Information GENERAL RAD 10 COMPANY 
WEST CONCORD, MASSACHUSETTS 

NEW YORK, WOrth 4-2722 CHICAGO 
District Office in Ridgefield. N. 1. Oak Park 

WHitney 3-3140 Village 8-9400 

PHILADELPHIA 
Abington 

HAncock 4.7419 

WASHINGTON, D. C. SYRACUSE 
Sileer Spring Syracuse 
Juniper 5-1C88 Glenview 4-9323 

SAN FRANCISCO 
Los Altos 

WHitecliff 8-8233 

LOS ANGELES 
Los Angeles 

H011ywood 9-6201 

ORLANDO, RA. 
Orlando 

GArten 5-467 

IN CANADA 
Toronto 

CHerry 6-2171 


