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UTC miniature, wound core, pulse transformers
are precision (individually adjusted under test
conditions), high reliability units, hermetically
sealed by vacuum molding and suited for service
from —70° C. to ++130° C. Wound core structure
provides excellent temperature stability tunlike
ferrite). Designs are high inductance type to pro-
vide minimum of droop and assure true pulse
width, as indicated on chart below. If used for
coupling circuit where minimum rise time

is important, use next lowest type number.

Rise time will be that listed for this lower DEFINITIONS

| i Amplitude: Intersection of leadi ise edge
typle ‘nu‘mber te .df00p will be “"I?t I'Sted Wit?l Isl:tmec»tn cj:\s/e alp:r)‘ro?umatin:zngtuguefepu|sge.
multiplied by ratio of actual pulse width Pulse width: Microseconds between 50% ampli-

] R . tude points on leading and trailing pulse edges.
FO value_llsted fOl’ thlS type pumber: B|OC‘k Rise Time: Microseconds required to increase
ing oscillator data listed is obtained in from 10% to 90% arplitude. _
standard test circuits shown. Coupling oo erceraLe, By which first excursion

data was obtained with H. P, 212A gen- s Lo el UEaRIs, a
erator (correlated where necessary) and Boint, T o e time after 100°% amplitude

source/load impedance shown. 1:1:1 ratio. B cxalive Siog ofler treiling v

APPROX. DCR, OHMS | BLOCKING OSCILLATGR PULSE COUPLING C.RCUIT CHARACTERISTICS

&z % 7 7
Tpe 12 .4 56  Width Rise Over Droop Back PWidth Volts Rise Gver Droop Back Imp. in,
0. x Sec. Time Shoot % Swing u Sec. Out Tim® Shoot % Swing out, ohms

H-45 : 05 022 0 20 10 .05 — o1 35 250

H-a6 . . 10 024 0 25 10 .10

026 0 25 8 20 18 .01 55 500

50 .03 @ 200 5 .50 20 ; ] 85 500

] 20 10 1 24 Y 3 15 55 500

27 15 35 500

010 % %0
10 45 1000
) 50 1000
.3 50 1000
9% 112 15 5 10 16 40 20 1000
116 138 20 . 10 20 i ] 10 1000
6 1025 15 .5 10 o 100 8
0 . 1.5 50
0 . [ 50
a 100
120
100
100
100 b
200 R daoa Y
200

M_ 514 Lt._'_ . . . L TRANSISTOR TEST CIRCUIT >
H-45 46 60 thru 68 are 3/8 cube, T gram H-47 thru 52, 9/16 cube 4 grams H-53 thru 57, 5/8 cube 6 grams

AND SPEC,AL UN,TS While stock items cover special unitsto customerz’

low level uses only, most needs, ranging from low
TO YOUR SPECS of UTC’s production is on levels to 10 megawatts.
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! a high rim
ation has led the or-

ganizer of this special issue, Conrad Hoeppner of Radiation, Inc., to suggest that when man
reaches the moon he utilize a moon crater as the framework for a giant parabolic antenna, one

to two miles in diameter, to handle all communication with the earth. 1

‘o produce a parahola

rather than a catenary, the wires suspended from the crater rim must be uniformly weighted in

the horizontal plane. This is achieved by properly selecting the size anc
wires, Since the earth’s position will appear to oscillate several degrees du
of the moon, provision would be made to shift the antenna beam by mou

1 spacing of the cross
iring each orbital cycle
nting the antenna feed

structure, located atop the center cone of the crater, on tracks so that it could be moved from

side to side of the antenna focal point.
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ADVERTISEMENT

SERIES 4 NO. 10

In two articles that appeared on this page Jack Greene of our Department of
Applied Electronics, discussed noise factor vs. noise temperature and antenna noise
fempercnure. He now demonstrates the extreme importance of environment in
overall receiving system sensitivity. Environment has been ignored too often
when in reality, with modern low noise systems, it is often the limiting factor.

Sensitivity Limitations Set by ldeal Antennas,

The low noise performance of the solid-
state maser and the parametric amplifier
has been well established. In turn, this ex-
ceptional performance has caused a reap-
praisal of receiving antenna design since,
in many instances, the antenna noise may
determine the overall system sensitivity.
Thus, it is of interest to examine the limits
on antenna noise temperature present even
with ideal antennas, and to further examine
the limits on receiver noise temperature set
by masers and parametric amplifiers.

The concepts of antenna noise tempera-
ture and effective receiver noise temperature
were discussed previously."* To summarize,
the sum of the antenna noise temperature
and the eflective receiver noise temperature
determines the effective system noise tem-
perature, and therefore the sensitivity of the
(omplele system to received signals. Anten-
na noise femperature is a measure of the
noise power available from the antenna
terminals per unit bandwidth; it is caused
by galactic noise and the absorption in the
antenna environment (with its concomitant
radiation) acting on the antenna gain pat-
tern. Effective receiver noise temperature,
T,, is a term now widely used as a measure
of receiver sensitivity; it is related to re-
ceiver noise factor, F, by the expression
T. = (F — 1)290, and represents the in-
ternally generated excess noise temperature
of the receiver.

The noise temperature of an ideal an-
tenna is readily determined if the antenna
pointing angle, operating frequency, and
weather conditions are specified. (A non-
ideal antenna with losses, spillover, and
minor lobes will have reduced gain and a
generally higher noise temperature; an
exact knowledge of the nonideal gain pat-
tern is required to accurately determine the
noise temperature in this case.)” The limit-
ing values for the noise temperature of an
ideal antenna, assumed located on the
carth’s surface, occur as follows: (1) the
minimum occurs when the antenna is
pointed vertically upward (minimum atmos-
pheric attenuation) at the galactic pole
(minimum galactic noise); (2) the maxi-
mum occurs when the antenna is pointed
along the horizon (maximum atmospheric
attenuation) at the galactic center (maxi-
mum galactic noise). These limits are
plotted in the accompanying figure as a
function of frequency, under the assumption
of moderate relative humidity in the atmos-
phere. It should be recognized that even for
a fixed antenna pointing angle, the antenna
noise temperature will vary with time be-
cause of the varying galactic noise compo-
nent introduced by the earth’s rotation, and
also because of varying weather conditiuns.

An ideal receiver has an eflective noise
temperature of 0°K. Present solid-state
masers  approach ideal performance pri-
marily because they are operated in liquid
helium haths. (As improved maser materials
become available, the stringent refrigeration
requirement can possibly be relaxed without
a degradation in noise performance.) The
effective noise temperature obtainable from
a traveling-wave maser with small input
cable loss is also indicated on the accom-
panying figure, and in general is somewhat
larger than the minimum antenna noise tem-
perature.

The junction-diode parametric amplifier
has received considerable attention because
it promises low effective noise temperatures
without the need for refrigeration. In fact,
for a lossless diode, the noise performance

NOISE TEMPERATURE — DEGREES K

Masers and Parametric Amplifiers
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of an unrefrigerated parametric amplifier
would closely match that of present masers.
Unfortunately, available junction diodes do
have moderate losses, and therefore, their
room temperature perf()rmame departs ~|g
nificantly from ideal performance. The noise
performance expected from one-port (non-
degenerate) parametric amplifiers operated
at ronm temperature with linearly graded
silicon varactors is also shown on the ac-
companying figure.* As indicated, the use of
unrefrigerated parametric amplifiers would
presently be restricted to the lower micro-
wave frequencics in optimum systems. (The
noise performance ot the parametric am-
plifier using lossy diodes can be improved
considerably by refrigeration;® however, this
requires diodes specifically designed for low
temperature operation, and such diodes are
not yet commercially available.)

In conclusion, limits have been established
for the noise temperature contributions of
ideal antennas and available low noise re-
ceivers. The traveling-wave maser is a nearly

optimum counterpart for an antenna with
ideal characteristics, and as diode manufac-

turing techniques improve, unrefrigerated
parametric amplifiers will seriously chal-
lenge the maser in many system applica-
tions. Finally, although the most sensitive
receiving system possible is now nearly a
reality with carth-bound antennas, further
improvements in receiver noise temperature
may hecome necessary for antennas located
in space, where the antenna noise tempera-
ture generally decreases significantly.
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Type 148P and Type 149P

-l " L

of Sprague’s

film capacitors
for entertainment
and commercial
electronics

are the smallest of Sprague’s family of film capacitors. Type 148P and 149P Yellow-Jackets
are designed for compact radio receivers, test equipment, communications equipment, and
similar applications. They are especially suited for transistorized and low-voltage tube
circuits, as well as all other applicable circuits in which size, weight, and cost are impor-
tant considerations.

Yellow-Jacket capacitor sections are of extended foil design...wound from ultra-thin, espe-
cially selected polyester film and thin gage foil under carefully controlled atmospheric condi-
tions. They are protected against moisture by an outer wrap of polyester film. End seals are of
a plastic resin which bonds securely with the film wrap in order to assure long service life.

This construction results in a light-weight capacitor of minimum size, having a distinct
space advantage over metal-encased, molded, or wax-coated cardboard-case tubulars of
comparable ratings.

Yellow-Jacket Type 148P (cylindrical) and 149P (semi-oval) capacitors are recom-
mended for use in applications requiring reliable operation within the temperature range of
—55 Cto {85 C at rated working voltages of 100, 200, 400, and 600 volts d-c.

For complete technical data on these Yellow-Jackets, write for Bulletin
2063A to Technical Literature Section, Sprague Electric Company,
235 Marshall St., North Adams, Mass.
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THE IDEA THAT GREW FOR 100 YEARS

First practical diode for amplifier, shown here
held by tweezers, was jointly developed by
A. E. Bakanowski and A. Uhlir.

At Bell Laboratories, M. Uenohara (left) adjusts his reactance amplifier, assisted by
A. E. Bakanowski, who helped develop first suitable diode. Extremely low “noise” is
achieved when certain diodes are cooled in liquid nitrogen.

How basic scientific ideas develop in the
light of expanding knowledge is strikingly illus-
trated by the development of Bell Laboratories’
new “‘parametric’’ or ‘“‘reactance’” amplifier.

Over 100 years ago, scientists experiment-
ing with vibrating strings observed that vibra-
tions could be amplified by giving them a push
at strategic moments, using properly synchro-
nized tuning forks. This is done in much the
same way a child on a swing “pumps” in new
energy by shifting his center of gravity in step
with his motion.

At the turn of the century, scientists theo-
rized that electrical vibrations, too, could be
amplified by synchronously varying the react-
ance of an inductor or capacitor. Later amplifiers
were made to work on this prineiple but none
at microwave frequencies.

Then came the middle 50’s. Bell Telephone
Laboratories scientists, by applying their new
transistor technology, developed semiconduc-
tor diodes of greatly improved capabilities.
They determined theoretically how the electri-
cal capaeitance of these new diodes could be
utilized to amplify at microwave frequencies.
They created a new microwave amplifier with
far less ‘‘noise’” than conventional amplifiers.

The new reactance amplifier has a busy
future in the battle with “noise.” At present,
it is being developed for applications in tropo-
spheric transmission and radar. But it has
many other possible applications, as well. It
can be used, for instance, in the reception of
signals reflected from satellites. It is still another
example of the continuing efforts to improve
your Bell System communications.

BELL TELEPHONE LABORATORIES
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT



" how many Resistors
have you soldered recently ?

It’s no trick today to obtain resistors that give everything you need in the
! way of conventional characteristics such as load life, resistance-temperature,
temperature cycling, and so on.

But what a whale of a difference when it comes to “solderability”! Try the

|

[ i
‘? “‘ J’ different makes for yourself and see. Whether you solder by hand or by auto-
ad 8 ;: matic dipping, you’ll find that Stackpole Coldite 70 resistors solder lots
© : : : L better, lots faster and lots more surely.
- f o |
\i ¥ [ Just hit ’em with solder and they stay soldered—because they’re the only

f resistors whose leads get an extra final solder dip in addition to the usual tin-
lead coating. You get faster production, fewer rejected assemblies. And there’s
less chance of trouble developing after your products reach the field.

h COMPARE THESE “SPECS”! — Write for Stackpole Resistor Bulletin

giving complete scorecard for Coldite 70+ (cold-molded) resistors in relation
to MIL as well as commercial specifications. And remember that they give you
unmatched solderability in the bargain—at no extra cost!

( - -
e ——

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

Ceramag® ferromagnetic cores o Slide and
Snap switches » Variable composition resistors

Ceramagnet® ceramic magnets ¢ Fixed com-

position capacitors « Electrical contacts , éyl ®-/
B-ushes for all rotating electrical equipment L)// g 7[4
Hundred of related carbon, graphite, and metal //'

powder products. fixed composition resistors
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FIRST Navy Militarized SSB Transmitter

Generates Cleaner Signal Using

HERMES CRYSTAL FILTERS

Hermes Crystal Filter Model
Frequency 2 Mc. Shown approx. Y%, size.

Single-Sideband Transmitter, Model AN/WRT-2
developed by Westinghause Electric Corporation
far the U. S. Navy uses Hermes Crystal Filters,
Model 2MUB and 2MLB.

Recently installed on the atomic submarine SKIPJACK
(SSN585), the Westinghouse Electric AN/WRT-2 SSB Trans-
mitter is now standard Navy equipment.

Single sideband signals are generated in the AN/WRT-2 by
the selective filter method employing Hermes 2MUB and 2MLB
Crystal Filters. These 2.0 Mc Crystal Filters not only offer all
the basic advantages of the filter SSB generation method, but
reduce the number of heterodyning stages required to translate
the modulated signal to the required output frequency. The
attendant decrease in unwanted signal generation results in a
cleaner signal. The AN/WRT-2 is also a more reliable trans-
mitter because fewer components are used.

In addition to the 2.0 Mc Crystal Filters, Hermes has also
supplied SSB units at 87 Kc, 100 Kc, 137 K¢, 1.4 Mc, 1.75 Mc,
3.2 Mc, 6 Mc, 8 Mc, 10 Mc and 16 Mc. These Crystal Filters arc
presently installed in airborne HF, mobile VHF and point to
point UHF SSB systems.

Whether your selectivity problems are in transmission or
reception, AM or FM, mobile or fixed equipment, you can call
on Hermes engineering specialists to assist in the design of
circuitry and the selection of filter characteristics best suited
to your needs. Write for Crystal Filter Short Form Catalog,

A limited number of opportunities are available to experi-
enced circuit designers, Send résume to Dr. D, I. Kosowsky,

Hermes
ﬂhELECTRONICS co.
VE/ 7% CAMBRIOGE PARXWAY CAMBRIDGE 42, MASSACHUSETTS

2MUB, Carrier

*Wh Meetings

" with Exhibits

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

April 20-22, 1960
SWIRECO, Southwestern IRE Re-
gional Conference & Electronies
Show. Shamrock-lilton Hotel, Hous-
ton, Texas.
Exhibits: Mr. A, D, Seixas, SWIRECO,
P.O. Box 22331, Houston, Texas.

May 2-¢ 1960
National  Aeronantical Electronies
Conference, Dayton Biltmore Hotel,
Dayton, Ohio.
Exhibits: Mr. Edward M. Lisowski. Gen-
eral Precision Lab., Inc., Suite 452, 333
West First St., Dayton 2, Ohio.

May 2-6, 1960
Western Joint Computer Conference,
Fairmont Hotel, San Francisco, Calif.
Exhibits: Mr. 11, K. Farrar, Pacific Tel.
& Tel. Co., 140 New Montgomery St.,
San Franeiseo 5, Calif.

Vay 23-25, 1960
1960 National Telemetering Confer-
ence, Miramar llotel, Santa Muonica,
Calif.
Exhibits: Mr. William Van Dyke, Douglas
Aircraft Co., Ine., El Segundo, Calif.

Vay 24-26, 1960
Seventh Regional Technical Confer-
ence & Trade Show, Olympic Hotel,
Seattle, Wash,
Exhibits: Mr. Rush Drake, 1806 Bush
Place, Seattle 44, Wash,

Vay 24-26, 1960
Armed Forces Communications &
Electronies Association Convention
and Exhibit, Sheraton-Park ilotel,
Washington, D.C.
Exhibits: Mr. William C. Copp, 72 West
45th St., New York 36, N.Y.

June 20-21, 1960
Chicago Spring Conference on Broad-
cast and Television Receivers, Grae.
mere Hotel, Chicago, 11,
Exhibits: Mi. Stanley Hopper, Zenith
Radio Corp.. 6001 W. Dickens Ave,,
Chicago 39, HI.

June 27-29, 1960
National Convention on  Military
Electronics,  Sheraton-Park  llotel,
Washington, D.C.
Exhibits: Mr. L. David Whitelock, Bu-
Ships, Electronics Div., Dept. of Navy,
Washington, D.C.

August 1-3, 1960
Fourth Global Communications Sym-
posium, Hotel Statler, Washington,
D.C.
Exhibits: Mr. Robert O. Brady, Office of
the Chief Signal Officer, U. S. Army
Signal Corps, Washington, D.C.

{Continued on page 10-)
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For High Accuracy—Broad Band Noise Figure Measurement

KAY

Cherma-Node

Basic Noise Source
CAT. NO. 770

A N RS SRR \m)

£ Available Noise

/ Accurate to +0.1

3 Noise Heads
Cover | ke to 1000 mc

‘
g
§
2
]
<
:
,

Portable
Can Be Operated from
117V, 60 cycles or 24 V dc g
b
SPECIFICATIONS Through refinement of a basic noise generation technique— IS
STANDARD NOISE HEAD: (Head A furnished with thermal noise frm}x a -hegted resistive element—the new Kay
5 Therma-Nod~ achieves high accuracy over an extreme wide
Therma-Node) covers 2 to 1000 mc; output imped- i =) A By
range of frequencies. Therma-Node's resistive element. con-
ance 50 ohms unhalanced N type conrectors. . . o . ST
) tained in the noise head, is heated to a normal 2200°K, gen-
Max. VSWR, variab = tuned, I.1 frem 10 to 1000 crating adequate noise-power for accurate neisc figure meas-
mc. urements to 10 db. Nominal fixed available noise temperature
Max. VSWR, fixed tuned, 1 | from 10 to 100 mc ranging between 2000 and 2100°K may be read directly on the
1.2 from & to 300 mc; |.4 from 4 to 400 mc: panel meter to 2% accuracy. A single tuning clement. con-
2 from 2 to 500 me. tained in the noise head. provides a fixed range of 2 to 300
: me. and may be tuned to extend the range to 1000 me. An op- x
INTERCHANGE’A\‘BLE LOW FREQUENCY NOISE tional, interchangeable head extends measurement down to 1 »
HEAD: (Head B} covers | ke to 350 mc: output im ke. Ambient termination is supplied. Both heads have output <
pedance 50 ohm:, unbalanced. . impedances of 50 ohms, unbalanced. Both heads can be used
Max. VSWR .1 trom 3 k¢ to 100 mc; 1.2 from 2 without connecting ecoaxial cables, thus eliminating cable
ke to 250 mc: 1.4 from | ke te 350 mc. €rrors,
AMBIENT SOURCE PROBE for usz with A and A selectable-impedance noise head. covering the range .25 to
& B Noise Heaas: 400 me. and furnishing output impedances of 50. 100 and 200
Frequency range—0 to 1000 mc. ohms, balanced and unbalanced, i< available a< an accessory.
> . oo .
< Output impzdance—50 ohms. unbalanced The inexpensive resistive element in the Therma-Node noise
4 Max. VSWR = | | head has a life expectancy of 10000 hours in either inter-
Accuracy ot indicated temperature—2 EM—=1 mittent or continous service, Because the few active com-
i ponents in the Therma-Node are solid state devices, its in-
x SELECTABLE-IMPEDANCE NOISE HEAC: Head C herent stability vesults in long term aceuracy and freedom
covers 0.25 to 400 mc, balanced or unbalanced from maintenance.
1 output. Selectzble cutput impedance; of 50, 100 and
f" 200 ohms are provided. |
. Max. VSWR—I [ from | to 75 me: .2 from 0.5 | STHER RAY ROIBE CGENERATONS ‘ x
i to 100 mc: 1.4 rom 0.25 to 400 mc. v | e | ovane [l e Liwl] @
Max. VSWR differerce between ambiznt and hot ~
sources i 0.05 [kot and ambient ources con Mega- Nede® 2608 Bt g.;gglaf;ﬂaoogr:;ms :::al.mg‘.).lgg: ;ggj 2%:2 $365.00 £
tained in same probe). | Mega-Node 1758 50500 | 019 batanced 300 $365.00
: Weight: 8 pcunds .n carrying case. | - Mega- et s03-8 ‘ 3:5007 11 9=19 Unbalanced’ 30 $365.00 |
i Mega-Node 3000 1-3000 = 0-20 unbalanced 50 $790.00
‘; Di i i & x 4.75 inch [ | [ o | |
| imensions: 1 5 x & x 4.75 inches. sa00 | OZIBAGEINE ynyaianced as specitied | $1495.00 ‘
> Rutda-Note® 500- 10:3600 [ 620 1 unbal. nom. 50 [ $1965.00 | ¢
q Oppapiis e [z CUEL, &7 20 6t ‘ . . [ 1120.26.500 T 16 2407 158 [ ::v:gu'::em | L | l
“. Price: $495.00, f.;.b. Fa}:tnry. - 1:::47“'?'(“:4“ 1120.26.500 | 15.28 or 15.8 wavegilde ) ;g;g% !o‘ %‘
g Low Frenquenzy Wosz Head (B}: $175.00 + Price varies with Microwave Mega-Node used as accessory
Selected Imp»:danc;e Head (C) $125.00 * Ideally suited for noise figure in radar
i
WRITE FOR NEW
wEror MW pegaw ELECTRIC COMPANY ;
Dept. |-4 Maple Avenue, Pine Brook, N.J. CApital 6-4000 x
»
<
]

e e IE A W L 2R T IR R e KA Y ST e S g

AT KAY T
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TOWER FOOTING
INSULATORS FOR
SELF-SUPPORTING

RAOIATORS

 Meetings AR\

|
p with Exhibits

l A P P i i AR

A ¢t 23-26, 1960
A N T E " N A Tow E R “\i'ul:‘iS('.ON)', Western Electronic Show

and Convention, Ambassador Hotel
& Memorial Sports Arena, Los Angeles,
Calif.

INSULATORS Exhibits: Mr. Don Larson, WESCON,

1433 LaCienega Blvd., Los Angeles,

Calif.
September 19-21, 1960
| National Symposium on Space Elec-

tronies & Telemetry, Shoreham
Hotel, Washington, D.C.

Exhibits: Mr. Leon King, Jan-ky and
Bailey, 1339 Wisconsin Ave.. N.W,,
Washington, D.C.

I October 3-5, 1960
©) Sixth National Communications Sym-
posium, Hotel Utica & Utica Munici-
:MST BASE pal Auditorium, Utica. N.Y.
NSULATORS RADIO Gu¥ Exhibits: Mr. R. E. Bischoff. 19 West-
u minster Road, Utica, N.Y.

October 10-12. 1960

National  Electronics  Conference,
Hotel Sherman, Chicago, .

Exhibits: National FElectronics Confer-
ence, Inc., 228 North La Salle st Chi-
cago 1, 1L

October 24-26, 1960

East Coast Aeronautical & Naviza-

We at Lapp are mighty
proud of our record in the

field of tower insulators. tional Electronics Conference, Lord
Baltimore Hotel & 7th Regiment Ar
Over 30 years ago, the first mory, Baltimore, Md.

T
w‘l‘."-:g., ‘ _QJ

Exhibits: Mr. R. L. Pigeon. Westinghouse
. Electric Corp., Air Arm Div., P.O. Box
was erected—on Lapp insu- 746, Baltimore. M.

insulated broadcasting tower

lators. Since then, most of the ~ Oct. 31-Now. 2, 1960

. . 13th Annual Conference on Elee-
large radio towers in the trical Techniques in Medicine &

Biology, Sheraton-Park Ilotel. Wash-
) . ington, .C.

and supported by Lapp insulators. Single base Exhibits: Mr. Lewis Winner, 152 West
42nd St., New York 36. N.Y.

November 14-16, 1960

world have been insulated

insulator units for structures of this type have
been design-tested to over 3,500,000 pounds.

W Mid-America Electronics Convention
:,E A thorough knowledge of the properties of por- IEM“\E(&?(M\I“U"'“IM' Auditorium,
R . . . . ansas City, Mo
i celain, of insulator mechanics and electrical qual- Exhibits: Mr. John V. Parks. Bendix Avia-
&3 e g 5 o i g ) O Kianaasl i
I3 ities has been responsible for Lapp’s success in fl’l""\(l‘(‘]”"" P.0. Box 1159, Kansas City
e . . o. g T
KX becoming such an important source of radio in- /. .50 1960
Sy sulators. Write for description and specification Northeast Flectronies Research & En-
! q 3 q gineering Meeting (NEREM), Bos.
; data on units for any antenna structure insulating ton Commonwealth Armory, Boston,
: . Mass
requirement. Lapp Insulator Co., Inc. 1 - o : )
fquirement. Lapp » Inc., Radio Spe Exhibits: Miss Shirley Whitcher. IRE
cialties Division, 223 Sumner Street, LeRoy, N. Y. Boston Office, 73 Tremont St., Boston,
Mass.

A

Note on Professional Group Meetings:
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working committcemen on these

groups are asked to send advance data to
this column for publicity information.
You may address these notices to the
Advertizsing Departinent and of course

listings are free to IRE Professional
Groups.
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THE G.C.DEWEY CORPORATION

For scientific research and development

with intellectual integrity

SCIENTIFICALLY ORIENTED to achieve significant vesuits for govern-
ment and civilian agencies—in the broad aveas of defense physics . .. weapons
system concepts and evaluation .. . electronic technology —this organization
applies creative scientific thinking .. .to advanced problems of nuclear and
plasma physics . .. to unigue computer programming techuiques ... .to origi-
nal electronic design criteria. . . to systews analyses that wieet measure of
effectiveness standards.

THE G. C. DEWEY CORPORATION, 202 East 44th Street, N.Y.C. 17

Phsicists, mathematicians and engineers with advanced degrees,
write for information on professional career opportunities,
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For original equipment, direct replacement

NEC tubes with new doped-nickel cathode

Both tube series described here use
NEC’s new doped-nickel cathode core
material. This 10-year development
increases emission without raising op-
erating temperature. Oxide evaporation
rate is lower than any known core
material. Operating data show tube
life is extended up to 50%.

WIDE-BAND AMPLIFIER TUBES : Development began
seven years ago with the 6R-R8, which was used
in Japan’s first microwave link. A modification,
6R-R8C, with very low distortion factor, is used in
coaxial amplifiers. 6R-P10 Power Amplifier Pentode,
with high mutual conductance and small capacitance,
is designed for larger power output.

Cothode Rating “‘:""I:" Pate Trom Copocitances
. Mo i Comemt Interchangeoble
v | amp '(':"('3; md) | m( ) | impur | outpnr L
HW|HW] « W [ ]
6R-RS “::.(:’" 63 | 02 150 I 12500 | 7.8 | 2.2 |wh wiaoaa
O6R-RBC Sh:::(‘:v:" 6.2 0.3 150 1k} 12,500 7.3 32 with WI4 04 A
on.po | Pove Ameifie a | os 150 36 1500 |05 | 27 I
6R-P10 Pentode °
. j%%
= Ly
). : ‘
, Cothods Rating Marimem Mazimum Power Mosimem ‘
ype Use Voltoge wrrent Pote Voltage PMote Dissipation frequency
won | W “w v "y eeon | TS 2C40 ] 2C39B
2822 Detector 6.3 0.75 150 — — 1200 . .
DISC-SEALED TRIODES : NEC designed the first
2¢394 (32?-".1.'3, oa | 1o | 0o 100 s | =0 | disc-sealed tube in 1939, giving NEC many years
P of experience in the design and manufacture of
2C40 Oscillator 6.2 0.75 500 4 0.7% o . . . .
Wominsat) this type of microwave tube. Each is a direct re-
Amplifier .
scasf ot | es | os [ asco: " o | svo | placement under all circumstances for the corre-
pr sponding type. The NEC tube will give longer life, an
58061 Oxcillator 6.3 0.4 50 (] 0.8 aroo . . . .
Contmnws) especially important advantage in repeater stations.

® Pulse plate Voltoge (eb)

Please write for specification sheets.

<> Mjgpon Flectric Comparty LId. ave, sepen

COMPONENTS / SYSTEMS



ANALOG MULTIPLEXER
HIGH AND
LOW LEVEL

ANALOG
TO DIGITAL
CONVERTER

PARALLEL DIGITAR
DATA GATING
AND STORAGE i
SERIAL
DIGITAL .
DATA GATING ‘

MASTER PROGRAMMER

AND
SYNCHRCNIZER

|
EXTERNAL SYNCHRONIZATION
CONTROL (CPTIONAL)

High capacity,
...With system

Now you can get the benefits of digital techniques
— accuracy, speed and reliability — in compact pulse
code modulation telemetry systems from Texas Instru-
ments. The 25-pound, 14 cubic foot package shown
uses only solid state devices, and may be used to drive
any of the compact TI transmitters dictated by the
application. The system multiplexes and encodes 64
analog channels; and processes five 8-bit parallel
digital data channels plus a serial digital data channel
at a nominal bit rate of 200 kc.

A key feature of the system is its high-speed analog
multiplexer which handles low- and high-level data,
or a combination of both, with only « single low-level

TEXAS

APPARATUS DIVISION

AIRBORNE PCM SYSTEM

V2 cu ft, PCM telemetry system
drift nulled out!

ampiifier. Overall accuracy of the system is =0.25%
— made possibie by a unique bi-directional servo loop
that nulls out system drift. The system is packaged in
individual modules so that it can be rapidly modified
to fit the needs of other missiles or space vehicles.
PCM is only one of several advanced telemetry
projects at Texas [ustruments. Others include the
development and/or production of analog systems and
equipments for Bomare, Corvus, Pershing, Minute-
man, Titan, Centaur, and Project Mercury.

For detailed information about PCM telemetry or
other TI missile electronic system capabilities, please
contact SERVICE ENGINEERING:

o]

HWINSTRUMENTS

/'NCORPORATED
{» 6000 LEMMON AVENUE
ODALLAS 9. TEXAS



IRE News and Radio Notes

CURRENT IRE STATISTICS
(As of February 29, 1960)

Membership—79,646
Sections*—105

Subsections*—27

Professional Groups*—28
Professional Group Chapters—261
Student Branchest—184

* See March, 1960 issue for a list.
t See October. 1959 issue for a list.

Calendar of Coming Events
and Authors’ Deadlines®

1960

6th Nuclear Congress, N. Y. Coliseum.
New York, N. Y., Apr. 4-8.

14th Spring Tech. Conf., Cincinnati,
Ohio, Apr. 12=13.

Conf. on Automatic Tech., Sheraton-
Cleveland Hotel, Cleveland, Ohio,
Apr. 18-19.

Int’l Symp. on Active Networks and
Feedback Systems, Engrg. Soc.
Bldg. Auditorium, New York, N. Y.,
Apr. 19=21.

Int’l Symp. on Active Networks and
Feedback Systems, Polytechnic Inst.
of Brooklyn, Brooklyn, N. Y., Apr.
19~21.

1960 SWIRECO (Southwestern IRE
Regional Conf. and Electronics
Show), simultaneously with the
Nat'l. PGME Conf., Houston, Texas,
Apr. 20~22.

Natl. Aeronautical Electronics Conf.,
Dayton-Biltmore and Miami Hotels,
Dayton, Ohio, May 1=3.

URSI-IRE Spring Mtg., Sheraton Park
Hotel and NBS, Washington, D. C.,
May 2-5.

Western Joint Computer Conf., San
Francisco, Calif.,, May 2-6.

Symp. on Graduate Programs in Bio-
Medical Engrg., Univ. of Vermont,
Burlington, May 5-6.

PGMTT Natl. Symp., San Diego, Calif.,
May 9-11.

Electronic Components Conf., Hotel
Washington, Washington, D. C.,
May 10~12.

Natl. Telemetering Conf., Miramar
Hotel, Santa Monica, Calif., May
23-25.

7th Reg. Tech. Conf. & Trade Show,
Olympic Hotel, Seattle, Wash., May
24-26.

6th Radar Symp., Ann Arbor, Mich.,
June 1-3.

Inst. on Recent Advances in Solid State
Devices, Marquette Univ., Milwau-
kee, Wis., June 1-2.

10th Ann. Conv. of Soc. of Women
Engrs.,, Benjamin Franklin Hotel,
Seattle, Wash,, June 9-11.

Radio Frequency Interference Symp.,
Washington, D.C., June 13-14.

* DL = Deadline for submitting ab-
stracts.

(Coxutinued on page 154 )
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ANNOUNCE SyMPosiuy oN
SUPERCONDUCTIVE TECHNIQULS
For COMPUTING SYSTEMS

A Symposium on Superconductive
Techniques for Computing Systems will be
held on May 17-19, 1960, sponsored by the
Information  Systems Branch, Office of
Naval Research. The Symposium will be
held in the Department of Interior Audito-
rium on C Street, between 18th and 19th
Streets, N.W., Washington, D. C.

The purpose of this Symposium is to
bring together the scientists and engineers
currently engaged in eryogenic device re-
search in order to present a complete picture
of the present status of the applications of
superconductivity to computers, computing
systems, and information processing devices.
Invited papers emphasizing device aspects
have been solicited from most of the organi-
zations in the United States which are now
involved in research of this type. Approxi-
mately 16 to 18 papers will be presented at
the Symposium including those by repre-
sentatives of the following activities: Bur-
roughs Corp., Duke University, General
Electric Company, lnternational Business
Machines Corp., Lincoln Laboratory of
ML, Arthur D Little, Tnc., University of
North Carolina, Radio Corporation of
America, Rutgers University, Space Tech-
nology Laboratory, and Sperry-Rand Cor-
poration. Attendance is open toall interested
technical personnel.

Individuals may receive further informa-
tion and a preliminary Symposium program
when available by contacting: Nliss Jose-
phine Leno, Code 4307, Office of Naval Re-
scarch, Washington 25, D. C.

RUssIAN TECHNICAL JOURNAL
AVAILABLE IN TRANSLATION

The Society for Industrial and Applied
Mathematics announces the appearance of
the first issue of Volume 1V of Theory of Prob-
ability and Its Applications. This is a com-
plete translation into English of the corre-
sponding issue of the Russian journal Teoriya
Veroyatnostei i ee Primeneniva. During 1960
the Society will publish separately trans-
lations of all four issues of Volume 1\ (1959),
will begin the translation of \olume V, and
will publish in bound form full translations
of Volumes 1 (1956), IT (1957) and IIl
(1958). It is expected that by ecarly 1961
translations will be appearing within four
months of publication of the Russian orig-
inal.

Theory of Probability and Its Applica-
tions is a quarterly journal devoted, as its
title indicates, to research papers in prob-
ability and statistics, and to related applica-
tions in physics and communication. For the
most part, the journal has reported the work
of Russian authors; its translation offers the
first access to this material in a Western
language.

The Society for Industrial and Applied
Mathematics has been assisted in this trans-
lation project by a grant from the National
Science Foundation.

Subscriptions to Theory of Probability
and Its Applications are being offered at
$19.00 for four current issues (one vear)
(89.50 to members of the Society, add $3.90
for subscriptions outside of the U. S, and
Canada). Inquiries may be addressed to the
Society at Box 7541, Philadelphia 1, Pa.

AR Forcr MARS EastErN NET
CHOOSES SPEAKERS FOR \APRIL

The April schedule of the Air Force
MARS Eastern Technical Net, operating
Sundays from 2 to 4 r.a. EST, 3295-7540
15,715 ke, has been built around the three
subjects for which hundreds of requests have
been received over the past few months.
Through the cooperation of the Philco Tech-
nological Center it is possible to present the
Tollowing series:

April 3 “Television and Scamning Fech-
nigques in the Field of Medical
Flectronics,” J. F. IFisher, lngi-
neering Section Manager, Govern-
ment and Industrial Div., Philco
Corp.

April 10 “Applications of Tunnel Diodes,”
J. A, Ekiss, Project Engineer,
Special Projects Group, Lansdale
Tube Co., Philco Corp.

April 17 Recess Date.

April 24 “Transistor  Circuit  Considera-
tions,” H. W. Merrihew, Director,
Special Course P’reparation, hilco
Technological Center.

URSI SrrING MEETING
PROGRAM ANNOUNCED

The program of invited papers for the
Spring Meeting of URSI Combined Techui-
cal Session has been selected. In keeping
with the times, it emphasizes problems as-
sociated with space. The following papers
will be given:

“The Transmission Media in Space Com-
munication,” I. Kats, Applied Physics Lab.,
The Johns llopkins University, Baltimore,
Md.

“The NASA Communications Satellite
Program,” L. Jaffe, Communications Satel-
lite Program, National Aeronautics and Spuce
Administration, Washington, D. C.

“Advanced Research Project Agency’s
Satellite Communication Systems,” E. E.
Harriman, ARPA, Washington, D. C.

“Information Techniques in Space Com-
munication,” G. E. Mueller, Space Technol-
ogy, Labs. Inc., Los Angeles, Calif.

“The Role of Ranging Experiments in
Space Exploration,” S. W. Golomb, Jet Pro-
pulsion Lab., California Institute of Technol-
ogy, Pasadena, Calif.

April, 1960



ATEE PraNs SrackE CONFERENCE
AT DarrLas, TExas, ApriL 11-13

The first special conference on electrical
engineering in space technology sponsored
by the American Institute of Electrical En-
gineers will be held at the Baker Hotel,
Dallas, Tex., April 11-13, General Chair-
man B. ]. Wilson, of the Naval Research
Laboratory, Washington, D. C., has an-
nounced.

“Electrical aspects of space technology
have become increasingly significant in
fields of aero and astro-dynamics, propulsion
merging with and overlapping those of
metallurgy, and atomic and solid-state
physics,™ Mr. Wilson said. “Those working
in these ficlds have become aware of this new
significance of electrical science and engi-
neering and sce the need to utilize the exist-
ing capabilities here to solve space prob-
lems.”

The conference, which is expected to at-
tract leading engineers and scientists, will
explore electrical engineering aspects of com-
numications, feedback control, electrical
energy conversion and instrumentation in
space. It will stress space requirements and
the capabilities of clectrical science and en-
gineering to fulfill these needs.

Specifically, the conference will deal with
the national space picture, the space age
viewpoint on communications, control, elec-
trical energy and instrumentation; specific
missions, requirements and problems of some
United States missiles and space vehicles
and payloads and developments in equip-
ment and component capabilities for space
applications,

Several of the most prominent figures in
the space technology and in the political
world have been invited to address the two
and one-hall day conference.

The TRE and the American Rocket So-
ciety will participate in the conference.

13th Axyval ETMB CoNFERENCE
Issuts CALL FOR PaPERs

Plans are now being made for the 13th
Annual Conference on Electrical Techniques
in Medicine and Biology, which this year
will be held in Washington, D. C., October
31, November 1 and 2, 1960, at the Sheraton-
Park Hotel.

As in the past, the meeting will be spon-
sored by the Joint Executive Committee in
Medicine and Biology representing the In-
stitute of Radio Engineers, American Insti-
tute of Electrical Engineers and the Instru-
ment Society of America.

The theme of the conference will be the
application of electronic techniques to ana-
Iytical instumentation.

Scheduled for discussion are the explora-
tion and application of new electrical and
physical techuniques for quantification of
specific materials, determining molecular
structure or providing recognizable charac-
terization of materials of biological interest.
Typical subject areas here are:

1) Polarography and specific electrodes;
perm-selective membrane methods.

2) Electrical generation of titrant coulo-
metric methods.

3) Nuclear and electron magnetic reso-
nance analysis procedures.
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4) Diclectric dispersion and high-fre-
quency titration.

5) Mass spectrometry.

6) Microwave spectroscopy.

Papers representing original contribu-
tions in these related tields are invited.

Abstracts (200-500 words in length,
which can be accompanied by supplemen-
tary illustrations) with author’s name, com-
pany affiliation and position title, business
and home address, telephone contact, and
brief biographical sketch, should be sub-
mitted in double-spaced typewritten form
(in triplicate) on or before July 1 to
the Program Chairman, George N. Webb,
Room 547—CSB, Johns Hopkins Hospital,
Baltimore §, Md.

RQC Syyrosium
Soricits Paprks

Abstracts of papers to be submitted for
the Seventh National Symposium on Reli-
ability and Quality Control, jointly spon-
sored by the IRE, the ATEE and the ASQC,
must be received by May 16, 1960. The
Symposium is scheduled for January 9-11,
1961, at the Bellevue-Stratford Hotel,
Philadelphia, Pa.

Ten copies of the abstract, of not more
than 800 words, are required. It should in-
clude the title of the paper (not to exceed 50
letters, including spaces), the author’s name,
pusition and affiliation. In the case of more
than one author, please indicate who will
present the paper. Ten copies of a hiograph-
ical sketch (suitable for publication in the
PRroceEDINGS) of cach author must accom-
pany the abstract.

Authors will be notified of acceptance by
June 27, 1960. Final papers will be due Oc-
tober 10, 1960. Submit abstracts and bio-
graphical sketches to R. E. Kuehn, IBM
Owego, Owego, N. Y.

NBS PrEPARES BIBLIOGRAPHY
ON RaADIO PROPAGATION

In the past few years the Central Radio
Propagation Laboratory has been engaged in
preparing several bibliographies on tropo-
spheric propagation of UHF, VHI, and
SHF radio waves. It is believed that these
bibliographies have presented a comprehen-
sive listing of the pertinent literature con-
cerning tropospheric propagation up through
1958.

Because of the favorable reception of the
previous bibliographies, and to fill a long-
felt need, it has been decided to extend the
scope of this bibliography to include all fields
of radio propagation.

Since this is an undertaking of consider-
able proportions, it would be greatly ap-
preciated if any interested reader would for-
ward a list of pertinent references in racio
propagation, radio astronomy, radio proper-
ties of the ionosphere, etc., to the editor:
Malcolm Rigby, Editor, Meteorological
Abstracts and Bibliography, P. O. Box 1736,
Washington 13, . C.

Calendar of Coming Events
and Authors’ Deadlines*

(Contivued from page 144)

Chicago Spring Conf. on Broadcast and
Television Receivers, Graemero
Hotel, Chicago, Ill., June 20=21.

Conf. on Standards and Electronic
Measurements, NBS Boulder Labs.,
Boulder, Colo., June 22-24.

Workshop on Solid State Electronics,
Purdue Univ., Lafayette, Ind., June
23-24.

Natl. Conv. on Mil. Elec., Sheraton
Park Hotel, Washington, D. C.,
June 27-29.

Cong. Intl. Federation of Automatic
Control, Moscow. USSR, June 25-
July 9.

Int’l Conf. on Electrical Engrg. Educa-
tion, Sagamore Conf. Center, Syra-
cuse Univ., Syracuse, N. Y., Jul.

7th Ann. Symp. on Computers and
Data Processing, Stanley Ilotel,
Estes Park, Colo., July 28-29.

4th Global Communications Symp.,
Hotel Statler, Washington, D. C.,
Aug. 1-3,

WESCON, Los Angeles Mem. Sports
Arena, Los Angeles, Calif., Aug.
23-26, (DL*: May I, R. G. Leitner,
WESCON Bus. Office, 1435 So. La
Cugna Blvd., Los Angeles 35, Calif.)

URSI 13th Gen. Assembly, Univ. of
London, London, Eng., Sept. 5-15.

Joint Automatic Control Conf., M.L.T.,
Cambridge, Mass., Sept. 7=-9.

Space Electronics and Telemetry Conv.
and Symp., Shoreham Hotel, Wash-
ington, D.C., Sept. 19-22.

Industrial Elec. Symp., Sheraton Cleve-
land Hotel, Cleveland, Ohio, Sept.
21-22.

Sixth Natl. Communications Symp.,
Hotel Utica and Utica Municipal
Aud., Utica, N. Y., Oct. 3=5. (DL*:
June 1, B. H. Baldridge, 25 Bolton
Rd., New Hartford, N. Y.)

Natl. Elec. Conf., Hotel Sherman, Chi-
cago, Ill.,, Oct. 10~12. (DL*: May
1960 Prof. T. F. Jones, Jr., School
of E.E., Purdue Univ., Lafayette,
Ind.)

Symp. on Space Navigation, Deshler-
Hilton Hotel, Columbus, Ohio, Oct.
19=21.

East Coast Conf. on Aero & Nav. Elec.,
Baltimore, Md., Oct. 24=26.

Sth Ann. Conf. on Nonlinear Magnetics
and Magnetic Amplifiers, Bellevue-
Stratford Hotel, Philadelphia, Pa.

Electron Devices Mtg., Hotel Shore-
ham, Washington, D. C., Oct. 27-29.

13th Ann. Conf. on Elec. Tech. in Med.
and Bio.,, Sheraton Park Hotel,
Washington, D. C.,, Oct. 31, Nov.
1=2,

Radio Fall Mtg., Hotel Syracuse, Syra-
cuse, N. Y., Oct. 31, Nov. 1-2,
Mid-Amer. Elec. Conv., Hotel Muehle-

bach, Kansas City, Mo., Nov. 15~-16.

1960 NEREM (Northeast Electronics
Res. & Engrg. Mtg.), Boston, Mass.,
Nov. 15-17.

PGVC Ann. Mtg., Sheraton Hotel,
Philadelphia, Pa., Dec. 1-2.

Eastern Joint Computer Conf.,, New
Yorker Hotel, New York, N.Y., Dec.

* DL =Deadline for submitting ab-
stracts.
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VLI TRANSMISSIONS BEGUN
By U. S. Navan OBSERVATORY

The Navy Departiment announces that
Naval Radio Station NB.A\ at Balboa, Pan-
ama Canal Zone has begun transmitting
precise time signals and constant frequency
on VLIE (Very Low Frequency), 18 kilo-
cveles per second. At present the signals are
transmitted continuously from 0800 to 1600
Eastern Standard Time Monday through
Friday. The periods of transmission will be
lengthened later as the need arises.

This service was inaugurated in order to
meet the needs of the Navy for precise time
signals and constant frequency, and to pro-
vide means for accurate timing needed in
satellite tracking stations spread over the
globe.

Fxperiments conducted by the U. S,
Naval Observatory and the Royval Green-
wich Observatory in England have shown
that time signals transmitted in the very low
frequency part of the radio frequency spec-
trum, such as the 16 kilocyeles per second of
Station GBR at Rughy, England, and the
18 ke used at the high power transmitter at
station NBA in the Panama Canal Zone,
can be received over long distances to an
accuracy of five ten-thousandths of a second.
Recent experiments conducted by the Naval
Research Laboratory indicate that an ac-
curacy of time measurement of one ten-
thousandth of a second might be achieved.
The Naval Observatory, Naval Research
Laboratory, and Naval Comnumications
are conducting experiments to improve the
accuracy of the service.

Atomic clocks of the cesium-beam type
are used to measure the frequency of the
transmissions and to maintain the frequency
constant to about 1 part in 10 billion. The
frequeney of cesium used is 9 192 631 770
cyeles per second. This experimental value
was determined jointhy by the U. S. Naval
Obhservatory, Washington, and the National
Physical Laboratory, Teddington, England.

Additional details of the NBA broad-
casts are contained in Time Service Notices
Numbers 6, 7, and 8 of the U. 8. Naval Ob-
servatory. Further information may be ob-
tained by writing to the Superintendent.

OPTICAL SOCIETY OF AMERICA
TrRANSLATES RUSSIAN JOURNAL

The Optical Society of America has
announced the translation of Optika T
Spektroskopiva  (Optics and  Spectroscopy)
beginning with the January, 1959 issue. 'This
leacdling scientific journal of the USSR
Academy of Sciences publishes the work of
Russian scientists in all branches of optics
and spectroscopy, including x-ray, ultravio-
let, visible, infrared and microwave, thin
layer optics, flters, detectors, diffraction
gratings, electroluminescence, thermal radia-
tion backgrounds, infrared polarizers, and
their other applications in science and in-
dustry.

Optics and Spectroscapy is available free
to all members of the Optical Society of
America as part of their membership privi-
leges, and also to all subscribers to the
Journal of the Optical Society of AAmerica who
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are not niembers of the Society. Membership
dues, including both Optics and Spectros-
copy and the Journal of the Optical Society
of America, are $13.00 per year. Write to Dr.
Mary 5. Warga, Executive Secretary, Op-
tical Society of \merica, 1153 Sixteenth St.,
N.W,, Washington, D). C. for the member-
ship application form. Nonmember sub-
scriptions, which include hoth of the above
journals, are $25.00 per year. Subscriptions
should be sent directly to the American
Institute of Physics, 335 E. 45 St., New
York 17, N. Y.

ARMY MARS TecnNican NET
ANNOUNCES APRIL SPEAKERS

Continuing with its mission of dissemi-
nating technical knowledge by radio com-
munication, the First U, 8. Army MARS
SSB Technical Net announces its speaker
program for April. The net operates each
Wednesday evening at 9 p.at. EST on 4030 ke
upper sideband.

Arrangements have been made by Ted
Mathieson, A4F], the state MARS Director
of Virginia, to use First Army tapes in set-
ting up a Second Army Technical Net with
its nucleus around the Washington D. C.
area.

Speakers for April include:

April 6 “Filter Design and Applications,”
J. L. Prather, Instructor, Radio
Div., USASCS, FFort Monmouth,
N

April 13 “New Semi-Conductors for 1ligh
Frequeney Circuits,” W. A, Mec-
Carthy, Chief Applications In-
gineer, Semi-Conductor Div., Ray-
theon Mfg. Co., Boston, Mass.

April 20 “Modern Trends in Electronic In-
strumentation,” W. A, Knoop,
Jr., Partner, Gawler-Knoop Co.,
Roselle, N. J.

April 26 “Tacan and Similar Nircraft Navi-
gation Systems,” W, Loebel, Proj-
ect Engineer, Olympic Radio and
TV Division of the Siegler Corp.,
Long Island City, N. Y.

OBITUARIES

Philip R. Coursey (\'17)(L) died re-
cently at the age of 67.

Born in 1892 in Wood Green, Middlesex,
England, he received the B.S. degree, with
honors, in engineering from University Col-
lege, London, in 1913, After graduation, he
was Professorial Assistant in the Electrical
Engineering  Departmient and  Research
Laboratory at University College, lecturing
and doing research work in electrical en-
gineering and radiotelegraphy. In 1912 he
became a counsulting engineer for wireless
telegraphy and related fields to the Dubilier
Electrical Syndicate, Ltd., London. At the
time of his retirement two vears ago he was
Chief Engincer of Dubilier Condenser Co.,
London, England.

Mr. Coursey wasa Fellow of the Physical
Society of London, a nientber of the Wire-
less Society of London, and a member of
the IEE in England. tHe was the author of
several technical papers.

George Morton Cummings (\\’32-M’46-
SM'53), former chairman of the St. Louis,
Mo., Section of the IR, died recently at the
age of 64.

Born March 20, 1895 in Sedalia, Mo., he
attended grade school and high school there,
and later attended Washington University
Night School. From 1912 to 1915 he was em-
ployed by Union Eleetric Light and Power
Co., and for a year after that he worked for
the Wagner Electric Corp. In 1916 he began
working for Southwestern Bell Telephone
Co., in St. Louis. He was employed in the
Engineering Departiment for many years,
having been appointed Demonstrations En-
gineer for several states in 1951, In this ca-
pacity he supervised operation and mainte-
nance of equipment used in exhibits and de-
veloped and designed new equipment.

Mr. Cummings served the St. Louis Sece-
tion of the TRE in various capacities, as
Vice-Chairman, Secretary-Treasurer, 1’ro-
gram Chairman and Chairman of the Nomi-
nations Committee. In 1948 he was elected
Chairman of the Section.

Dr. D. O. McCoy (N46-5S7M'56-F'39),
Chairman of the Cedar Rapids Section of
the IRE, died recently at the age of 48.

He was born
March 18, 1911 in
L.alorte City, lowa.

. His formal academic
preparation was done
at the lowa State
University, where he
received the B.S. de-
gree in Mechanical
Engineering in 1934,
the M.S. in Physics
in 1936, and the Ph.D.
i Applied Physics in
1938. He contributed

to the application of riudio to Naval aircraft
systems through his research at the Naval
Research Laboratory from 1938 to 1947. He
served the Laboratory as head of the Re-
search Section of the Airborne Radio Divi-
ston and later head of the Radar Section of
Radio Division 1L In 1947 he joined the
Rescarch  Division of the Collins Radio
Company, where his contributions to a
number of fields were numerous and sig-
nificant. Among his many activities was
the direction of research and development
in the felds of radar, electronic counter-
measures, Doppler and phase-locked re-
ceiver techniques, radio astronomy, radio-
celestial navigation, antennas, and me-
chanical engineering. He served on the
RTCA subcommittee responsible for the
study of the distance measuring system
(DME) to be recommended for civil use. ile
was awarded the IRE Fellow Award for his
guidance of the research and development
leading to the radio sextant, an all-weather
navigation system which utilizes the radio
emission of the sun and moon.

Dr. McCoy was a member of i Mu Epsi-
lon, Sigma Xi, the American Physical So-
ciety, and the Institute of Navigation.

D. 0. McCoy
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ABOUT WATERLOO ...

Shortly after Waterloo, the Duke of Well-
ington received a letter, postmarked St. Helena.
It was from Napoleon. It read: “Excellency:
I was amused to hear your recent remark that
“The Battle of Waterloo was won on the
playing fields of Eton." To have won an en-
gagement in Belgium from a field in England,
you st have been further back of the bartle
lines than I thought.

*“The real reasons for my defeat were two,
and Eton was neither. In the first place, the
radar broke down for two hours in the heat of

No. 19 of a series... BOMAC LOOKS AT RADAR THROUGH THE AGES

* Bomac makes th

bartle. Not even a Napoleon can be ex-
pected to make radar work without Bomac
tubes.*

“But I might easily have defeated you,

Saudry tubes and all, had I not been persuaded

to partake of a bottle of Scorch on the evening
before the bartle. I have reason to suspect my
drink was tainted. At any rate, on the day
of Waterloo, I did not display my usual
energy and decisiveness.

“It appears, in short, that you owe the
battle to a botrle. (Signed,) N.”

The Emperor received a brief reply by re-

turn boat. It read: “Excellency: In view
of the fact that your loss ar 1Warerloo appears
to have been less a marter of Lion than of
Drinking, I am withdrawing nty original
statement. I have released the following in
its place, which I here submit for your ap-
proval:

‘You _an mix Scotch and Water
And Water and Scorch

But don’t whatever you do
Make the mistake Napoleon did,
And mix Scotch and Waterloo.'

(Signed,) Wellingon.”

€ .rfl‘/)l(?gt ;/H/QC/ OULDR belDe,Q

and components this sude of Waterloo

BOMAC

Offices In major cities—Chicago « Kansas City » Los Angeles « Dallas - Dayton « Washington «
Seattle « San Francisco » Canada: R-O-R Associates Limited, 1470 Don Mills Road, Don Mills,
Ontario « Export: Maurice . Parisier, 741-745 Washington St., N. Y. C. 14, N. Y.

Leaders in the design, development and manufacture of TR, ATR, Pre-TR tubes; shutters;
reference cavities, crystal protectors; silicon diodes; magnetrons; klystrons; duplexers;
pressurizing wirdows; noise source tubes; high frequency triode oscillators; surge protectors.

© BOMAC 1960



1960 IRE INTERNATIONAL
CONVENTION RECORD

The IRE IxtERNATIONAL CONVENTION
REcorp, containing all available Conven-
tion papers, will be published in ten parts in
July, 1960.

Professional Group members are entitled
to purchase the Part sponsored by the P’ro-
fessional Group to which they belong at the
special PG rate indicated below, Other parts
may be purchased at the IRE member rate.

IR members may purchase any part at
the IRE member rate. However, if a member
applies for membership in the appropriate
Professional Group at the same time that he
places his order, he will be entitled to the
PG rate.

Noumembers and libraries may place
orders at the nonmember and library rates,
respectively. Individuals who apply for IRE

metbership at the time they place their or-
ders are entitled to the IRE member rate.

Subscription agencies are entitled to the
library rate.

Clip out the order form and return it,
with remittance, to the Institute of Radio
Engineers, Inc., 1 IZast 79 St., New York 21,
N. Y. In ordering, be sure to refer to the
proper columus for subjects and prices.

I Prices for Members of Sponsoring Professional
b . . Group (PG), IRE Members (M), Libraries and
: Cent Subject and Sponsorit N T, ; 2
Yart Sessions Ill{lljijtl(’ro;:;si(;R::lllz}r(lnlﬁ.) - Sub. f\gcnqes}(Lz, ild Nonmembers (N M?
‘ PG ] M [ NM
1 38, 40, 53 Antennas & Propagation $0.70 I $1.05 | $2.80 $3.50
2 33, 40, 41, 48, 49 Circuit Theory 1.00 ‘ 1.50 4.00 5.00
Flectronic Computers
3 8, 10, 23, 32, 39 IZlectron Devices 1.00 1.50 14.00 5.00
Microwave Theory & Techniques .
4 1,9,17, 25 Automatic Control 0.80 1.20 3.2 1.00
Information Theory ‘
S 24, 28, 29, 30, 37, 44, 50 | Communications Systems 1.20 1.80 1.80 0.00
Space Electronics & Telemetry
7,18,22,27, 31,34, 35, ‘ Component Parts
42 | Industrial Electronics ‘
6 ‘ Production Techniques 1.40 | 2.10 5.60 7.00
Reliability and Quality Control ‘
| Ultrasonics Engineering |
11, 12, 19, 20, 206, 36 I Audio
7 Broadcast & Television Receivers 1.00 | 1.50 1.00 | 5.00
| | Broadcasting I | {
4,0, 15, 43, 51, 52 Aeronautical & Navigational Electronics
8 | Radio Frequency Interference [ 1.00 | 1.50 l 1.00 [ 5.00
‘ Vehicular Communications | [
Military Electronics
| 2,10, 14, 21, 47 54 ' Medical Electronics
9 | Nuclear Science ‘ 1.00 i 1.50 1.00 ‘ 5.00
| | Instrumentation ]
3,513,145 Engineering Writing & Speech
10 | Engineering Management \ 0.80 ‘ 1.20 3.20 | 4.00
Human Factors in Electronices
’ Complete Set (10 parts) $10.00° $15.00 | $40.00 | $50.00
; ORDER FORM é
1960 IRE INTERNATIONAL CONVENTION RECORD
: | [ ‘ | Complete :
mrt[lllz 3|4 s 6 | 7|8 |9 |10 | Cogpee |
e _ N | 0
: Number of Copies ‘ ‘ | ‘ : ‘ Total :
E | ’ i Remittance ;
: Amount Paid l ‘ | l \ i ’ ‘ | i l :

‘ Name (Please Print):

Shipping Address: .
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Another breakthrough in ampliﬁer noise reduction . . .

3 low-noise amplifier characteristics

RECONCILED

Tolerence
of high source —
impedance: without
undue increase

»
of noise
voltage.
A
High input
impedance
(better than
1 meg-ohm).
Low
noise-voltage,
referred to
shorted input.
+VS.66A_)_ Parameter | Z -(-VS-68A* The three amplifier characteristics itlustrated (A B
Source and C) are often considercd contradictory, cven irrec-
0 to 40, db, oncilable. True, there are amplifiers which exhibit
5 steps Gain - 10 to 80 db, 8 steps low-noise voltage, referred to the shorted input ter-
- - 1 1T g — — 11y . H - -6 H 6 N
10 meg Zjaput = selectable 10 k or 10 meg ml‘nals. Fact is, our VS-64A siill holds the record in
=8 _ (PR N FRE—— | iy = = this field — less than 0.5 mu V RMS over a 60 kc pass
20¢cpsto2me FreqRg. | — 1120 cps of 180 ke ] L band. Also, there are many high input impedance am-
N.in, plifiers. But never hefore have low-noise voltage char-
0.7 uV RMS B==10 kc | 0 ohms [[0.2 uV, 10k input & 1.4 vV, 10 meg input acteristics and high input impedance been combined
0.75 oV RMS ” 100 ohms 0.3 uV, ﬂﬁnput &1 uv, 10 meg—input with a highly incompatible third stipulation: tolerance
L= ey — - — = = ot of high source impedance, without spoilage of premium
O_'8 2 RMS___ e IW | 5ioﬂ'.mi O;a,uv' B'ﬁpu"g'é "v'Eme_g, mﬁ"’, shorted-input noise performance, by insertion of a com-
0.85 uV RMS % 1k §1.3uV,10kinput & 1.7 uV, 10 meg input paratively large source impedance.
>1.9 V;AS O < 10k [[4.2 uV, 10k input & 3.6 uV, 10 meg input .
e e wLLLEL Two new Millivac low-noise amplifiers — the VS-66A
5.5 uV RMS i 100 k o — 171'0 "V'E"‘erg""i"_" and VS-68A — combine all 3 of these most desirable
10 vV RMS [ Tmeg || — — — 20.0 uV, 10 meg input characteristics to meet the demands of the Space Age
for extended communications and control ranges.

lomorrow
z's our A DIVISION OF

_yestem’a_y

ELECTRONICS, INC.
Box 997 Schenectady, New York
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1960 Spring Technical Conference

HoTter Arwms, Cincixxati, Onto, Aprin 12-13, 1960

Tuesday Morning, April 12

Opening Address: F. C. Reith, President,
Crosley Div., and Vice Presiden! of -vco
Corp., Cincinnali, Ohio.

Session 1A

Panel: Misstle and Space Vehicle Re-
entry.

Chairman: Major General M. C. Demler,
Assistant Deputy Chief of Staff, USAF; Di-
rector, Res. and Dev.

“The Theory of Hypersonic Re-entry,”
Di. R. Hermann, University of Minnesota,
Director of Rosemount Research Lab., Min-
neapolis, Minn.

“The Engineering Approaches to the
Re-entry Problem,” Dr. F. R. Ridell, Avco
Corp., Research and Advanced Development
Div., Wilmington, Mass.

“Plasma Sheet Characteristics About a
Hypersounic Vehicle,” Dr. H. A. Lew, General
Elec. Co., Missile and Space Systems Div.,
Philadelphia, Pa. and V. A. Langelo, Space-
Science Labs., Moorestown, N. J.

“Performance Capabilities of Lifting
Hypervelocity Vehicles,” Dr. R. B. Hilden-
brand, Advanced Systems Research, Aero-
Space Div., Boeing Airplane Co., Seallle,
Wash.

Session 1B

Panel: CanComputersOut-Think People?

Chairman: J. C. Elms, Vice President and
Geuneral Manager, Avco Corp., Crosley Div.,
Cincinnalti, Ohio.

“One Plus One is Not Necessarily Two—
A Tutorial Paper on Number Systems,”
A. C. Cook, Application Engineer, General
Electric Co., Cincinnati, Ohio.

“Resistor-Fransistor lLogic in a large
Scale Digital Computer,” J. N. Conway,
General Precision Equipment Corp., Libra-
scope Div., Burbank, Calif.

“An All-Transistor Control Computer for
Ballistic Missiles,” 1. E. Lane, The Martin
Co., Orlando, Fla.

“A Macro-Module Computer,” S.
Schneider, The Burroughs Corp., Paoli, Pa.

Tuesday Afternoon—Session 2A

Panel: \Why Will Tunnel Diodes Revolu-
tionize Electronics?

Chairman: Dr. G. Bruck, Senior Staff
Scientist, Avco Corp., Crosley Div., Cincin-
nati, Ohio.

“A Report on the State of the Art” E. O.
Johnson, RCA, Semiconductor and Malerials
Div., Sowmerville, N. J.

Panel Discussion: L. Cuccia, RCA, Iar-
rison, N. J., N. J. Golden, Hoffman Electron-
ics Corp., El Monte, Calif.; Dr. C. S. Kim,
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General Electric Co., Syracuse, N. Y.; R. Prit-
chard, Texas [nstruments, Inc., Dallas,
Texas; Dr. A. Pucel, Raytheon Co., Waitham,
Mass., and Dr. E. R. Steele, Hughes Aircrafl
Corp., Newport Bearh, Calif.

Session 2B

Panel: The Use of Data Processing in
Bio-LFlectronics.

Chairman: Colencl J. P. Stapp, M.D., Di-
rector of the Aero-Space Medical Lab.,
WADD, USAF ARDC; Past President of
the American Rockel Society.

“Selectively Monitoring  Physiological
Data,” M. A. McLennon, Chief, Bio-Elec-
tronics Scction, Bio-Physics Branch, Aero-
Space Medical Lab., WADD.

“Implications of Some Recent Work with
Skin Resistance,” Captain V. Il Thaler,
USAF (MSC), Aero-Space Medical Lab.,
WADD.

“A Biological Dynamic Energy Trans-
ducer,” Dr. J. R. Mundie, M.D., Bio-
Acoustics Branch, Aero-Space Medical Lab.,
w.ADD.

“The Contributions of Biology to Elec-
tronic Design,” Major J. E. Stecle, M.D.,
USAF, MC.

Wednesday Morning, April 13
Session 3A

Panel: Electronic Data Processing Comes
of Age (Building Blocks).

Chairman: R. G. Counihan, Manager,
Micro-Machine Development, [BM Corp.,
Kingston, N. Y.

“Magnetic Tape Techniques in Data
Processing,” B. Haslam, Avco Corp., Crosley
Div., Electronics Research Labs., Boston,
Mass.

“High Speed lLogic Using lLow-Cost
Mesa Transistors,” R. Lohman, RCA, Semi-
conductor and Materials Div., Somerville,
N. J,

“A Switching Applicaiton for PN-PN
Transistors in Data Processing Machines,”
P. A. Bunyar, IBM Corp., Kingston, N. Y.

IBM Color Film: “The X-15-Man into
Space.”

“Circuit Techniques Used in the LARC
Computer,” L. M. Spandorfer, Sperry Rand
Corp., Remington Rand Umivac Div., Phila-
delphia, Pa.

Session 3B

Panel: Objectives and Accomplishments
of the International Geophysical Year.

Chairman: Dr. J. Kaplan, Universily of
California, Los Angeles; Chairman of the
U. S. National Committee of the 1957-58
IGY, National Academy of Sciences.

“The Use of Rockets and Satellites as
Tools to Aero-Space Rescarch During the
IGY,” Dr. R. W. Porter, General Electric Co.,
Corporate Headquarters, New York, N. V.

“Towards Our Knowledge of the Earth,”
Dr. G. P. Woollard, Departmen. of Geology,
University of Wisconsin, Madison, Wis.

“Physical Phenomena of the Cis-Lunar
Space,” Dr. F. Jolmson, Lockheed Aircraft
Corp., Palo Alte, Calif.

“Qceanography and the IGY,” Dr. R R.
Revelle, Scripps Institute of Oceanography . .

Luncheon Speaker: Major General M. C.
Demler; Assistant Depuly Chief of Staff,
USAF; Director, Res. and Dev.

Wednesday Afternoon—Session 4A

Panel: Inertial Guidance for Missile and
Space Vehicle Applications.

Chairman: Dr. C. S. Draper, Direclor, [n-
strumentation Lab., M.[.T., Cambridge, Mass.,
Chairman, U. S. Inventor's Council.

“Problems of Precision Inertial Velocity
Measurements,” Dr. . . Slater, Aulonelics
Div., American Aviation, Inc., Downey, Calif.

“Inertially Instrumented nterplanetary
Guidance,” Il. Winter, Bell Aircraft Corp.,
Avionics Div., I[nertial Development Labs.,
Niagara Falls, N. Y.

“The Application of Inertial Guidance
Techniques to Stabilization in Orbit,” J. J.
Klien, Lockheed Aircraft Corp., Missile Sys-
tems Div., Sunnyvale, Calif.

“Inertial Guidance—Present and
Future,” R. C. Berendsen, General Electric
Co., Defense Electronics Div., [Pittsfield,
Mass.

“Inertially Derived Rate of Descent
Measuring System,” R. K. Smyth, J. W.
Montooth, and D. D. Farnwum, Aulonetics
Div., North American Aviation, Inc., Downey,
Calif.

Session 4B

Panel: Electronic Data Processing Comes

of Age (Systems).

Chairman: T. [II. Bonn, Senior Staff
Scientist, Sperry Rand Corp., Remington
Rand Univac Div., Philadelphia, Pa.

“The 1171, Program,” M. Ehlers, Beck-
man Instrument Corp., Chicago, Il

“Electronic Data Processing at the At-
lancic Missile Range with Emphasis on the
Azusa Tracking System,” R. J. Pepple,
RCA Data Reduction Center, .AF JMissile
Test Center, Cape Canaveral, Fla.

“A Radar Simulator Design Using Bi-
nary Digital Techniques,” Dr. R. J. McNair,
Avco Corp., Crosley Div., Cincinnati, Ohio.

“COED-—A Device for the Simulation
of Man/Machine Operations,” R, H. John-
son, Bendix Aviation Corp., Systems Div.,
Ann Arbor, Mich.
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Availoble in quontities 1-999 from your locol
Philco Industrial Semiconductor Distributor.

The high frequency response, together with the very low
saturation voltage of these silicon Surface Alloy Diftused-
base Transistors (typically 0.125 V), permits practical design
of 5 mc pulse circuits, using conventional saturated switching
configurations. With non-saturating techniques, pulse rates
as high as 30 mc are obtainable. The typical switching
circuit shown above will operate satisfactorily at trigger
pulse rates up to 15 mc. When trlg% ered with a 4-volt pulse
at a 10 mc rate. the rise time will be typically less than 24
musec over a temperature range of —60°C to +130°C.
The typical fall time will be less than 36 musec over the
same temperature range.

Both of these transistors have demonstrated consisteatly
more stable characteristics over a wide temperature range
than any other silicon transistors available. Both meet the
eanvironmental and life test requirements of MIL-S-19500B.

NEW, MORE COMPLETE DATA SHEETS

The new data sheets on these transistors,

for the first time, provide the designer with

complete information upon which he may 4
predict switching speeds in any circuit.
They also contain the full military environ-
mental and life test specifications, in ac-
cordance with MIL-§-19500B. Copies are
available on request. Write Dept. 1R-460.
*Reg. U.S Par, Off,

PHILCO "

LANSDALE DIVISION ¢ LANSDALE, PENNSYLVANIA




Third Annual Conference on Automatic Techniques

SHERATON CLEVELAND HoOTEL, CLEVELAND, OHio, ApriL 18-19, 1960

For the third consecutive year, the
American Institute of Electrical Engineers,
the American Society of Mechanical 1in-
gineers, and the lnstitute of Radio Engineers
have joined together to co-sponsor the Joint
Automatic Techniques Conference.

The increasing complexity in all special-
ized fields of endeavor makes it difficult to
identify and understand the unifying thene
of all modern technologies—automatic
techniques. As it is envisioned, this confer-
ence draws upon the experiences of a variety
of industries, obtaining both a general out-
line of certain problems that have confronted
the industries and a discussion of the auto-
matic techniques and the reasoning that was
applied in solving the problems. Dealing
broadly with techniques that have proved
successful in solving practical problems, the
conference appeal cuts across both industry
classifications and job function categories.

April 18
Session 1—Automatic Manufacturing
“Metal Forming Under Electronic Se-
quencing,” E. V. Crane, Chief of Special En-

gineering, E. W. Bliss Co., Canton, Ohio.
“Automatic Assembly,” J. F. Slollz,

Depl. Chief., Development Engineering, aw-
thorne Works, Western Electric Co., Chicago,
1.

“Numerical Control  Developments,”
R. G. Chamberlain, Supervisor Program-
ming, Giddings & Lewis Machine Tool. Co.,
Fond du Lac, Wis.

Session 2—Automatic Inspection and
Quality Assurance

“Automatic Gaging,” I1. L. Boppel, Mgr.
Autometrology Div., Sheffield Corp., Daylon,
Ohio.

“Production Line Testing Programmed
by Punched Cards,” R. E. Wendt, Jr.,
Manager, Advanced Manufacturing Tech-
niques, IHeadquarters Manufacturing Lab.,
Westinghouse Electric Corp., Piltsburgh, Pa.

“Airframe Structural Integrity Testing,”
R. L. Bondurant, Project Engineer, and D. 1"
Jackson, Unit Chief, Wright Air Develop-
ment Center, Wright-Pallerson AFB, Ohio.

April 19

Session 3—Computer Control for Utility
and Process Industries

“Operational Information System at
Sterlington Steam Electric Station.” J. 4.

Reine, Jr., Head, Electrical Mainlenance
Dept., Sterlinglon Steam Electric Station,
Sterlinglon, La.

“Problems Encountered and Solved in
Starting of Computer Controlled Systems,”
W. F. Aiken, Project Engineering Mgr.,
Thom pson-Ramo-Weoldridge Products Co.,
Los Angeles, Calif.

“User-Supplier Relationship in Automat-
ing a Steel Rolling Mill,"™ C. . Burdick,
Electrical Engr., Engineering & Conslruction
Div., Lukens Steel Co., Coalesville, Pa.; N. L.
Weckstein, Equipmen! Engineering, Industry
Conlrol Depl., General Electric Co., Raonoke,
Va.;and R. A. Hamillon, Application Engr.,
General Electric Co., Philadelphia, Pa.

Session 4—Automatic Warehousing

“Automatic Baggage Handling,” H. C.
Warrington, United Air Lines, Denver,
Colo.

“Automation As Applied to Book Ware-
housing and Shipping,” J. B. Bennell, Jr.,
Vice President, Secrelary, and General Man-
ager, The Macmillan Co., New York, N. Y.

“Automatic Palletization Facilities at
C and 11 Sugar Refining Corp., "D. C. Gul-
leben, Mech. Engr., California and IHawaiian
Sugar Refining Corp., Crockett, Calif.

Tenth Symposium on Active Networks
and Feedback Systems

ENGINEERING SOCIETIES BUuinbing, New YoOrk, N. Y., ArrilL 1921, 1960

The tenth international symposium or-
ganized by the Polytechnic Institute of
Brooklyn’s Microwave Research Institute
will be held on April 19-21, 1960 in the
Auditorium of the Engineering Socicties
Building (33 W. 39 St.) New York, N. Y.
This Symposium on Active Networks and
I"'eedback Systems is cosponsored by the
PProfessional Group on Circuit Theory of the
IRE. The support of the Air Force Office of
Scientific Research, the Office of Naval Re-
search and the U. S. Army Signal Research
and Development Laboratory makes it pos-
sible to hold this event without any charge
for admission or registration.

This series of annual symposia has been
attended by as many as 940 Scientists and
LEugineers in past years. Previous topics
have included: Nonlinear Circuit Analysis
(1953 and 1956), Modern Network Synthesis
(1952 and 1955), [nformation Networks
(1954) and four others on Millimeter Waves
(1959), Microwave Techniques, Solid State
Phenomena  and  Electronic  Waveguides.
As in the past, authorities will summarize
the present state of the art and recent out-
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standing advances will be presented by re-
search workers from university, industrial
and government laboratories throughout the
world.

Abstracts of all papers, a detailed pro-
gram and registration form are available
from The Microwave Research [nstitute.
Polytechnic Institute of Brooklyn, 55 john-
son St., Brooklyn 1, N. Y.

Tuesday Morning April 19
The State of the Art and Future Trends
“Feedback—The History of an l[dea,”
H. W. Bode, Bell Telephone Labs., Inc.
“Active Networks—Past, Present and
Future,” J. G. Linvill. Stanford University.
“Network Synthesis with Negative Re-
sistors,” I{. J. Carlin and D. C. Youla, Mi-
crowarve Research Inslitute.

Tuesday Afternoon
Feedback Networks and Systems

“The Methods of eedback System
Synthesis—A\ Survey,” J. 4. Aseltine, Space
Technology Labs., Inc.

“Feedback System Lvaluation,” J. G.
Truxal and E. Mishkin, Polylechnic Institute
of Brooklyn.

“An Appraisal and Critique of a Class of
Adaptive Systems,” . M. Horowits, Ilughes
Research Labs.

“Feedback Systems with Non-Rational
Transfer Function,” A. Papoulis, Polytech-
nic Institute of Brooklyn, and Institul fiir
Hochfrequenstechnik, Germany.

“Signal Transmission in Non-Reciprocal
Systems,” J. I1. Mulligan, Jr., New York
University.

“A New Design Approach for Feedback
Amplifiers,” M. S. Ghaunsi and D. O. Peder-
son, University of California.

Wednesday Morning, April 20
Synthesis of Active Networks

“The Use of the Active Lattice to Opti-
mize Transfer I'unction Sensitivities,” R. E.
Thomas, United States Air Force Academy.

“Necessary and Sufficient Conditions for
the Existence of +R, C Networks,” B. K.
Kinariwala, Bell Telephone Labs., Inc.

April, 1960



Good anywhere in or out of this world

This system adds greatly to your credit when applied
to the development of communications, telemetering,
control and other devices. Under terms of membership,
a wide range of toroids, filters and related networks are
available. These include a complete line of inductors,
low pass, high pass and band pass filters employing the
new micro-miniature M/CROID ® coils so valuable in
transistorized circuitry. Type MLP and_MHP MICROIDS
are micro-miniature counterparts of the popular Burnell
types TCL and TCH low pass and high pass filters. The
band pass filter results when cascading a TCL with a
TCH filter.

Sizes of MLP and 400 cpsto 1.9kes— g x 1P x 6

MHP MICROIDS 2kesto4.9kes— Mg x 1% x 14

Skesandup —%x Wiex 1e
Weight of all MLP and MHP Microids—approx. .3 ozs. each

Send now for your free membership card in the Space
Shrinkers Club. And if you don’t already have our

PlONEERS IN microminiaturization OF
TOROIDS, FILTERS AND RELATED NETWORKS
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Catalogue #104 describing Burnell’s full line of toroids,
filters, and related networks, please ask for it.

FREQUENCY
| 3 S25F i« L4F 3 5 10

B [ I 1 I |
L MLPLOW PASS FILTER—JC MHP HIGH PASS FILTER_]

N
o

\

\
\
\

I TYPEMLB&Mug

A [

7
Y |

»
o

ATTENUATION DB
w
=3

o
o

EASTERN DIVISION

PT. P-I5

10 PELHAM PARKWAY
PELHAM

PELHAM 8-5000
TELETYPE PELHAM 3633

PACIFIC DIVISION
DEPT. RI5

\ 720 MISSION ST.
SOUTH PASADENA CAL

MURRAY 2-284)
TELETYPE: PASACAL 7578

23A



“Ideal Three-Terminal Active Net-
works,” A. W. Keen, Lanchester College of
Technology, England.

“Optimum Negative Resistance Ampli-
fiers,” D. C. Youla and L. 1. Swmilen, Micro-
wave Research Institute.

“Gain-Bandwidth Performance of Max-
imally Flat Negative-Conductance Ampli-
fiers,” E. W. Sard, Airbourne Instruments
Lab.

“Synthesis of Wide-Band Amplifiers,”
N. DeClaris, Cornell University.

“High Selective Bandpass Filters Using
Negative Resistances,” M. Kawakami,
Takeshi Yanagisawa and 1i. Shibayama,
Tokyo Instituie of Technology, Japan.

Wednesday Afternoon
Active Network Concepts

“Physical Realizability of an Active Im-
pedance,” M. Debart, Société Alsacienne de
Constructions Mécaniques, France.

“Generalization of the I'requency-Power
IFormulas of Manley and Rowe,” P. Pen-
feld, Jr., M.I.T.

“Bounds on

Natural Frequencies of

Linear Active Networks,” C. A. Desoer and
E. S. Kuh, Universiiy of California.

“Design of Circuits to Tolerate a Range
of Transistor Parameters,” P. E. Merrilt,
Stanford Research Institute.

“Polytype-Port Active Devices and Net-
works,” E. E. Loebner, RCA Labs.

“Topology and Linear Trausformation
Theory in Active Network Synthesis,” E. 4.
Guillemin, A.I.T.

“Formal Realizability of Linear Net-
works,” V. Qono, Kyushu University, Japan.

Thursday Morning, April 21
Time Variable Networks

“Simulation of Orthogonal Functions,”
C. V. Jakowats, General Electric Research
Lab.

“\ Modified Form of the Mellin Trans-
form and [ts Application to the Optimum
Final \alue Control Problem,” J. Peschon,
Stanford Research Institute.

“The Synthesis of Maodels for Time-
\arving Linear Systems,” J. B. Crus, Jr.
and M. E. Van Valkenburg, University of
Hlinois.

“Periodic Solutions of Nonlincar Differ-
ential Systems,” L. Cesari, Purdue Univer-
sity,and Math Res. Group, University of Wis-
consin.

“On the Properties of an Active Time-
Variable Network: The Coherent Memory
Filter,” J. Capon, Federal Scientific Corp.

“Acquisition and Tracking Behavior of
Phase-l.ocked lLoops,” A. J. Viterbi, Jet
Propulsion Lab., California Institute of
Technology.

Thursday Afternoon
Time-Varying Systems

“fincar Time Variable Transducers,”
S. Darlington, Bell Telephone Labs., Inc.

“Perturbation Theory in Time-Varying
Systems,” A. Tonning, Norwegian Defence
Research Establishment, Norway.

“Amplification in Nonlinear Reactive
Networks,” W. R. Bennetl, Bell Telephone
Labs., Inc.

Panel Discussion on Time-Varying Sys-
tems; Moderator: S. Darlington, Bell Tele-
phone Labs., Inc.; Panel: W. R. Bennelt,
L. Cesari, J. A. Ragazsini, A. Tonning and
R. J. Schwars.

Twelfth Annual SWIRECO

SiaMrock HiLtox HoteL, Houston, TExas, Aprir 20-22, 1960

Wednesday, April 20
Session 1A—Instrumentation I

“The Responsibitity of the Sales En-
gineer,” R. C. McKinney, Allied Components
Inc., Dallas, Tex.

“To Buy—Or To Build—laboratory
Equipment,” D. I. Rummer, University of
Kansas, Lawrence.

“Instrumentation of an Inertial Guid-
ance System,” G. W. Fuller and D. A. Scoil,
Jr., Chance Vought Aircraft, Dallas, Tex.

“Analog Troqgue Control of Rate Sensi-
tive Inertial Components Using a Frequency
Modulated, Heterodyne Read-Out System,”
E. P. Fusgerald, Chance Vought Aircraft,
Dallas, Tex.

Session 1B—Neurophysiology and EEG

“A Low Cost Method of Securing Inte-
grated MG in Real Time,” 11. M. Hanish,
Litton Industries, Los Angeles, Calif.

“A Three Channel  Electromyograph
with Syuchronized Slow  Motion Photog-
raphy,” R. W. Vrecland, et al., University of
California, Medical Center, San Francisco.

“An Active Low-Pass Iilter for Bio-
logical Potential  Amplitiers,”  G.  White,
White Instrument Lab., Austin, Tex.

“Analysis of Neuronal Soma  Action
Potentials by the Method of Multiple Paired
Iichoes,”™ R. M. Movrrell, Montreal Neuro-
logical Inst., Montreal, P.Q.

“Short Duration FHormonic Analysis of
EEG Data,” E. S. Krendel, Franklin Inst.,
Philadel phia, Pa,
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Welcoming Luncheon

Speaker: Dr. R. L. McFarlan, Presiden
of IRE.

Wednesday Afternoon
Session 2A—Instrumentation II

“Automatic Testing of Radio Command
Guidance Equipment,” B. C. Hooker, Chance
Vought ircraft, Dallas, Tex.

“\ Digital Timing System for Airborne
Application,” G. P. DuBose and C. E.
Grubbs, Temco Aircraft, Dallas, Tex.

Special Bandpass Filters for Instrumen-
tation and Control Systems,” 4. N. Mc-
Gown, Jr., White Insirument Labs., Austin,
Tex.

“A Wide Band Squaring Circuit,” R.
Gaertner, Texas Instruments Inc., Dallas,
Tex.

“The Energy Necessary for Exploding
Fine Wires Electrically,” S. A Vakil and
D. L. Waidelich, University of Missouri,
Columbia.

Session 2B—Neurophysiology and EEG II

“Signal Theory Applied to the Analysis
of Flectroencephalograms,” E. Lowenberg,
Unrversity of Texas, Austin,

“Period Analysis of the Electroencephal-
ogram,” N. R. Burch, Il. E. Childers, and
W. A. Spoor, Baylor University College of
Medicine, Houston, Tex.

“Averaging and Correlation Techniques
Applied to Neurophysiological Measure-
ments,” H. W. Shipton, State University of
Towa, Towa City.
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“An Automatic Device to Convert Elec-
troencephalograph  Records  into Digital
Form,” M. G. Saunders, Winnipeg General
Hospital, Winnipeg, Man.

“Lxpanded Network Concepts tor An-
alyzing Bioelectric Potentials,™ B. Saltsberg,
Ramo-Wooldridge. Los Angeles, Calif.

Wednesday Evening

Session 3A—Space Physiological
Instrumentation

“Requirements ot Physiological Tustro-
mientation for Missile Flight,” 1. Great-
batch, Taber Instrument Corp., North Tona-
wanda, N. Y.

“An Automatic  Physiological  Telem-
etry and Data Conversion System,” C. .1
Steinberg, W. E. Sullivan, and J. T. Farrar,
Airborne Instrument Labs., Mineola, N. Y.

Round Table Discussion on  Space
Medicine.

Thursday Morning, April 21
Session 4A—Computers

“Instrumentation of an Analog Seismic
Correlator,” L. C. Cummings, Jr. and F. N.
Tullos, Humble Oil and Refining Company,
llouston, Tex.

“A Real Time Auto Correlator,” S. D.
lays, Convair, San Diego, Calif.

“Description of Rice Institute Com-
puter,” Dr. M. Graham, Rice Inst., Houston,
Tex.

“Lngineering Details of Rice [ustitute
Computer Memory,” T. Schuts, Rice Inst.,
Houston, Tex.

April, 1960



AT CAPE CANAVERAL... S@ro 1éx

Coaxial
Cable

18 a vital part of

the Awr Force
Automatic-Tracking
Antenna System!

The powerful TLM-18 telemetry antenna now
in service at the Air Force Missile Center,
Cape Canaveral, Fla., is used for the auto-
matic tracking of missiles and earth satellites.
This huge *“*mechanical ear,” specifically de-
signed by Radiation, Inc., Melbourne, Fla.,
has an effective data reception range of over
1000 miles.

One of the key parts of this highly sensitive
device is the 74", 50 ohm, aluminum sheathed
Styroflex® coaxial cable that links the 60-foot
parabolic reflector to the receivers. The task
of carrying missile-to-earth signals from the
antenna to the control building demands a
low-loss, high frequency cable with a high
signal to noise ratio.

The remarkable characteristics of Styroﬂcx®
cable not only meet these rigid specifications
but also have extra operational advantages,
including long operating life under scvere
conditions and stable electrical properties
during wide temperature variations,

Styroflex® coaxial cable has ecarned an out-
standing record for these qualities in a variety
of industrial, mass communication and tele-
metering applications. Perhaps this cable can
answer your particular high frequency cable
problem. We invite your inquiry.

2o N AN RYRT AL

fd

CCRFORATION
300 Parhk Avenue, New York 22, N.VY.
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“Engineering Details of Rice Institute
Computer Control Section.” P. Deck, Rice
Inst., Houston, Tex.

Session 4B—Biophysics I

“An Interpretation of the Effects of At-
mospheric fons on Behavior,” A. H. Fray,
General Electric, Ithaca, N. Y.

“A Non-Dispersive Infrared Gaseous
CO. Analyzer for Physiological Studies”
L. E. Baker, Rice Inst., Houston, Tex.

“Digital Print-Out System for Whole
Body Scanner,” J. W. Beattie and G. C.
Bradt, Sloan-Kittering Inst. for Cancer Re-
search, New York, N. V.

“The Use of Ilying Spot Scanning Tech-
niques and Medical Rescarch,” L. Hundley
and P. O'B. Montgomery, University of Texas
Southwest Medical School, Dallas, Tex.

“An Analog Computer Model for the
Study of Electrolyte and Water Flows in the
Extracellular and  [Intracellular  Fluids,”
W. H. Pace, Jr., Tulane University, New
Orleans, La.

Medical Electronics Luncheon

Speaker: Dr. If. Strughold, U. S. Air
Force School of Medicine, San Antonio, Tex.

Thursday Afternoon

Session 5A—Semiconductor Materials and
Thermoelectricity

“Methods of Characterizing Semicon-
ductor Surfaces,” C. G. Peattie, Texas Instru-
ments Inc., Dallas, Tex.

“Semiconductor Material Chemistry,”
R. E. Johnson, Texas Instruments Inc.,
Dallas, Tex.

“Fundamentals of Thermoelectric Power
Generation,” T A, Harwood, Texas Instru-
ments Inc., Dallas, Tex.

“Thermostating a Thermoelectric
Cooler,” R. Marlow, Texas Instruments Inc.,
Dallas, Tex.

“Control Circuit for Thermoclectric De-
vices,” 1. R. Orsinger, Texas [nstruments
Inc., Dallas, Tex.

Session 5B—Broadcasting
T. V.

Insiruments

Receivers,” R.
Inc., Dallas,

“Transistors in
Webster, Texas
Tex.

“Low Power Television Broadcast Tech-
niques,” M. Zimmerman, Electron Corp.,
Dualtas, Tex.

“The Ohms-law
duTriel.

“Directional Antennas for VVHF Tele-
vision Broadcasting,” I1. I1. Westcott, RCA,
Camden, N. J.

“Propagation Characteristics of High
VHEF Signals in the Immediate Vicinity of
Trees,” Dr. A. Il. LaGrove, University of
Texas, Austin, Tex.

L J. N.

Phasor,”

Session 5C—Biophysics II

“Electronic and Computer Techniques
in the Diagnosis of Cardiovascular Disease,”
W. E. Tolles, W. J. Carbery and C. A. Stein-
berg, Airborne [Instruments Lab., Mincola,
N. V.

“Automation  of Total Physiological
Sensor Systems; A Reliability and Informa-
tion Content Study,” B. J. Bittner and
W. S. Musgrove, The Kaman Aircraft Corp.,
Colorado Springs, Colo.

“Factor Analytic Methods in Medical
Rescarch,” L. . Gaddis and 1. B. Michael,
University of So. California, Los Angeles.

Periodogram and Autocorrelogram [sti-
mates of Physiologic Circadian Periodicity
by Electronic Computers—Their Use and.
Limitations,” F. [Halberg, M.D., University
of Minnesota Medical School, Minneapolis.

“The Micro-Coulomb Method of Ozone
Measurement,” G. M. Mast, Mast Develop-
ment Co., Davenport, Towa.

Friday Morning, April 22
Session 6A—Transistor Applications

“Thermister Compensation of Tran-
sistorized Crystal Oscillators,” O. J. Baltzer,
Textran Corp., Austin, Tex.

“A Transistorized  Seismic  Amplifier
System,” D. Venker, Texas Instrioments Inc.,
[Houston, Tex.

“A Transistor Ferrite Core Energy
Storer,” F. M. Crum, Lamar State College of
Technology, Beawumont, Tex.

“Transistor \mplifier Feed-Back Sys-
tems,” A. Parker, M.I.T., Lincoln, Lab.,
Lexington, Mass.

“A Practical Approach to Transistorized

Voltage Regulator Design,” E. Wilson,
Texas Instruments Inc., Dallas, Tex.

Session 6B—Physiology

“The Use of Square-Wave Electromag-
netic IFlow Meter to Pulse an Electrical
Analogy of the Peripheral Arterial Systemn,”
M. P. Spencer, Wakeforest College, Winston-
Salem, N. C.

“Odd Problems with the Implanted Elec-
tromagnetic Blood Flow Meter: Analysis of
Blood Stream Power Loss by Analog Com-
puters and Implanted Flow Meters,” F.
Olmsted, Cleveland Clinic, Cleveland, Olio.

“Remote Recording of Physiological Re-
sponses of Subjects Undergoing Large Am-
plitude Vertical Accelerations,” E. S. Gor-
don, Armour Research Found., Chicago, Il

“Electronic Indication of Visual Fixa-
tion Point,” E. L. Thomas, Defense Research
Board, Toronto, Ont.

“Acoustic Properties of Isophageal and
Artificial Larynx Speech of Laryngecto-
mies,” /1. L. Barney, Bell Telephone Lalb.,
Murray 11111, N. J.

Engineering Education Luncheon

Speaker: Dr. L. Griffis, Rice Insi.,

Houston, Tex.

Friday Afternoon
Session 7A—Communications

“VHE Antenna Development,” 7. R,
Fouts and J. I. [Tumphries, Chance Vought
Aircraft, Dallas, Tex.

“Regulus 11 Missile Program Antenna
Systems,” T. R. Fowts and J. I. I[Tumphries,
Chance Vought Aircraft, Dallas, Tex.

“A Retarded Surface Wave Antenna,”
E. G. Keiffer, Chance Vought Aircraft, Dallas,
Tex.

“Sequential Detection  Techniques in
Pulse Communication and Radar,” M.
Schwartz, Polytechnic Institute of Brooklyn,
Brookiyn, N. Y.

“System  Design of the FAA Airport
Surveillance Radar,” F. Simonds, Texas In-
struments Inc., Dallas, Tex.

Session 7B

Tours of medical facilities in the Houston
area with inspection of specific equipment
and projects.

National Aeronautical Electronics Conference

Davtox BiLtMore AND Prek-Miaamt HoTteLs, DavTtoN, Ouio, Mavy 2-4, 1960

The Twelfth Annual “National Aeronau-
tical Electronics Conference” (NAECON)
will be held on May 24, 1960 at the Dayton
Biltmore and Pick-Miami Hotels, Dayton,
Ohio. The theme of the Conference has been
established as “Electronics Probes the Uni-
verse.” In the light of recent events and
those events planned for the new decade,
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this theme presents a timely background
for the 1960 Conference.

The formulation of the papers program
was highlighted by two advance actions.
I'irst, twenty session topics appropriate 1o
the conference theme were carefully se-
lected. Second, twenty men nationally proni-
inent in the respective session topics were

TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

invited to serve as moderators. The session
titles and moderators are listed below. These
two actions were closely knit by giving each
moderator the responsibility for organizing
and selecting the four papers that will be pre-
sented at his session. Another feature is that
several special sessions were arranged to
enable “sister” professions to lend a well-
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Open your eyes to new amplifier designs!

See how to combine tape wound cores and transistors
for more versatile, lower-cost, smaller amplifiers

Tie tape wound cores and transistors into a magnetic-
transistor amplifier, and open vour eyes to new design
opportunities

To start with, these are static control elements—no mov-
ing parts, nothing to wear or burn out. Next thing you
find is that you reduce components’ size—your amplifier
is smaller and costs less. That's because between them
the core and the transistor perform just about every cir-
cuit function . . . and then some.

For instance? The core has multiple isolated windings.
Thus you can feed many inputs to control the amplifier.
The core also has a square hysteresis loop, and thus acts
as a low loss transformer. That means you save power.
In addition, the core can store and remember signals—
so time delay becomes simple.
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There's no need for temperature stabilization, either.
The transistor acts only as a low loss, fast, static switch—
and in this function it has no peer.

How do you want to use this superb combination? As a
switching amplifier—or a linear one? In an oscillator?
A power converter (d-c to d-c or d-c to a-c)? You'll have
ideas of your own—and if they involve tape wound cores,
why not write us? Qurs are Performance-Guaranteed.
Magnetics, Inc., Dept. P-81, Butler, Pennsylvania.

MAGNETICS inc.




rounded flavor to the technical program;
these sessions are “Scientitic Education,”
“Radio Astronomy,” “Electric Propulsion,”
and “Magnetohydrodynamics.”

In addition to the professional sessions,
the Conference will also feature a “Student
Prize-Paper Session™ comprised of college
student-authors from Region V. This new
generation of technical people will deliver
their papers in the English Room of the
Biltmore Hotel on Monday, May 2. 1960,
starting at 9 a.M.

Monday Morning, May 2
Session 1—Radio Astronomy

Dr. F. T. Haddock, University of Michi-
gan.

Session 2—Solid State Devices

Dr. 1. A. Lesk, Advanced Semiconductor
Lab., General Electric Co.
Session 3—Energy Conversion Systems

Dr. A, M. Zarem,
Optical Svstems, Inc.

President, Eleciro-

Session 4—Ground Support

I". de Biasi, Associate Editor, Space
/Aeronautics Magazine.

Monday Afternoon

Session 5—Scientific Education

Dr. R. Ewell, Vice-Chancellor for Ke-
search, University of Buffalo.

Session 6-—Molecular Electronics

1. V. Noble, Technical Director, Elec-
tronic Technology Lalb.,, WADD.

Session 7—Space Reconnaissance Systems
A. Kaiz, Electronic Department, Rand

Carp.

Session 8—Magnetohydrodynamics

Dr. .. Kantrowits, Director, A VCO Re-
search Lab.

Tuesday Morning, May 3
Session 9—Space Systems Integration
D. T. McRuer, Pres., Systems Technol-
ogy, Inc.
Session 10—Bionics
1. E. Keto, Chief Scientist, WADD.

Session 11—Space Communications

Dr. W. B. LaBerge, Director of Systems
Management, Philco Carp.

Session 12—Circuits

C. Wilex, President, Wiley Electronics
Co.

Tuesday Afternoon

Session 13—Interplanetary Environment

Dr. C. D. Janes, College of Engineering,
Olifa State University.

Session 14 - Airborne Computers

Dr. 1. Seman,
Harvard Unizversity.

Computation  Labh.

Session 15—Guidance and Control Systems

Major L. C. Wright (USAF), Burean of
Rescarch and Develepment, Federal Aviation
Agency.

Session 16—Antennas and Propagation

Dr. D. D. King, Vice-President, Re-
search, Llectronic Communications, Inc.

Wednesday Morning, May 4

Session 17—Managing Space Systems

1. R. Moore. Vice-President—General
Manager, Autonetics.

Session 18—Microwave Tubes

Dr. L. M. Field, Director, Physics Lab.,
Hughes Aircraft Co.

Session 19- - Telemetry

J. 4. Althouse. Technical Consultant,
Flight Control Lab., WADD.

Session 20—Electric Propulsion
Dr. W I. O Donnell, Republic Aviation

1960 Western Joint Computer Conference

Jack Tar Horer, Sax Francisco, Cavnry, May 3-5, 1960

The executive committee for the 1960
Western Joint Computer Conference has
announced appointments to head commit-
tees preparing for the three-day conference
May 3-5 at the Jack Tar Hotel in San Fran-
cisco, Calif.

Robert M. Bennett, Jr., of the IBM Re-
search Laboratory, San Jose, Calif., general
chairman, has been joined by George A.
Barnard of Ampex Corp., Redwood City,
Calif., vice-chairman, and J. P. Fernandez
of the IBM Product Development Lab-
oratory, San Jose, Calif., secretary-treasurer,
in announcing the chairmanships.

Chairman of the technical program is
Howard M. Zeidler of Stanford Research
Institute, Menlo Park, Calif. Program vice-
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chairman is Jack E. Sherman of Lockheed
Missile and Space Division, Palo Alto, Calif.

Chairman of exhibits will be Harry K.
IFarrar of Pacific Telephone & Telegraph
Co., San Francisco, Calif.

Heading local arrangements will he Gene
E. Morrison of Smith-Corona Marchant,
Ine., of Oakland, Calif.

Robert A. Isaacs and Roger Wye of
Philco Corp., Palo Atto, Calif., are chairman
and vice-chairman for printing and mailing.

Public relations will be headed by Charles
Elkind of Stanford Research Institute.
Normay J. Jones of Friden, Inc., San Lean-
dro, Calif., is public relations vice-chairman.

D. D. Willard and Earl T. Lincoln of
[BM Product Development Laboratory are

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

chairinan and vice-chairman of the publica-
tions committee.

Heading the registration committee is
Harold N. Wells of General Electric Com-
puter Laboratory, Palo Alto, Calif.

Women's activities will be arranged by a
committee headed by Mary Fraser of
IBM Research Laboratory.

Joint sponsors of the 1960 W]CC are the
Institute of Radio Engineers, the American
Institute of Electrical Engineers and the
Association for Computing Machinery.

Session on Computer Organization Trends

Chairman: A. J. Critchlow, IBM, Ma-
hansic, N. Y.

April, 1960



is experienced. ..
in Data Storage Systems

No man-made memory device has
yet equalled the human brain from
the standpoint of combined storage
capacity and random-access time.

The closest approximation is LFE’s
HD Drum. Within approximately
one cubic foot, the LFE HD Drum
storcs up to 15 million bits of
information . . . has a random-access
time of one-sixth of a second.

LFE is experienced in the design,
development and manufacture of
Data Storage Systems for both
military and industrial applications.

Further details about LFE Storage
Systcms may be had by writing the
Vice President of Marketing. Ask
for Technical Data Digest No. 6035.

L { LABORATORY FOR ELECTRONICS, INC.,, Boston 15, Massachusetts
.c‘ SYSTEMS, EQUIPMENT & COMPONENTS FOR
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“The tlistorical Development and Pre-
dicted State-of-the-Art of the General Pur-
pose Digital Computer,” C. Bourne and D.
Ford, Stanford Research [Institute, Menlo
Park, Calif.

“The Harvest System,” P. O. lerwitz
and J. H. Pomerene, B, Poughkeepsie,
N. Y.

“Organization of Computer Systems—
The Fixed Plus Variable Structure Com-
puter,” G. Estrin, University of California,
Los Amngeles, Calif.

“Horizons in Computer Systems De-
sign,” W F. Bauer, Ramo-Wooldridge Corp.,
Los Angeles, Calif.

Panelists:  G. . Amdahl, Aeronutronics
Corp., Santa Ana, Calif.; M. M. Astrahan,
IBM, San Jose, Calif.; and J. W. Leas,
RC:A, Camden, N. J.

Session on Data Retrieval

Chairman: R. M. Hayes, Electrada Corp.

“\ Multi-Level File Structure for Infor-
mation Processing,” L. Miller, J. Minker,
W. G. Reed, and W. E. Shindle, RCA, Lan-
caster, Pu.

“Symbolic Logic in Language Engineer-
ing,” [1. M. Semarne, Douglas .lircraft
Co., luc., Santa Monica, Calif.

“The Fact Compiler—A System for the
Extraction, Storage, and Retrieval of
Information,” C. Kellogg, Ramo-Wooldridee
Corp., Los Angeles, Calif.

Panelists: to be announced.

Session on Learning and Problem Solving
Machines

Chairman: T. .1. Kalin, M.L.T., Cam-
bridge, Mass.

“Empircal Explorations of the Geometry
Theorem Machine,™ H. Gelernter, J. R. [lan-
sen, and D. W. Loveland, IBM, Yorktown
Heights, N. Y.

“Recognition of Sloppy Haund-Printed
Characters,” W. Doyle, M I.T., Cambridge.
Mass.

“A Sugeested Model for  Information
Representation in a Computer That Per-
ceives, Learns, and Reasons,” P. H. Greene,
University of Chicago, Chicago, Ill.

Panelists: . Selfridge, M.I.T., Cam-
bridge, Muass.; J. C. R. Licklider, Boll,
Beranek, and Newman, Inc., Boston, Mass.;
and I1. J. Bremermann, University of Culi-
Jornia, Berkeley.

Session on Analog Equipment

Chairman: R. M. [owe. University of
Michigan, Ann Arbor.

“Analog Time Delay System,” C. D.
Hofmann and 1I. L. Pike, Convair Astro-
nautics, Pomona, Calif.

“DAEFT: N Digital/Analog  Function
Table,” R. M. Beck and J. M. Mitchell,
Packard Bell Computer Corp., Los Angeles,
Calif.

“Mathematical Applications of the Dy-
namic Storage Analog Computer,” J. M.
Andrews, Computer Systems, Inc., New York,
N Y.

Panelists: to be announced.
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Session on Components and Techniques

Chairman: R. Minnick, Stanford Re-
search Institute, Menlo Park Calif.

“Characteristics of a Multiple Magnetic
Plane Thin Film Memory Device,” K. D.
Broadbent, S. Shohara, and G. Wolfe, Jr.,
Hughes Aircraft Co., Los Angeles, Calif.

“Unifluxor: A Permanent Memory Ele-
ment,” A. M. Renard, Aeronutronics, Van
Nuvs, Calif.; and W. J. Neumann, Rening-
ton Rand Univac, St. Paul, Minn.

“A Rapid Access Transistor Driven Non-
Destructive  Read-Out  Memory,” D. G.
Fischer and T. C. Penn, Texas Instruments,
Inc., Dallas, Texas.

Panelists: D. A. Meier, National Cash
Register, [lawthorne, Calif.; and N. L.
Kreuder, Electrodata, Pasadena, Calif.

Session on Analog Techniques

Chairman: //. Skramstad, National Bu-
reau of Standards, Washington, D. C.

“On the Reduction of Error in Certain
Analog Computer Calenlations by the Use
of Constraint Equations,” R. M. Turner,
Lockheed Aircraft Corp., Burbank, Calif.

“The Use of Parameter Influence Coefh-
cients in Computer Analysis of Dynamic
Systems,” [1. F. Meissinger, Hughes Aircraft
Co., Los Angeles, Calif.

“Analog Computer ‘Fechniques for Plot-
ting Bode and Nyquist Diagrams,”™ G. .1,
Bekey and L. W. Neustadt, Space Technology
Labs.. ITuc., Los Angeles. Calif.

Panelists: o be announced.

Session on Trends in Computer Applications

Chairman: 7. V. Wilder, Broadview Re-
search Corp.

“Trends in Computer
J. M. Salzer, Ramo-Wooldridge
Canoga Park, Calif.

“The Outlook for Machine Translation,”
F. L. All, National Burcau of Standards.

“Computers for Field Artillery,” L. R.
van de Velde, Fort Sill, Okla.

Panelists: C. E. Miller, Electronic Com-
puting Center, San Francisco, Calif.; A. R.
Zipf. Bank of America, San Francisco, Calif.;
and G. W. Evans, Stanford Research [nsti-
tute, Menlo Park, Calif.

Applications,”

Corp.,

Session on Logical Design

Chairman: R. I. Tanaka, Lockheed Air-
craft Corp., Burbank, Calif.

“Communications Within a Polymorphic
Intellectronic System,” G. P. Westand R. T.
Koerner, Ramo-1ooldridge Corp., Los An-
geles, Calif.

“Encoding ol Incompletely  Specified
Boolean Matrices,” 7. .1, Dolotta and E. J.
McCluskey, Jr., Princeton University, Prince-
ton, N. J.

“\ Bailt-in Table lLookup Arithmetic
Unit,” R. C. Jackson, WI. II. Rhodes, Jr.,
W. D. Winger, and J. G. Brenza, IBM Corp.,
Poughkeepsie, N Y.

Panelists: 1. Jennings California Comi-
puter Products, Downey, Calif.; D. Aufen-
kamp, General Eleciric Co., and B. Elspas,
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Stanford Research [Institute, Menlo Park

Calif.

Session on Design, Programming and
Sociological Implications of Micro-
electronics

Chatrman: L. Fein, Palo
Alto, Calif.

“On Microelectronic Components, Inter-
connections, and  System  Fabrication,”
K. R. Shoulders, Stanford Research Inslitute,
Menlo Park, Calif.

“On Iterative Circuit Computers Con-
structed of Microelectronic Components and
Systems,” J [, Holland, University of
Michigan, Ann Arbor.

“On Programming a Highly Parallel Ma-
chine to be an Intelligent Technician,” A.
Newell, The Rand Corp., Santa Monica.
Calif.

“On a Potential Customer for an Intelli-
gent Technician,” C. W. Churchman, Uni-
versity of Califoruia, Berkeley.

Consultant,

Session on Analog Applications

Chairman: L. Wadel,
Aircraft Corp., Dallas, Tex.

CANATRAN—First Step in Breeding
the DIGINALOG,” L. A. Oldinger, Norair
Division of Northrop Corp.

“Using an Analog Computer for BPoth
Systems Analysis and Operator Training on
the Enrico Fermi Nuclear Power Plant,”
R. Kley, Holley Carburetor Co.

“Real-Time Automobile Ride Simula-
tion.” R. I1. Kohr, General Motors Corp.

Panelists: to be announced.

Chance-Vought

Session on Programming Systems

Chairman: G. 1. Mealv, Rand Corp.,
Santa Monica, Calif.

“\ New Approach to the Programming
Problem,” W. Orchard-Hays, Corporation
for Economic and Indusirial Research.

“The Operator Oriented fanguage—A
Computer Language,” G. F. Ryckman, Gen-
eral Motors Corp.

“A Man-to-Machine  Communication
and Automatic Code Translation,” 1. 1"
Holt and W. J. Turanski, Moore School of
Electrical Engineering, Universily of Pennsyl-
vania, Philadel phia (on leave from Reminglon
Rand Unizac).

Panelists: to be announced.

Session on Input-Output and
Communications

Chairman: J. A. McLaughlin, IBM, San
Jose, Calif.

“\ Line-Drawing Pattern Recognizer,”
L. D. Harmon, Bell Telephone Labs., Murray
i, N. J.

“Automatic Store and Forward Message
Switching System,”™ J. L. Owings, T. L.
Genelta, and J. F. Page, RCA, Camden, N. J.

“The Videograph Label Printing System
Developed for Time, Ine.,” B. [I. Klyce,
Time, Inc., New York, N. Y., and J. J. Stone,
A. B. Dick Co.

Panclists: J. Swvigals, IBM, Los Angeles,
Calif.; and G. Warfel, Bank of America, San
Francisco, Calif.

April, 1960



./t was

DIFFUSED SILICON DIODES FROM FAIRCHILD

THE FIRST — An ultra-fast computer diode:
Four millimicrosecond maximum reverse recovery
time of this new FD 100 overcomes the diode-
caused speed limitations in computer circuits. Ca-
pacitance is only 2uuf at zero volts bias.

THE REASON — A need and the technology
to serve it: Fairchild's diffused silicon transistors
have achieved heretofore unattainable performance.
Application of these transistors has in turn created
the need for silicon diodes of similarly outstanding
performance.

THE FOLLOW UP —A broad line of high re-

liability diodes: This Fairchild FD 100 diode is
being followed by others providing industry-leading
standards in reliability and uniformity — backed by
a continuing accumulation of statistical data on a
large scale.

4300 REDWOOD HIGHWAY -«

New York Area: Ploneer 1-4770 » Syracuse:

Washington, D.C.: NAtionai 8.7770 » Chicago:
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inevitable

TENTATIVE SPECIFICATIONS — FAIRCHILD FD 100
25°C Except As Noted

Symhol Characteristic Min, Max. Conditions

BV Breakdown Voitage 40 volts @ g =100 pA

IR Reverse Current 100 uA @ Vg =30v, 25°C

Vg Forward Voltage Drop 1v @ |lfp=10mA

C  Capacitance 2 uuf @ VR =0Ov

trr Reverse Recovery
Time To Ir=1 ma 4 mus @ If=l==10 ma
Maximum Power 200 mw.

Dissipation

Temp. Range Operating —65°C to 175°C
Storage —65°C to 200°C

For full specifications,. write Dept. E-4

IRCHILD

SEM/CONDUCTOR CORPORATION
/

SAN RAFAEL, CALIFORNIA

GLENWOOD 6-1130 « TWX SRF 26

GRanite 2-3391 « Philadelphia Area: TUrner 6-6623
BRowning 9-5680 « Los Angeles: OlLeander 5-6058



PGMTT National Symposium

HotirL DL CoroNADO, SAN Dikco, Canir., May 9-11, 1960

Welcome and Opening Remarks
Monday Morning, May 9

D. Proctor, Chairman of the 1960 PGMTT
National Symposium.

A. A, Oliner, National Chairman of the
PGMTT.

Session 1—Microwave Components and

Systems

Chairman: T. N. Anderson, FXR Inc.,
Long Island City, N.J.

“New Developments in Microwave
Communmnications Systems,” C. C. Cutler,
Bell Telephone Labs., Holmdel, N. J.

“Mode Conversion in Helix Waveguide,”
I1.G. Unger, Bell Telephone l.abs., Holmdel,
N J.

“Some Properties of Dielectric Loaded
Slow Wave Structures,” . B. Walker and
C. G. Engelfield, Univ. of British Columbia,
Vancouver, B. C., Canada.

“UHF Strip Transmission Line Hybrid
Junction,” I. Tatsughuchi, Bell Telephone
Lats., Whippany, N. J.

“\ Variable Slope, Non-Dispersive Mi-
crowave PPhase Shifter,” G. D. Carey and
R. E. Ilovda, Awonetics, Div. of North
Awmerican Aviation, Downey, Calif.

“\ Wide-Band Turnstile Junction and
Direction Finding Antenna,” R. C. Ioney
and J. K. Shimizu, Stanford Res. Inst.,
Menlo Park, Calif.

“Microwave Phase Analyser,” K. D.
Claborn and R. E. Jones, Bendix Radio, Div.
of Bendix Aviation Corp., Baltinore, Ad.

Monday Afternoon
Session 2—Parametric Amplifiers

Chairman: A. Berk, Research Labs.,
Hughes Aircraft Co., Culver City, Calif.

“Gallium Arsenic Point Contact Diodes,”
W. M. Sharpless, Bell Telephone Labs.,
Holmdel, N. J.

“Characterization of Microwave Variable
Capacitance Diodes,” S. T. Eng., Develop-
ment Lab., Hughes Semiconductor Div., New-
port Beach, Calif.

“\ Perturbation Theory for Parametric
Amplifiers,” R. II. Kingston and A. L.
McWhorter, Lincoln Lab., M.I.T., Lexing-
ton, Mass.

“\ Study of the Optimum Design of
Wideband Parametric Amplitiers and Up-
Converters,” G. L. Matthaei, Stanford Res.
Inst., Menlo Park, Calif.

“A Low-Noisc X-Band Parametric Am-
plifier,” R. D. Weglein, Research Labs.,
Hughes Aircraft Co., Culver City, Calif., and
F. Keywell, Semiconductor Div., Hughes
Produas, Costa Mesa, Calif.

“A Four Terminal Low Noise Parametric
Microwave Amplifier,” W. Eckhardt and
F. Sterser, RCA, Princeton, N. J.

“Design and Operation of Four-Fre-
quency Parametric Up-Converters,” J. 4.
Luksch, E. W. Matthews and G. A. VerWys,
RCA, Moorestown, N. J.
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“\ Study of the Iterated Traveling-
Wave Parametric Amplifier,” C. V. Bell,
Walla Walla College, College, Park, Wash.

Monday Evening
Session 2A—Parametric Amplifiers

Panel Discussion: A. Berk, Research
Labs., Hughes Aircraft Co., Culver City,
Calif.; C. J. Carter, Space Technology Labs.,
Los Angeles. Calif.; J. C. Green, Airborne
Instruments Lab., Melville, L.I., N. 1
E. M. T. Jones, Stanford Res. Inst., Menlo
Park, Calif.; N. Uenohara, Bell Telephone
Labs., Murray Iill, N. J., G. Wade, Stanford
Univ., Stanford, Calif.

Tuesday Morning, May 10
Session 3—Ferrites

Chairman: N. Sakiotis, Motorola, Inc.,
Scotisdale, Aris.

“Non-Linear Effects in Ferrites,” Al
Weiss, Research Labs., Hughes Aircraft Co.,
Culver City, Calif.

“Ferroxplane Type Materials at Micro-
wave Frequencies,” I. Bady, U. S. Army
Signal Res. and Dev. Lab., Fori Monmorth,
N.J.

“Antiferromagnetic Materials for Milli-
meter and Sub-millimeter Devices,” G. S.
Ileller and J J. Stickler, Lincoln Lab.,
M.I.T., Lexington, Mass.

“Design Problems Associated with Rece-
tangular  Waveguide Reciprocal  Phase-
shifters,” A. Clavin, RA NTEC Corp,
Calabasas, Calif.

“Magnetstatic Modes and Ferrites with
Conventional Waveguide Geometries,” G. P.
Rodrigue, Sperry Microwave Electronics Co.,
Clearwater, Fla

“Wide Band Resonance Isolator,” 1. IV,
Anderson and M. E. Hines, Bell Telephone
Labs., Murray 1ill, N. J.

“An  Electrically-Variable, Reciprocal
Ferrite ’hase Shifter,” R. . Kordos and
V. J. MclIlenry, Research Labs. Div.,
Bendix Aviation Corp., Detroit, Mich.

Tuesday Afternoon

Session 4—Millimeter Waves and Diode
Applications

Chairman: P. Vartanian, Melabs, Palo
Alto, Calif.

“Millimeter Wave Generation,” B. Ep-
satein, Microwave Res. Inst., Brooklyn, N. Y.
(on leave from Compagnie General TSF,
France)

“Millimeter Wave Generation by Para-
metric Methods,” G. H. Heilmeier, RCA
Labs., David Sarnoff Res. Center. Princeton,
N.J.

“A Pulsed Ferrimagnetic Microwave
Generator,” B. J. Elliott, T. Schaug- Petersen
and H. J. Shaw, Stanford Univ., Stanford,
Calif.

“Maser Operation at Signal Frequencies
Higher Than the 'ump Frequency,” F. R,
Ames, Airborne Instruments Lab., Melville,
L.I, N VY.

“Generation of Microwaves by Meaus of
Esaki Diodes,” R. F. Ruts, Research Labs.,
IBM, Poughkeepsie, N. Y.

“The Large Signal Behavior of a Cavity
Type Parametric Amplifier,” F. A. Olson
and G. Wade, Stanford Univ., Stanford,
Calif.

“A Solid State Microwave Source from
Reactance Diode Harmonic Generators,”
T. M. Hyltin and K. L, Kotzebue, Texas
Instruments, Dallas, Tex.

Wednesday Morning, May 11

Session 5—Microwave Propagation in
Plasmas and Solids

Chairman: L. Goldstein, Univ. of Illinois,
Urbana.

“Propagation of Waves in a Plasma in a
Magnetic Field,” W Allis, Research Lab. of
Electronics, M.I1.T., Cambridge, Mass.

“Plasma-Electromagnetic  Interaction,”
N. Marcuvits, Microwave Res. [nst., Poly-
technic Institute of Brooklyn, Brooklyn,
N. 1.

“Magnetoplasma Effects in Semicon-
ductors,” B. Lax, Lincoln Labs., M.I.T.,
Lexington, Mass.

“Coherent Fxcitation of Plasma Oscilla-
tions in Solids,” D. Pines, Univ. of Illinois,
Urbana (work done at General Dynamics
Corp., San Diego, Calif.)

Panel Discussion: O. T. Fundingsland,
Raytheon Mfg. Co., Waliham, BMass.; R.
Gould, California Institute of Technology,
Pasadena; 11. Margenau, Yale Univ., New
Haven, Conn.; R. F. Whitmer, Svylvania
Elecironic System, Mountain View, Callf.

Wednesday Afternoon

Session 6——Filters and Measurements

Chairman: K. Tomivasu, General Elec-
tric Microwave Lab., Palo Alto, Calif.

“Lossy Waveguide Resonators,” [l
Riblet, Microwave Development Labs., Inc.,
Wellesley, Mass.

“Peak Internal Fields in Direct Conpled
Cavity Filters,” L. Young, Westinghouse
Electric Corp., Baltimore, Md.

“Strip Transmission Line Directional
Filter,” R. L. Sleven and P.E. Dorato, Air-
borne Imstruments Lab., L. I., N. Y.

“Application of the Smith Chart to
Problems of Propagation in a DMagneto-
Tonic Medium,” G. A. Deschamps and W. L.
Weeks, Univ. of Illinois, Urbana.

“Microwave Measurements of Electron
Attachment Rates,” -V. A. J. van Lint and
E. G. Wilkner, General Atomic, Div. of Gen-
eral Dynamics Corp., San Diego, Calif.

“Fractional Millimicrosecond Electrical
Stroboscope,” W. M. Goodall and A. F.
Dietrich, Bell Telephone Labs., Holmdel,
N.J.

The banquet speaker at the PGMTT
National Symposium will be W. E. Edson of
the General Electric Co., Palo Alto, Calif.,
who will speak on “Microwave Power
Sources of the Future.”

April, 1960
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GERMANIUM PNP DIODES :
2N43A MILT19500/18  2N467 MIL T 19500/45 General Transistor also pro-
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2N404 MILT 19500/20  2N358A MIL T 19500/63 a(r) : .“:1 ‘;Stt ee OtWhl/}le
2N416 MILT 19500/56  2N388 MIL T 19500/65 € designed to mee

2N417 MILT19500/57  2N1310 Guidance requirements: 1N198, 1N277,
2N425 MIL T 19500/45 and LN281. The spec numbers
2N426 MIL T 19500/42 are, respectively : MIL E 1/700,
2N427 MIL T 19500/43 SILICON PNP 1/993A, and 1/961.

2N428 MIL T 19500/44 2N327A

2N464 MIL T 19500/49 2N328A Guidance The semiconductors listed on
2N465 MIL T 19500/50 2N329A Guidance this page are all designed to

— 2N466 MIL T 19500/51 2N1026 Guidance meet MIL specs.
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These NPN Germanium Types

2
éws' As witness the deployment

BMEWS

, i
of General Transistors MINUTEMAN

on projects such as:

POLARIS

/ HAWK

And many other military programs. Why? Reliability.

General Transistor is now in its fourth year of production on
quality NPN germanium transistors. We were one of the earliest
suppliers of germanium NPN transistors, and have from the
beginning maintained an excellent reputation for highly reliable
products. Listed are some characteristically fine types.

Collector-Base Collector Alpha Cutoff
Type No. Breakdown ':I""g':l':;;' Cutoff Current D.g.a:::;rent Fl:'equency
Veso (Volts) ” lco (ua) = f. (me)
2N356A 40 40 3 35 3
2N357A 40 40 3 40 6
2N439 40 35 3 60 8
2N440 40 30 3 100 12
2N446A 30 35 2 100 8
2N447A 30 25 2 150 12
2N595 35 30 2 50 5
2N596 35 30 2 70 8
2N1012 50 50 2 60 5

Typical values




.. %
Also on Military Duty lz §l

...and here’s a flight of high voltage types:

2N1310 2N1311 2N1312
DISSIPATION RATINGS : NPN NPN NPN
TOTAL TRANSISTOR GE Alloy Junction  GE Alloy Junction GE Alloy Junction
DISSIPATION AT 25°C 120 MW 120 MW 120 MW
DERATING FACTOR 2MW/°C 2MW/°C 2MW/°C
STORAGE TEMPERATURE —65°C to 85°C —65°C to 85°C —65°C to 85°C
CUT-OFF RATINGS: CONOITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX
COLLECTOR BASE VOLTAGE (Vceo) le=25 na 90 v 75v 50v
EMITTER-BASE VOLTAGE (Veso) le=25 pa 20v 50v 20v 50v 20v 40v
COLLECTOR-EMITTER VOLTAGE (Ver) le=25 na 0v 75v 50v
(PUNCH-THRU)
COLLECTOR CUT-OFF CURRENT (ico) Veeo=5v 3ua 7pa 3ua 7pa 7 ua
EMITTER CUT-OFF CURRENT (leo) Veso=5v 3ua 7pa 3ua 7ua 7 na
0.C. AND SWITCHING RATINGS :
D.C. CURRENT GAIN (hge) le=5ma Vc=025v 20 15
le=20 ma Vce=0.25v 25 20 30
D.C. BASE VOLTAGE (Vi) le=5ma Vc=025v 0.5v 05v
lc=20ma Vce=0.25v 0.3v
D.C. COLLECTOR VOLTAGE (Vce) le=10 ma 1c=100 ma 0.2v 0.2v 0.2v
SMALL SIGNAL RATINGS:
CURRENT GAIN Vee=5v f=1k 35 30 40
COMMON EMITTER (h,,) k=1ma =%
ALPHA CUT-OFF Vee=5v lk=1ma 1 mc 1.5mc 2mc
FREQUENCY (f.o)
COLLECTOR CAPACITY (C.o) le=1ma f=1m 11 upf 11 puf 11 upf
_ =1mc
Vcn_5 v
INPUT IMPEDANCE (h:s) Vee=5v __ 359 5o 5o
o f=1ke
le=1ma
REVERSE TRANSFER RATIO Vee=5v f=1k 15 15 15
th.o) (X 10-4) k=lma '='%
OUTPUT ADMITTANCE (h..) Voe=5v 2ul 2us 2uy
o f=1ke
le=1 ma
NOISE FIGURE (NF) Vos=5v f=1kc 10db 10 db 10db
le=1ma BW=100~

Because of the relative newness of these transistors, data is presented in detail.

GENERAL TRANSISTOR CORP.



Speaking of Services: GT Hi/Scope Service

100% Lot Preconditioning

Let’s assume you have equipment which must
undergo severe environmental conditions...be
subjected to high mechanical shock and vibra-
tion. To be certain that all the transistors you
intend to use will withstand this type of expo-
sure, we will set up a preconditioning program
that will test out every single unit before we
ship to you.

Special Electrical Parameter
Testing

Certain transistor applications are so unusual
that they cannot be completely described by
standard parameters. If you are in such a posi-
tion, we will design a test fixture to closely
approximate actual circuit performance. This
procedure will provide assurance that 100%
of the transistors delivered to you will perform
satisfactorily.

Special Reliability Testing Programs

Must your completed systems meet a high
reliability requirement? !f so, you may wish
special procedures to be established with
regard to your reliability programs. This is
another GT service. When necessary, we will
build such transistors on a specially designed
production line, check them exhaustively to
hold tight parameter tolerances, and subject
large lots to specific and unique life tests. In
many cases, we have established a program
so that we ship those units which have high
survival probability in your application. These
things we have done, and will do again, at
your request. Sound helpful ?

High and Low Temperature Testing

Standard transistor parameters are generally
controlled at room temperature. Yet many
systems must function at other ambients. If
you have a problem specifying electrical para-
meters at room temperature in a manner that
will be valid at high or low temperatures, we
are ready to assist. General Transistor is pre-
pared to run any measurements you dictate, at

QTQGENERAL T

any specified ambient. We can do this on com-
_ plete production lots if you feel it essential.

Cost Economies
Through Parameter Modifications

Yield has a strong influence on transistor cost.
To give you the best econromies and at the
same time give you the most desirable quality,
we offer this working arrangement. At your
request, General Transistor will suggest slight
modifications of your specifications which
will allow us to ship the major portion of a
production run. We will make the necessary
measurements and indicate what the various
parameters shou!d be and what proportions of
the run will fall into preselected types. If you
then design your system to use this production
mix, you will benefit from some genuine
economies.

Circuit Design

If you are starting on a new program, you may
want some information on what performance
you can expect from state-of-the-art circuits.
We will provide you with such typical circuits
at your request, together with data on the
performance of our transistor types within
these circuits.

Special Selection on Standard
Catalog Types

In many instances you may find that a standard
catalog transistor is about 90% acceptable,
but still needs improvement in a few parame-
ters. In such a case, please ask us about the
possibility of getting these improvements. We
can tell you what increase in specifications is
feasible, and produce the units to this spec.
Thus, you get the desired parameters without
having to redesign or wait for a custom-built
semiconductor.

Qualification Approvals

Let’s consider the case where you want to
design a certain transistor into a system for
the government, yet a government specifica-

tion does not exist for the transistor. You must
be ready to substantiate your use of the non-
standard part. Here's what GT can do to help
your case. We will run a qualification approval
procedure in the same format we would for a
military type. Then we’ll provide you with this
necessary data. This will greatly accelerate
your approval for use of this transistor type.

Special Coatings or Encapsulations

In your manufacturing process, do you expose
transistors to any kinds of solvents or potting
materials? If so, just let us know. By using
special highly resistant coatings, we'll make
sure that the transistor case and markings are
not vulnerable to solvent attacks.

Samples with Parameter
Measurements

Assume you want to check out the margins in
a design. You require upper and lower limit
samples of a certain transistor type. We'll be
happy to supply you with sufficient samples to
cover the spread in one or two significant
parameters. Thus, you can experimentally
determine the performance of your circuit.

Special Production Runs

Assume that your transistor application is so
unusual that units are not available from
standard production. What can be done? We
will analyze your requirements and decide
whether it would be feasible to make a special
production run of transistors to meet your
needs.

What More?

This is our HI/SCOPE service...or a large part
of it. Our customers have found it to be
extremely useful. We think you will, too. If
there is something still further that interests
you, why not get in touch with us? Space pre-
cludes our going into too great detail here,
but we feel sure you'll find any assistance you
need at GT. Write or give us a phone call.

RANSISTOR CORP.

91-27 138th Place / Jamaica 35, New York

1056/3.60/2CM



1960 Electronic Components

WasimiNgroN Hoter, Wasmintox, D. C,, May

Tuesday Morning, May 10

“Welcome,™ R. L. Ienry, Jr., General
Chairman.

Session 1—Quo Vadis, 1970

Moderator: J. 1. Chambers, Motorola.

“Systems Requirements for Components
in the Next Decade,” F. Lack, EI.1.

“I'he Components of 1970," II. Stone.
Bell Telephone Labs.

“Research for Components of the Next
Decade.”™ R, Adwm. R. Bennett, Chief of Naval
Research.

Tuesday Afternoon

Session 2—Miniature and Packaged
Components

Moderator: Dr. R. M. Soria. Amphenol
Electronics Co.

“Recent Ndvances in Microminiaturiza-
tion, Reliable Components and Cooling Tech-
viques,” G, W. A, Dummer, Royal Radar
Establishment, Great Britain.

*Ceramic Base Microcircuits — A
Heterogencous Approach to Miniaturiza-
tion,” Af. H. Kahn, Sprague.

“High  Quality Ultra-Thin  Film Ca-
pacitors,” S. Grand, Radiation Rescarch
Corp.

“Rejection  Filters  with  Distributed

R&C,” A. Smith, Sprague.

“2D Etched, Formed RC Circuits,” J. J.
Kinsella and F. A. Schweriz,  Haloid
Nerox Inc.

Tuesday Evening

Session 3—Special Commemorative Session
—Signal Corps 100th Anniversary
Presentation

Moderator: V. Kublin, USASRDI..
Wednesday Morning, May 11

Session 4—Microelectronic Components
and Molecular Circuitry

PROCEEDINGS OF THE IRE April, 1960

Moderator: C. W. Curtis, Hughes Air-
craft Co.

“T'he Philosophy of Molecular Electron-
ics,” Dr. S, W. Herwald, Westinghouse.

“Materials for Molecular Electronics,”
Dr. Zener, Westinghouse.

“Systems Aspects of Molecular  Elec-
tronies,” Dr. Ssiklai, Westinghouse.

“Microclectronics and the Systems De-
sign Fngineer,” J. R. Black, Motorola.

“Preparation and  Evaluation of Thin
Film Microcireuits,™ J. J. Bohrer and G. N.
Queen, IRC.

“The Sylvania Microminiature Module,”
G. J. Selein, Sylvania.

“Status Report on the \icromodule
Program,” D. Mackey, J. Wentworth, RC-1.

Special Awards Luncheon

Speaker: Maj. Gen. E. Cook, Deputy
Chicl Signal Officer.

Wednesday Afternoon

Session 5—Advances in Components
and Materials

Moderator: F. Wenger, USAF-AARDC.

“Gallium Phosphide Point Contact High
Frequeney  Diodes,”  J. Mandelkorn,
USASRDL.

“d-Layer PNPN Alloy Device,” R. Fid-
ler, B. Carlat and R. Wegner, Tung-Sol
Electric.

“Means of Adjusting Resistive Micro
Elements to the Desired Resistance Value,”
R. C. Langford, Weston Instruments.

“A Germanium Tunnel Diode,” 7" K.
Selig, GE, Syracuse.

“Physics of Thin Resistive Films,” R.
Conklin, Wright- Paiterson AFB, E. R.
Olson, Halex, Iuc.

“Ferromagnetic and Ferroelectric Ce-
ramics; Matching Characteristics to System
Needs,” Dr. H. W. Welch, Jr., Motorola.

“Investigation of Columbium, asan Elec-

Conference

10-12, 1960

trolytic Capacitor Anode,” C. Peabedy and
A. Lunchick, USASRDI..

“Ruggedized Traveling Wave Tubes for
Missile Use,” C. E. Bradford and J. P.
Laico, Bell Telephone Labs.

Thursday Morning, May 12

Session 6—Magnetic Components for
Memory, Logic and Amplification

Moderator: K. Preston, Bell Telephone
Labs.

“New  Magnetic Devices for  Digital
Computers,” D. H. Looney, Bell Telephone
Labs.

“The Ferrite Sheet Memory,” R. /1.
Meinkan, Bell Telephone Labs.

“Lesser Known  Properties of Ferrite
AMultiapertured Cores,” U, F. Gianela. Bell
Telephone Labs.

“Reproducibility  of  Electrodeposited
Thin Film Memory Nrravs,” 1. 117, Wolf,
GE, Syracuse.

“Magnetic Rod Memory,™ D. A.
National Cash Register.

“Counter-Wrapped  Twistor,” R. F.
Fische and P. Mallery, Bell, Telephone Labs.

“The Mmplifying Properties of Evapo-
rated Magnetic Films,” D. W. Moore,
Servomechanisms, Inc.

Meier,

Thursday Afternoon

Session 7—Achievements in Component
Reliability

Moderator: L. Podolsky.

“DOD Presentation on Components Re-
liability Programs,” P. S. Darncll, leading a
Panel Discussion.

“Reliability Analysis of an  Electronic
Switching Center,” . P. Karas, Stromberg-
Carlson.

“Llectronic Parts and Reliability Assur-
ance,” W, If. von Alven, ARI NC Research
Corp.

“Reliability Analysis of Resistor Drift
Characteristics,” B. R. Schiwcarts, RCA.
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you want to

amplify
microvolt-level
data signals with
0.1% accuracy...
and 2uv stability...
from DC to 40 KC...

Choose a KIN TEL
Wideband DC Amplifier

The KINTEL 112A simplifies the design of data
measurement systems, offers more bandwidth
and accuracy, reduced maintenance, and none
of the capacitive balance problems inherent in
AC carrier equipment, Drift <2 uv for hundreds
of hours. Gain is 20 to 2000. Gain accuracy is
0.5%, can be set to 0.01% on individual gain
steps. Output is *45 volts and up to 40 ma,
bandwidth 40 kc, input impedance 100,000 ohms.
Plug-in attenuators permit use as an integrator,
-+1 amplifier, etc. There's no better way to
obtain extremely accurate measurement of dy-
namic physical phenomena, Price: 112A with
112A-A adjustable gain plug-in $625, single am-
plifier cabinet $125, six amplifier module $295.

Representatives in all major cities

A DIWVISION OF

ELECTRONICS, INC.

5725 Kearny Villa Road, San Diego 11, California
Phone: BRowning 7-6700
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ASSOCIATION ACTIVITIES

Dr. Lawrence W. Von Tersch, head of
the Electrical Engineering Department at
Michigan State University, has been
elected President of the National Electron-
ics Conference scheduled for October 10~
12 at the Hotel Sherman in Chicago. Other
officers named for the 16th annual NEC,
in which EL\ will participate, were: Ex-
ecutive Vice President, Joseph J. Gershon
of DeV'ry Technical Institute; Secretary,
James H. Kogen of GPE Controls, Inc.,
Treasurer, Dr. Harold E. Ellithorn of Uni-
versity of Notre Dame; Assistant I'reas-
urer, Robert J. Parent of University of
Wisconsin, Elected as NEC Chairman of
the Board was William O. Swinyard, Vice
President of llazeltine Research, Inc.
Committee chairmen elected were: \r-
rangements, Benjamin G. Grithth, Tele-
type Corporation; Exhibits, John S,
Powers, Bell and Howell Company; Fel-
lowship Award, Orville I. Thompson, De-
Vry Technical Institute; Finance Policy,
Dr. John D. Ryder, Michigan State Uni-
versity; Housing, Juergen Roedel, Ilalli-
crafters Company and International Activ-
ities, George E. Anner, University of Illi-
nois.

FCC AcTiONS

The FCC has declined to establish a
TASO-type organization to complete the
technical studies of the National Stereo-
phonic Radio Committee as requested by
EIA on October 15. In a letter to DPresi-
dent Hull the FCC stated it wished to pro-
ceed expeditiously with FM stereo and
that it proposed to issue a Notice of Pro-
posed Rule Making shortly after March 15.
President Hull had requested the commis-
sion to establish a Government-supervised
committee similar to the Television Allo-
cations Study Organization in response toa
request from NSRC and on authorization
of the EIA Board of Directors. NSRC has
been unable to complete its studies, he told
the FCC, because of the non-participation
of RCA and CBS on legal grounds. He ex-
pressed the belief that these companies
would participate if a TASO-type group
were formed. Just what eflect the Com-
mission’s refusal will have on the future
work of NSRC was not immediately clear
but will be determined within the next
week or so. The NSRC was formed carly in
1959 and carried on extensive technical
studies under Chairman C. G. Loyd and
Dr. W. R. G. Baker as Chairman of the
Administrative Committee. . . . The FCC
has asked that $2,250,000 of its $13,500,-
000 budget request for 1961 be earmarked
for the most thorough review of UHF yet.
Although plans have not been firmed up
for the 2-vear study, an FCC spokesman
said last week the investigation would go
considerably beyond previous ones on the
feasibility of moving all or part of TV from

000 00O O

VHF to UHF. Both transmitting and re-
ceiving operations would be covered.
Much of the work would probably be
contracted to private engineering firms,
EL\ learned. The commission also asked
for $796,645 for research and work on fre-
quency allocation matters. The total re-
quest increased by $2,950,000 over the
1960 appropriation.

MiLiTArRY ELECTRONICS

The Navy has made its first public
demonstration of a new communications
system which uses the moon as a pas-
sive reflector or relay of radio signals.
The Moon Relay included teletypewriter
communications between Washington and
Hawaii, via the moon, and facsimile trans-
missions using the same method. Admiral
Arleigh A. Burke, Chief of Naval Opera-
tions said: “The new Moon Relay com-
musications system is the result of many
vears of Navy development utilizing the
the moon—the least expensive satellite
known to man.” The pilot circuit, linking
Washington and Hawaii, is an outgrowth
of the Navy’s communication project
Moon Relay, established in 1956 to de-
velop an experimental communications
system for evaluation of the moon relay
technique under operational conditions.
Capabilities of this experimental system
presently include nmulti-channel teletype-
writer and facsimile modes of operation.
Experimental work is also being done in
voice communications, but at lower
priority.

SPACE LAUNCIIINGS

A precise calendar of upcoming space
shots was presented by Dr. Abe Silver-
stein, NASA’s Director of Space Flight
Programs. These major scientific, com-
nuinications, and meteorological launch-
ings through FY 1963 total just under 30
and include JUNO II, THOR-ABLE,
SCOUT, DELTA, THOR-AGENA B, and
ATLAS-AGENA B vehicles. Launchings
leading up to interplanetary probes in 1963
in the vicinity of Venus and Mars, using
the CENTAUR vehicle, will begin this
year with three interplanetary shots using
the THOR-ABLE. Next year, nine lunar
launchings will be made using the DELTA,
ATLAS-ABLE, and ATLAS-AGENA B,
and four hinar shots will be made in 1962
employing the ATLAS-AGENA, The first
launch of a payload specifically designed for
the acquisition of meteorological data,
known as TIROS, will be fired this sum-
mer, Dr. Silverstein detailed. This will be
followed sometime in late 1961 or 1962 by

(Continued on paye 40A4)

* The data on which these NoTES are based were
selected by permission from 1Veekly Reports, issues
of January 25 and February 1 published by the
Electronic Industries Association whose helpfulness
is gratefully acknowledged.

April, 1960



Which of these

APPLICATION
NOTES

can help you?

#16 WAVES ON TRANSMISSION LINES
#17 SQUARE WAVE AND PULSE TESTING
#18 INTRODUCTION TO SOLID STATE DEVICES

_}‘i /‘f APPLICATION NOTIS
E.E:‘:"'\b%. - y ‘

#21 MICROWAVE STANDARDS PROSPECTUS . * _

#27 BASIC MICROWAVE MEASUREMENTS 2 G

#29 CONVENIENT METHOD FOR MEASURING Bl . " rricamion norme ?
2

PHASE SHIFT

#30 MEASUREMENT OF CABLE

CHARACTERISTICS i
#34 AC CURRENT MEASUREMENTS 3 .
#36 SAMPLING OSCILLOGRAPHY %

#37 MONITORING A RADIO TRANSMITTER ,
SIGNAL WITH AN ¢» 120A OR i/
130B OSCILLOSCOPE e

#38 MICROWAVE MEASUREMENTS
FOR CALIBRATION LABORATORIES  ,\&

#39 STANDARDS CALIBRATION
PROCEDURES

#40 HEWLETT-PACKARD ELECTRONICS
INSTRUMENTATION FOR
TRANSDUCER APPLICATIONS

o3l

The above involve both theoretical and “*how to do it"’ information,
illustrated, complete, designed for swift practical application to
your problem. These and all other # APPLICATION NOTES are
available by calling your & representative, or writing & direct.
No charge, no obligation.

HEWLETT-PACKARD COMPANY

1024D PAGE MILL ROAD * PALO ALTO, CALIFORNIA, U.S.A.
CABLE ""HEWPACK'' * DAVENPORT 5.445)
HEWLETT-PACKARD S.A., RUE DU VIEUX BILLARD NO. 1, GENEVA
CABLE * HEWPACKSA TELEPHONE (022} 26. 43 36.
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS

RN

@ instruments measure more swiftly, surely

PROCEEDINGS OF THE IRE April, 1960 39A



40A

Tarion

advancement
ininstrument
design

VERSATILE
MULTI-RANGE
METER TESTER

Model M-2

... POWER SUPPLY . .. LIMIT BRIDGE

Precise, self-contained unit far labaratory and pro-
duction use. For DC instrument calibration from 25
va full scale to 10 ma full scale, and 0-100 VDC;
sensitivity and resistance measurement; DC current-
voltage source; limit or bridge measurements fram
0-5000 ahms. Regulated power supply. Stepless
vacuum tube voltage control. Accuracy exceeds V%
{current), Y2 ohm or 2% (resistance). For 115V, 60
cycle AC. Camplete — needs no accessories. Bulletin
on request. Marion Instrument Division, Minneapolis-
Honeywell Regulator Co., Manchester, N. H., U.S.A.
In Canado, Honeywell Conlrols Llimited, Toronto 17,

Ontario.

Honeywell

EASY TO g
MOUNT AND STACK

Barriers across both faces increase
creepage path; elongated holes
facilitate mounting; nesting pro-
jection and recess aid stacking.
Brass receptacles provide low con-
tact resistance. 14 |bs. min. pull out
with standard solderless taper pins.
Molding compound is MAI-60 (Glass
Alkyd) of MIL-M-14E.

New single row Taper Pin Ter-
minal Board available in 10 or 20
feed-thru type taper receptacles,
single and dauble feed-thru con-
nections. 1deal for computer and
data processing programming,
multi-channel communications
systems, etc.

TPB-20-S

Gen-Pro boards have passed Navy
2,000 ft. |b. high shock requirements
as specified by MIL.S-901B.

WRITE NOW FOR FURTHER DETAILS

GENERAL PRODUCTS CORPORATION
Over 25 Years of Quality Molding

UNION SPRINGS, NEW YORK
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Engineering Notes
(Contonued from page 38.:1)

a second version of the same payload, with
additional sensing equipment, known as
NIMBUS., This later satellite will contain
more instrmmentation than TIROS and
will be stabilized so that the sensors will
point at the earth throughout the fight
path, he said. Passive communication ex-
periments known as PROJECT ECHO
reflecting radio signals from one ground
transmitting station to another ~will “re-
ceive considerable attention in the months
ahead,” Dr Silverstein said. Bot he cau-
tioned that neither meteorological nor
communications experiments “in the next
several vears should be considered as an
carly approach to an operational system.”™
Rather, he said, these “are experiments
aimed at furthering the science and tech-
nology in these areas. Operational systems
will come later and only after the problens
have been identified and solved.” Tn pre-
senting a broad picture of the national
space exploration program, NASA's Depu-
ty Administrator Hugh L. Dryden said the
development of meteorological satellites is
one of its most important goals. “Still in
the earliest R&D) stage as regards the in-
strumentation,” he noted, “the results al-
ready obtained open new vistas to the fore-
caster and research scientist alike.” Dr.
Dryden supported the testimony of Mr.
Horner.

Professional A

Group Meetinda‘g =

AERONAUTICAL AND
N AVIGATIONAL ELECTRONICS

Akron

“Methods of Continuous Radar Per-
formance Monitoring,” L. . Fisher,
Polytechnic Res. & Dev. Co.

December 8

Boston—January 13

“Digital Computers for Doppler Data,”
E. Ostroff, Lab. for Electronics, Inc.

Oklahoma City—December 22
“The FAA \ir Surveillance Radar
ASR-4,” F. W. Simonds, Texas Insiru-
ments.

ANTENNAS AND PROPAGATION
Boston—Jjanuary 13

“A Circular-Linear Polarized Shaped-
Beam Airport Surveillance Radar Anten-
na,” A. J. Simmons and C. A Lindberg,
TRG, Inc.

“Measurements of Lunar Reflectivity
Using The Millstone Radar,” G. H. Pet-
tengill, M. I. T. Lincoln Lab.

(Contimzed on page 444}
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Here are the plain facts!

... Why it pays to specify and use dependable
BUSS FUSES .

IT'S A FACT! By specifying BUSS fuses, you
obtain the finest electrical protection possible — and
you help safeguard the reputation of your product for
quality and reliability.

IT'S A FACT! BUSS fuses have provided
dependable electrical protection under all service
conditions for over 45 years—in the home, in industry
and on the farm.

IT’S A FACT! To make sure BUSS fuses will
give your equipment maximum proiection, every one
made is tested in a sensitive electronic device. Any fuse
not correctly calibrated, properly constructed and right
in all physical dimensions is automatically rejected.

IT"S A FACT! Whatever your fuse require-
ments, there’s a dependable BUSS or FUSETRON
fuse to satisfy them. Sizes from 1/500 ampere up and
there’s a companion line of fuse clips, blocks and fuse-
holders.

IT'S A FACT! The BUSS fuse engineering staff
will work with you to help you find or develop the best-
suited to your needs. This places the world’s largest
fuse research laboratory and its personnel at your
command to save you engineering time.

For more information on BUSS and FUSETRON
Small Dimension fuses and fuseholders, write today for
Bulletin SFB.

BUSSMANN MFG. DIVISION, McGrow-Edison Co. University at Jefferson, St. Louis 7, Mo. ash

BLjSS :fuses “are mda

electronic, elecfrical, o

¥ ST S SReRlry
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BUSS muokes a complete line of fuses for home, farm, commercial, m- es mw Bdh L
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Oscilloscope Camera

A completely new oscilloscope record-
ing camera is introduced by Beattie-Cole-
man, Inc., 1082 N. Olive St., Anaheim,
Calif. Known as the “Minute Man Oscillo-
tron,” it features a Polaroid® Land back
providing ctther 60 second prints or trans-
parencies. Attaches to any 5% Oscilloscope.
Swings out, lifts off for accessibility. Light
and compact, it is a precision instrument
built for continwous duty. Wollensak

75mm /2, 8, /1.9 standard or /1.9 flat-
tield lenses are tnterchangeable.

Of modular design, it can instantly be
converted to record a wide range of object-
to-image ratios. Can be removed from os-
cilloscope for other instrumentation pho-
tography.

Easily attached accessories  include:
Binocular viewing hood; adapter to record
up to 10 traces on a single frame: 35
pulse camera; 35 mm continnous motion
magazine; data chamber with  watch,
platen, and counter; data card to record
in frame: external focusing control; electric
shutter actuator.

Price of the basic unit is $250.00.

Digital Switch Assembly

42A WHEN WRITING
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These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your IRE affiliation.

A new modular digital switch assembly
containing 1 to 16 thin thumbwheel
switches in cither 8, 10 or 12 positions with
numerical readout has heen designed by
Chicago Dynamic Industries, Inc., Preci-
sion Products Div., 1725 Diversey Blvd,,
Chicago 14, 111 Series TSI) may be posi-
tioned horizontally or vertically with en-
graved numbers or designations to suit.
The unit is available with cither instantly
replaceable printed circuit  wafers for
quick servicing and low maintenance costs,
or with fixed wafers il removable feature is
not required. Switches are manually op-
erated by }* Delrin thuimbwheels available
in black or colors for each moduile.

Immediate delivery on standard units.
Prices range from $2.27 (o $5.58 per
module depending upon quantity and type
of switch.

Miniature Female Gearhead

A new miniature female size 11 gear-
head, Model X-1135, that affords casy
integration of motor and potentiometers
through the desired speed reduction has
been developed by Bowmar Instrument
Corp., 8000 Bluffton Rd.. Fort Wayne,
Ind.

Motor Bowmor
Gearthead

The Mode!l X-1135 Gearhead features
Bowmar's new “Postless” construction for
greater shock and vibration resistance and
lighter weight. .\ flange near the potenti-
omteter is an integral part of the gearhead
housing and is provided with three tapped
holes for mounting the entire assembly into
the system.

Maximum overall length, with motor
and  potentiometer as shown, is  3.780
inches. The gearhead with adapter and
flanges is 1.250 inches long, and it weighs
14 ounces.

An anti-backlash arrangement may be
provided on the potentiometer shaft to
prevent lost motion of the unit by first as-
sembling the gearhead to standard Bureau
of Ordnance mounting holes on the size 11

TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE
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motor. The potentiometer is then attached
by means of standard Bureu of Ordnance
type “dog™ clamps.

Precision Class 2 gear wlerances per
AGMA Specification 236.04 and Precision
ABEC Class 5 or hetter ball bhearings are
used in the gearhead.,

Additional details may  be obtamed
from the firm.

Inexpensive Ultrasonic
Cleaner

The introduction of i $99.95 wltrasonic
cleaner, the diSONtegrator System Forty,
by Ultrasonic Industries, Inc,, 141 Mbert-
son Ave., Mbertson, L., N.Y., will bring
this cquipment to a new group of users.

I Ay,
C /4 ///////;//
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The System Forty, a half-gallon ca-
pacity maodel, is the lowest priced ultra-
sonic cleaner available anywhere in the
world. Tt compares in power, cleaning tank
capacity, performance and appearance
with other ultrasonic cleaners now sclling
for up to ten times the price.

The System Forty will disintegrate more
than fifty distinct classes of soils and con-
taminants in seconds from virtually thou-
sands of dilferent products ranging from
surgical instruments, watches, clocks and
false teeth to highly complex electronic
components used in satellites and missiles.

The System Forty includes the Model
G-40C1, a 40 watt generator with an out-
put of 90,000 cps—-a suitable frequency
for small parts cleaning. The cabinet meas-
ures 107 1..X8" \W.X53" 11, and features
only one control knob-—-a simple push-puli
activity regulation throttle. The diSONte-
grator System Forty ultrasonic cleaner
constimes no more current than an ordi-
nary light bulb.

The generator powers the half-gallon
capacity cleaning tank, Model T-4-C1,
with working compartment measuring 53"
L. X5 W, X4" D). The overall dimensions
are 63" L.X61 W.X63" . The tank is
heavy gauge stainless steel deep drawn
with rounded corners. It is finished with a
4.\ grade high polish to avoid soil entrap-
ment in crevices or corners, thereby assur-
ing surgical cleanliness.

(Continued on page 1418:1)
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Creative Microwave Technology

Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON COMPANY, WALTHAM 54, MASS., Vol. 2, No. 1

RAYTHEON "M"-TYPE BACKWARD WAVE OSCILLATORS

Electronically tunable at high power levels
for a wide range of microwave applications

Where extensive frequency mobility is re-
quired, the efficient crossed-field, "M"-~
type backward wave oscillator is highly
versatile. Introduced more than eight
years ago, it has been perfected by
Raytheon and is now being economically
mass produced. Hobbing of the slow-wave
structure, a Raytheon-developed tech-
nique, assures precision construction
necessary for consistently reproducible
performance from tube to tube.

Typical of the "M"~type BWO's available
from Raytheon is the QK-634A, an X-band
tube which features all ceramic-and-metal
construction for reliable operation under
extreme environmental conditions.

The QK~-634A has a nominal power output of
200 to 250 watts and is electronically
tunable over its entire frequency range.
Precise determination of the radiated
Spectrum is accomplished by adjusting the
voltage applied to either the anode or
the sole. Amplitude modulation is also
accomplished electronically. Small and
compact, the QK-634A can be mounted in
any pesition.

QK~-634A Backward Wave Oscillator

Typical Operating Characteristics--QK-634A

Frequency Range ............. 8,150 to 11,000 Mc
Power Qutput ................... 150 watts (min.)
200 to 250 watts (nom.)

OQutput Flange ................ Mates with UG40A/U
modified for clearance holes

Tuning Sensitivity ..................... 1.0 Mc/V
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Other unclassified BWO's in this series include the QK-625 and QK-659, which cover the 2,500-4,450 Mc band.

You can obtain detailed application information

Excellence in Electronics

and special development services by contacting:
Microwave and Power Tube Division, Raytheon
Company, Waltham 54, Massachusetts

A LEADER IN CREATIVE MICROWAVE TECHNOLOGY



INSTRUMENTATION OSCILLOSCOPE
One Inch

Miniaturized bosic packoged panel mounting
Cathode Ray Oscilloscope for instrumentation use
replacing ‘' Pointer Type'' meters. Pane! bezel
motches 2’ square meter. No. 90901 uses 1CP1
tube. No. 90911 uses 1EPI tube. Power supply No.
90202 avoilable where application requires.

3 BrASS ELEEVE -
D RO! INNED

[rumes wo -
S

Ddeal §o°

ANTENNA G rATS e
coNNECTlONS

CERAMIC = STEATITE
lVA(uUM WAK M

PHOTO-CELL WOR ;
MICROPHONE ! ;z‘i L8 50 wes
CONNECTIONS Smiten 1 1 e s o s

SHIELDED TYPE

PLUGS & SOCKETS

LOW LOSS PLUGS AND SOCKETS FOR
HIGH FREQUENCY CONNECTIONS

For quality construction thruout, and fine finish, see dia-
gram ahove.

1

101 Series furnished with 3,”  200”7. 5447, 3%, on 1,7
ferrule for cuble entrance. Krurled nut gecurely fassens unit
together. Plugs have ceramic insulation; sockets bahelite.
Assembly meets Navy specifications.

202 Series Phosphor hronze knife-switch type
socket contacts ngage both sides of flat plug con-
tacts=-double contact area. Plugs and sockets have
molded bakelite insulation.

For full details and engineering data ask for
Jones Catalog Neo. 22.

JONES MEANS PROVEN QUALITY

HowarD B. JoNES DiIvision

CINCH MANUFACTURING COMPANY

CHICAGO 24, ILLINOIS
DIVISION OF UNITED-CARR FASTENER CORP

A jd BASS UG BODY -
L I’ VN PLATE 10 20 w1 ‘

JAMES MILLEN MFG. CO., INC.

MALDEN
MASSACHUSETTS

A Professnonal =

=

Group Meetlngs TS
(Coutinued from puge 404)

Chicago—October 9

“Combined Antenna-Mixer-Filter Cir-
cuit,” E. M. Turner, \Wright-Patterson
AFB.

Chicago—December 11

“Some Investigations Performed on an
lanospheric-Scatter Test Circuit,” J. 1.
Ahlgren, Page Communications Engineers,
Irc.

Los Angeles—]January 14

“Power Handling of Xntennas for High
Altirude Operation,” T. Morita, Stanford
Res. Inst.

Aublo
Chicago-—September 11

“Loudspeaker Enclosare \Walls,” P. \V.
Tappan, Warwick Mfg. Corp.

Chicago~ January 8

“Sound Vibrations in a Magnetostric-
tive Tube,” R. R. Whymark, Armour Res.
Foundation.

(Cantinited on page 47:1)

44A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE April, 1960



SURVIVED INTACT!

an 18-story impact...

cushioned in urethane foam\\ £

Unbelievable? Not to the growing list of packaging engineers \
who are specifying urethane foam to protect expensive instru-
ments, lenses, precision parts and fine tools from in-transit jars
and jolts which often exceed G-forces in excess of an 18-story fall.

Urethane foam is the same material auto and aircraft makers
use for shock-absorbing safety padding. Contour cut, die cut or
molded in place, it is the most efficient impact-absorbing ma-
terial yet invented.

The “Kudl-Pak.” a precision part storage box used in this
demonstration, is typical of the many versatile packaging ideas
possible with lightweight, flexible or semi-rigid urethane foams.
Cost is low; applications infinite!

Write Mobay Chemical Company for
full details about urethane foam and

@ Navaa Products, Inc. sources of supply.

T L

MOBAY CHEMICAL COMPANY

Dept. PI-1 Penn Lincoln Parkway West
Pittshurgh 5, Pennsylvania

Mobay is the leading supplier ef quclity chemicals used in the M OBAY

mcnufacture of both polye:her and polyester urethane toams. First in Urethane Chemistry
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Constant Voltage Transformers

DC Power Supplies

SOLA AC and DC voltage regulation
Continuous, automatic, maintenance-free

Sola Constant Voltage Transformers and Regulated DC
Power Supplies provide dependable, regulated output
voltage. Their output regulation is unaffected by wide
variations in input voltage.

Sola CV Transformers are static-magnetic regulators
with completely automatic, continuous regulating action.
Their response to variations in input voltage is usually
1.5 cycles or less. They have no moving or renewable parts

o Vg

4

Sola
Constant
Voltage
Transformers

Standard Sinusoidal Type provides voltage regulation of +1%
with primary voltage variations as great as +159%,. With less
than 39, total rms harmonic content in their output voltage
wave. these units are desirable for use with equipment having
elements sensitive to power frequencies harmonically related
to the fundamental. Available in nine ratings, 60va to 7.5kva.

Normal-Harmonic Type also provides
+ 19, regulation at somewhat less cost.
This group has an average of 149, total
rins harmonic content in its output volt-
ages and is suited to equipment not ex-
tremelv sensitive to voltage wave shape.
The series includes those mechanical
designs specially engineered for use as
built-in components. Nineteen stock
ratings range from 15va to 10kva.

and require no maintenance.

Each Sola Regulated DC Power Supply incorporates
a constant voltage transformer in combination with a
semi-conductor rectifier and a high-capacitance filter
section. This combination makes the power supply com-
pact, dependable, and efficient; and assures sustained
output voltage in the face of pulse or intermittent loads,
or heavy, short-time overloads.

Adjustable Sinusoidal Type provides
+ 19, regulated voltage output—one out-
put adjustable from 0-130 volts and one

rms harmonic content in output voltage.
Portable for use in shop or laboratory,
or mount on standard relay rack.

e g
B '.3'41@"‘ ] ! |§ fixed at 115 volts. Has less than 3% total

Electronic Power Type regulators provide
+1%, regulated filament voltage at 6.0
and 6.3-volt levels; or a combination of
plate and filament voltages regulated
+39, for +15% input variations. Fila-
ment regulators are available in ratings
from 2.3 to 25 amps. One model is spe-
cially designed for portable lab or shop
bench use: it has a 30va rating. Combina-
tion plate/filament regulators. in three
stock sizes, are designed to operate with
commonly-used rectifier tubes.

Custom-designed units can be supplied in
production quantities in ratings from 1va
to 25kva to suit individual specifications.
Custom designs can include special
mechanical structures, various vollage
ratios, special frequencies, compensation
for frequency variations, multiple output
voltages, three-phase service. Units can be
manufactured to military specifications.

Write for Circular 11-CV for additional information on Sola Constant Voltage Transformers

Sola Constant Voltage
DC Power Supplies

For intermittent...variable
...pulse...or high-current loads

Fixed-output-voltage designs are avail-
able in six stock models with ratings
from 24v @ 6a to 250v @ la. They are
extremely compact, light-weight, and
moderately priced in proportion to their
power output and performance.

Compact, rugged Sola Constant Voltage DC Power Supplies
provide output regulated within+1%, over line voltage varia-
tions as great as +=10%. Their output contains ripple voltage
of 19, total rms or less. They have exceedingly low output
impedance. Output is in the “ampere’ range. The high, short-
time overload capacity handles intermittent and pulse loads
without serious voltage drop or damage to components.

= > Adjustable-output designs provide a con-
¥ g O siderable range of regulated dc test volt-
1 = ages. Accessory handles offer portability

ple S and permit self-stacking. Six models are
= e 3 available with outputs ranging from 5v

@ 7a to 400v @ 0.6a.

Write for Circular 11-DC for additional information on Sola DC Power Supplies

SOLA '—

SOLAELECTRIC co. |C B

Sola Manufactures: Constant Voltage Transformers, Regulated DC Power Supplies,
Constant Wattage Mercury Lamp Transformers and Fluorescent Lamp Ballasts

A Division of Basic Products Corporation

4633 West 16th Street, Chicago 50, Illinois, Blshop 2-1414 o In Canada, Sola Electric (Canada) Ltd., 377 Evans Avenue, Toronto 18, Ontario



A Professional
Group Meetings

(Continued from page 44.4)

BROADCAST AND
TELEVISION RECEIVERS

Chicago— September 11
“Cold Cathode Tubes for Commercial
Receivers,” AL M. Skellett, Tungsol Elee-
tric, Inc.

Circvit ThHreory

Chicago—October 9

“Review of Variable Reactance Ampli-
fier Theory,” L. L. Kocsis, Zenith Radio
Cnrp.

COMMUNICATIONS SYSTEMS

Baltimore—December 8

“Statistical Communication Theory,”
H. Blasbalg, Electronic Communications,
Tne.

Chicago—October 9

“The Sage UUF Communications
Package,” F. W. Griffith, 11, Motorola.
Ince.,

Chicago—December 11

“Some Investigations Performed on an
Tonospherie-Scatter Test Circuit,™ J. 1.
Mgren, Page Communications Engineers,
Ine.

Los Angeles—December 8

“Digital Communications,” C. Lind-
holm, Rand Corp.

“Digital Communications,” R. San-
ders, Space Electronices.

CoMPONENT ParTs

Los Angeles—January 11

“A New Approach to the Organization
of a Parts, Material & Process Operation,”
L. Jacobs, RCA.

[LLECTRON DEVICES

Washington—Januvary 18

“Status of Micro-Electronics,” N. I
Daoctor, Diamond Ordnance Fuze Labs.

ENGINEERING MANAGEMENT

Chicago—November 13

“What  Governmient and  Industry
Should ct from Each Other,” 11. Neal,
Cook R

Chicago—December 8

“The Future of the Electronics Indus-
try,” S Weeks, Former  Secretary  of
Commerce.

(Continued on page 48.4)
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BENDIX SR RACK
AND PANEL CONNECTOR

with outstanding resistance
to vibration

The Bendix type SR rack and panel electrical connector
provides exceptional resistance to vibration. The low
engagement force gives it a decided advantage over
existing connectors of this type.

Adding to the efficiency of this rack and panel con-
nector is the performance-proven Bendix ‘‘clip-type”
closed entry socket. Insert patterns are available to
mate with existing equipment in the field.

Available in general duty, pressurized or potted
types, each with temperature range of —67°F to 4-257°F.

Here, indeed, is another outstanding Bendix product
that should be your first choice in rack and panel
connectors.

SIDNEY, NEW YORK AVIATION CORPORATION

Export Sales and Service: Bendix International Div., 205 E. 4Znd St., New York "7, N. Y.
Canadian Affiliates: Aviotion Electric Ltd., 200 Laurentien Blvd., Mantreal 9, QGuebec.
factory Branch Offices: Burbank, Calif.; Orlando, Florida; Chicago, lllinois; Teaneck, New Jersey; Dallas, Texas; Seattle, Washington; Washington, D, C,

Aﬁ\u Protessional =
Group Meetings

T

inuetd
INSTRUMENTATION

Washingion—January 11

Panel Discussion on “The Next “l'en
Years in Instrumentation,” S, N. Alexiar-
der, NBS; R. I.. Bowman, National Heart
Institute of NTH: T. MacAnespie. Glen L.
Martin Co.

Mipical. ELECTRONICS

Boston—December 8

“Digital Computer Techniques in the
Study of the Nervous System,” \W. A\
Clark, Lincoln Lab. N.1.T.

Measure fractions of a microvolt...approaching the Johnson noise limit...

with Beckman DC Breaker Amplifiers. These high gain, low drift amplifiers S O EUIEI
are insensitive to vibrations, provide fast response and feed outputs directly “Engineering for Surgery,” J. J. Ba-
to standard recorders. This means you can measure dc and low frequency ac rueh, Bolt, Beranck and Newman.
voltages which were impossible or too tedious with devices like suspension
galvanometers. A few applications include use with ultra-precision bridge cir- Chicago—Deceimber 11
cuits for measurement of differential thermocouples, nerve voltages,and other “T'he Clinical Quantitation of Tore and
extremely low voltages. For detailed specifications write for Data File 9-4-11. Tremor,” J. Brumlik, M.D.; H. Wachs,
B . & N M.D.; B. Boshes, M.D.: M. L. Petrovick,
eCkman z g B.S.E.E.; Northwestern University Medi-
Seientific and Process [ Instruments Division 2 viars 3 cal School
R Beckman Instruments, Ire. 5. : ’
* Note low noise level...less than 003 microvolt 2500 Fullerton Road, Fuilertou, California (Conturned on page 54)
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The Most Complete Line of

COAXIAL
BROADBAND
CRYSTAL
MIXERS

We have the answers to many unique coaxial Crystal Mixer

mixer design requirements. Model BCM-107E
2500-2300 MC.

® Broadbanding ¢ Low VSWR e Unusual

Frequency Combinations ¢ Low-Noise Design

¢ R.F.-L.0.-LF. Isolation. BALANCED MIXERS, Model BCM-107
For R.F. frequencies from 1000 to 5600 MC.

The expanded line of coaxial mixers from Models far push-pull or single-ended L.F. inputs
EMPIRE represents the solution to these, and Featuring, over a 15% bandwidth; :
many other problems. Most types are available : % Input VSWR less than 1.5 to 1, "“"Wl ad;uﬁment

of :, Qoo (3 Fore % L.O. noise cancellation at least 26 D3.
for immediate delivery from stock. % lsolatien nB.F st 10: 28 st 20 D6
WHAT IS YOUR SPECIAL PROBLEM? * LO. re{ectlonatlFlermlnalsatkastsoDB

Broadhand Crystal Mixer e=————— |
Model CM-107A2
510-760 MC.

Broadband Crystal Mixer
Model CM-107F
4000-5600 MC.

¥

BROADBAND MIXERS, Model CM'107 % Input VSWR less than 2 to 1, without adjustment.

% L.O. VSWR less than 2 to 1, without adjustment.
For R.F. frequencies from 225 MC to 8200 MC. % L.O.rejection at I.F. output, better than 30 DB.
Featuring over a broad range of frequencies: % L.O. power requirements 10 MW, with adjustable injection

feature.

For complete data, send for Cataloyg 604.

ejeo)] EMPIRE DEVICES PRODUCTS CORP.

AMSTERDAM, NEW YORK VICTOR 2-8400

MANUFACTURERS OF:
FIELD INTENSITY METERS <+ DISTORTION ANALYZERS + IMPULSE GENERATORS * COAXIAL ATTENUATORS + CRYSTAL MIXERS
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What's Behind This?

a major advance in the state of infrared art
by HRB-SINGER, INC.

At long last HRB is permitted to admit openly their relationship to
the revolutionary “Manhattan Strip,” taken with IR equipment
developed at HRB-SINGER. The map-like image was photographed
under conditions of complete darkness. Amazingly clear, accurate
and continuous data of the Manhattan terrain resulted.

IR surveillance equipment which meets military requirements, is
continually being developed and improved at HRB-SINGER.
Although RECONOFAX, the trade name applied to HRB IR
equipment has been employed primarily in aircraft, it could be used
in other vehicles such as satellites for scanning areas several hundred
miles wide.

If you are interested in HRB’s outstanding advances in the develop-
ment of new concepts and systems for reconnaissance, surveillance,
and infrared detection—military and industrial personnel with a
need to know, contact HRB-SINGER, Dept. I.

ELECTRONIC RESEARCH AND DEVELOPMENT in the areas of:

Communications « Countermeasures ¢ Reconnaissance ® Human Factors ¢ Intelligence
¢ Weapons Systems Studies and Analysis ® Nuclear Physics ¢ Operations Research
® Antenna Systems e Astrophysics

_ HRB-SINGER, INC.
m R B A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY

Science Park, State College, Pa.

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE
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Group Meetings

(Continued from page 484)

MILITARY ELECTRONICS

Chicago-—October 9

“The SAGE UHF Communications
Package,” F. W. Griffith, [I, Motorola,
Inc.

Chicago—November 13

“What Government and Induastry
Should Expect from Each Other,™ H. I
Neal, Cook Electric.

[ndianapolis—December 10

IXlection of Officers.

Northwest Florida—December 15

“Recent Biological Experiments in Bal-
listies Missiles,™ D. E. Stullken, Naval \ir
Station.

Philadelphia——January 19

*Sonic Detection Techniques,” ], [ow-
ard and H. West, Naval Air Dev. Center.

PrRODUCTION TECHNIQUES

Boston—Janmmary 12
“Numerical Control and its Use in In-

dustry Today,” H. . Kilroy, Concord
Control, Inc.

Philadelphia— January 20

“Molectronies,” G. Strull, Westing-
house Electric Co.

“Micro-Modules,” J. Wentworth, RCA.

“Integrated Electronics,” R. Lee, Tex-
as Instruments, Inc.

SPACE ELECTRONICS
AND TELEMETRY

Philadelphia— January 20

“Molectronies,” G. Strull, Westing-
house.

“Micro-Modules,” Mr.  Wentworth,
RCA.

“Micromolecular  Circuits,” R, Lee,
Texas [nstruments.

Washington—November 17

“Electrical Propulsion for Space Mis-
sions,” \W. Moeckel, Lewis Res. Centr.
NASA.

VEHICULAR COMMUNICATIONS

Los Angeles—January 21

“MT-59  I'TT  Mobile Telephone
Equipment Design and Operation,” K.
Haase, International Telephone & Tele-
graph Co.

Use Your
IRE DIRECTORY!
It's Valuable

April, 1960



=
N_W -+ . FROM INDUSTRY'S BROADEST RECTIFIER LINE

FEATURES

® IMPROVED RELIABILITY AT ELEVATED
TEMPERATURES

® HIGHER TEMPERATURE PERFORMANCE
TO 500°C

® EXCELLENT RADIATION RESISTANCE

Silicon carbide rectifiers are now available for
productior requirements. Their inherent higher
temperatu~e capabilities (to 500°C) provide
greater reliability in existing circuitry subject
to high ambient temperatures. Resistance to
radiation i3 up to 100 times greater than pre-
viously available in any semiconductor rectifiers.

((j g~

Trangitron

electronic corporation ¢ wakefield, massachusetts

SPECIFICATIONS @ 500°C.

RATINGS @ 500°C.

Maximum Maximum
Maximum Forward Average Maximum
Peak tnverse Voltage Forward Peak
Inverse Current @ Specified Current inverse
Voltage b Current 1o Voltage
Type (volls) (p2) ' (volts @ mA) (mA) (volts)
TCS10 100 500 6@ 100 100 100
TCSS 50 500 I 4@ 100 100 50
SPECIFICATIONS (@ 25°C.
&
Matimum s
Maximum Forward fcon i
Peak Inverse Voltage CaRBIDg
Inverse Current @ Specified R
Voltage Iy Current ECTIFIERS
Type (volts) (u3) (valts @ mA)
TCs10 100 10 2@ 100
Write for
TCSS 50 10 3@ 100 f

Bulletin PB-70

"Leader Ship m Semiconductor S ”szz YOUR LOCAL AUTHORIZED TRANSITRON DISTRIBUTOR FOR QUANTITIES FROM 1.999.




VANE
AXIAL
FAN

MODEL
E-2543-200

STANC PRESIURE — 1N OF KIO

AIR FLOW—C.F.M.
MODEL
€2543-200

SPECIFICATIONS:

200V 400 cps 3 phase
200 CFM at 3/4" S.P.
Weight: 3 |b. 8 oz.
Ambient: 85°C

Life: 5000 hrs.
Environmental MIL-E-5422D
Material MIL-E-54008
Class F Insulation

Our Field Engineers will gladly ossist you
in your cooling problems

Rir-Marine motors and cooling units
have been designed and tested to
meet the specifications of beth the
military and industry.

air - marine mofors, inc.

MAR,
3
T KN
369 Bayview Ave. 2221 Barry Ave.
Amityville . Los Angeles
LI, NY, % U california
» N
ORS-

in Canada AAE Limited, Weston, Ontario
WRITE TODAY FOR OUR NEW CATALOG

52A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

I
T

The appointment of Gordon C. Berry
(843-N47) as regional sales engineer for
receiving tubes has been announced by
C. Byron Farmer,
southeastern region-
al sales manager of
the General Electrie
Receiving Tube De-
partiment.

In his new posi-
tion, Mr. Berry will
provide engineering
liaison  with  both
manufacturers  of
electronic equipment
and with users of
equipment in the
commercial and industrial electronics field.
For several vears he has served as a dis-
trict engineer working out of Atlanta on
two-way radio, microwave, and broadcast-
ing engineering assignients.

A native of Huntsville, Ala., he is a
graduate of Georgia Institute of Technol-
ogy from which he received the B.S. degree
i electrical engineering in 1947, During
World War I he served as a first lieaten-
ant in the Army Signal Corps.

Mr. Berry is a member of the National
Society of Professional Engineers.

oo

G. C. BERrrY

Glen P. Bieging (M’56) with 20 vears'
experience as an executive in military and
industrial electronics, has joined Packard
Bell Electronics Corp.
as vice president,
marketing, of the
company’s new De-
fense and Industrial
Group, it was an-
nounced by Richard
B. Leng, group vice
president.

FFor the last five
vears Mr. Bieging
has been associated
with General Llec-
tric as manager of
product planning for the Heavy Military
Electronics  Department  in Syracuse,
N. Y., and as manager of marketing for
the Missile and Space Vehicle Depart-
ment, Defense I<lectronics Division, I’hila-
delphia.

He served as an electronics ofticer in the
. S. Air Force from 1940-50, resigning
with the permanent rank of major. During
the Korean conflict he spent one year as
civilian consultant to the Deputy Chief of
Stalf, Development, Headquarters USAF,
then moved to Raytheon Manufacturing
Co., Waltham, Mass., as assistant to the
vice president for engineering and research.
He subsequently served as salesmanager
of Lavoie Laboratories, Morganville, N. |.,
and operated his own company in the clec-
tronics export field.

G. P. BiEciNG

At Packard Bell Electronics, he will di-
rect marketing and product planning for
the Defeuse and Industrial Group which
comprises the Technical Products Divi-
sion, Packard Bell Computer Corp. and
Physicai  Sciences Corp., a  subsidiary
formerly known as Technical Industries
Corp.

Mr. Bieging holds a B.S. degree in busi-
ness and engineering from the University
of Minnesota and was graduated from the
British Military College of Science. He also
attended the Air Command and Stalf
School and the Air Communications and
Electronic Staif Oflicers School. He is a
member of the American Ordnance Asso-
ciation, Air Force Association, American
Society of Naval Engineers and the Armed
Forces Communications Electronics Asso-

ciation.
.

EX

The New York Academy of Science an-
nounced the award to the grade of Fellow
to Roland C. Bostrom (549 \’50-M’55
for his work in the field of Medical Elec-
tronics.

A supervisor in the Departinent ol
Medical and Biological Physics of Airborne
Instruments Laboratory, Deer Park, N. Y.,
he is known for his work on the Cytoan-
alyzer, an electronic instrument that de-
tects cancer in the shed cells of the body
by mieans of the PPapanicolaou smear test.

The Cytoanalyzer is presently under
evaluation at The National Cancer Tnosti-
tute of llealth, Hagerstown, Md. and the
Sloan Kettering lnstitute, New York,
N. Y. This equipment has been designed
to detect cancer of the uterus by scanning
microscope slides bearing the specimen

cells,
’

<

H. Thomas Bean (M’57), \'ice-Presi-
dent of Telecomputing Services, Ine., and
General Manager of their data reduction
operations at White Sands Missile Range
has been elected Chainnan of the Execn-
tive Committee of the Holloman Test Di-
rectors Council at the Air Force Missile
Development Center, N. M.

In addition to his duties as Adminis-
trator of the data reduction facility at
Itolloman Air Force Base, he is chairman
of the Management Committee, Data Re-
duction Group, IRIG; and chairman of the
New Mexico Advisory Committee on Sci-
entific, Enginecering and Specialized Per-
sonnel.

Mr. Bean received the B.S. degree in
physics from Thiel College. Iie also has
been an instructor in physics at Thiel Col-
lege, Chief Physicist for the 7th Naval Dis-
trict, Chief of Data Reduction at Eglin
Air Force Base, and a member of the Tech-
nical Staff, Space Technology Labs before
joining ‘TSI in his present capacity.

He is a member of the American Rocket
Society and Instrument Society of Amer-
ica. .

o

(Continued on page 30-4)
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FAST
SWITCHING

...........

HIGH CONDUCTANCE

in

SILICON JUNCTION

A DIVISION OF

| CLEVITE
CORPORATION

L) |
\Y,
<lP,
acfual size

Reliability in volume . ..

SWITCHING TYPES

New circuit possibilities for low im-
pedance, high current applications are
opened up by Clevite’s switching diodes.
Type CSD-2542, for example, switches
from 30 ma to —35v. in 0.5 microseconds
in a modified IBM Y circuit and has a
forward conductance of 100 ma minimum
at 1 volt.

Combining high reverse voltage, high for-
ward conductance, fast switching and high
temperalure operation, these diodes ap-
proach the ideal multi-purpose device sought
by designers.

GENERAL PURPOSE TYPES

Optimum rectification efficiency rather
than rate of switching has been built into
these silicon diodes. They feature very
high forward conductance and low re-
verse current. These diodes find their
principal use in various instrumentation
applications where the accuracy or repro-
duceability of performance of the circuit
requires a diode of negligible reverse cur-
rent. In this line of general purpose types
Clevite has available, in addition to the
JAN types listed below, commercial
diodes of the 1N482 series.

MILITARY TYPES

JAN
1N457 MIL-E-1/1026
1N458 MIL-E-1/1027
1N459 MIL-E-1/1028
Signal Corps
1IN662 MIL-E-1/1139
1N663 MIL-E-1/1140
1N658 MIL-E-1/1160
1N643 MIL-E-1/1171

All these diodes are avatlable for im-
mediate delivery. Write now for Bulletins
B217A-1, B217A-2 and B217-4.

Phone for data and prices.

—

CLEVITE TRANSISTOR _QB—-
254 Crescent Street « Waltham 54, Mass. « Tel: TWinbrook 4-3330



o Greatest versatility!
o Highest accuracy!
e Widest range!

NARDA transistorized

POWER
METER

What's most important to you in a power meter? Accu-
racy? Portability? Independence from line voltage deviations?
Wide range? Stability? Rapid warm-up?

Not that you have to make a choice...or a compromise
...any longer. The Narda Model 440 Power Meter gives you
all these features! Completely transistorized and powered by
a nickel-cadmium battery, rechargeable during operation or
overnight, it offers two low-power scales in addition to the
five standard scales (see below), a built-in charger with

mictowave
Corporation

MODEL 440...$250

state-of-charge indicator and protec:ion against overcharging,
and freedom from internal heating caused by vacuum tubes.

Moreover, the 440 provides up to 18 ma bias current,
enabling you to use the widest selection of belometers and
thermistors. In short, the 440 is the most versatile unit
available to provide accurate direct-reading measuremerts
of cw or pulsed-power automatically, over any frequency
range for which there are bolometer or thermistor mourts.
For complete data, contact your nearest Narda representative,
or write us directly. Address: Dept. PIRE-11.

SPECIFICATIONS

POWER RANGES: 7 SCALES
*0.01 mw full scale . ... ......... ... —30 to —20dbm
*0.03 mw fullscale ................ —25 to —15dbm
Olmwfullscale ................. —20 to —10dbm
O3mwfullscale ................... —15 to —5dbm
lo0mwfullscale .................... —10 to Odbm
30mwfullscale .................... —5 to +5dbm
10mw fullscale .................... 0 to +10dbm

*4.5 ma bolometers give best results on these scales.

Range Switch: 0.01 to 10 mw {full scale)

Accuracy: 3% of full scale reading

Bolometers & Thermistors: All 100 and 200 ohm,
requiring up to 18 ma bias.

Battery Charger: Built-in; continuous or overnight.

(Battery operable 16 hrs. before recharge required.)

@@=y ... narda meeee

118-160 HERRICKS ROAD, MINEOLA, L. I, N. Y. « PIONEER 6-4650
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HYSOL epoxy compounds can solve

your insulation problems

For over a decade HYSOL chemists and engineers have
been helping manufacturers solve unique and intricate
problems of insulation. As a result of this experience,
Hysol has developed a complete line of epoxy encapsu-
lating compounds. For superior insulation, for outstanding
moisture, chemical and abrasion resistance, for dependable
performance . . . there’s a Hysol epoxy to meet your

specifications. Write far the HYSOL “Systems Selector.”

o“esslvs Pag,

&L %

Q ‘\ 01‘\"

\{ N\ )

HY'S @ L. corPORATION  OLEAN, NEW YORK

A E0= & Formerly Houghton Laboratories, Inc.

A 9

‘p(’o bef HYSOL OF CALIFORNIA HYSOL (CANADA) LTD.

Memic ar 7€ Los Angeles, California  Toronto, Ontario

% me roopie

(Continued from page 53241)

Dr. P. S. Christaldi (5'35-.\"410-SMN "44
F’52) has joined G-\ Controls lae, of Liv-
ingston, N. |. as Manager of Engineering.
He has been, since

1956, Product Nan-
ager, Nuclear Sys-
tems, for Curtiss-
Wright Corp. Prior . ;\
to that he was asso- g
ciated for ecighteen '

vears with Allen B. :
DulMont  Labora-

tories, Ine,

His appointiment
represents the tirst Lo
move in a program P.S. CrristaLDl
of expansion and
diversification planned by G-\" Controls,
following the company’s move intoa newly
constriucted plant in Livingston. Present
products include thermal relayvs, electrical
thermostats, transistorized time  delays,
and wired control assemblies.

Dir. Christaldi is past Chairman ol the
Northern New Jersey Section of the TR,
and the author of a muuber of papers in
the electronic field and of the section on
Oscilloscopes and Electronic Switching of
the McGraw-Hill Endustrial  Electronies
Handbook.

,
o

Frank K. Clark Jr. (§'48-\'51-)M'356
has been appointed chief engineer of the
M. C. Jones Electronics Co., Inc., it was
announced by George E. Steiner, presi-
dent of the Jones company and general
manager of the Scintilla division of Bendix
Aviation Corporation.

The Jones company, a subsidiary of
Bendix, manufactures test equipnient for
monitoring radio frequency coaxial trans-
mission lines.

Clark joined the Bendix Radio division
in Baltimore in 1954 and worked on the
development of high-powered radio trans-
mitters and microwave tube applications.
Previously he was with Electro Precision
Products, [ne. and Hazeltine Electronies
Corporation.

He is a member of the American Ordn-
ance Association. In 1958 he served as sec-
retary-treasirer of the Baltimore section of
the 1R and in 1959 was vice chairman.
e is a 1950 graduate of the University
of Texas with a B.S. degree in electrical
engineering.

2,
o

The promotion of Paul W. Crapuchettes
(M'H4-F’60) to Technical Director of the
Litton 1ndustries Electron Tube Division
was announced recently by Dr. Norman
Moore, Division General Manager.

1n addition to this Senior statf position,
he is also Manager of the Magnetron
Product Line.

Mr. Crapuchettes was formerly Chief
Engineer for the Electron Tube Division.
He has been associated with the Litton 1n-

(Continiced on page 384)
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WHAT’S BEHIND
A BMEWS RADAR?

Years of experience—for as early as 1954, General
Electric had conceived and developed radar equipment
capable of detecting ballistic missiles at 1,000 miles. This
was the forerunner of the AN/FPS-50 surveillance radar
being provided by General Electric under subcontract to
RCA for the Air Force Ballistic Missile Early Warning
System (BMEWS).

The AN/FPS-50 radar equipment, with a range in
excess of 2,000 miles, is a singular example of achievement
in defense electronics. It is another milestone in General
Electric’s sustained engineering effort to develop and pro-
duce equipment to meet the unprecedented detection prob-
lems posed by ICBM’s. 176-01

Progress fs Our Most Important Prodict

GENERAL &B ELECTRIC

/
4
>

DEFENSE ELECTRONICS DIVISION
HEAVY MILITARY ELECTRONICS DEPARTMENT
SYRACUSE, NEW YORK




The B-58 Hustlcr, America's first supersonic homber, is now in production for the
U. S. Air Force at the Fort Worth, Texas, Plant of the Comvair Division of
General Dynamics Corporation. Carrving a crew of only three, the B-58 is
designed to operate at altitudes ahove 50,000 feet and is powered by four
General Electric J79 turbojet engines.

Sprague Awarded Contract

For Engineering Assistance
On B-58 Hustler

The abundance of electronic
equipment fitted into the small
dense, supersonic B-58 Hustler
calls for comprehensive inter-
ference control engineering. To
obtain on-the-spot assistance
for this extremely complex en-
gineering problem, the Weapon
System Manager for the Mach
2 bomber at Convair’s Fort
Worth Plant has awarded a spe-
cial contract to the Interference
Control Field Service Depart-
ment of the Sprague Electric
Company.

Under the terms of the con-
tract Sprague will assist Convair
with the integration of both
electrical and electronic equip-
ment of airborne and ground
systems into an even more eflec-
tive and reliable weapon system.
Sprague stafT engineers assigned

58A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

to the project are alrecady at
work at the Fort Worth Plant.

Sprague interference Control
Laboratorieslocated in Dayton,
Los Angeles, and North Adams,
are supporting the Convair pro-
gram as testing and sampling
facilities. These laboratories are
staffed by top interference and
susceptibility control special-
ists, and are equipped with the
most advanced instrumentation
and mocel shop facilities.

For assistance with your
Interference, Susceptibility, and
Integration problems, write
Interference Control Field Ser-
vice Manager, Sprague Electric
Co. at 12870 Panama Street,
Los Angeles 66, California;
224 Leo Street. Dayton 4, Ohio;
or 235 Marshall Street, North
Adams, Massachusetts.

% IRE People /)

(Continied from page 564)

dustries  Engincering  Department  since
1946. Mr. Crapuchettes was graduated
from the University of California in 1940

.
o

Alan F. Culbertson (\'55 SM'50) has
been appotnted Director ol Engincering at
Lenkurt Electric Co., Inc., San Carlos,
Calif.

He will be re-
sponsible for devel-
opmient of telecom-
munications and al-
lied systems  for
commiercial and gov-
ernment  use,  as
well as for support-
ing engineering ac-
tivities  cluding
component  devel-
opment and quality
control.

He has been with Lenkurt, a subsidiary
of General ‘Telephone and  Electronics,
stnce 1952 when he was employed as an
applications engineer. He later was man-
ager of transmission engineering and of
produet planning. For the past vear and a
half he has headed the mobile telephone
group which has developed and marketed
new systems for vehicular telephone ser-
vice.

A. F. CULBERTSON

(Continued on page 601}

lKRYSTINEl
FERRITES

| |

M

|
K'202 FERRITE CORES

Now in production quantities, this ferrite
material derigned especially for use as choke
cores, tuning cores, threaded cores, cup
cores, in 30 ke. 10 3 me. frequency range,

® excellent magnetic properties

® stable shock and aging characteristics

® low permeability drift with respect to
temperature . . . consistently uniform

Krystinel offers « comprehensive line of
ferrite materials covering a wide range of
electronic applications and frequencies. Write
for Technical Bulletin Series **1'.

2/ KRYSTINEL CORP.

Fox Island Road. Port Chester, N.Y.
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Delay lines at ESCare now scheduled,
produced and inspected under the control of a

completely automated, electronic IBMlIntegrated

Data Processing System. The new system enables
ESC to know, within minutes, the status of every
delay line order. Vital delive!y informatilo: can
now be presented with greater precision. Statis-
tics, now immediateI: la!/ailalbI: on production
runs, serve as invaluable tools in maintaining a
consistently high quality level. Thus, a new dimen-
sion in quality and flow control is added to excep-
tional research, production and 'inspection
facilities; more reasons why the world’s leading

manufacturer of custom-built and stock delay

lines is...

WRITE TOOAY FOR COMPLETE TECHNICAL OATA.

CORPORATION

534 Bergen Boulevard, Palisades Park, New Jersey

exceptional employment opportunities for engineers experienced
in computer components. .. excellent profit-sharing plan.

Distributed constant delay tines « Lumped-constant delay lines - Variable delay networks « Continuously variable delay lines - Pushbutton decade delay lines » Shift
segisters » Pulse transformers « Medium and low-power transformers « Filters of all types « Pulse-forming networks - Miniature plug-in encapsulated circuit assemblies
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Crystals are grown by a modified ‘ '
Czochralski technigue. | :

el |
Large Diameter T2 ik O

SILICON
INFRARED

Cut Domes
and Lenses

Silicon cut domes and lenses to 8" diameter, with IR transmission to 979,
(coated), are now available in production and evzluation quantities. Diam-
eters up to 19" will be available in the near future.

These significantly larger diameters can now be grown as a result of recent
Knapic research and experimental growing programs. Temperature gradient,
pressure, and impurity evaporation cortrols, as well as unique growing
methods, are the result of original Knapic laboratory work.

Germanium lenses and domes are also available

SPECIFICATIONS SILICON GERMANIUM
o Hardness 750-2000 (Knoop) 692 (Knooa
Excellert Excellent
e Index of Refraction 3.50 high 4.10 high
. . 14207 ¢ 958°¢
O LBl (LW Excellert Fair
o Density 2.3 gm/fem’ 5.34 gm/cm’
o Ease of finishing Excellent—very hard Good
o Transmission cut-off About 20 microns f«bou' 23 microns
Excellent Excellent
e Reaction to Thermal Shock Good Good
o Thermal conductivity Excellert Excellent

TYPICAL INFRARED TRANSMISSION CHARACTERISTICS OF UNCOATED
KNAPIC-GROWN SILICON AND GERMANIUM

FCL] B s s~ m— — T —ﬁ’ I — I T
et o sulc:n F ‘{
w 5 | 1 — 1 — - T T 1
% © ‘,¢-~q..--4--...,_.........,__.. LT N PP <M '-'w mane
& ; I
S ey 1
[ {
3 20} 2 -
4 ' i
< 10 v —
o« : I
L H | L |

' 2 3 4 5 6 7 8 9 10 11 12 13 14 15
WAVE LENGTH (MICRONS)

Also manufacturer of Silicon ond Germanium crystals for
solar cell and semi.conductor devices.

Write for specifications sheet

Knapic Electro-Physics, Inc.

936-40 Industrial Ave., Palo Alto, Calif. « Phone: DAvenport 1-5544

Eastern—405 Lexington Avenue, New York, N. Y. . Phone YU 6-0360
Western—204 South Beverly Drive, Beverly Hills, California +  Phone CR 6-7175
European—#2 Prins Frederick Hendriklaan, Naarden, Holland « Phone X 2959-8988

SALES
OFFICES

% IRE People

(Contined from page 58.4)

Previonsly, he spent six vears with
Anterican Telephone  and  Telegraph’s
Long Lines Dept. in transmission and
cquipment engineering positions, 1n the
Navy he served as a communications and
clectronies officer.

Mr. Culbertson received the B.S <.
degree from Purdue University. He is a
member of the American Institute of Elee-
trical Engineers and ta Kappa N, He is
the author of many papers and articles on
telecommunications.,

.,
o

Dr. Donald A. Dunn (546-\'52
SA'S6) has been named Director of the
newly formed Rescarch Division of Eitel-
McCullough,  Ine.,
mamdacturer  of

Fimac clectron- M

power tubes.

The new div ision,
consolidating into ~ NN
an expanded  pro *
gram many Eimace v
Toe e S
rescarch activities, L — S
will headqguarter in \ ',.
San (‘;l[‘lns, Calif. \i's 5
Condueting new and
D. A. Duxx

advanced  techno-

!logical research in

present and new areas of conmpany interest,
it will contribute new technical knowledge
to the product development programs of
Eimac and its subsidiaries, according to
Executive Vice President Gould Hunter.
Dr. Dunn, a senior research associate
and lecturer in the clectrical engineering
department of Stanford University, joined
Kimac in 1959 as manager of the Support-
ing Rescarch Group. He holds the B.S. de-
gree from California Institute of Technol-
ogyv, class of 1946, 1n addition, he received
the M.S. and Ph.D. degrees in Electrical
Ingineering and an LL.B. from Stanford.
He is currently vice-chairman of the
San Francisco Section of the Institne of
Radio l‘ngin('cn and is former chairman
of the San Francisco Chapier of the Pro-
fessional Group on Electron Devices.

o,
o

A, P Fontaine, executtive vice presi-
dent of Bendix Aviation Corporation, has
announced the appointments of Charles
M. Edwards (S'41 \'43-0M'45-SM'53) as
his assistant and Dr. G. A, Rosselot (\\'41
MT55) as assistant general manager and as-
sociate director of the Rescarch Labora-
tories division of the company.

Mr. Edwards, formerly assistant  di-
rector in charge of technical activities of
the Research Laboratories division, will be
mainly responsible for new product devel-
opment at the corporate level, in addition
to assisting Mr. Fontaine in other corpor-
ation activities, including engineering and
rescarch, sales, and patent activities.

In 1951 he joined the stalt of the Re-
~carch Laboratories division as a project
cngineer in charge of the development of

(Continned on page 62-)

60A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE April, 1960



Now...PHILGO offers the only commercially
available fully-tested mixer diode in the

70 KNG BAND

. )

10 KMC/SEC.

For Long-Range Space Communications
and High Resolution Radar Applicaticns

Just de-classified! A proven mixer diode that, for
the first time, makes useful the 70 KMC high fre-
quency band of the spectrum! Previously, the high-
est useful frequency was 35 KMC. The 1N2792
is a reversible crystal designed for optimum low-
noise performance. The crystal is of integral wave-
guide construction with the diode mounted in a
section of RG-98/U waveguide. It is hermetically
sealed for resistance to moisture.

1t is primarily designed for high resolution radar
applications and for long-range high altitude or
space communications . .. atmospheric absorption
prevents jamming from the ground. The Philco
1N2792 is also well suited for EHF video detector
applications.

Philco design and application facilities are at
your disposal in developing millimeter diodes to
meet your specific requirements. For complete in-
formation, write Special Components Dept. IR 460.

Test FrequenCy...oveeerennernnsasececcnns 69,750me
TYP.  MAX. IN2792
Noise Ratio, NRO. . ..ccvvvnenas 2.0 2.5 times GERMANIUM MILLIMETER WAVE
Conversion Loss, Lc (Note 1)..... 8.4 10 db MIXER DIODE
RF Impedance, VSWR. ......... 1.35 2.0 times IMMEDIATELY AVAILABLE

Crystal noise figure, NF (Note 1).. 11.5 13 db
Note 1: Based on a noise temperature of 5800° K for Roger White
Noise Scurce No. GNW-V18,

PHILCO.

LANSDALE DIVISION, LANSDALE, PENNSYLVANIA
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. Time Delay Relays i 49 RE People \
|

D E s I G N E D F o R (Continned from page 604)
YOUR APPLICATIONS : rol g
ment for the Bendix three-dimensional
flight systems simulator. In 1955 he was

: ' p— ; . named to head the computer department
; ! of the division.

He reccived the B.S. and M.S. degrees
in electrical engineering from Massachu-
setts Institute of Technology, and for five
vears supervised graduate students at
M.LT. He is a member of the Engineering
Socicty of Detroit.

Dr. Rosselot, formerly assistant di-
rector in charge of administration of the
Research Laboratories division, joined the
staff of the Bendix Products division, mis-
sile section, in 1953, as stafl assistant and
director of engineering. For three vears,
before being appointed to the staff of the
Research Laboratories division, he was di-
rector of university and scientific relations
for the Corporation.

From 1934 to 1953 he was associated
with the Georgia Institute of Technology
as director of research. In 1936 he received
the Ph.D. degree in physics from Ohio
State University. He is a graduate {(cum
laude) of Otterbein College. lle is a mem-
ber of The American Socicty for Fngineer-
ing Education, and the Engineering So-
ciety of Detroit.

the analog computer and control equip-

(Continued on page 614)

ENDABLEMS
| UENC Y-
e | CONTRO L~~~
As represented above, Curtiss-Wright is manufac-
turing Time Delay Relays for your special applica- \ WITH
tions. Included among the features are:
& BASSETT
Instantaneous resetting contacts »  Chatter-free operation CONTROL
Voltage and High Temperature compensation . Snap action CRYSTALS
Hermefically sealed - Resistance to severe shock and vibration WRITE for
Multiple load contacts el
COMPONENTS

CITIZENS BAND USE
AMATEUR and CAP
AIRLINE and AVIATION
TAXICAB and POLICE
MARINE RADIOPHONE

¢ MILITARY and MISSILE USE

ULTRASONIC DELAY LINES Curtiss-Wright produces plus all other requirements where
Magnetostrictive Delay Lines featuring delays precise ond dependable frequency
from 5 to 12,000 microseconds, small size, her- ::?'f'er'::i‘:: SO, GEEnCs
metically sealed, and light in weight. Delay ° '

Our application engineers are available to assist you =~ CATALOG
with your individual time delay requirements. Many 260 A

of the features indicated above are presently in-

cluded in our standard relay line.

e o 0 0 O

Available for immediate delivery in any

lines are designed to meet your application. type, any frequency, ony quantity
Backed by Over 20 Years Experience
COMPONENTS DEPARTMENT « ELECTRONICS DIVISION Complete information and prices on request
cun-rlss RlGHT Engineering assistance available

CORPORATION » EAST PATERSON, N.J. REX BASSETT, Inc.
Subsidiary of Savoy Industries, Inc.

TIME DELAY RELAYS - DELAYLINES - ROTARY SOLENOIDS - DIGITAL BASSETT BLDG.  FORT LAUDERDALE, FLA
MOTORS + TIMING DEVICES « DUAL RELAYS « SOLID STATE COMPONENTS P.O. Box 7127 Phone LOgan 6-8416

62A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE April, 1960
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S1IGNAL
SUICCESS
1N

200 B.C¢.

...and it was all done with mirrors!

Long before the Christian era, military signaling
with bronze mirrors was standard operating procedure
in China. This means of communication was

used by armed forces through the centuries.

Tropospheric scatter—the most

advanced communications method today—
is not done with mirrors. But it is magical how this ultra high
frequency radio technique hops mountains, oceans

and other geographical barriers to carry its messages far beyond the
horizon with unprecedented reliability.

The name Radio Engineering Laboratories, too, has been carried afar. REL
is a pioneer in the design and construction of tropo scatter
communications equipment. You'll find its name on the radio apparatus

1n use or on order by eight out of nine major tropo networks.

REL’s a name you'll want to remember when you need experienced solutions
to your commercial or military radio communications problems.

exceptional engineers.
Address résumeés to
James R. Day,

Dept. |- 29-01 Borden Ave - Long Island City 1,NY Vice President, Engineering.

Radio Engineering Laboratories-Inc D

A subsidiary of Dynamics Corporation of America
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Tarzian high-current line combines
thermal efficiency with mounting
versatility and optional base polarity

The low junction current density of Sarkes Tarzian’s high-
current silicon power rectifiers results in longer, more reliable
operating life. Compare these key Tarzian values with those of
other comparably rated units, and you’ll see why Tarzian
rectifiers have won such wide acceptance among designers:

oc cummen | UYTIon | mEmMAeTARIENT | ueTion
35 amps 375 inch 9° Centigrade 60°C Maximum
100 amps 75 Iinch 5° Centigrade 60°C Maximum
150 amps 875 inch 7° Centigrade 60°C Maximum
200 amps 10 inch 9° Centigrade 60°C Maximum
*250 amps 1125 inch 11° Centigrade 60°C Maximum

*Avaitable with stud mounting only

In addition to providing for maximum cooling and larger junction

area, Tarzian’s unique case styling produces a compact,

easily mounted rectifier available in flush or stud mounting types.
Tarzian high-current silicon power rectifiers are also available
from stock in your choice of negative or positive base polarity.

For complete specifications and ordering information,
contact your Sarkes Tarzian sales representative or write to
Section 4574 F. Sarkes Tarzian, Inc., Semiconductor
Division, Bloomington, Indiana.

SARKES TARZIAN, INC.
SEMICONDUCTOR DIVISION
BLOOMINGTON, INDIANA
In Canada: 700 Weston Rd., Toronto 9, Ontario
Export: Ad Auriema, Inc., New York City
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(Continued from page 62A4)

James C. Elms (SM’56) has been named
to the position of vice president and gen-
eral manager (defense operations) for the
Crosley  Division,
Aveo Corporation.
He will have line
responsibility  over
all activities in the
Crosley Division re-
lating to military
business, and  will
coordinate and di-
rect the various ac-
tivities as they re-
late to individual
military programs.
Mr. Elms was viee
president of ground electronies and com-
munications for the Division prior to his
new appointment.

Before joining Aveo’s Crosley Division
ten months ago, he was with the Denver
Division, Martin Company. as manager of
its Avionics Department where he was re-
sponsible for the development of guidance
and control, electronic, electrical and ord-
nance equipmient for the Titan ICBM. Be-
fore jointng Martin, he was manager of the
lire control engineering department, Auto-
netics Division, of North American Avia-
tion, Inc., Downey, Calif.

During World War I, he served as an
officer in the United States Army Air
Force and was assigned to the Air Service
Command and then to the Armament Lab-
oratory at Wright Field, Dayton, Ohio.

Mr. Elms is a native of [ast Orange,
N. J. and Phoenix, Ariz. He holds the B.S.
degree in physics from the California Insti-
tute of Technology and the M.\, degree in
physics from the University of California
at Los Angeles. [le also served as Research
Associate at UCLA in the field of geo-
physics. Ile holds memberships in the
American Rocket Society (ARS), and the
Institute of Acronautical Sciences (IAS).

1. C. Kiws

2,
o

The promotion of William Glass (\'54)
to Manager of the Dayton, Ohio District Of-
fice, hasbeenannounced by the Amipex Data
Products Company,
Redwood City, Cal-
ifornmia. A division
of Ampex Corpora-
tion, the company
manufacturers mag-
netic tape record-
ers widely used for
the acquisition, stor-
age and processing
of business and sci-
entific data. The
equipment plays a
major part in air-
craft and missile testing. In assnming his
new position, he will supervise technical
sales and customer relations for the area.

Before joining Ampex, he was with the
Applied Science Corporation of Princeton
(ASCOP). Earlier he did telemetry sys-
tems work for RCA's Patrick Air Force
Base, Florida installation, and was a re-

W, GLass

(Continued on page 66A4)
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TUNING FORK
CONTROLLED

PRECISION
FREQUENCY
PACKAGES

FROM 1.0 TO 4,000 CPS.

Overall accuracies from £.05% to +.01% over —55°C
to +85°C range,and to £.001% from zero °C to +75°C,
without use of ovens.

Silicon and germanium transistorized. Sinewave,
squarewave and pulse outputs. 18, 20, 24, and 28
volt DC inputs.

Conservatively designed reliable units, potted in sili- .
cone rubber and hermetically sealed, for operation 3
under MIL environmental conditions.

PHONE EDgewood 3-1700, or TWX WBRY 5103, or
write:

PHILAMON LABORATORIES INC.

90 HOPPER STREET, WESTBURY, LONG ISLAND, N.Y.
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(Continued from page 01:1)

scarch  and  development  engineer  for
Hughes \irerait, Culver City, California.

Mr. Glass attended the University of
[linois, and is active in the IREs Com-
mittee on Telemetry and Remaote Control.

°.
o

Dr. Charles K. Hager (M'35) has been
named gection manager of Mutomatic Con-
trols for Temeo Electronies, a division of
Temeo ANireraft
Corporation.

Dr. Hager re-
ceived  the  BUS.,

M.S and Ph.D.de- L

grees from the tni- { ‘w

versity of  Texas. .
N 7
ot

~.

Prior  to joining
Temeo  in June,
C. K. HaGEr

1939, he was direct-
or of applications
rescarch at  Varo
Manufacturing and
previously had been
employed at Convair and Mandrel Tndus-
tries. Before his promotion to section man-
ager responsible for design and develop-
ment of awtomatic controls and control
systems, he was a scientist in Temeo's de-
velopment and analysis group.
.

<

General Electric’s Communication Pro-
ducts Department here has named Elmer
W. Hassel (M'49) as manager of Tone-
Signalling and Fil-
ter Design lngi-
neering.

The  position,
newlv-created, in-
volves  responsibil-
ity for design of
terminal communi-
cation equipment,
quartz erystals and
tilters for General
Electric’s  two-way
radio,  microwave
and carrier current
products.

With G-E since 1951, he has specialized
in the design and development of selective
calling communication devices and tone
signalling equipment. He has an extensive
background in the fiekl of radio communi-
cations, telephone and telegraphy.

Following his graduation from  Mil-
wattkee School of Engineering in 1943 with
the B.S. degree in electrical engineering, he
joined the stafl of the Oftice of the Chiel
Signal Ofticer, Wire Communications Sec-
tion, Engineering and Technical Service,
Washington. There, he was engaged in
studies related to the development and
testing of carrier telephone terminals and
repeaters, voice frequency telegraph term-
inals and repeaters,  speech-plus-duplex
equipment and amplifiers for the military
service.

From 1946 to 1951, he was a faculty
member of the Milwaukee School of Engi-
neering where, immediately prior to his
association with General  Electric Com-
pany, he was professor of electrical engi-

E. \W. HasskL

(Continued on puge 09-)

Hermetic

Seal Gorp.
Glass-to-Metal
and
Ceramic-to-Metal
deals

for

Electronic Use!

@ Crystal Bases

@ Vac-Tite Connectors

Mvultiple Headers
Q> Diode Closures

Iz f@ Transistor Stems

& £ Single Lead Terminals

@ Refrigerant Seals

Hermetic Seal Corporation is your prime source for
seals in all sizes, terminations and shapes to fit
your specifications. Hermetic is the pioneer in this
specialized field and the originator of more than
10,000 different seals. Precision quality-control
from design, manufacture and precious metal
plating is assured.

LITERATURE
AVAILABLE

HERMETIC SEAL CORP.

43 River Road, North Arlington, N. J.

April, 1960
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As North American’s X-15— world’s most
advanced manned research craft—parts the cur-
tain of earth’s atmosphere, the arts of guidance
and direction must play a critical role. Sperry’s
Air Armament Division, assigned the Flight
Data System responsibility for the X-15, is meet-
ing the challenge with inertial guidance gear
of advanced design, precision and dependability.

But the problems of inertial guidance are not
new to Sperry. During the past ten years, over
25-million Sperry man-hours have been employed
to develop and produce successful inertial guid-
ance. As a result, the nation has in the Convair
B-58 Hustler the most thoroughly studied. ana-

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

lyzed. tested, evaluated and understood inertial
guidance system in betng — plus the advanced
guidance equipment for the X-15 and for other
future applications.

And in addition to work on government spon-
sored space guidance systems and techniques,
Sperry seientists and engineers are exploring new
and exotic techniques for gyros, advanced mini-
aturized digital computers, acceleration sensors,
zero gravity emvironment systems—in many cases
involving radical departures from current tech-
nology—with the aim of developing concepts,
systems and hardware that are ahead of the
challenges of man in space.

SPERRY

AIR ARMAMENT DIVISION, SPERRY GYROSCOPE COMPANY, DIVISION OF SPERRY RAND CORPORATION, GREAT NECK. NEW YORK

April, 1960
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neering and head of the electronics branch
of the department of electrical engineering.

Mr. Hassel is a member of the Ameri-
can Institute of Electrical Engineers. He is
also affiliated with the Lynchburg Society
of Engineering and Science.

°,
<

Frank J. Hierholzer, Jr. (M’58) has been
named Assistant Department Head of the
Microtronics Departiment of Sperry Semii-
conductor,  South
Norwalk, Conn.

lle brings to
Sperry extensiveex-
perience in  semi-
conductors. He was
Senior Engineer in
the Solid State Elec-
tronics Engineering
Section  of  the
Materials Enginecer-
ing Department of  F. J. Ihgrnozeg,
Westinghouse Iilec- Ik
tric Corp. He re-
ceived the B.S. degree in Electrical Engi-
neering, with honors, at Virginia Polytech-
nic Institute, the M.S. degree at Stevens
Institute of Technology, and is completing
the Ph.D. requirements at the University
of Pittsburgh.

An associate member of American In-
stitute of Electrical Engineers, Mr. Hier-
holzer has presented a technical paper to
AIEE on “Linear Power Amplifier Using
Dynistors or Trinistors.” He has several
patents in the fields of arc discharge de-
vices and semiconductor applications.

2,
<

Watkins-Johnson Co. has announced
additions to its technical staff engaged
in resecarch and development on micro-
wave tubes and devices.

Dr. Boyd P. Israelsen (S8'53-A’54-
§'58), whose attention will be directed to-
ward the development of low-noise travel-
ing wave tubes, was a National Science
Foundation Fellow and research assistant
at Stanford Electronics Laboratories. Be-
fore coming to Stanford, where he was
awarded his Ph.D., Dr. Israelsen was a
senior research engineer at Jet Propulsion
Laboratory, Pasadena, working on com-
pouents for missile guidance systems. lle
has the B.S. and M.S. degrees from Cali-
fornia Institute of Technology.

Dr. Kenneth L. Kotzebue (S'56--M’59),
who will work on solid-state and electron
beam parametric amplitiers, was formerly
a senior engineer with the Apparatus Divi-
sion of Texas Instruments, Iuc., Dallas.
He has made significant contributions in
the field of parametric amplifiers. lle was
a Bell Telephone Laboratories Fellow at
Stanford University, where he received his
Ph.D. last year, and a research assistant at
Stanford Electronics Laboratories. His
B.S. degree is from the University of
Texas and his M.S. degree is from the
University of California at Los Angeles.

03
<

(Continued on puge 70.4)
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RADIO INTERFERENCE — FIELD INTENSITY
MEASURING EQUIPMENT, 375 mc to 1000 mc

The NEW NM-52A RI-FI instrument developed by
STODDART to government specifications is now ready for
immediate delivery.

Its purpose is to investigate, analyze, monitor and measure to the
highest practical degree conducted or radiated electromagnetic
energy to military specifications within the frequency range of 375
mc to 1000 mc. In addition, the NM-52A is valuable as a highly
sensitive frequency-selective voltmeter and receiver for numerous
laboratory and field applications.

OUTSTANDING FEATURES

SENSITIVITY OF 1 MICROVOLT ACROSS 50 OHMS, provides up to 40 db
more than Military Measurement Requirements.

SINGLE KNOB TUNING.

RAINPROOF, DUSTPROOF, RUGGEDIZED AND TOTALLY ENCLOSED, for
all-weather field use or precise laboratory measurements.

NEW BROADBAND ANTENNA, for rapid detection and measurement of
radiated energy over entire frequency range.

NEW POWER SUPPLY, 0.59%, REGULATION, for filament, bias and plate
voltages, and also for use as a standard laboratory power supply.

OSCILLATOR RADIATION LESS THAN 20 MICRO-MICROWATTS, over
20 times better than Mil-Specs require.

TWO DECADE LOGARITHMIC METER SCALE, increases range of voltage
measurement without change of attenuator steps.

THREE DETECTOR FUNCTIONS, for peak, quasi-peak or average
measurements.

PORTABLE OR RACK MOUNTING, no modification required for labora-
tory, mobile, airborne or marine installation.

I-F OUTPUT FOR PANORAMIC DISPLAY OR NARROW BAND AMPLIFICA-
TION, for visual presentation or increased sensitivity.

OVER 100 DB SHIELDING EFFECTIVENESS, increases measurement
capabilities in presence of strong fields.

VISUAL PEAK THRESHOLD INDICATOR, for accurate slide-back peak
voltage measurements.

CONSTANT BANDWIDTH OVER ENTIRE FREQUENCY RANGE.

The NM-52A now joins the family of STODDART government
approved RI-Fl instrumentation covering the frequency range of 30
cps to to 10.7 kmc to provide the finest RI-FI measuring equipment.

Basic Design + Good Instrumentation = Electronic Compatibility

Send for complete literature

STODDART

AIRCRAFT RADIO CO., INC,

serving 33 countries
in
Radio Interference

6644 Santa Monica Boulevard

control Hollywood 38, Calif. HOllywood 4-9292
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Formation of an Antenna and Micro-
wave Component Development Group at
Granger Associates here has been an-
nounced by Dr. John V. N. Granger, presi-

a dent.

‘ ‘ Centralized in the new section will be
the firm’s activities in the development and
manufacture of large parabolic reflector
antennas, wide-band log periodic antennas,
antennas for missiles and aircraft and
A associated devices such as multiplexers and

band-separation filters.

Dr. Granger said recent additions to
the engineering stafl in this technical area,
together with new development and fabri-
. s . . cation f_aci\lities recently added, will in-

crease his firm’s emphasis on antenna sys-
tems and associated components and al-
low the initiation of new programs in
steerable arrays, direction-finding systems
and microwave circuitry.

Joining Granger in December to head
the new group was Dr. Ray Justice (\\’53
SM’58), formerly supervisor of rescarch
and development on the Radiation Re-
search and Development Section at Con-
vair Division of General Dynamics. San
Diego, Calif.

At Convair he directed design and de-
velopment work in the radomes, antennas,
microwaves, solid-state electronies and in-
fra-red and optics groups.

From 1944 until joiming Convair in
1956, he was at Ohio State University.
There he served at various times as an in-
structor in the Departments of Mathe-
matics and Electrical Engineering. Primar-
ily he was a research associate at the An-
tenna laboratory of the Ohio State Uni-
versity Research Foundation, conducting

LEDES

- Vag
= P EShT 3

3 i = g basic studies in the fields of microwave an-
> : : tennas, arrays and clectromagnetic scalt-
! tering.
Dr. Justice is a member of Sigma Xi
= | and Eta Kappa Nu. He is active in the
IRE Professional Groups for Antenna and
- Propagation and Microwave Theory and
5 ab Techniques. 1le is the author of various
Ohio State University reports and PGAL
A 4 o UePeiG 0N, o 2 papers on near-field measurements.
U A Fo 0 olitag d g0 3 g pro N
S
0 D LHELCT T 4 Delta and 0 0 s 3
Jack Larsen (NI'48-SM'53) has heen
pane P oltage 0 gle pha nut Powe named Manager of the Special Projects
Department by John F. Brinster, Presi-
Dutp oltag 0.19%. Outp g 0.19%. Output Reg dent of General De-
3 vices, Inc., of Prince-
atio U Y% e to C U D ) 0 0 U % pad Powe tOll,N.J.
He isa graduate
0 p to O d 0 al Data oda of Princeton Uni- =
versity, the Uni- J
. on Do 3 3 oltaa PR > o> x5 versity of Michigan, -
and George Wash- p ~g
ington University,
- with  degrees in
@ @ physics, mathemat-
ics, and law. He
: 1 p 0 Rese 0rno N is a member of the J. Lagsex
2 e (1 Cd . .
District of Colum-
A snolia Bo -rd B = - : bia Bar and a registered PPatent Attorney.

(Continued on page 734)
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2Na27 2N396
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These Rayvtheon germanium transistors are top choices
of computer engineers for a number of important
reasons. They were developed with computer applica-
tions specifically in mind — voltage, gain, and response
characteristics are optimized for this type of service.
In medium frequency computer applications, these
Raytheon switching transistors give you the reliability
derived from years of production experience And
Ravtheon’s quality control program assures strict prod-
det uniformity and rigid adherence to specifications.

Tops for Computer Service

Result of a’l this is an extensive line of computer
transistors that have set highest industry standards for
quality and reiiabilify. With the 2N396, which provides
an internal base tc case connection, Raytheon now gives
you an important addition to a broad line of PNP, NPX,
subminiature, ané kigh current switching transistors.
More details are given on the other side of this page.
Semiconductor Division, Raytheon o

Company, 215 First Avenue, Need- 7 ‘

ham Heights 94, Massachusetts. |

RAYTHEON SEMICONDUCTORS




EVERYTHING
YOU

NEED

FOR

YOUR
SWITCHING
CIRCUITS

AVAILABLE

IN QUANTITY...
WITH
TRADITIONAL
RAYTHEON

RELIABILITY

FOR GENERAL APPLICATION . .. THE 2N396 SERIES PNP germanium
strapped base transistors for general switching service. Temperature
range —65°C. to + 100°C. Immediate availability.

Bypy fab Rsat

Type Max. Volts mc Heey Heez ohms
2N395 15 45 40 12 22
2N396 20 8.0 60 20 1.3
2N397 15 12.0 80 35 1.1

A COMPLETE HIGH CURRENT SWITCHING LINE PNP germanium switches
for 1 amp, high frequency, high gain service. Temperature range —65°C.
to + 85°C. Long a production item — excellent availability in large volume.

Hegs Hega
fab ,  ave. ) ave. b
Bypr ave. [ B-1lmA | 'B=10mA [C 150mA
Type Max. Volts mc CB - —0.25vV "CE—= —0.35v ohms
2N658 —-16 5 50 40 0.9
2N659 ~14 10 70 53 | 0.6
2N660 —-11 15 90 65 0.45
2N661 -9 20 120 75 0.35
2N662 —11 8 30 min. 50 0.7

{

IMPROVED DISSIPATION AT LOWER CURRENT VALUES NPN germanium
transistors for medium current, high frequency, high gain switching serv-
ice. Temperature range —65°C. to +85°C. Immediate availability.

Byey fab Rsut
Type Max. Volts mc Hegy ohms
2N438 25 285 25 3.0
2N439 20 5.0 45 3.0
2N440 13 10.0 70 3.0

AIGH RELIABILITY PNP TRANSISTORS germanium transistors for
medium current, high frequency switching service. Temperature range
—65°C. to +85°C. Immediate availability.

Byer fab l I ! Rgat
Type Max. Volts mc | Heg, | Hee, Jf ohms
2N425° 30 4 [ 30 | 15 22
2N426* —-25 6 40 18 | 2.2
2N427+ —20 11 55 | 20 1.3
2N428" —15 17 80 30 1.1
2N404 —24 12 See Data Sheet

Available ta MIL Specification | l

SUB-MINIATURE TRANSISTORS Sub-miniature transistors for medium
current, high frequency, high gain switching. Temperature range —65°C.
io +85°C. Immediate availability.

TYPE
130" Dia, | .100" Dia. Bver tab Rsat
x .160” High | x .130” High Max. Volts mc Hegy Hegz ohms
CK 25 1 CK 25A —-30 4 30 15 2.2
CK 26 CK 26A =25 6 40 18 2.2
CK 27 CK 27A -20 11 5 20 1.2
CK 29 CK 28A 15 17 80 30 1.1

Your local authorized Raytheon Distributors
carry in-stock inventories for immediate delivery.

SEMICONDUCTOR DIVISION

RAYTHEON COMPANY
SILICON AND GERMANIUM DIODES AND TRANSISTORS + SILICON RECTIFIERS « CIRCUIT-PAKS

ENGLEWOOD CLIFFS, N. J, LOwell 7-4911 (Manhattan Phone, Wisconsin 7-6400) « BOSTON,
Hillcrest 4-6700 « CHICAGO, NAtional 5-4000 « LOS ANGELES, NOrmandy 54221 « ORLANDO,
FLA., GArden 3-0518 » SYRACUSE, GRanite 2-7751 » BALTIMORE, SOuthfield 1-0450
CLEVELAND, Winton 1-7716 « SAN FRANCISCO, Flreside 1-7711 « CANADA: Waterioo, Ont.,
SHerwood 5-6831 « GOVERNMENT RELATIONS: Washington, D.C., MEtropolitan 8-5205.
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Together with Mr. Brinster, he was one
of the organizers of early research in radio
telemetering  at  Princeton University.
With the University of Michigan, and
later with the Martin Company and the
Navy Department, he continued in the
general tield of missile electronics and con-
trol, working on such projects as Matador,
Mace, Bomare, Terrior, Jupiter and
Polaris. He served as consultant to the
AMtomic Energy Commiission in the devel-
opment of electronic portions of reactor
controls for the submarines, Nautilus and
Sea Woll. He headed the Navy Depart-
ment's Missile Guidance Section on the
Polaris I’roject and was honored with the
Meritorious Civilian Service Mward for his
contributions to the Navy Department.
Immediately  before coming to General
Devices, he was a member of the Patent
Department of the Bell Telephone Labs.

A\ member of the New Jersey Patent
Law Association and the Acoustical and
Physical Societies, Mr. Larsen holds a
number of patents in the clectronics field.

o,
e

The appointment of Paul J. Larsen
(N37T-M'H1-SM'43) as director of govern-
ment relations for Mlen B, Du Mont Lalb-
oratories, Inc. has
been announced by
Dr. Allen B. Du
Mont, the com-
pany’s  chairman.
Mr. Larsen  will
maintain liaison for
Du Mont  Labor-
atories  with both
civilian and mili-
tary  branches of
the government for
its military  elec-
tronic systems and
for its conunercial electronic products. e
will make his offices at Du Mont's Wash-
ington, D, C. headquarters, in the Pennsyl-
vania building,

Formerly director of Civil Mobilization
and Defense, Executive Office of the Presi-
dent of the United States, he is a veteran
of more than 30 years experience in the
electronics industry, He comes to Du
Mont from Hughes Nireraft Company,
where he was manager of Fast Coast Oper-
ations and assistant seeretary stationed in
Washington. Prior business and  profes-
stonal background include his association
with Borg-Warner Corp. as assistant to the
president responsible for all governmental
defense activities. Before that he was asso-
ciate director of Los Alamos Scientific
Laboratory, and next the director of
Sandia Laboratory, and consultant to the
President on activities of the newly formed
Sandia Corporation.

He was also associated with Johus
Hopkins University from 1941-47 and had
charge of engineering and production
throughout the United States on radio
proximity fuses. Prior associations were
with Baird Television Corp. of England,

I’ J. LLARSEN

(Continued on page 74)
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NEW!..
GONVERTS

AC to DC
LINEARLY

from 1mv to 1000v

Accuracy of converslion

Is BETTER THAN 0.25%

for frequencles 50 ¢ps to 10 KC

Price $430

BALLANTINE'S LINEAR AC to DC CONVERTER

Model 710

The Model 710 Linear AC to DC Converter converts ar AC voltage
to a DC voltage which can be measured with an accurate DC device
such as Type K Potentiometer, Digital DC Voltmeter, Recorder, ctc.
With such a combination, a wide range of voltages can be measured
with up to 0.25% accuracy, which is considerakbly better than accuracies
of present-day vacuum tube voltmeters. Such a system :is more sensitive,
covers a wider frequency and voltage range, and is much more rugged
and foolproof than a laboratory standard instrument of comparable ac-
curacy. It is also adaptable for use by untrained personnel and on pro-
duction lines,

The instrument covers an input voltage range of 1 mv to 1000 volts
which is divided into six decade ranges. For cvery cecade range the DC
output varies from 0.1 volt to 1 volt. The input impedance of the con-
verter has a resistive component of 2 megohms shunted by 15 pf to
25 pf, depending on the range.

The output of the Model 710 Converter is a linear function of the input
voltage within each decade. A small error may exist in the decading of
the input attenuator or in the frequency response of the amplifier. This
error docs not excced *0.25% over a frequency range of 50 cps to
10 KC and *=0.5% over a range of 30 cps to 50 KC. The upper
frequency limit of the instrument is 250 KC, at which peint the accuracy
is =1%.

The DC output of the converter is single ended and has a maximum
output emf of 1 volt with a source impedance of approximately 10,000
ohms. The instrument is the average responding type for distortions as
much as 30%, but is calibrated in RMS of a sinewave.

Also avaijlable In 19 inch relay rack as Model 710 S/2  Price $455

Write for brochure giving many more details
= SInce 1932 =

2 BALLANTINE LABORATORIES e

Boonton, New Jersey

CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, REGARDLESS OF YOUR REQUIREMENTS FOR
AMPLITUDE, FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC’DC AND DC/AC
INVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT-READING CAPACITANCE METER, OTHER ACCESSORIES.
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CORP.

a division of
Dougias Microwave Co., Inc.

\

« communications
+ telemetry

* countermeasures
+ security

(1) Ultraviolet pulsed energy
systems featuring solar
blind, millimicroseconds res-
olution;

(2) ultraviolet density meter
featuring direct reading and |
high sensitivity. |

(3) non-gyroscopic pitch and
roll stabilizer featuring no
. moving parts, self-powered.

4

/

for in_austry ‘ /
— and government

SPECTRA ELECTRONICS CORP.

250 E. 3rd St., Mt. Vernon, N.Y.

Brochure available upon request

§ Spectra Electronics Corp.
250 E. 3rd St., Mt. Vernon, N.Y.

Kindly send free brochure.

Dept. J

name

city state
G wm BED AED mEh A0 M5B BB BN BN N e =N
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Warner Bros. Pictures, and Marconi
Wireless Telegraph Co.

He is a recipient of the Presidential
Certificate of Merit and Citation and has
served on the Technical Advisory P’anel
on Aeronautics and the Panel on Nucleon-
ics.

A fellow of the Society of Motion Pic-
ture and Television Engineers, Mr. Larsen
is a member of numerous other professional
organizations connected with aviation,
missiles, ordnance, and engineering.

o,
oo

Albert V. J. Martin (SM'50) has left
the United States to return to his native
country, France. For 3 vears he was assist-
ant  Professor of
IZlectrical Engincer
ing at Carnegic In-
stitute of Technol-
ogy, Pittsburgh, ™.

Dr. Martin has
set up a publishing
company at 6, rue
de Maubeuge, Paris,
9, France. Its first
product is a tech-
nical magazine cn-
titled “llectronique
et Automatisme,”
the first issue of which appeared in Jan-
uary, 1960.

Dr. Martin is a member of the Ameri-
can Institute of Electrical Engineers, the
British Institution of Radio kngineers,
Sigma XNi, and Société Francaise des Ra-
dioélectriciens.

> &

>4 |
-
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Dr. Maurice Nelles (M'59) has joined
American Electronics, Ine., Los Angeles,
Calif., to hll the newly-created post of Vice
President ingincer-
ing, according to
Phillip W. Zonne,
President  of  the
firm. In this new
position, Dr. Nelles
will direct the en-
gineering planning
for the corporation
and its nine divi-
sions on both this
coast and the At-
lantic seaboard.

Immediately pri-
or to joining Anierican Electronics, Inc., he
was Vice President Research and Develop-
ment and Chairman of the Corporate Pro-
duct Planning Committee of Crane Com-
pany, Chicago. He was also a Director of
the Hydro-Aire Company division of
Crane, as well as a Director of Crane, Lid,,
which operated seven plants in Canada and
one in England.

Before his association with the Crane
Company, he was Director of Research for
Borg-Warner Corporation, and Director of
diversification and research development
for Technicolor Corporation. He has also
served as Professor and Head of the Aero-
nautical Engineering  Department,  Uni-
versity of Southern California, Manager of

M. NELLES

tinued on page 7
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...AS A
TURTLE'S BACK
W

T
& W o
ARMAG-PROTECTED
DYNACOR®
BOBBIN CORES
AT NO EXTRA COST!

Tough-as-tortoise-shell Armag ar-
mor is an exclusive Dynacor de-
velopment. It is a thin, non-me-
tallic laminated jacket for bobbin
cores that replaces the defects of
nylon materials and polyester
tape with very definite advantages
—and, you pay no premium for
Armag extra protection.

Tough Armag is suitable for
use with normal encapsulation
techniques on both ceramic and
stainless steel bobbins. It with-
stands 180°C without deteriora-
tion—is completely compatible
with poured potted compounds—
has no abrasive effect on copper
wire during winding—fabricates
casily to close-tolerance dimen-
sions—inner layer is compressible
to assure tight fit on bobbin—does
not shrink, age or discolor.

Write for Engincering Bulletins
DN 1500, DN 1000A, DN 1003
for complete performance and
specification  data covering the
wide range of Dynacor low cost
Standard, Special and Custom
Bobbin Cores—all available with
Armag non-metallic armor.

*TRADEMARK

JDYNACORS

DYNACOR, INC.
A SUBSIDIARY OF SPRAGUE ELECTRIC (0.

ROCKVILLE. MARYLAND

1016 WESTMORE AVE..

April, 1960
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Component Specification: ARNOLD

TypesC,Eand O

/

/-

Stainless Steel and Ceramic

The ARNOLD LINE-UP includes ANY TAPE CORES you need

APPLICATIONS

We'll welcome your inquiries on your Tape
Wound Core requirements for Pulse and
Power Transformers, 3-Phase Transformers,
Magnetic Amplifiers, Current Transformers,
Wide-Band Transformers, Non-Linear Rerard
Coils, Reactors, Coincident Current Matrix
Systems, Static Magnetic Memory Elements,
Harmonic Generators, etc.

ENCINEERING DATA

For data on the vatious types of Arnold Tape
Cores, write for these Bulletins:

SC-1D7 A—Silectron Cores, Types C, E
and O

TC-101A—Toroidal Cores, of Supermalloy,
Deltamax and 4-79 Mo-Per-

malloy
TC-108A—Bobbin Cores
| 3 A—Supermendur Tape Cores

ADDRESS DEPT. P-4

April, 1960

Arnold produces Silectron C, E and O cores, aluminum and plastic cased
toroidal cores of high-permeability materials, and bobbin-wound cores to
meet whatever your designs may require in tape thickness, material, core
size or weight.

As a fully integrated producer, Araold controls every manufacturing step
from the raw material to the finished core . . . and modern testing equip-
ment permits 100% inspection of cores before shipment.

Wide selections of cores are carried in stock as szandard items for quick
delivery; both for engineering prototypes to reduce the need for special
designs, and for production-quantity shipments to meet your immedi-
ate requirements.

® Let us help you solve your tape core problems. Check Arnold, too, for your
needs in Mo-Permalloy or iron powder cores, and for cast or sintered per-
manent magnets made from Alnico or other materials. Just write or call
The Arnold Engineering Company, Main Offices, Marengo, 1llinois.

L ARNOLD

SPECIALISTS in MAGNETIC MATERIALS

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES
Find them FAST in the YELLOW PAGES

75210
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(Continued trem page 74A)

Research, Allan Hancock Foundation, and
Professor and Director of the Engineering
Experiment Station at Pennsylvania State
University.

During World War [, he was Deputy
Director of the War Production Board,
and Chief Engineer, Office of Production
Research and Developiment. He is a mem-
ber of American Society of Mechanical En-
gineers, American Society of Tool Engi-
neers, Institute of Acronautical Sciences,
Society of Automotive Engineers, Ameri-
can Rocket Society, America Soctety of
Metals, American Institute of Naval En-
gineers, American Institute of Mining,
Metallurgical and Petroleum Engineers,
and Trustee of the Midwest Research In-
stitute.

Dr. Nelles received the B.A. and M.A.
degrees from the University of South Da-
kota, and a Ph.D. degree from larvard
University.

When

quality
considerations

outweigh
cost...

WESGO

ULTRA HIGH PURITY
LOW VAPOR PRESSURE
BRAZING ALLOYS

WESGO knows full well the need for quality in
even so relatively a minor item as brazing alloys
in vacuum tube construction and will, therefore,
not compromise with this factor for the sake

of cost. This high quality is maintained in the
conventional alloys as well as a series of new
brazing alloys developed by WESGO specifically
for vacuum systems use. Brochure with full
descriptions of standard WESGO Low Vapor
Pressure Brazing Alloys is available upon request.

2,
<

G. Emerson Pray (M'41-SM’53) has
been elected a vice president of ILing-
Altec Electronics, Inc. to direct the com-
pany’s activities re-
lated to the national
defense program, it
was announced to-
day by James J.
Ling, chairman of
the board.

He will operate
from the Washing-
ton, D. C. office to
factlitate the com-
pany’s negotiations
of prime and sub-
contracts for its 14
operating subsidiaries and divisions en-
gaged in governmental work.

A licensed professional engineer and
physicist with a background of scientilic
work and experience in company manage-
ment, Mr. Pray recently resigned as assist-
ant to the president and director of govern-
ment operations of Dresser Industries, [ne.

He holds an electrical engineering de-
gree from Rensselaer Polytechnic Institute
and the M.S. degree in physics from Rut-
gers University. He has patented many of
his inventions in the radio, electronic and
sonic fields, and is a well-known anthority
and lecturer in these areas of scientitic re-
search and development.

2,
D

Dr. James A. Van Allen (SN'59-F'60),
discoverer of the radiation belts surround-
ing the earth which bear his name, has been
named by the Institute of the Aceronautical
Sciences to receive the second annual Louis
W. Hill Space Transportation Award.

The award was ecstablished by the
Louis W, and Maud Hill Family Founda-
tion of St. ’aul for the purpose of “encour-
aging and supporting fundamental re-
search and the carly application of new
knowledge in behalf of the welfare of man-
kind.” One of the top awards in the aero-
space field, it includes an honorarium of

$5,000. (810,000 if more than one recipient
/ is named).
(Continned o page o)

!

G. E. Prav

*«

WESTERN GOLD AND PLATINUM CO.
525 Harbor Boulevard - Belmont, California « Phone LYtell 3-3121
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NOTABLE DEVELOPMENTS AT JPL

HYPERSONIC WIND TUNNEL

Ore of the latest research facilities at
the Jet Propulsion Laboratory is the re
cently completed, continuous-flow hyper-
sonic wind tunnel. Developed by the Lab,
this new tunnel generates air speeds up
to ten times the speed of sound. Its 21
inch square test section provides accom-
modation for models up to four feet long
thus permitting increased model instru
mentation. This large test section at
Mach 10 with a continuous uniform air

CALIFORNIA

flow broadens JPL capabilities in the
important area of fluid dynamic research.

To minimize structural deflections due
to temperature changes and thus the
time required to reach equilibrium con-
ditions, the entire tunnel structure is
water cooled and housed in an air con-
ditioned building. Any Mach number
between five and ten can be precisely
set by means of flexible stainless steel
nozzle plates that are positioned to a ten-

thousandth of an inch. Calibration results
indicatec satisfactory solution of the
design problems encountered.

The high speed data-acquisition, reduc-
tion, and presentation system is designed
for high production testing of the nation’s
most advanced missiles and re-entry
configurations. Stability and control phe-
nomena in new regimes can be studied
experimentally under carefully controlled
conditions.

INSTITUTE OF TECHNOLOGY

. @ JET PROPULSION LABORATORY
A Research Facility operoted for the Natfional Aeranautics and Space Administration

PASADENA. CALIFORNIA

Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields:

INFRA-RED » OPTICS « MICROWAVE « SERVOMECHANISMS « COMPUTERS - LIQUID AND SOLID PROPULSION
s STRUCTURES » CHEMISTRY « INSTRUMENTATION » MATHEMATICS - AND SOLID STATE PHYSICS
Send professional resume, with full qualifications and experience, for owr immediate consideration

PROCEEDINGS OF THE IRE April, 1960
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INCREMAG® components & e recpie
and systems for more , -

Dr. Van Allen, who heads the depart-
ment of Physics and Astronomy at the

[

a r t t I State University of Towa, detected the
ccu a e requ‘remen s radiation belts on the basis of data ob-
tained by Lxplorer 1. The award citation

states “By combining simple and direct
techniques with great ingenuity, he estab-
lished beyond doubt the existence, intens-
ity and extent of the radiation belts above
the carth’s surface that now carry his

Missiles and Satellites JEONRS . . .
Dr. Van Allen will receive the [1ill
Award at the aunual Honors Night Dinner
of the Institute of the Acronautical Sei-
ences which will be held at the Astor
Hotel in New York on January 26, 1960,
Computers He will be present in person to aceept.

°,
D

Varian Associates has announced the
appointment of Willis H. Yocom (:\'54
M'S7) as Manager, Wave Tube Develop-
ment. He will head
research and devel-
opment of all wave
tubes.

He received the
Programming B.A.degree in phys-
ics  from  Oberlin
College, the B.S.
degree in clectrical
engineering  from
M.ILT, and the
M.S. degree in elec-
trical  engineering
from Stevens losti-
tute of Technology. From 1942 to 1956 he
did rescarch and development work for
Bell Telephone Laboratories. He joined
Varian Associates’ Tube Division in 1936.

Mr. Yocom holds five patents in the
microwave tube field including the Basic
patents on slalom focusing. Ile is a mem-
ber of Sigma Xi.

Control

[
<
=
L
o
)
=

\W. H. YocoMm

.
D

Homer A. Ray, Jr. (A'45-M’50-S\I°55)

GENERAL SPECIFICATIONS has been sclected for the newly-created
position of Engineering Assistant at Rixon
COUNTING RATE: up to 100,000 pps max. lill‘llljonics lm‘C-- ﬂ}‘-
cording to C. ].
TEMPERATURE RANGE: —55°C to +125°C Harrison, Vice Pres-
ident 1 Opera-
COUNT PER STAGE: up to 16 max. in ¥ cubic inch Goms Director. Tn
. . this capacity, he
NUMBER OF STAGES: as required | will assist Mr. Har
VOLTAGE TOLERANCE: +10% most cases rison in the engi-

neering phases  of
planning and pro-
CONTACT OUR NEW YORK LABORATORIES FOR DETAILED INFORMATION duction operations.
ON APPLICATIONS OF “INCREMAG'™ COMPONENTS AND SYSTEMS. Prior to joining
ing Rixon, he was
Manager of the Iin-
0 »» gincering  Division, Smith Electronics,
Wlth P"Ogress Inc. There, he assisted in the development,
engineering, drawings, and specifications
for the Voice of America’s proposed new
East Coast Facility. Before that he was

% Chief Engineer and Director of Photo-

GENERAL TIME CORP ORATION | grammetry, Inc., making optical and elec-

tronic instruments primarily for the Navy.

35S Lexington Ave., New York 17, N. Y. With Page Communications Engincers
LABORATORIES AT from 1955 to 1956, he was ead of the An-

107 Lafayette St.,, New York 13, N. Y. + 111 N. Canal S€t., Chicago 6, Ill. tenna Section and Assistant Manager of
Electronic Products and Systems

H. A Ray, g,

“Keeping Time

{ (Continued on page 80.4)

78A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE April, 1960



Vital to your design orbit!

VN PRECISION-DRAWN

)] CLOSURES

Precision Standatd Tooling makes the Difference — The HUDSON line provides complete
versatility for the designer/engineer. The industry’s widest range of round, square
and reetangular closures supplied with dozens of modificat:ons to meet unusual
applications. Standardized designs assure fast delivery and precision quality —
every time! All finishes available an components of mu metal, nickel-silver,
aluminum, brass, copper, stainless steel and steel. Call or write for quotations.

Available

faste'r than

FAST!

Ask for the
HUDSON
CATALOG

— contains
complete data
on HUDSON
Standard
Closures
including MiL
types. Please
make request
on company
letterhead.

Hudson Tool & Die Company - Inc
18-38 Malvern Street, Newark 5, New Jersey

Precizion Metal Componrents for Electronies, Nucleonies, Avionies and Rocketry

Telephone: MArket 4-1802
Teletype: NK 1066
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(Continied from page 78:)

MINIATURIZATION
pLUS LOWER COST

Thin Versatile
Co-Netic and
Netic Magnetic

~  Shielding Foils Weaps easily.

] N ' the Page Communications phases of the
. readlyany shae rs DEW Line .Project. He was manager of
ordinary scissors the engineering and procurement phases
of the NATO Project that installed
NATO’s communications network from
Paris through Naples to Tzmir, Turkey.
His earlier job experience was with
The Queen City Broadcasting Corp. of
Seattle, Wash. as Chief Engineer and also
as Chief Eungineer of the Ficld Division of
Developmental Engineering Corp. doing
research and development work on an-

" — - "‘E tennas and instruments. Previously, he had
Permit positioning foil-wrapped compo_nents A & B closely, ?\’\_ ( a Consulting Engineering Office in Wash-
minimizing interaction due to magnetic fields . .. making % M ington, D. C. in partnership with George
possible compact and less costly systems. (s E. Gautney & Ray, with a practice in
- broadcast and television engineering.
gineering.

How thin Co-Netic and Netic foils lower your mag- < MF-OIR_H)' “’idls Ed"{‘]ﬂlcd at l\ufnC State,
. . 13- Inserts readily to convert Nent 1o and the University of Cincin-

netic shielding costs: isti shieldi L . i .
& ex'sw;%c';g:uigfld'"g nati and is a Registered Professional En-

1) Weight reduction. Less shielding material is used
because foils (a) are only .004” thick and (b) cut and
contour easily.

2) Odd shaped and hard-to-get-at components are

readily shielded, saving valuable time, minimizing
tooling costs.

gincer in the District of Columbia. He is
associated with Broadeasting Magazine,
and is a member of the American Society
of Photogrammetry and holds patents in
this field.

0
o

HermonH. Scott (M'35—SM'43—F'52)
These foils are non-shock sensitive, non-retentive, re- PoTTR— president of 11. H. Scott, Inc., Maynard,

. . . . teiding cables reduces ASS . o 2o hat g y
quire no periodic annealing. When grounded, they fidg et caviationtoc Mass., has been elected chairman of the

. N N . pickup. board of directors
effectively shield electrostatic and magnetic fields over i e e o

a wide range of intensities. Both foils available from % High Fidelity Man-
stock in any desired length in various widths. ufacturers.

Co-Netic and Netic foils are successfully solving many ls\():?ft!::;tl(:}“lzli;l
types of electronic circuitry magnetic shielding prob- ing producers of
lems for commercial, military and laboratory appli- component high fi-
cations. These foils can be your short cut in solving Wrapping tubes prevents delity  equipment,

8 outside magnetic was formed in 1955
magnetic problems. interterence. to educate the pub-
lic about compon-
ent high fidelity
and to set industry
standards. Started with 23 members, the
[nstitute membership now numbers more
than 120 leading manufacturers, recording
companies and publishers throughout the
country.

An eleetrical engineer with B.S. and

= i —~
= :‘\\\ M.S. degrees from the Massachusetts In-

Ji ks ;’5,\ : | > 1 stitute of Technology, he is a Tellow of the

i ety : Audio Engineering Society and the Acous-

oo g tical Society of America. le is credited

. : . with the design of the first modern-type

: sound level meters and the tirst high

H. 1. Scott

When accidentally exposed to unpredictable magnetic fields, presto!—yourvaluable
data is combined with confusing signals or even erased.

For complete, distortion-free protection of valuable magnetic tapes 1y piable feil weaps easily quality broadeast  station  monitoring
during transportation or storage. Single or multiple reel Rigid  around magnetic tape. maintain- equiptuent,

Netic Enclosures available in many convenient sizes and shapes.  ing original recorded fidelity. Mr. Scott has published numerous

technical papers on the measurement and

(» reproduction of sound and related labora-

G<

tory measuring equipment and holds pat-

0 Rigi Composite pho- J :
e ( i aﬁg‘ﬂ'; LD R ‘i ‘ ents on many developments in  these
. : isnh 'lhdlcdkf?eSS) ingr tha't], mag- Wl fields. In 1951 he was cited by the Audio
n \ N . . . .
hetd E?\clog:rme: geu':“?i':s g P AL Engineering Society for ‘“outstanding
- for safe, distor-  Rigid Netic Alloy achievement in the field of audio engi-
tion-free stor- Material are not : ”
age of large significantly af- neering. \
quadnmiesof re- Lecled by vil&rauon shock (including dropping or %t
corded m, i umping) etc. Netic is non-retentive, requires no periodic :
tapes Bl an,.e‘;“,f;_ ! U LR O Smyth Research Associates, Inc., has

named Louis G. Trolese (A'30-SM'47-
F’60) Vice President for Engineering. This
Write for MAGNETIC SHIELD DIVISION PERFECTION MICA CO. new position reflects the firm’s expanded

further details 1322 No. Eiston Avenue, Chicago 22, lllinois activity in the development of electronic

lodey: ORIGINATORS OF PERMANENTLY EFFECTIVE NETIC CO-NETIC MAGNETIC SHIELDING e
(Continucd on page 824}
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LINK SYSTEMS

STROMBERG-CARLSON
A~ oiwvision or GENERAL DYNAMICS

1400 N. GOODMAN STREET ¢« ROCHESTER 3, NEW YORK

PROCEEDINGS OF THE IRE

The application of binary
data link transmission

to large or small radio
networks is made feasible
by the Stromberg-Carlson
Automatic Binary

Data Link.

The broad capabilities
of the equipment include:

¢ 5-character alphabetical
address, providing

over 11 million

private addresses;

¢ automatic response to
interrogation,
which provides a
5-character alphanumeric
message useful for
indicating any element
of a status report such as
altitude, heading,
position.

¢ Tape readout in the
airborne unit.

Detailed
information
on request.




PROVEN RELIABILITY-
SOLID-STATE POWER INVERTERS
over 260,000 logged hours— voltage-regulated,
frequency-controlled, for missile, telemoter, ground-
support, 1359C all-silicon units available aow—

Interelectronics all-silicon thyratran-like gating elements and cubic-
grain toroidal magnetic components convert DC to any desired number
of AC or DC outputs from 1 to 10,000 watts.

Ultra-reliable in operation (over 260,000 logged hours), no moving
parts, unharmed by shorting output or reversing input polarity. Wide
input range (18 to 32 volis DC), high conversion efficiency (to 92%,
including voltage regulation by Interelectronics patented reflex high-
efficiency magnetic amplifier circuitry).

Light weight (to 6 watts/oz.), compact (to 8 watts/cu. in.), low
ripple (to 0.01 mv. p-p), excellent voitage regulation (to 0.1%), precise
frequency control (to 0.2% with Interelectronics extreme environment
magnetostrictive standards or to 0.0001% with fork or piezoelectric
standards).

Complies with MIL specs. for shock (100G 11 mlsc.), acceleration
(100G 15 min.), vibration (100G 5 to 5,000 cps.), temperature (to 150
degrees C), RF noise (1-26600).

AC single and polyphase units supply sine waveform output (to 2%
harmonics), will deliver up to ten times rated line current into a short
circuit or actuate MIL type magnetic circuit breakers or fuses, will start
gyros and motors with starting current surges up to ten times normal
operating line current.

Now in use in major missiles, powering telemeter transmitters, radar
beacons, electronic equipment. Single and polyphase units now power
airborne and marine missile gyros, synchros, servos, magnetic amplifiers

Interelectronics—first and most experienced in the solid-state power
supply field produces its own all-silicon solid-state gating elements, all
high flux density magnetic components, high temperature vltra-reliable
film capacitors and components, has complete facilities and know how
—has designed and delivered more working KVA than any other firm!

./ \\ Far complete engineering data, write Interelectronics today, or call

~ LUdlow 4-6200 in New York.

%)
INTERELECTRONICS CORPORATION
2432 Grand Concourse, New York 58, N.Y.

o ALLISON LABORATORIES

® BRUSH INSTRUMENTS
o CONVAIR INSTRUMENTS

e ELECTRO-PULSE, INC.
® EMPIRE DEVICES
PRODUCTS CORP
e HOLT INSTRUMENT
LABORATORIES
o HUGGINS LABORATORIES
® {LEVINTHAL ELECTRONIC
PRODUCTS iINC
© MENLO PARK ENG.
o METROLOG CORPORATION
o NARDA MICROWAVE CORP.
® NJE CORPORATION
® SYSTRON CORPORATION
e WAYNE KERR CORP
Waltham, Mass
TWinbrook 4-1955
Washington, D. C
Oliver 5-6400

EASTERN FIELD ENGINEERS for )

**Serving Science and Industry Since 1928

\\... why bother riggingupatestset-
up? Call Burlingame; they'll tell us
whether it can be used this way. [/

Syracuse, N. Y
GRonite 4-7409
Philadelphia, Po
SHerwood 7-9080

510 So. Fulton Ave.

MAIN Mount Vernon, N. Y.

OFFICE: MOunt Vernon 4-7530
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(Continued from page 804)

Peter G. Smee (M'47-SM'52) has been
appointed manager of Microwave Systems
Design for General Electric’s Communica-
tion Products De-
partment in Lynch-
burg, Va. The ap-
pointment was an-
noanced by 1. T,
Corbell, the depart-
ment's manager of
\Microwave  Engi-
neering.

Mr. Smece is a
native of Lincoln,
England and  re-
ceived his technical
training in  the
United Kingdom. He holds several UL S
patents in the communication field. Tle
joined  General Electric at  Electronies
Park, Syracuse, N. Y., in 1946 and has
specialized in microwave engineering for
the past several years.

o

I’. G. SMEE

.
oge

John M. Thompson (|'27-\"28 NM'47
SAI'53) has been named as Vice President
and General Manager of FTEMILAB, Inc.
Jocated at  Port
Washington, N. Y.
He will head the
activities  of  this
concern in the fields
of  environmental
testing, design, re-
search and develop-
ment.

tle has been lab-
oratory chief of the
Rome Air Develop-
ment Center’s Test
Facility Laboratory
for the past ten years and prior to that was
associated with Watson Laboratories, Sig-
nal Corps Engincering Laboratories and
the USVA for a total of 25 years govern-
ment service.

Mr. Thompson is a senior niember of
the Instrument Society of America, a mem-
ber of the American Institute of Electrical
Engineers, American Society of Metals
and Institute of Environmental Sciences
and associate member of the American
Society of Heating, Refrigeration and \ir
Conditioning Engineers.

1. M. Frosmesox

%
oo

WIS
Use Your

IRE DIRECTORY!
It's Valuable
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FEASTEASTHASTEASTHRSTERS TERSTERS TERS e e
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- CBS NPN germanium switching transistors are bein

I A R G E I aEn
= ~ delivered to a military project specification wﬂ;h an V
~ objective of 99. 99%, survival in 1000 hours. Thlsmeans-
that only one transistor in 10,000 can fail due to param--~

eter changes N and catastrophxc failure rate is even

lower, NS =
o CHECK THESE SPECI‘,_\I. RELIABILITY .CONTROLS
= 0 100% PRODUCTION RELIABILITY
Every crystal identified « Voltage-biased, 55°C on 1000

throughout production hour life
¢ Die thickness maintained « Storage, £5°C on 1000 hour life
within = 0.00005 inch . Intermuttent o&eratlon

| |
» Contamination eliminated by 150 mw for 1000 hour life
‘‘dry-box’* assembly e Samplings 100 times larger
» Microscopic inspection of all than MIL-T-19500A
critical operations s« Product identified with crystal

for field survival analysis

» Aging at 109°C for 200 hcurs ENVIRONMENTAL TESTING
n . Te&gerastgg(e: cycling from » Shock, 500 G for 1 millisecond
'; bomb » Vibration, 20 G for 26-2000 cps
. etergent bomb testing at i ®
100 peig . Sgldenng of leads, 260°C for
¢ Radiflo testing to 10°12 o Fatigue of leads, 16 oz pull,
standard cc/sec three 90° arcs

YOUR INQUIRIES INVITED

a
su rVIva| Inquiries regarding your special reliability require-
ments for NPN germanium switching transistors are

invited. Please call direct . . . or your local sales office.

semiconductors

cBS ELECTRONICS, Semiconductor Operations « A Division of Columbia Broadcasting System, Inc.
Sales Offices: Lowell, Muss., 900 Chelmsford St., GLeaview 4-0446 Newark, N.J., 231 Johnson Ave., TAlhert 4-2450 «  Melrose Parl, 11,1996 N. Mannbeim

Rd., EStehbiock 9-2100  «  Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081  «  Atlanta, Ga., Carv Chapman & Co., 672 Whitehall St., JAckson 4-7388
Minneapolis, Minn., The Heimann Co., 1711 Hawthorne Ave., Flideral 2-5457 «  Toronto, Ont., Canadian General Electric Co., Ltd., LEnnox 4-6311
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Recorded Events,
only when referred to

L ]
Time...
have significance!

...and with today’s accelerating
technology, the need for the most
accurate time reference available
becomes more acute. It is available
...and free; the standard time and
frequency transmissions of the
National Bureau of Standards radio
stations WWV and WWVH are
accurate to better than 1 part in 50
million and are placed at the dis-
posal of anyone having a receiver
capable of tuning to one or more of
the transmitting frequencies.

The new Model WWVT receiver,
designed especially for remote oper-
ations under extreme environmental
conditions, is a highly-sensitive
crystal-controlled instrument capa-
ble of utilizing WWV and WWVH
transmission.

Model
WWVT

A 6-position dial switches inslunlly to any
Standard Fregueney—2.5, 5, 10, 15, 20 or
25 e, It is small, light-weigcht and rugged
—scaled metal case and potted components,
all transistorized and battery operated, and
has better than 2 mv sensitivity, Priced at
$690.00. Model WIWVTR  (rack mount)
$725.00

Send for bulletin # 159A which details many
free services available from WWV & WWVH.

\
\

N ek

|

AKRON
“Computer Activities in Europe and Russia,”
Dr, N. R. Scott, University of Michigan. 1/19/60.

ALAMOGORDO-HOLLOMAN
“Teaching Machines and Tomorrow’s Educa-
tion,” Dr. R. F. Mager. Fort Bliss Human Research
Unit. 1/18/60.

ALBUQUERQUE-LOS ALAMOS

Conducted tour of Lovelace Radiation Labora-
tory plas four papers by Dr. White of Lovelace
Foundation. 11/17/59.

“For Better Conversations,” Dr, J. P, Molnar,
Sandia Corp. Fellow Awards Dinner meeting.
2/1/60.

ATLANTA

“Quantum KElectronics,” Dr. M. W, Long,
Georgia Tech. 1/22/60.

BALTIMORE

“Military and Industrial Applications of In
frared,” A. H. Canada, Institute for Defense An
alyses, Washington, D. C. 2/1/60.

Bay oF QUINTE

“Theory of Relativity,” Dr. G. A. larrower,
Qneens University. 1,/20/60.

CeENTRAL FLORIDA

“Infrared Technology & Physics,” Dr. S. S.
Ballard, University of Florida. 1/14/60.

CENTRAL PENNSYLVANIA

“Fission, Fusion and the Future,” F. A,
Kramer, Public Service Electric, Gas Co. 11/17/59,

“The USSR Forges Alhead,” Dr. J. L. McLucas,
Singer, Inc. 12/15/59.

“Trends in Electronic Instrument Design,”
Roy Mershon, \Weston Instruments Co. 1/19/60.

CHicaGo

“Hot Electrons from Cold Cathodes,” Dr.
A. M. Skellet, Tung-Sol Electric, Inc. 9/11/59,

“SAGE—A Data Processing System for Air
Defense,” S. ). Hansen and C. A. Zraket. Mitre
Corporation. 10/9/59.

“Molecular Engineering, the Future of Elec-
tronics,” Dr. G. C. Sziklai, Westinghouse Electric
Corp. 11/13/59.

“The Place of lonospheric Scatter in World
Communications,” W, . Collins and K. E. Oit-
tinen, Page Communications Engineers, Inc.
12/11/59. N

“Circuit Design Using Tunnel Diode Devices,”
Dr. K. K. N. Chang, RCA Labs. 1/8/60.

CHINA LAKE

“Parametric Amplifiers,” Dr. C. . Carter,
Space Technology Lab. 11/9 /59,
“FElectron Microscopes,” Di. Ernst Bauer,

U. S. Naval Ordnance Test Station. 1/11/60.

CLEVELAND
“Therino Electricity,” C. J. Frank, Westing-
house Electric Corp. 1/21/60.
CoLuMBUSs

Inspection  Tour—Electronics  lLaboratories
Facility, North American Aviation. Comients by
David Leonard of the Company. 2/9,60.

DaLLas

“Tactics of Air Launching a Ballistic Missile for

MINCOWM

announces a new double-duty
magnetic tape system

- CM-100

records & reproduces (6 SPEEDS

Greater bandwidths at lower
speeds in both analog and

pulse recording/reproducing
(for example, 500 kc at 60 ips).
All in one compact standard
rack. Details? Write for brochure.

.. WHERE RESEARCH IS THE KEY TO TOMORROW

MINCOM owision
TV innesoTa
M ininG anD

M anuracrurinG
COMPANY
2049 South Barrington Avenue, Los Angeles 25, Calif.
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1960
CATALOG

«

« HIGH FIDELITY
+ HAM RADIO

+ MARINE

« INSTRUMENTS

Over 150 do-it-yourself electronic kits
are illustrated and described in this
complete Heathkit Catalog.
DO-IT-YOURSELF ... IT'S FUN
IT'S EASY & YOU SAVE UP TO %!

—
HEATH COMPANY |DAVSTROM
|-
Benton Harbor 4, Michigan

Please send the FREE Heathkit Catalog

4 Satellite Reconnaissance,” Katon Adams, Convair
Fort \Worth. 1/19/60. NAME ——
“Ysaki and Other Special Diodes,” . C.
Dacey, Bell Telephone Labs. 2/4/60. ADDRESS h”
“Information Theory,” W. A, Youngblood,
SPECIFIC PRODUCTS University of Texas. 2/11 /60, e, 7 ZONE.  STATE
Box 425, 21051 Costanso, Woodland Hills, Calif. (Continwed on page 88.:1) ’
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S-KW FM TRANSMITTER
UTILIZES 4CXS000A
CERAMIC TETRODE

RCA has recently developed a unique
new 5-KW FM transmitter which
utilizes the new technique of multi-
plexing. This provides simullaneous
transmission ol two or more program
channels on the same RF carrier to
meet increased demands of FM sta-
tions for additional program services.

The PA stage of the new BTF.-5B
transmitter is composed ol a single
Eimac 4CX5000A ceramic tetrode,

PROCEEDINGS OF THE IRE Apiil, 1960

NEW, UNIQUE RCA

which produces the 5000-watt output.
This tetrode offers high power gain
and excellent stability to assure faith-
ful transmission of the broadband
multiplex signals.

That’s why the 4CX5000A was the
logical choice of discriminating RCA
engineers. Its many exclusive ceramic
design features help to make possible
this conservatively rated, high power,

air-cooled transmitter.

These ceramic extras are now avail-
able in more than forty Eimac tube
types—used in many types of com-
munication, pulse and industrial

equipment.

EITEL-McCULLOUGH, INC.

San Carlos, Californla

85A



Nothing is NEWER than
like G-E Shadow Grid...
anode...New products

New engineering: direct-

MEANS LOWEST-NOISE PENTODE!

The new Shadow Grid tube is an advanced concept ap-
plied by General Electric. It makes possible high-gain
pentode performance at a low noise level found up to
now only in triodes. Electron flow is channeled between
the wires of the screen grid. There is minimum contact
of electrons with grid. Consequently, noise-producing
screen current is held to a minimum. A plate-to-screen
current ratio of 25 to 1 can be obtained with new General
Electric Type 6FG5 for TV tuners.

Electron flow from cathode
past control grid is guided by
electrostatic field in the vicin-
ity of

Shielding grid (A) into streams

=+t passing between the wires of

Screen Grid (B), thus bypass-
ing the screen grid and contin-
3 uing to the plate.

ACTUATES RELAYS DIRECTLY!

General Electri¢’s new 7427 cadmium-sulphide photo-
conductive tube is so sensitive to light variations, and
can handle so much current (400 mw max dissipation),
that the tube will operate a relay without amplification.
Your costs are reduced. Spectrum of the 7427 matches
the human eye. Check performance below:

” TRy Left: average charac-
10000 l L’% teristics, Type 7427

(4] Z

§ /‘, ,/ &/b} AC (RMS) oper-

3 VYA NS ation

g " // Y ‘/ » %f’\\ - ---DC operation

3 o =g i+ Note this new tube’s

z ¢ R ! high sensitivity to light,

= /',/ ﬁce‘/'/ :§ with large current ca-

Y L4 &7/ 'Y pacity. In series with a

5 ) 38 relay, the G-E 7427 helps

o S 1% form a simple, economi-

5 £ oS ancr e ames.n) S cal circuit which will

z S STANCE > 15 MEG cal circuit which wi
o J/ [ l Hl handle scores of light-

' 10 wo  aso ing,industrial, other

TUBE VOLTAGE IN VOLTS control functions.
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*---

tubes 4=

. New concepts

New materjjals like 5-ply

/

like 7427

phototube.

heated cathode in 3DG4

CUTS HEAT IN TV RECEIVERS!

Less heater power...less total power for set...less heat
generated! The new General Electric 3DG4 power rec-
tifier tube with direct-heated cathode brings you all
three benefits. Special 3-ply cathode requires no fila-
ment, teams up with a new high-internal-reflectance
plate material for maximum efficiency. Total power
required is 42% less than the 5V3. Compare:

NEW 3DG4 5V3
Heater power 125w 19.0w
Total watts in tube 29 50
Bulb temperature 171 C 206 C
Output current 350 ma 350 ma

NO “HOT SPOTS" ON ANODES!

General Electric has pioneered the use of 5- -ply bonded
material for tube anodes. Greatly superior in heat con-
duction and radiation, the new material prevents the
formation of “hot spots” when tubes are running full-
load. Gives sustained top-performance capability to a
large and growing list of G-E receiving types.

Copper promotes the even
distribution and faster dis-
sipation of anode heat. Iron
for strength. Aluminum
for surface protection.

* Eoppﬁl [ALuminum |

RECEIVING TUBE DEPARTMENT OFFICES:

New York, Wi 7-4065, 6, 7, 8....
Datllas, Rl 7-4296...

Boston, DE 2-7122....
.Los Angeles, GR 9-7765, BR 2-8566....

Washington, EX 3-3600... .Chicago, SP 7-1600

San Francisco, DI 2-7201,

Progress s Ouvr Most Important Prodlvct

GENERAL @3 ELECTRIC

4111014



IF relays cause you as much trouble
as they do us, you will undoubtedly
welcome information on how to get rid
of them. Probably the most fashionable
way to do the switching is to use tran.
sistors, and as a public service Sigma
hereby offers some application data
toward this end. The Search for Truth
must go on.

Right off the bat, it must be con-
ceded that transistors have the edge in
several important physical and dy-
namic respects, Relays are certainly
bigger, heavier and slower, and their
useful life is nowhere near infinite —
primarily because they all have such
old-fashioned things as moving parts.
Nor are relays immune to unlimited
shock and vibration (the best we've
been able to do on a subminiature
type, and keep it operating within
spec, is 30 g’s to 5000 cycles).

There are a few things relays are
good for, however, even though
“Relayized” may never sell a single
product. For instance: signal circuits
can be isolated from load circuits . . .
signal and load can be AC or DC, in

RELAYS*

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE [RE

any combination ... circuits with high
voltage to ground present no particular
problems, and relatively high voltage
loads can be handled . .. inductive
loads can be switched *off” when
they're supposed to be off. On “sliding”
or slowly varying signals, the right re-
lay will also provide clean, positive
switching and it won't fry if the circuit
develops a mild defect. It is true, if not
grammatical, to say that arelay is many
orders more "off” and several orders
more "on” than those other things.

The fact that relay contacts more
closely approximate the ideal switch —
no ohms one way and infinite ohms
the other way — also means something
when dry circuit switching is your
problem. With loads in the order of 0.1
microwatt, a properly designed relay
can provide dependable switching.

Further, if 3-position, polar, center-
stable switching (Sigma “Form X") is
needed, a single relay will do the job.
And if the requirement calls for having
the switch “remember” and stay in the
last switched position, a polarized,
magnetic latching relay (our “Form Z")
will do just that without stand-by
power.

There are also such considerations
as cost (where the switching is of the
pinball machine variety), stability as a
function of temperature, and amplifica-
tion (10,000:1 load to signal ratio),
that lean in favor of relays. But the
main ones are those mentioned earlier
~which we’re banking on to keep us
from going bankrupt this year. In the
meantime, we're looking around for
diversification possibilities — something
in a good solid state, perhaps.

*or, Ten Easy Steps to Utopia,

SIGMA INSTRUMENTS, INC.
94 Pearl St, So. Braintree 85, Mass.
An Affiliate of The Fisher-Pierce Co, [since 1939)

Section
Meetings

_A
(Continued from paye 81:1)

Deaver
“Telebit-Digital Telemetry on FExploret VI.”
Dr. G. E. Mueller, Space Technology Laboratoties,
11/19 59,
“Large Scale Electronic Computers and Sci
entific Computers,” Dr, ). 1. Sopkua, National B
reaun of Standards. 1,21 60,

Dirroit
“Surgical Technigues for Reconstructing the
Middle Ear,” Dr, 1, ¥, Schuknecht, Henry Ford
Hospital; *Psychophysical Studies of  Hearing,”
W, P, Tanner, Jr., University of Michigan Research
Institute, 1/8 60.

ELsira-CorNing
“Advances in Screen Stracture and Data Dis-
tribution for the LF Display System,” Dr. 150\,
Sack, Westinghouse Electric Corp, v 11 60,
“Recent Advances in Field  1nission,” Dr.
¥. Charbonnier, Linfield Research Institute. 2,1 60,

L Paso
“Technical Training s Now Being \nto
mated,” Dr. R, F, Mager. Fort Bliss 1luman Re
search Section. 1/7 /60,

IEMporit™
“Automation for Quality Control Testing ol
Electron Tubes,” R. A, MceNaughton, Sylvauia
Flectronic Tubes. 1/19 60,

EvansviLLE-OwENsBORO
“Nuclear Radiation & Electtonic Equipment,”
1. R. Crittenden, G 1<, Co, 1720 o0,
“The Next Twenty Vears in Space,” Di. Leo
Steg, G.15. Co. 2 1060,

Frorina West Coass

“IRE—A Look at Headquarters,” 1. R. 1.
McFarlan, IRE President. 2 8 60

ForT fluacnica

*Log Periodic Antennas.” Dr. Duhamel, Col
lins Radio Co. 1 25 60.

For1 Worrn

*Moon Bounce Commnunications  Systems,”
Dr. A, Straiton, Univ. of Texas. 1 15 o0,

GAINESVILLE
“Curreut Problems in Intrated Physics and
Technology,” Dr. 8. S, Bullind, University of Flor
ida. 210,60,
HazmiLioN
“The Vidicon and Related Tubes,” F. Town-
send, Westinghouse lec. Corp. 1 11 60,
“A Bright Radar Display System,” Dr. T. W,
l<ast, Raytheon Canada, Ltd. 2.8 60,

Hawan

“Engineering Aspects of the Integrated Fire
aud Police Department Comimnnications System,”
thatold  Chun, Tlonolult  Police  Department,
10,14 59,

“Novel Compression and lxpansion Methods
for Audio and Video Use,” W, R. Aiken, Kaiser
Engineers. 11 /11 /59,

“lonospheric Scatter Systems,” J. S, Mcl.eod,
Page Communications. 1/13/60.

HouvstoN
Business meeting. 1/19/60,

IIUNTSVILLE

“Pulse Duration Modulation Techniques,”
Dr. T. G. Antzack, Lilectro-Mechanical Research,
Inc, 1/28/60.,

(Continued on page 924)
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. ) Model FIM being used 1o check radiated interference against MIL-1-26600
The complete integrated Model FIM includes:

02,";‘:,";;?.;§:§k“:‘;;u“:e;‘:',i?dgfg;ﬁ:“g;ig;:izt Determines absolute level of radiation,
9, audio and recoraer leakage and interference by comparis

@R-F Plug In Tuning Units. Four units cover the g y p rison
tuning contrél tunes both the recever ana  With an internally generated CW signal.

Also measures signal susceptibility

internal signal calibrator.

QCalibrated Antenna System complete with tripod
and a calibrated omni-directional Broadband
antenna or a separate directional antenna to

match each R-F tuning unit.

Use this precision instrument for antenna pattern :
and shielding analysis, r-f power and voitage meas- 2 MEP
" urements, determination of field intensity, signal :

propagation patterns and other microwave POLARAD ELECTRONICS CORPORATION:

parameters. : Please send me information and specifications on:
, e it MAIL THIS CARD [0 Model FIM Calibrated Microwave
BTN 353 7 for specifications. . Field Intensity Receiver
% FREE LIFETIME 3 Ask your nearest : [ Model N-1 Precision Noise Generator
3 ON ALL POLARAD  F° Polarad represen- : (see reverse side of page)
INSTRUMENTS 5 tative (in the 5
X Yellow Pages) for 5 My application is_ -
a copy of “Notes 5 -
on Microwave Name__ S

POLARAD Measurements. Tive. ) - Dept.

ELECTRONICS Company___ - e
CORPORATION E Address_ — S

43-20 34th Street, Long Island City 1, N. Y.  epec.  ° City_  Zome S B
Representatives in principal cities. 3




New from Polarad...

PRECISION
NOISE
GENERATOR

@ 1 ke to 500 mc

© 1 to 20 db, adjustable

@ 0.25 db output accuracy

Q Long-life, low-maintenance noise tubes
@ stable output

Noise output constant over
entire {requency range. Main-
tains set level into any termi-
nating impedance. 50 to
10.000 ohms.

Production line noise figure measurements, made rapidly

Output fdb?
S

10 i i : and accurately with Polarad Model N-1.
L]
. ! i ! The Polarad Model N-1 is a small, compact, portable noise
B ! { | gt i generator witn easy-to-operate controls. The Model N-1
) == (Digitized variable output level controls — 0 to 20 db. Cali-
i = an : ; brated - db steps —fine vernier between each step.) is
e T e Tac T sl e entirely seif-contained, including power supplies. Use it
Frequancy for direct noise figure measurements of vacuum tube or

transistor amplifiers, receivers and oscitlators.

MAIL THIS CARD
No

Postage Stamp : for specifications.
Necessary : Ask your nearest
If Mailed in the : Polarad represen-
United States. M tative (in the
Yellow Pages) for
a copy of ‘‘Notes
on Microwave
Measurements.”

Postage
Will be Paid

FREE LIFETIME SERVICE
ON ALL POLARAD
INSTRUMENTS .

by
Addressee

BUSINESS REPLY CARD
First Closs Permit No.18, Long Islond City 1, N.Y.

POLARAD ELECTRONICS CORP
43-20 34th 8t Long lstand City t, N. V¥,

=

POLARAD
ELECTRONICS
CORPORATION

43-20 34th Street, Long Island City 1, N. Y.  ecpgc.
Representatives in principal cities.




One of a series

Payoff in portable photons

Samariuin-145, Samarium-153, Gadolinium-153.

Scientists at the General Motors Rescarch Laboratories began three
years ago to measure and re-evaluate the nuelear characteristics

of these rare carth isotopes — their half-lives, photon emissions,
thermal neutron cross sections,

Conclusion: the radioisotopes had attractive possibilities in industrial
and medical radiography, emitting almost pure gamma rays or
X-rays (photons) in the low encrgy range of 30 to 100 kev.

The transition from research to hardware came through two key
developments. First, cermet pellets were fabricated using only a few
milligrams of the rare carth oxides. Then the irradiated pellets

were packaged in special bullet-size holders.

The resulting small, sealed radiographic sources are now heing
field and laboratory tested. Two excellent applications: “inside-out”
chiecks of hollow shapes inaccessible to X-ray tubes, and radiography
of thin steel scetions and low density matevials such as

aluminum or human bone. For example. a recent medical
milestone was a chest radiograph of a living person made with

a Sm'%% gsource. The portable exposure unit to shield the source
weighed only 18 pounds.

This isotope radiography program is but one example of the work under-
way in GM Research’s modern isotope laboratory — work that means,
through science, “more and better things for more people.”

& ” & peoj

General Motors Research Laboratories
Warren, Michigan

Useful range for radiography

{ T Sm!ss

Gd 153
. .
0.5

Aluminum thickness {inches} Smis? exposure unit,

1.0 15
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TMI.l1a analysis ot 18 tRIG FM/FM channels
with slight pre-emphasis.

known for
speed and
accuracy

Panoramic
TELEMETRY

TEST
INSTRUMENTS

A range of reliable equipments for

® Subcarrier Spectrum tests

® Telem-try Package Cneckout

® Subcarries disctiminator and oscillator
calibration

e Data reduction frequency reference

e Power Spectral Density Plots

NEW: Model TMC-411 Simultaneous |-
Poirt Frequency Calibrator. Transistorized,
miniaturized. Long term accuracy .001%
provides |l equally spaced frequencies
witkin all IRIG FM/EM channels, 18 simul-
tencous channel outputs, Source for data
reduction mutiple frequency references.
Gnly 7" high.

Model TMI-1a, 350 cps to 85 kc: for rapid
monitoring of all or any part of subcarrier
spectrum, checks pre-emphasis, analyzes
subcarrier, cress talk, YCO deviations, etc.

Model TMC-1: {) Sets up TMI-la for quick
checks of each IRIG charnel for deviation,
spillover, etc. 2) furnishes channel end lim-
its and center markers for precise deviation
analysis 3) 3 point calibrator for all IRIG
channels, accuracy 0.02%. Model CHS-I
performs Model TMC-I use #1 only,

All these . . plus fast, versatile Spectrum
Analyzers (suksonic thru microwave), Power
Soectral Density Analyzers . . . Panadaptors
.. . for expanded applications.

Write, wire, phone today for detoiled
technical bulletins on the equipment
you need. Ask for NEW CATALOG Di-
GEST . . . and get on our regulor mail-
ing list for “THE PANORAMIC ANA-
LYZER" featuring application data.

N
oy
the leaa. 4 dependable ;
CERTIFIED
SPECIFICATIONS |
for accurate
1 datg /
G ?”

Panoramic

RADIQ PRODUCTS. INC.

5§22 South Fullon Ave, ® Mt. Vernon, N.Y.
OWens 9-3600

Catles: Panoramic, Mt. Vernon, N.Y. State
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Section
Meetings

Itnaca

“Klectronic Beam Parametric .\mplifiers,” Dr.
Robert Adler, Zenith Radio Corp. 1 14 60.

“The Response of Electronic Equipment to
Acoustic Noise Fields,” N. Doelling, Bolt Beranek
& Newman, Inc,, 2711 60

Kaxsas Crry
Business meeting., 12 8 §9,
“Sound  Transmission in Ocean Waters and
Some of Tts Problems,” C. M, Wallis, University of
Missonri. 1/12 60,

LitTue Rock
“Significance of Noise and Noise Figure in
Radio Communication,” Alden Packard, AR & T
Electronics, Tnc. 1 18 60.
“Methods of Characterizing  Semiconductor
Surfaces,” Dr. C. G. Peattie, Texas Instruments,
Inc. 2715 60,

Loxpox (ONTARIO)

“The D.R.T.E. Digitul Computor,” C. D.
Florida, Department of National Defence, Ottawi.
1/5 760,

LoxG IsLanp

Introduction to Lecture Series. Dr. €. ).
Mundo, Jr. Arma Corp.: “Psycho-Acoustics,” Dr
W, Rosenbtith, MIT. 10 1 §9.

“Spectroscopy and Biological Cell Structure,”
Dr. L. Ornstein, Mt. Sinai Hospital. 10/8 59 (2nd
of Lecture Series),

“Neurophysiology of Human Control Proc-
esses,” Dr. Il. Grundefest, Columbia University.
10715 /59 (3rd of Lecture Series).

“Cell Structure and the Electron Microscope,”
Dr. K. R, Porter, Rockefeller Institute. 100,22 /59
(4th of lecture Series).

“Neurophysiology of Sight,” Dr. H. Ilartline,
Rockefeller Institute. 10/29 50 (5th of Lecture
Series).

“Electronic and Computer Techniques in Diag-
nosis of Heart Diseases,” W, k., Tolles, W, Carbery,
C. Steinbery, Airborne Instruments lLaboratory.
(6th of Lecture Series), 11/5/59.

“Strategy of Deterrence,” Harry Davis, Rome
Air Development Center. 1/12 60.

Los ANGELES

“\erospace Power for National Security.” Gen.

0. J. Ritland, ARDC. 2 1 60.

LovisviLLE

Tour of Standiford Field Radar Flight Control
Center with commentz by the F.AL\, Staff, 8/27 59,

“\WWAVE's New Building and Facilities,
Wilbur Ttudson, WAVE. 9/24/59.

“Jet Aircraft Control and Flight Simulator,”
V. M. Yahne, Kentucky .\ir National Guard.
1022 59.

“Lighting of Radio and Television Towers,”
O. W, Towner, WHAS 11 20 59,

Lusiock

“Imterference at a Common Tower,” David
I.and, Motorola. 1 26 6.

MiaMmi
“Electronic IEducation and Engineering in
India,” Dr. P. H. Craig, U. S, State Department.
1/15760.
MiLwatrKee
“Radiometry,” Ted Seling, A. C. Spark Plug
Co. Presentation of Fellow Award. 1/20 60,

MoONTREAL

“Measured Retaliation,” M. Jennings., Ray-
theon Corp. 1/20/60.

(Continued on page 94A4)

New ROHN

SELF SUPPORTING

COMMUNICATION
TOWER

* 130 ft. in height, fully self-supporting!

> Rated o true HEAVY-DUTY steel tower,
svitable for communication purposes,
such as radio, telephone, broadcosting,
ete,

*Compln'e hot-dipped galvanizing ofter
fabricotion.

*low in cost—does your job with BIG
savings—yet has excellent construction
and unexcelled design! Easily shipped
and quickly installed.

FREE cetails gladly sent on request.
Representatives coast-to-coast.

ROHN Manufacturing Co.

16 Limestone, Bellevue,
Peoria, lllinois

“Pioneer Manufacturers of
Towers of All Kinds”

April, 1960
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HIGHER CURRENT THAN EVER BEFORE FOR MILITARY AND COMMERCIAL USE

2N1518 | 2N1519 | 2N1520
SRR SR

aN1521 | 2N1522 | 2N1523 A new family of high current transis-
S tors featuring the 50-ampere 2N1522
and 2N1523. Two 25- and two 35-

Maximum Collector Current (Amps.) 25 25 35 35 50 50 ampere types round out the line. All
B N i thoroughly tested and completely re-
Maximum Collector to Base Volts liable. Available in production quanti-
: ' 50 80 50 80 50 80

Emitter Open, Max Ico 4ma ties. Call or write your nearest Delco
_M . T ] Radio sales office for full product in-

inimum Open Base Volts ; licati ;
(I-Amp. Sweep Method) 40 60 40 60 40 60 formation and applications assistance.

Maximum Saturation Volts at

Maximum Collector Current 1y by U 0.6 8 8 D E I CO
- _ RS

Gain at Ic at 15 Amps. 15-40 15-40 17-35 17-35|  22-45| 22-45 ‘

Minimum Gain al Maximum I q A D I O
Callector Current 1z 12 12 12 12 12

Thermal Resistance Junction
to Mounting Base (°C/Watt) 08 | 08 | 08 | 08 | 08 | 08

Division ot General Motors
Kokomo, Indiana

Characteristics at 25°C  Maximum Junction Temperature 95°C

Newark, New Jersey Chicago, !llinois Santa Monica, California Detroit, Michigan
1180 Raymond Boulevard 5750 West 51st Street 726 Santa Monica Boulevard 57 Harper Avenue
Tel: Mitchell 2-6165 Tel: Portsmouth 7-3500 Tel: Exbrook 3-1465 Tel: TRinity 3-6560
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Noise spectrum analy-
sis using internal
video smoothing filter.
Noise envelope aver-
age vs. frequency
seen in readily inter.
preted plot. [nterna!
marker pips are 500k
apart.

more applications
maximum economy

PANORAMIC’S
SPA-3/25
SPECTRUM ANALYZER
200cps-25mc

One compact, low-cost vnit for
all these uses . . . and MORE:

Yideo Band Analysis

Broadband Noise Studies

Communications Channel Analysis

Telemetry Subcarrier Channel Analysis

Frequency Response Plotting of filters, video
networks, to 15mc, etc. (with companion
sweep generator Model G-6)

Combining the most desirable features of &
whole series of equipments, Panoramic’;
"'workhorse' Model SPA-3/25 features:

® 0-3mc swezp width continuously cali-
brated ® Variable center frequency control
cailibrated from 0 to 23.5 mc ® Adjustable
resoultion: selectivity, 200cps to 30kc ®
Variable sweep rate lcps to 60 cps ® Lin
40db log and square law amplitude scales
® High sensitivity: 20uv full scale ® Cali-
brated 100 db input attenuators

Also available: Model SPA-3,
200¢cps-15mc. Same at SPA-3/25,
except variable center frequency
control is calibrated 0 to 13.5mc.

Write, wire, phone NOW for detailed
specification bulletin . . . NEW Catalog
Digest . . . and regwlar mailing of “THE
PANORAMIC ANALYZER,” featuring
application data.

-
the pioneer

18 the leader ~

Foderendosie™
“ ceRTiRiED
SPECIFICATIONS

) y for accurate
dafa fr
\
e

Panoramic

RADIO PRODUCTS, INC

522 So. Fulton Ave @ Mount Ve'non, N.Y
OWens 9-1¢00
ey |

nic 10
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Section
Meetings

NEWFOUNDLANI

“l.adies Nite,” Dinner Meeting and Dance,
12 14 50
“Supervisory  Control o llydro-Electric
Plants,” M. Gladden, Newfoundland Light & Power
Co. 1721,60.
New Vork

“Wall Street Analyst's Look at Electronics,”
Discus<ion by IPanel consisting of . Edgar, M.
Loeb: M. Heilbrun, Rhoades & Co.; A. Cohn,
Buche & Co.; Miss P. Shulder. Merrill Lynch,
Pierce. Fenner & Smith, Inc. 12 2 59

Nortil CAROLINA

“Sampling Techniques tot Mutonatic Wave-
form Analysis,” M, R. Sundquist, Bell Telephone
Labs. Presentation of Fellow Award. 1 15 60

“Subscriber Line Data Transmission Systems,
P. 1. Granfelder, Western  Electric Co..  Inc.
219 60

NORTHERN ALBERTA

“Filters and Duplexers,” Dr. W. V. Tilston,
Sinclair Radio Labs. 1 19 60.

NorRTHWEST FLORIDA

“Recent Biological Experiments in Ballistics
Missiles,” Dr. D. E. Stullken. NATC, Pensacola.
1215 59

Oxranoma City

Tour of Amplitron Installation and Air Naviga
tion Facilities, Will Rogers Ficeld. Oklahoma City
112 o0,

“Use of Transistors in Seismic Work,” 1. 1),
Delbridge, Shell Oit Co. 2/9 60

BOESCH 1

subminiature
toroidal
coil winders

MODEL SM

ORLANDO

“Current Problems in Infrared Physics & Tech-
nology,” Dr. 8. 8. Baltard. University of Florida;
Filni: “Bomare Weapon Systemn.” 1 13/60.

1 and Use of Direct
Writing Recording Systems,” Dr. A, Miller. San-
born Co. 1,20, 60.

“Facts Mbout IR Headqnarters—Present Ac-
tivitics and Future Plans,” Dr. R. L. MeFartan,
IRE President. 2/1 /00,

Seminar on “The Role of a Nuclear Reactor in
a University,” Dr. T. I. Thompson, MIT: Dr
W. Kerr, University of Michigan; W. J. Clapp.
Florida Power Corp.; Dr. W, B. Harrison, Georgia
Tech.: Dr. Glenn A. Greathonse, University ot
Floridia; Dr, J. A. Wethington, University ot Flor-
ida. Presiding was Dr. Walter il Zinn, General Nu-
clear Ingineering Corp. 2 13 60,

“Considerations in De

Orawa
“Design Problems  in Developing  Oscillo
scopes,” M. B. Crouch, Tektronix, Inc. 1/14 60,
Five different subjects by University Students.
Presentation of Fellow Award. 2 4 60

PHILADELPHIA

“Design of the UNIVAC-LARC System,” ). P,
Lckert, H. Lukoff and A, B. Tonik of Remington
Rand. 16 /60

PHOENIX

“Signal-Flow Graphs in Sampled-Data Sys
tems," Dr. I, M, Salzer. Ramo Wooldiidge Corp
119 o0

PriissurGn

“Instrumentation—Past and Present,” R, D
Wyckoff, Gulf Research and Development Corp
10/5,50,

“The Systems Approach to Moleculin Flec
tronies,” Dr. X, W McCourt, Westinghouse Air
Arm Division. 10/19 /50,

Field tour of Greater Pittsburgh Nirport \ir
Traffic Control Center. 11.9 39,

“Recent Developments in Thermoelectric Conl

Continued on page 96.4)

NEW MINITOR

SM winds %6” 1.D. toroids. New MINITOR
winds %:2” L.D. Write for complete data.

BOESCH MANUFACTURING (0., INC., DANBURY, CONN.

BOESCH

J crimp-type, snap-locked contacts

Modular

HYFEN’

connector
feed-thru, multiple insert

I‘I

Tj

3

é Makes possible the design
J

of lighter and more com-
pact equipment. Each insert
holds 35 contacts. Frames
available for 5 or 8 inserts.

For complete information. write: OMATON OIVISION, BURNOY~Norwalk, Connect.

9.1
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recorders prove what every

engineer knows . . . SIMPLICITY MEANS RELIABILITY

What simpler and more reliable actuating device can
you employ in an amperage-voltage-frequency record-
ing instrument than a d’Arscnval galvanometer . . . a
trouble-free horseshoe magnet and a coil of wire? The
same is truc of the exclusive “recti/rite”™ system . . .
a simple, shock resistant trigonometric linkage that
straightens the arc described by the galvanometer
metering arm, changing curvilincar motion to recti-
linear motion.

All the other “recti/riter” recorder features which
contribute to this instrument’s multi-industry accept-
ance and hardworking reliability are equally simple:
The optional a-¢ or d-c drives couple directly with
chart speed change gears to allow ten chart speeds;
all routine operations ard adjustments are performed
“up front™; the non-corresive, honed metal alloy pens,
closed ink system, and large capacity inx well give
you leng. consistent writing performance.

TEXAS INSTRUMENTS
[7{5\\ I NCORPORATED

GEOSCIENCES & INSTRUMENTATION DIVISION
. 3509 BUFFALO SPEEDWAY ® HOUSTON 6, TEXAS ¢ CABLE: TEXINS

With all their simplicity and reliability, “recti/riter”
recorders are offered in extremely wide and useful
Basic Recorder Ranges (Dual channel recorders offer
combination of any two ranges):

Two Cycle Pen Response

D-c Milliampere Ranges Y4 ma to 100 ma

A-c Ampere Ranges 025 At025 A

D-c Ampere Range 100 mv for use with standard shunts

Expanded Scale A-c Voltage Ranges 80-130 V,

160-260 V, 320-520 V
10 V to 1000 V
50, 60, 400 cps

A-c and D-c Voltage Ranges
Frequency Ranges

Five Cvcle Pen Response
D-c Milliampere Range 5 ma
Ask the TI engincer about custormized rzcorders for
your OEM applications. Don’t settle for any re-
corder until you know all the facts on the complete
“recti//riter” recorder line.

The proved ‘recti/riter”
recorder is a companion to
the new ‘'servo/riter”*
recorder.

*'“servo/riter’’ is a trademark
of Texas lastruments

320



~ new rapid tests Section

of SSB Mestinas
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(Continted jroom page 94:-4)
t ] n

with ONE compact
multi-purpose
spectrum analyzer

e e

ing Devices and Power Generation,” Dr. S J.
Angello, Westinghouse Flectric Corp. 12 7 59,

“The New Sound™ .\ zpecial non-technical
nou-commercial detmonstration of new and old
techniques for recording by a speecial RC.A demon-
stration team. 1214 59,

Por1LaNp

Tour of Tektronix Plant. 12 17 '50,

Demonstration Lecture on the ESIAC Mge-
braic Computer, by D1 M. Morgan, levtro-
Measurements, Inc. 1 23 60,

“Time Divizion in Communication.” K. Searcy,
Pacific Telephone & Telegraph Co 2 10 60,

Panel dizcuszion on “An Impedance Plethys

mograph-Instrumentation and  Clinicat Applica
tion” and “\ Myograph, Instrumentation and
Clinical Application,” Panel members: Loren Park,
Dr. R. J. Undetwood, Dr. R. E. Rinchard, and
Dr. D. Michael. 2 11 /00,
QUEREC
*The Case lor Special Quality Tubes,” DS
Simking, Rogers Ilectronic Tube~ and Component
27 60,
ReGina
Conducted tour of Regina Nirport Radar [n
stallation. 11 27 59,
Rowre Unica
“Interface  Problem~  in System Design.”
AL Knnze, Rome M Developmient Center. 120 60

SSB-3

Sant Lake Crry

*\ New Look At Relativity.” John Ander<an,
Retired, 18 3 50,

“Traveling Wave  Tube Oscillograph,” D1
R. Grow, University o1 Utah. 12 8 59

... sSimple
. . . versatile
... low-priced

Now, in one convenient package, all the
equipment you need to set up, adjust,
monitor, trouble-shoot $SB and AM trans-
missions!

Wide Band
Amplifier
Model 530

GENERAL DESCRIPTION

The Model 530 Wide Band Amplifier has
been designed to fill a need for an ampli-
fier used principally for voltage amplifica-
tion of CW or pulsed signals.

® 60 db dynamic sange |

® 60 cps hum sidebands measurable to
—60 db

® Stable tuning head with 2 mc to 40
mc¢ range with direct reading dial

® Sensitive spectrum analyzer with pre-
set sweep widths of 150, 500, 2000,
10,000 and 30,000 c¢ps with auto-
matic optimum resolution

® Continvously variable sweep width up
to 100 ke

® Two-tone generator with separate
avdio oscillators with independent
frequency and amplitude controls.
Qutput 2 voits max. per tone into
600 ohm load

® Internal calibrating and self checking
circuitry

This model has many applications in the
laboratory and also for television distri-
bution systems. It may be used to
increase the output from signal sources
within its frequency range, and its band-
width of 300 mc's makes it ideal for
amplifying millimicrosecond pulses.

‘ PRICE $330.

Ask for new Catalog Digest and the
PANORAMIC ANALYZER

ORI

RADIO PHRODUCTS, INC.
522 So. Fulton Ave. @ - AM(. Vernon, N. ¥
' OWens 9 4500

96A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

“Pulse Doppler Radar,”™ A0 W, Vodak, Sperry
Utah Engineering Lab, 1 14 60.

SAN ANTONIO-AUSTIN

“Parametric Amplifiers,” Dr. K. Kotzchue,
Texas Instruments. 10/16/59,

“IAectronic Circuitry for Ultrasonic Applica
tion,” W, .\. Gunkel, Southwest Research Institute.
11/20,59,

“Maximizing Information Rate in Data Sys
tems,” Dr. W. .\. Voungblood, University oi Texas
12712 59.

“Techniques of JAudio Frequency Measure
ments,” Hoyt Foster, Kelly AFB. 12 18 59,

Presentation of Fellow Award. 1/22 60

SaN Dikco

“Electroluminescence,” S, H. Boyd, Strom
berg-Carlson. 1 6 60.

“Optimization of \irborne Special-pintpose
Computers,” R. Williamzon, Librascope. 2 3 ot

SCHENECTADY
“Digital Shaft Encoders,” R, Knapp., RI'l
1/21/60.
“The Scavenger Amplifier,” Dro W, K. Volkers,
Millivac Instrnment Corp. 2 9/60.

SHREVEPORT

“Microwave Communications,” A\, K. Ursche
and Mr. Davis, Colling Radio. 15 o0,

“Transistor  Characteristics  and  Circuits
Prof. E. W. 15, Owen. Louiziana State University
2/2 60.

Sor i BENp-MisHawaka

“Doppler Navigation Radar,”™ R. 15 Tolletson.
Collins Radio. 9 21 59,

“The [RIE in the Space Age.” Do Ernest
Weber, [RE President. 10 14 59

Tont of RCA Whitlpool Rescarch Laboratorie
with comments by Di. DL Cutler. 10 29 50

“Magnetics -Key to Maodern Contiol,”™ I\
Wier, Muagneties, Ine. 123 59,

/

SPECIFICATIONS

Bandpass 10 KC to 300 MC
Voltage Gain 18 db

fnput impedance 135 ohms
Output Impedance 150 ohms

Max. Output Power

(into Matched Load) .08W
Max Output Voltage

(into Matched Load) 3.5 Vrms
Max, Peak Pluse

Output 7 V pos. or neg.
Rise Time Less than 2x107 sec
Dimensions 19" front panel—16’

wide, 9" deep 3% high.
Power supply included,

Provided on front panel
Two ded stages of
eight 6AKS

Gain Control
Tube Compl t

INSTRUMENTS FOR INDUSTRY. Inc. S
101 New South Road, Hicksville, L. I., N.Y. - 1 S

Geaduate enuineers with tno e tnoce yeaes of circuit applivatinn in the fields of elertronies ae phisies are invited 1o meet with Mr

N S Juhn Hieks in an informal inteecien or vend romplete resmme 10 Dir, Peraoanel. [HL 100 Sew South Koad, thirksille, New Vork
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2 NEW
GENERAL-PURPOSE 0SCILLOSCOPES
introduce TEKTRONIX QUALITY to the
- DC-to-450 KC RANGE

TYPE 503

The Type 503 is a differential-input X-Y oscilloscope with the additional
features—linear sweeps, dependable triggering, sweep magnifier, bright
trace, amplifude calibrator—desircble for general-purpose applications.

FREQUENCY RESPONSE AMPLITUDE CALIBRATOR

dc to 450 ke 500 mv and 5 mv peak-to-peak
. 1 ilabl
VERTICAL AND HORIZONTAL ;‘r’o”:';’r;f:':o;:: GRS GO XS
.| AMPLIFIERS ’
k Differential input ot oll oftenvator 3-KV ACCELERATING POTENTIAL
settings. 5.inch Tektronix crt provides bright

1 mv/cmto 20 v/cm in 14
calibrated steps.

Continvously variable between steps,
and to approximately 50 v/cm
uncalibrated.

Canstant input impedance at ail
sensitivities (standard 10X probes
can be used).

SWEEP RANGE
1 psec/cm to 5 sec/cm in 21
calibrated steps.
Sweep time odjustable between steps,
and to approximately 12 sec/cm
uncalibrated.

SWEEP MAGNIFICATION

X2, X5, X10, X20, ond X50
Magnification.

trace, 8-cm by 10-cm viewing areo.

EASY TRIGGERING
Fully ouvtomatic, amplitude-level
selection an rising ar falling slope
of signal, or free-run {recurrent).
AC or DC caupling, internal,
external, or line.

REGULATED POWER SUPPLIES
All critical dc voltages electranically-
regulated, plus regulated heater
supplies for the input stages
of both amplifiers.

SIZE AND WEIGHT
132" h, 9% w, 21V," d—
approximately 29 |bs,

The Tektronix Type 503 and Type 504 are the first
of a family of new oscilloscopes for the
DC-to-450 KC application area.

TYPE 504

® Both feature high reliability, simple operation,
light weight.

The Type 504 has the basic features desirable for most general-purpose
applications — sensitive vertical amplifier, linear sweeps, easy trigger-

0 O ing, amplitude calibrator,
® Each excels in performance characteristics in its class.
HORIZONTAL INPUT

0.5 v/cm, with varioble attenuotor.

FREQUENCY RESPONSE
dc to 450 ke

® Both now established as production instruments,
VERTICAL AMPLIFIER

3-KV ACCELERATING POTENTIAL
5-inch Tektronix crt provides bright

colibrated steps. -
trace, 8-cm by 10-cm viewing area.

Continvously variable between steps,
ond to approximately 50 v/cm
uncalibroted.

Constant input impedonce ot oll
sensitivities {stondard 10X probe

con be vsed).

EASY TRIGGERING
Fully avtomotic, amplitude-level
selection on rising or falling slope
of signal, or free-run (recurrent).
AC or DC coupling, internal,
external, or line.

Prices

*625

SWEEP RANGE
1 usec/cm to 0.5 sec /cm in 18
colibrated steps.

TYPE 503

TYPE 504 525

REGULATED POWER SUPPLIES
All criticol dc voltages electronically-

f.o.b. factory

Tektronix, Inc.

P.O. Box 831 -
Phone Mltchell 4-0161 + TWX—BEAV 311

Portlond 7, Oregon
Coble: TEKTRONIX

TEKTRON{X FIELD OFFICES: Albuquerque. N Mex. * Aflonto, Go. « Baltlimore {Towson, Md ) ¢ Boston{Lexington, Moss.) »
Ohio + Denver, Colo. « Detroit {Lothrup Villoge. Mich.) * Endicott (Endwell, N.Y.] » Greensboro, N.C
neapols, Minn. » New York City Area (Albertson, LI, N.Y, * Stamford, Conn * Union, N.J } » Orlondo, Fla ¢
Petersturg, Flo. » Syrocuse N.Y o Toronto { Willowdale, Ont.) Canodo * Washington, D C {Annandole, Vo.)

<Houston, Texas * Konsos City {Mission, Kon.) «

|
I
|
|
|
|
|
|
I
|
|
I
I
|
|
I 5mv/cmto 20 v/ecm in 12
|
|
|
|
|
I
I
|
I
|
|
|
|
|
|

Sweep time adjustable between steps,
ond to opproximately 1.2 sec/cm
uncalibrated.

AMPLITUDE CALIBRATOR

500 mv and 25 mv peok-ta-peck
square-wove voltages are avoilable
fram front panel.

regulated, plus reguloted heater
supplies for the input stages of the
verticol amplifier.

SIZE AND WEIGHT

13%" h, 9%" w, 214" d—
approximately 29 Ibs,

Rack-mounting models will be available, of course!

Buffolo, N.Y. « Chicago {Park Ridge, [l.} « Cleveland, Ohio « Dallas, Texos « Doyton,
Eost Los Angeles, Calif, » West Los Angeles, Calif. » Min-
Philodelphio, Po. * Phoenix, (Scottsdole, Ariz.) « Son Diego, Calif + San Francisco (Polo Alto, Colf.} e St.

TEKTRONIX ENGINEERING REPRESENTATIVES: Howthorne Electr o ney, Portlond. Oregon * Seat'le, Washington. Tektronix is represented in twenty oversecs counines by quoified engineering orgomizotions,

PROCEEDINGS OF THE IRE April, 1960
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' extreme
sensitivity
10 mc to
44.000 me

PANORAMIC'S

SPA-4

SPECTRUM
ANALYZER

MORE USEABLE SENSITIVITY

BAND RF SEMSITIVITY*

—95 05 dk

350 — 1000 MC —% to 00 db

910 — 2200 MC —9%) to —100 db

1980 — 4500 MC —&) fo 90 db
45-—10.88 KM~ —&0 to — 95 db

10.88 — 18.0 KM —70 to 90 db
18.0 — 26.4 KMC —&) to — 85 db

26.4 — 44.0 KMC —5 to 85 db

*measured when siznal and neise equal 2X noise

Using one tuning head which contains one
triode and twc Klystrcn osc llators, Model
SPA-4 offers more exelusive advantages for ap-
plications demanding extreme sensitivity, sta-
bility, versatility, accuracy.

* Three precisely calibrated amplitude scales—
40 db log, 20 db lincar, 10 db power.

Two independent frequency dispersion ranges
—continuously «djestable—0-70 mc and 0-5
mec. Nzgligible interal frequency modulation
permits narrow vand analysss of FM prob-

lems.

Variable I.F. beadwidth from | ke to 80 kc.
Push-button frequency selector,

Synchroscope output with 40 db gain.
Accarate measu-ement of small frequency dif.
ferences. A self-contained marker oscillator,
modJlated by a calibrated external generator,
provides accurate differential marker pips as
close as 10 kc.

v
L

pulscd signal systcms; instabil-ties of oscillators;
noise spectra; detect on of parasit cs; studics of

1armc yutputs ra
nal sourc
Write. wire or phore today for
) % detailed SPA-4 bulletin,
the pioncer. o

; ///"'"i\\ SR
Panoramic

| RADIO PRODUCTS INC.

522 So. Fulton Ave. ® Mount Vernon, N, Y.
OWens 9-4600

2
=
h’n Cables: Panoramic, Mt. Vernon N. Y, State

Section
Meetings

(Continned ~ 96.1)

Sot TH CaROLINA
“The Development oi the Modern Electron
Tube,” Dr. \WW. R. Ferris, University of South
Carolina. 2 § 60.
SYRACUSE
“Centralized Railroad Tratfic Control,” C, F.
Alulranen, N.Y. Central R.R. 1721 /60,

ToLepo
“Tomortow's Commutications,” D. F. Jones
and R. . Palomo. Ohio Bell Telephone Co. 1 /14 60,
Tueson
“Log Periodic Antennaz,” Dr. R. 11 Du Ham
mel, Collin~ Radio Co. 1726 60,
Toisa

A Low Phuse Distortion Seisntic Amplitier,”

Dr. . B. Ferguson, Jletsey Production Researcl
Co. 1 21 60.
VIRGINGA
“High Power Radiation azards (RO

1N, Pavne, UL S Naval Weapons Lab, 1 8 60,

WASHINGION

“Integrated  Flectronies,” Dr. DAL
RCA Labs. 1 26 60,

“llow Are \We Conserving Our Naaural Re
source The Radio Specttum?” panel discus<ion
with Commodore E. M. Webster, Moderator. Panel
members: T.ANL Craven, FCC: Capt. P Miles,
Office o1 Civil Detense & Mobilization: W, I Wat
kins, FCC. 2 100,

lenny,

WILLIAMSPORT

“Lnglish Contributions to Television.” F. Rut
ter, Westinghouse Flectronies. 127 o0,

“Propulsion for Space Flight,” Dr. 15 Petric k
and [, Szymanow ki, Curtiss Wright Corp. 2 1 60,

WiNNre

trom  Fregueney Re
sponse by Digital Computer Methods,” M. Tto,
University of Manitoba: “Mercary Are Rectifiers,
Rectitier Transiormers and Rectification Systeins,
M. Mayer, University of Manitoba. 12 2 59,

Dr. W, V. Tilson, Sin

“Transient  Response

“Antenna Research,”
clair Radio Lab. 1 20 60.

SUBSECTIONS

BUENAVENTLRA

“Some Aspects of Instrumentation 1or Ballistie
Missiles and Other Rockets,”  lolny Masterson,
Pacific Missile Range: “Closed Cirenit TV and
Swept Band Transmission Ateasuring Set Demot
strations.” 8. Wilson, Hallumore Electronies Co,
113 60

CAPITOL

Advanced Home Study and Residence Courses
in Electronics, Automation and
Industrial Electronics Engineering Technology

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE

Last Bay

“High Speed Data Reduction,” J.
Lawrence Radiation Lab. 10 5 59.

Russell,

IEasTERN NorTH CaroniNa

“Soil Moisture Content by Neutron Scatter-
ing,” W. F. Tioxler, Troxler Electrical Lab, Elec-
tion of officers. 1 8 60,

“Semi-conductor Charged-particle Detectors,”
1. L. Blankenship. Ouak Ridge National Lab.
2/12/60.

FairrFiELb CouNry

“Technical Manpower, .\ Vital Resource,”
Dean . 1. Jacobson, Pennsvlvania State Uni-
versity. 1,21 o0,

KirCHENER-WATERI 00

“Reprocuction of Heart Sounds,” L. M. Stein

berg. University of Toronto. 1 25 00.

For the highest

RELIABILITY
IN PRECISION
COMPONENTS

specify

FAIRCHILD

GYROS

PRESSURE
TRANSDUCERS

ACCELEROMETERS
POTENTIOMETERS

IRGHILD

,EONTROLS CORPORATION
COMPONENTS OIVISION

225 Park Avenve » 6111 E Washington Bivd,
Hichswite, L LN Y. Los Angeles, Cal.

A Subsidiary of Fairchild Camera and Instrument Cocporation

Pioneer in Electronics Engineering Instruction

Since 1927

ECPD Accredited
Terhnical Institute
Curricula

feequest pour free Hlowe Study or
Rexident Nehool Catalog by ¢ riling to: Dept. 2604G

3224 16th St., N. W. Washington 10, D.C.

Approved for Veleran Training
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Infrared detectors for sale

Our involvement in infrared detectors has deepened.

Pictured at the top of this page are, respectively, the sim-
plest kind of Koduk Ektron Detecior with a rectangular
sensitive area of any reasonable dimensions, available either
in a 3-pin miniature cable socket or unmounted with re-
solderable leads; an “immersed” detector with detecting
substance deposited on the plano surface of a radiation-
collecting lens; a detector mounted in a Dewar for cooling
by cryostat. We also deposit detecting substance in sepa-
rated or intricate configurations as ingenuity, under neces-
sity’s goad, may provide.

Since any of these physical forms can now be provided
with any of six different kinds of lead sulfide or lead selenide
depositions, as governed by spectral sensitivity, response
time, temperature, and ambient humidity, the print gets
quite fine in a folder we are publishing this month to guide
the selection of Kodak Ektron Detectors.

A free copy is available from Eastman Kodak Company, Appa-
ratus and Optical Division, Rochester 4, N. Y. It is designed 1o make

the sale with minimum further correspondence. To give you an idea,
the off-the-shelf, one-only price scale starts Srom $14.50.

Corruption can be arrested

CH;~N--CH, CsHy
CH; | |
| | OH =
O—OH ’I‘“ P=0 -OH
- CgH -COO
COO—O‘ 8717 [ CH, | O HO-
CH;--N-—-CH; OH
HPT RMB . .
OPS will arrest corruption | will arrest corruption|  will arrest corruplion| THBP will arrest corruption|

When plastics stand up to cracking, crazing, embrittlement,
gumming, and discoloration with the passage of time and
sunshine, it’s OK to credit the integrity of the maker’s name.

The concept of integrity is more readily grasped than is
the principle that every C-C bond, every O-H bond, every
C-Cl bond, every C =N bond, has its own price—a photon
of ultraviolet radiation just right in energy to snap it. Thus
corruption of plastics, a chain reaction like other corrup-
tions, begins. A rival substance that grabs off the u-v pho-
tons first and degrades their energy will delay the corruption
for a long time.

Other corruptions, initiated by atmospheric oxygen, can
be delayed by compounds that stop the action by supplying
hydrogen at a critical juncture. Of course, choice in inhibitors
is greatly restricted by many considerations of physical and
chemical compatibility.

Obviously, we think we have made a good choice in these
new ones:

Eastman Inhibitor OPS (p-Octylphenyl Salicylate), at I to 5%
levels, a preventive of the photo-oxidation that forms dele-
terious carbonyl groups in polyethylene and polypropylene.
Eastman Inhibitor HPT (Hexamethylphosphoric Triamide),
very pale, water-soluble, a liquid u-v inhibitor for use with a
heat stabilizer in poly(vinyl chloride) at 1 to 2%,

Eastman Inhibitor RM B (Resorcinol Monobenzoate), a non-
coloring u-v inhibitor at 19 levels for transparent cellulose
acetate butyrate. Superior to phenyl salicylate. Also pro-
tects cellulose acetate, cellulose acetate propionate, poly-
styrene, poly(vinyl chloride), and ethylcellulose.

This is another advertisement where Eastman Kodak Company
probes at random for mutual interests and occasionally a little
revenue from those whose work has something to do with science

PROCEEDINGS OF THE IRE April, 1960

-
> f i;)-‘__
Ssod | A g . .. Sunshine for the plastics man who worries . . . organic chemistry

. the question of whether or not instrumentation people really need ultra-fast film

Eastman Inhibitor THBP (2,4,5-Trihydroxybutyrophenone),
an antioxidant for polyolefins and various paraffin waxes.
May be added in solid form directly during the milling
process, or in solvent solutions to dry powders or melts, at
0.01 to 0.1% concentrations. Especially valuable for ab-
sence of stain at the low concentrations,

Isi’t it fun how in the chemical industry practically evervbody is
simultaneously practically everybody else’s customer, supplier, and
compelitor! Data sheets and development samples ( Jor those in a
position to evaluate them) from Eastman C. hemical Products, Inc.,
Kingsport, Tenn. (Subsidiary of Eastman Kodak C onmipany),

Man passing out dotriacontane

The atomic physicists are looking for substances against
which polarized free electrons can bounce without having
their spins inverted. The physicists want to coat a substance
like that on the walls of evacuated glass vessels. It should
have no free or unpaired electrons, no crystal structure. To
an electron scooting by, such a molecule should appear
magnetically inert. The small residual pressure tolerable in
the vessel should be mostly of rubidium vapor and not of
the non-inverting substance. Also the coating must have
good transmittance at around the 8000A wavelength of the
radiation fed to excite the rubidium.

“Optical pumping,” the theme these experiments share,
has to do with the manipulation of quantum levels so that
emission from the excited alkali metal atoms can be tuned
with great elegance. Pressure to improve understanding of
the phenomena comes from the need for instrumentation to
study the Van Allen radiation belts and for satellite-borne
atomic clocks to check out Einstein’s old predictions about
the meaning of time as told from a moving timepiece.

Some little samples of non-inverting substance were passed
out at a recent optical pumping conference by a man who
may well have bought the material from us as Dotriacontane
(Eastman 3555). Spermacetti wax once had a role in physics
as the material of the standard candle which defined candle-
power. When chemists attacked it, they found cetyl palmi-
tate, C;sH:;OCOC;H,. We have to make a long, uniform,
inert, homogeneous molecule out of that. In effect, the two
oxygens the whale put in the middle of the molecule are re-
placed by hydrogens. That is Dotriacontane. The climax, if
any, will come when word filters through that it has done
the job.

The moral is that with some 3800 organic compounds to milk, we
need never be at a loss for words. They’re all stocked by Distillation
Products Industries, "Eastman Organic  Chemicals Department,
Rochester 3, N. Y. (Division of Eastman Kodak C ompany’).

1600—no waiting

How come after all those promises we have made to in-
numerable instrumentation people over the years that some
day there would be 16mm, 35mm, and 70mm film as fast as
Kodak Royal-X Pan Recording Film now is—Index 1600—
how come we now find ourselves in the ridiculous position
of being able to make it at a greater rate than they’re buying
it? How come?

Dor’t they know that a note or phone call 1o Eastman Kodak
Company, Photo Recording Methods Division,

Rochester 4, N. Y., will set up the channel
to supply it through a local dealer ?

Price quoted is subject to change without notice.




BASIC -
BUILDING
BLOCKS

FROM KEARFOTT
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BLOCKS s

FROM KEARFOTT

Miniature
Floated

ELECTROHYDRAULIC
SERVO VALVE

Kearfott’s unique approach
to electrohydrau:ic feed-
back amplification design
has resulted in a high-
performance miriature
servo valve with just two
moving parts. Ideally
suited o missile, aircraft
and industrial applieations,
these anti-clozging,
2-stage, 4-way selector
valves provide high fre-
guency response and
proved reliability even
with highly contaminated
fluids and under conditions
of extreme temperature,

TYPICAL
CHARACTERISTICS

Quiescent Flow .......... - 0.15 gpm
Hysteresis .. 3% of rated cu-rent
Frequency Response
3db @ 100 cps
Supply pressure....500 to 300) psi
Temperature-Fluid & Ambien:
—65°F o +275°F
Aow Rate Range ... .3 to 10 gpm
Vieight ............... 10.5 ounces

Write for complete data.

. A\
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% ireclisa R
ngle Synchro
@;ﬁ?‘sx Indicator Q

Engineers: Kearfott offcrs challenging opportunities in advanced component and system development.

FERRITES

Kearfott’s Solid State
Physies Laboratory formu-
lates, fires and machines
permanent magnet ferrite
materials of various com-
positions. Typical high-
efficiency array utilizes
Kearfott PM-3 ferrvite ma-
terial with specially  de-
signed pole pieces to pro-
duce a design both smaller
and lighter than other
arrays of equivalent mag-
netic field strength. Be-
cause magnets may be cus-
tom engineered to specific
requirements, user is not
restricted to stock magnet
types, thereby providing
greater latitude in param-
eters for focusing arrays.
Pole pieces may also be
provided according to
specification, with the
added assurance that, be-
cause of special Kearfott
design techniques, B axial
magnetic fields approxi-
mately 10% higher than
those generally obtained
in standard types may be
produced.

TYPICAL
CHARACTERISTICS
Peak Magnetic

Field Strength 1200 gauss
Period 0.560 in
Length 5.64 in,
Inside Diameter

of Pole Pieces 0.400 in.
Outside Diameter 20in
Weight 3.2 pounds

Write for eomplete dala.

20 Second

co

Midwest Office: 23 W. Calendar Ave., Lo Grange, 1.
South Central Office: 6211 Denton Drive, Dallos, Texas
West Coast Office: 253 N. Vinedo Avenve, Pasodend, Calil.

INTEGRATING
TACHOMETERS

Kearfott integrating ta-
chometers, special types of
rate generators, are almost
invariably provided inte-
grally coupled to a motor.
They feature tachometer
generators of high output-
to-null ratio and are tem-
perature stazkilized or
conpensated for highest
accuracy integration and
rate computzation. Linear-
ity of these eompact, light-
weight tachometers ranges
as low as .01% and is usu-
ally better than + .1%.

TYPICAL
CHARACTERISTICS

Size 11
(R860)

Excitation Voltage (400 cps) 115
Volts at 0 rpm RMS) .......... .020
Volts at 1000 mpm (RMS) ... 2.75
Phase shift at 3500 rpm ... 0°
Linearity at 0-3600 rpm .... .07
Operating Temperature

Range ........... —54° +125°

Write for complete data.

KEARFOTT DIVISION

GENERAL PRECISION INC.

LITTLE FALLS, NEW JERSEY
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Fusion sealed. Glass
encapsulation is fu-
sion sealed to leads

and has zero moisture ab-
sorption. Exceeds require-
ments of MIL-R-10509C,
Char. B.

noise level. 0.1 micro-

volt/volt. Derating to
140°C. Average resistance
change after 5000 hrs. is
less than 1%. Exceeds MIL-R-
105098, Char. X specs.

N Fixed film. Extremely low

ture. Less than 0.35%

resistance change after
1000 hrs. of load-life tests at
max. dissipation. Exceeds
MIL-R-11804C, Char. P.

S Fixed film: high tempera-

inductive in high-frequen-

cy operations. Inherent
noise level less than 0.1 mi-
crovolt per volt. Exceptional
moisture resistance and
overload capacity. Exceeds
MIL-R-11804C.

RPower. Essentially non-

RESISTANCE
(ohms)

WATTAGE

100 to 100 K
100 to 360 K

14 @ 70°C.
1, @ 70°C.

*.03%/°C.
rem -15°C,
to+150°C.,
ref. to 25°C.

10 to 500 K
10to 1.5 meg.
30to 4.2 meg.

14 @ 40°C.
1 @ 40°C.
2 @40°C.

*.03%/°C.
from —55°C.
to +105°C.,
ref. to 25°C.

10to 500 K
10 to 1.5 meg.
30 to 4.2 meg.

120°C.  40°C.
1 1
1 2
2 4

*.03%/°C.
from -55°C.
to +235°C.,
ref. to 25°C,

10to 70K
30to 150K
20 to 300K
20to 500K
40 to 1 meg.

7 @ 40°C.
13 @ 40°C.
25 @ 40°C.
55 @ 40°C.

115 @ 40°C.

*.05%/°C.
from —55°C.
to +235°C.,
ref, to 25°C.

Why you save ounces and inches with
Corning MIL resistors

Fuse a tin oxide coating to a piece of special glass. Spiral
a helix in it. Attach leads. You have a unique resistor,
smaller and lighter than other designs.

Why unique? Because the coating is an integral part of
the glass base. It cannot come off or change its position
during jarring or jouncing.

This simple, rugged, extremely reliable resistor will take
all the environmental stresses created by the space age with-
out changing its performance a whit.

The construction has exceptional low-noise and stable-
temperature characteristics.

Above all, they are small. They are light.

The coupon will bring you complete technical data, Ad-
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dress: Corning Glass Works, 542 High Street, Bradford, Pa.
For orders of 1000 or less. contact your distributor serviced
by Erie Distributor Division.

»
(" CORNING ELECTRONIC COMPONENTS |
CORNING GLASS WORKS, BRADFORD, PA. |

’ Please send data sheetson CINF CIN OO1S R ,
| Name ... ... |
| Company ... I

: Address ... S R |

City ... . Zone ........ State ... |
Jd




makes computers

Pictured above is a typical
FXC coincident curren: memcry
stack; appearing, at left, one
of the memory planes used in
its assembly.

Time was when the problem of “remembering” placed practi-
cal limitations on the speed and capacity of computers. Not
so, today, because of a FXC-developed component called the
coincident current memory stack. Main reason for the out-
standing success of this important advancement in magnetic
ceramics rests in FXC'’s ability to meet the computer inelusiry’s
requirements for ferroxcube cores for recording heads . . .
pulse transformers coincident current planes, stacks
and similar precisely engineered products. Call FXC’s Com-
puter Engineering Dept. whenever you need help on a
ferroxcube application.

Say
ferroxcube
when you
need ferrite.

FERROXGUBE

CORPORATION OF AMERICA

50 East Bridge Street,

102A WHEN WRITING TO ADVERTISERS PLEASE MENTION-—PROCEEDINGS OF THE IRE

Saugerties,

New York

Section

'L Meetings

(Continued from page 98.1)

LANCASTER

“Some Aspects of Metallurgy in Semiconduc
tors,” Dr. F. D. Rosi, RCA. 12/9/59,

Las Cruces-WHITE SaNDs
“Tracking Earth Satellites with Minitrack,
P. A. Lantz, National Aeronautics and Space Ad
ministration. 2/9/60,

Mevphis
“Manufacture and Precision ot Radio Crys
tals,” Dr. Charles Ray, University of Tennessee
Election of officers, 1/30 60.

Moxsmot 1n

“Useful Energy from Controlled Fusion,”™ Dr
M. A, Heald. Swarthmore College. 1 20 60.

NEW HaMmpsiirs

“Medical Electronies,” A, M, Grass, Grass
Instrument Co. 1/20 60.

NORTHERN VERMONT

“Submarine Electronics,” Com. J. G, Gillmore
U. S, Naval Submarine School. 1 /18 /60,

OraxGt BELT

“Ionic Propulsion.” Y. C. Lee, Aerojet Gen
eral. 10/13/59,

“Quality Instrument Manufacturing,” W. D.
Meyers, Hewlett-Packard. Tour of California Poly
technic Electronic Laboratory Facilities. t1/10/59.

Tour of Kaiser Steel Fontana Plant and Plant
Communications. Mr, Klussman, Kaiser Steel,
1/11/60.

Panama City

Business meeting. 2 /10 /60,

PASADENA

“Tunnel Diodes,” Dr. C. J. Carter. Space
Technology Labs. 1/8/60.

READING
“Industriat Communications,” H. Campbell,
GAl-Tronics Corp. Tour of Semi-conductor depart
ment of Western Electric Company plant in Laurel
dale. 11/18/59.
“Project Vanguard-—A Step Into Space.” H. F,
Eckenroth, Martin Co. 12/11/59.

RICHLAND

“Elements of Reliability,” A. L. Ruiz, G. E. Co.
11/4/59.,

“The Precision Measurement of kxtremely
High Voltages,” H, V. Larson, G. E, Co. 1/27 /60.

SaN FERNANDO VALLEY
“You Take the Eyewitness, Give Me the Phys
ical Evidence,” Prof. L. V. Jones, Tour of Anheuser-
Busch Brewery. 1/13/60.
SANTA ANA

“Karth Movements,” Jobn Healy, Seismologi
cal Lab. 1/12/60,

WESTCHESTER
“Application of Electronics to Photogram-
metric Techniques in Modern Map Making,” M. M.
Thompson, U. 8. Department of Interior. 1/20/60.
WESTERN NORTH CAROLINA

Two films: “Crystals—An Introduction” and
“Brattain on Semiconductor Physics.” 1/22/60.

Use Your
IRE DIRECTORY!
It's Valuable

April, 1960



PROCEEDINGS OF THE IRE

April, 1960

transformer. W Metals,

bined in careful s

eters—pulse shape, rise fall times, ripplz, backswing, overchoot, life. What sets this one apart? A

unique thing — Carad capability. Capability gained n designing and building hundreds of special
pulse ‘ransformer types to exact specifications. Weights from ounces tc hundreds of pounds.
Ratings from 10 volts to 500 kv. None of these extremes are considered fimits at Carad. For
pulse transformers of any type you will find it worth your wnile to invest'gate Carad capability.
CARAD CORPORATION 2850 Bay Road - Redwood City « California




OUR

TRAVELLING WAVE TUBES
UNLIKE THE ANGEL FISH,

ARE NOT AS BROAD

AS THEY'RE LONG

BUT

THEY DO HAVE :
EXTREMELY WIDE ~7 X

BAND
WIDTH!

We have a wide selection of Low Noise
Tubes, Intermediate (medium power)
Tubes and Power Tubes, covering
many frequency bands. For further
details and information concerning

any of our range of thermionic tubes

for industry, write to the Company.

'ENGLISH ELECTRIC’

AGENTS THROUGHOUT THE WORLD

ENGLISH ELECTRIC VALVE C0. LTD. OIS Sy SO |
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MEASUREMENT

: NEWS
COMMUNICATION @

Another Example of ROHDE & SCHWARZ Contribution to Precise Measurement.

PRECISION DECADE FREQUENCY
MEASURING SYSTEMS

Generate and measure frequencies from zero
tokilomegacycles. Basic component is frequen-
cy synthesizer which generates continuously
variable frequencies of extreme stability and
accuracy derived from a single standard
frequency.

+ Fast, direct reading of
frequency on three dials
calibrated in megacycles,
kilocycles and cycles. Ver-
nier reading in millicycles
can be added.

- Smallest crystal control-
led step 10 cps.

- Suppression of spurious

harmonics better than
60 db.

« Accuracy 2x10°/day with
Type XSB Standard.

- Short time stability ap-
proximately 1x10%,

 System comprises a num-
ber of component units
which can be combined in
various ways in accord-
ance with desired range
and applications,

Write for Bulletin DFS.

Write for .

New Catalog

36-page catalog describes
complete line of Rohde &
Schwarz precision elec-
tronic measuring and
testing equipment.
Write for your free
copy of Catalog-MT.

POLYSKOP ELECTRONIC TEST
INSTRUMENT FOR TWO AND
FOUR TERMINAL NETWORK
MEASUREMENTS

Displays two separate
quantities such as im-
pedance and gain as |
functions of frequency
in the form of contin-
uous curves. Frequency
range: 500 kc to 400 mc.
Instrument contains a
sweep signal generator,
precision variable attenuator, electronic
switch, crystal marker generator and large
screen oscilloscope which provides a complete
precision measuring system.

Applications include laboratory and product-
ion testing of band-pass filters, limiters, all
types of amplifiers, television receivers, at-
tenuators, discriminators and coaxial cables.

Write for Bulletin SWOB.

DIAGRAPH

30 to 2400 mc. Plots, in-
stantaneously and ac-
curately by means of
a light spot, complex
impedances and admit-
tances directly on Smith
charts. Eliminates tedious measurements and
involved calculations. Instrument can also be
used as a phase meter over its frequency range.
Applications: impedance measurements on
semi-conductors, antennas, filters, receivers,
amplifiers.

Diagraph is available in three models: ZDU
covering frequency range 30 mc to 300 mc and
ZDU (420) from 30 to 420 mc; ZDD from 300 mc
to 2400 mc. Overall accuracy is better than 3%
for amplitude and 1.5° for phase angle.

Write for Bulletin Diagraph.

-
+*
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HDE & SCHWARZ

111 Lexington Ave., Passaic, New Jersey
Telephone: PRescott 3-8010

Cable Address: ROHDESCHWARZUSA
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liew RCA-7650 |

When you're designing equipment for missile usc. you can't take chances. You must be sure

vou're using the toughest tubes you can get. That's why the exceptional ruggedness of RCA- v
7650 and RCA-7651 is so important to you. i 1
These two unique new ceramic-metal beam power tubes will actually withstand 20 g vibra- , K

tional acceleration without adverse effect. In fact, both types have successfully undergone vari-
able-frequency vibration tests (20-2000 cycles) with peak accclerations of twice that amount!
Resistance of these tubes to vibration as well as to shock mears dependable operation during
the critical mements of launching and after. No wonder missile-equipment designers are so
enthusiastic about these new tubes.

Both RCA-7650 and RCA-7651 feature a coaxial electrode structure which makes them

adaptable to either coaxial-cylinder or parallel-line circuits. Both utilize RCA's exclusive grid- A g T
making technique for precision grid line-up and exceptional structural rigidity. Capsule data on Toe - (Ogmaton | Plae | gy | 008 [0 w

a Ll
. . . A . Watts
these two forced-air-cooled types are shown in the adjacent chart. Technical bulletins on these il KL cad Kt bnntd il

types are available from RCA Commercial Engineering, Section D-35-Q, Harrison. N. J, For  |mso| o )iz 0 | M0 ) &0 [us] 7®
further information about these tubes and other RCA Ceramic-Metal Power Tubes, contact the

RCA Field Representative at our office nearest you. i | e 2o | e | bower ot | Pt

i Type | Operaton | Puate | Putsewitn 1045 | Disss | arpessor °::‘

o BT ol I e

@\ RCA 7651 Screen and | 800" [ 600 [ 000 | s6m

’{Q2)l) RADIO CORPORATION OF AMERICA el Uy | e | s
ﬁg Electron Tube Division Harrison, N. J. oy

Government Sales: Harrison, N. 1., 415 S. 5th Street, HUmboldt 5-3900; Bayton 2, Ohio, 224 N. Wilkinsor St., BAMwin 6-2366; Washingtos 6, D.C., 1625 "K'* St., N.W., District 7-1260
Industrial Tube Products Sales: Detroit 2, Michigan, 714 New Cente’ Building, TRimty 5-5600; Newark 2, N. 1., 744 Broad St., HUmboldt 5-:3900; Chicago 54, lllinois, Suite 1154,
Merchandise Mart Plaza, WHitehall 4-2900; Los Angeles 22, Calif., 6355 E. Washington Blvd., RAymond 3-8361
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Poles and Zeros

Space Electronics: “That which
is characterized by extension
in all directions,” “of or per-
taining to an clectron or clec-
trons,” are Webster's definitions of space and electronices.
Modern usage combines the two words, and in their modern-
ity, as a single term, they have taken on  broad and very im-
pcrtant scientific meaning. This, April, issue of the PROCEED-
11 45 reports a comprehensive and detailed definition of the
term “space electronics” in its modern connotation.

For many months the public press has been filled with dis-
quieting discussions of the pros and cons of the status of mis-
siles and the entire “space program” of our nation. While dis-
cusston rages (and Generals disagree) it is fortunate that the
scientist and the engineer move ahead with the task of finding
the answers to many perplexing, interesting, and exciting
problems.

The treatment of the subject to be found in this volume of
the PROCEEDINGS resulted from an idea suggested by former
Editor Ryder. The Editorial Board finding merit in the idea
asked Conrad H. Hoeppner, Chief Scientist of Radiation Inc.,
to organize the issue. The wisdom of the Editorial Board’s
decision is demonstrated by the 33 impressive papers that
he has assembled. Mr. Hoeppner is to be congratulated on the
excellence of his work, and its results. The cover illustration
for this issue was also Mr. Hoeppner’s idea: he assisted and
guided the preparation of the art work. He has added this
chore to his other responsibilities as Editor, and as Chairman
of the Protessional Group on Space Electronics and Telemetry.

[t is reassuring to learn of the extensive progress of re-
search and investigation by the foremost workers in the area
of space electronics. This issue marks another milestone in
the IRE arrayv of Spectal Issues.

LIS

Headquarters: [ R1Z marks its continuing growth by the acqui-
sition of the building at 984 Fifth Avenue; it is adjacent to
and on the north side of its present building, 1 East 79th
Street, in New York City. IRE now owns a group of three
buildings on the northeast corner of Fifth Avenue and 79th
Street. All originally belonged to the family of Irving S.
Brokaw, famous 19th century clothier.

The Institute took occupancy of the initial building at 1
East 79th Street in 1946, and acquired the adjoining building
at 5 Last 79th Street in 1954, As is evident from the Table of
IRE Growth, the necessity for additional space in the future
becomes self evident. The purchase of 984 Fifth Avenue pro-
vides this space. There are no immediate plans for occupying
the building, which is presently still in use as a private
dwelling.

A study of the statistics in the Table yields some interest-
ing results. At the end of 1953 Headquarters floor space
was approximately 0.4 square feet per member. The time
had arrived to provide additional space. Again, at the

; ®
A\

end of 1959 the same floor area per member has been reached
and the new building acquired. Assuming a continuation of
the efficient usc of facilities the building just added should
provide adequate floor space until the membership reaches
124,000. The acquisition of the new building thus assures that
the rapid growth of IR activities and services may continue
unabated during the coming years. It is startling to discover,
however, that if the recent rate of growth is maintained, the
figure of 0.4 square feet per member may again be reached as
carly as 19635. A similar study of the data of the Table gives
very roughly the figure of 1.8 square feet of Headquarters per
page of publications and would indicate approxtmately 27,000
pages as the publication output in 19635. The Table would
also predict a teadquarters stafl of 260 in that year. The fig-
ures probably mean nothing in an Institute as dynamic as the
IRE, but it’s still fun to speculate.

TABLE OF IRE GROWTIHI

12/31/45 12/31/33 12/31/39

IRE Membership 15,782 37,134 79,162
PG Members 0 21,797 87,027
IRE Sections 30 71 105
IRE Annual Expenses $175,000  $1,300,000 83,300,000
Publication Output (pages 1,882 8,360 17,908
Headquarters Staff 32 85 170
Headquarters Floor Space

(sq. ft.) 15.608 31.293 18,946

The building was purchased with TRE funds which were
accumulated gradually over the vears under a program of
careful financial management. Our thanks go to our astute
Treasurer, W. R. (5. Baker, and to our Executive Secretary,
George Bailey.

Better Paper: Beginning with the February issue, as an ex-
periment. the same type paper has heen used in the editorial
section as had previously been used in the advertising section
only. The principal difference is that the new paper has a
glossy finish, providing a noticeable improvement in the repro-
duction of line drawings and halftones. In addition, the new
paper is slightly heavier; thus the ink on one side of the sheet
does not show through as much on the other side of the page.
The new paper will tend to become more yellow with age,
especially if exposed for long periods to sunlight, however,
the amount of yellowing that is likely to occur to a bound vol-
ume in the library over a fifty year period will not be serious.

Convention Record: Now that the 1960 International Conven-
tion has taken its rightful place in [RE history, it is appropri-
ate to issue a reminder that the Convention Record is no
longer distributed free of charge. For your convenience a tear
out order blank will be found on page 18A of this issue.—
F.H., Jr.
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1. A\ Ratcliffe (M'29-\'32-F'53) was born in Bacup.
England, on December 12, 1902, He studied physics at
Cambridge University and received the B.A. degree in
1924, He at once started research work, under 120 V. Apple-
ton, in the Cavendish laboratory and assisted him, and
M. . F. Barnett, with their ecarly experiments on radio
waves reflected from the ionosphere. Soon afterwards Dr.
Appleton left Cambridge and Mr. Ratcliffe continued his
ionospheric researches, first alone, and later with a group
of rescarch students.

During World War I, he worked with the Telecom-
murications Research Establishment (T.R.15.)) which was
conecerned with the design and development of Airborne
Radar. When the war was over he returned to his radio re-
scarch at the Cavendish Laboratory. He was joined there
by Martin Ryle, who very soon established his own researeh
group of Radio Astronomers.

Mr. Raccliffe is at present a Fellow of Sidney Sussex
College and a Reader in Physies in the University of Cam-
bridge. On October 1, 1960, he will become Director of
Radio Research in the Department of Scientific and In-
dustrial Research (D.S.1.R.). He will leave the University

PROCEEDINGS OF THIE IRE

J. A. Ratcliffe

Vice President. 1960

and will assume control of the Radio Rescarch Station,
Slough, which has had its terms of reference extended to in-
chide exploration of the upper atmosphere and outer space
by radio and nonradio methods.

His research, and that of his research group, has been
concerned almost entirely with the physics of the jono-
sphere. He has heen particularly interested in the magneto-
ionic theory (on which he has written a book), ionospheric
cross modulation, the dilfractive reflection of radio waves
from an irregular ionosphere, horizontal movements of ir-
regularities in the ionosphere, the computation of electron
distributions in the ionosphere, and theories of the forma-
tion of the Flayers.

Mr. Ratcliffe was made a Fellow of the Royal Society
in 1951, and a Commander of the Order of the British
Empire (C.B.E.) in 1959, He is at present President of the
Physical Society and Vice-Chairman of the Eleetronics and
Communications Section of the Institution of Electrical
Engineers. He is Chairman of the British Natonal Com-
mittee for Scientific Radio which is responsible for arrang-
ing the NItith General Assembly of URSI in London in
September 1960.

April
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Space Electronics®
CONRAD H. HOEPPNERT, FELLOW, IRE

In lieu of the usual *Scanning the [ssue™ page, the organizer of this special

issue presents below an introduction 1o the subject of this issue, followed by a |
The Editor.

bricef outline of the contents.

T SPacE AGE

NEW AGI is beginning in the history of man-
kind-—an age in which man is no longer confined
to his planet, but is free to travel through the

infnite vastness of space. At first he will find this new
freedont dangerous and the environment hostile, but as
his knowledge increases and he attains mastery of space,
the freedom to travel will become sate and the environ-
ment [-iendly. [n the new age are limitless possibilitics
for adventure, exploration, business, pleasure and war.

The capability 1o explore space has developed largely
through the military efforts of the United States and
Russia. While the art of rocketry is old, it has only re-
cently been exploited to the point of space travel. In
World War I, German scientists demonstrated a
weapon of potentially great effectiveness in the rocket
which we know as the V-2. Both the United States and
Russia have employed these scientists on their respec-
tive rocketry programs and have added their own man-
power and other resources to make the programs effec-
tive. Peaceful and scientific uses of space probes and
satellites have developed through the International
Geophvsical Year plans and then through the establish-
ment in the United States of the National Aeronautics
and Space Administration. The struggle now is to ob-
tain more thrust per pound from chemical fuels and to
augment or replace chemical fuels with nuclear and
electronic means of propulsion. As these efforts meet
more and more success, larger payvloads of equipment
and men may be taken deeper into space
turned.

and re-

While initial efforts are to obtain more thrust per
pound, such a result must be obtained in a manner which
will insure reliability and safety. The many hazards of
space, among which are dangerous radiation and colli-
sion with other objects traveling at high speed, must be
surmounted. In order to sustain lile, a closed regenera-
tive cycle for producing food, water and oxygen must
be perfected and it must function, even in the event
that initial supplies are inadvertently destroved. After
surviviil ol a journey in a space vehicle to the moon or
another planet, suitable places in which to live must be
found, developed and maintained. These places are
likely to be underground caves instead of the glamorous

* Original manuscript received by the [RE, January 11, 1939,
t Radiation Inc., Melbourne, Fla.

“bubbles™ so often portrayved by tiction writers. Other
unpleasantness and hardships of living on extrater-
restrial bodies will develop, but human ingenuity will
triumph and eventual success in the colonization of
other bodies in space is certain.

Man is a sell-sufficient species on earth. There are
many portions of his own planet not adequately ex-
plored and certainly not colonized. It was not really
necessary that he explore and colonize the Americas.
He needit't make expeditions to the Poles in order to
live amply. It is intrinsic in the nature of man, however,
that he is not content with past accomplishment. He
must continue to strive for the unattainable and he will
not rest even when he has possessed every secret of the
universe.

We will become space travelers!

We will establish adequate reserves of energy (enough
thrust per pound) for travel through space and with the
necessary reliability and safety to transport human
beings. We will develop protective measures against
radiation, collision and other hazards. We will produce
suitable regenerative cycles for food, water and oxygen
to sustain life reliably. We will provide rapid transporta-
tion to man-made satellites, natural satellites, and other
planets, and we will develop adequate and even luxuri-
ous living accommodations to colonize other extrater-
restrial bodies. These accomplishments, however, will
demand still greater efforts from the men and nations
of the earth. Present efforts [all short by orders of mag-
nitude. 1o the United States, for example, space efforts,
measured in dollars, are approximately one quarter of
the automobile production. These efforts must increase
over one-hundred fold before space travel is common'

Wy EXPLORE SPACE?

Certainly, it has been the military advantage of inter-
continental ballistic missiles which has spurred the de-
velopment of vehicles capable of the exploration of
space. Space vehicles, too, have military values both for
surveillance and as weapons. Participation in the Inter-
national Geophvsical Year also has led to the uses of
rockets and satellites for obtaining scientific data. The
physical knowledge of the space surrounding the earth
and of the earth itself was increased. Political prestige
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has further been a stimulus to the development of space
vehicles. The Russian successes have caused the
United States to increase its rather minimal space ex-
ploration program. Then, of course, there are new ter-
ritories to “homestead” and new sources of wealth in
minerals and raw materials to be discovered. Whether
the reasons for space exploration be as listed above, or
whether they be for satisfying man’s curiosity and his
desire to advance, space exploration has begun. It now
remains for us to examine how it shall continue.

PLANS FOR SPACE EXPLORATION

Initial exploration of space was with unmanned
probes, viz.: high-altitude rockets, satellites, and deep-
space exploration vehicles. These were supplemented
by the terrestrial-based measurements of optical astron-
omy, radio astronomy, and cosmic particles. These
methods will continue, but unmanned space probes will
be followed closely by manned vehicles. Such vehicles
will travel first around the carth, then to satellite space
stations, to the moon, later to other planets, to their
moons, and to the planetoids. Combinations of manned
and unmanned space probes will also be useful. One
plan for visiting the moon calls for the landing of sev-
eral unmanned alternate vehicles on the moon to insure
the safe return of passengers when the manned vehicle
finally arrives.

Satellite space stations are a likely development and
will serve as refueling stations for [urther travel, as well
as for terrestrial communications. These stations may
be both near and far from the earth. A moon base would
certainly be a desirable launching point for further
space probes and is an ideal base for radio and optical
astronomy.

Planetoid bases with their lesser gravities may be ex-
tremely valuable for space exploration. They have suffi-
cient volume to provide living quarters and raw ma-
terials for construction. Their masses may be used as
| rotection from the radiation hazards as well as particle
impacts. Their greatly eccentric but highly predictable
orbits make them ideal for further travel to plancts.

As to the planets, both Mars and Venus present the
possibility of colonization. Mercury may also be habita-
ble. Other planets, because of their high gravity or re-
mote locations, will require much more in the way of
propulsive energy and protection for landings or ex-
ploration and may be quite unsatisfactory for habita-
tion. The moons of Jupiter and Saturn are more likely
targets for exploration and colonization than those
planets themselves.

In the exploration of space. the role of clectronics is
most vital. Electronic measurement and transmission
of data are the forefronts of our exploration effort. Re-
cording and analyzing equipment are also largely elec-
tronic. Many new equipments and systems are needed
for measurements, telemetry, recording and processing.
The techniques developed in the past for rocketry must
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be extended and improved. The need to reduce size,
weight and power requirements of the equipment is
paramount in the light of our present feeble rocketry
capability.

COMMERCIALIZING SPACE

The first uses of satellites probably will be for sur-
veillance. The photographs of the back side of the moon
taken by Russian scientists are a typical example. Opti-
cal surveillance as well as infrared, radio, and radar
surveillance of the carth and other bodies are in demand
for military applications, for surveying and for predict-
ing and possibly controlling the weather. A second use
of satellites is likely to be the relaying of communica-
tions, permitting a vast increase in the number of intra-
earth message channels. NMultiple station coverage may
be controlled for relaved communication as well as for
recorded and delaved communication. Satellite useful-
ness will undoubtedly be extended to include radio and
television rebroadcasting with worldwide coverage. This
extensive scope of broadcasting will bring about in-
teresting and revolutionary changes in the methods of
handling and regulating these facilities. The satellites
will also widen our rescarch horizons, as will coloniza-
tion of the moon and other planets. Astronomical data
may be better and more easily obtained on the moon
than it is on earth. The case of providing a vacuum for
manufacturing and experimental processes is an obvi-
ous advantage. Thermal insulation and the obtaining
of low temperatures are radically simplified from condi-
tions on the earth. As a result, it is likely that the space
experimental laboratory will differ greatly from its
earthly counterpart. Also possible are new manufactur-
ing processes that may produce improved life on carth
as well as in space.

FUTURE PROBLEMS

The space age has barely begun, yet almost insur-
mountable problems have developed. More and more
scerious problems may be expected in the future.

At first will be the scientific problems. Physical,
chemical, biological, and medical laws and limitations
will be widened and stretched, possibly beyond our
present expectations. On the electronic side, radio-
frequency propagation anomalies which are not now
suspected will undoubtedly be discovered. The new
space environment will cause design and operating
changes in practically every branch of electronics.

lowever, these technical problems may well be ob-
scured by man-made problems unless we formulate regu-
lations and legislation designed to govern the activities
of the astronaut. There must be laws common to the
many participating countries and additional laws to
govern the new encounters in space. International agree-
ments which have been heretofore difficult, if not im-
possible, to make are necessary to prevent chaos. The
social problem of people living in close quarters for
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long periads of time with mental strains, boredoms, ete.,
racial or national prejudices, and the possibility of new
nations and new governments must be considered. A
careful and considered program of space law is a neces-
sity,

In the area of electronics there will be the frequency
allocations to prevent interference, and, of course, in
radio and television broadeasting, who is to regulate the
quality of the programs? As a matter of {act, will the
Federal Communications Commission of the United
States permit unattended satellite repeater broadeasting
stations? What will happen to the “spheres of local
interest” which the FCC has fought valiantly over the
vears to preserve? Installing unattended repeater radio
and television broadeast stations all over the United
States would be far more economic at the present time
than using a repeater satellite. Licenses, however, are
not presently granted for this purpose. Also, what is to
prevent the unauthorized use of a repeater satellite, a
use which may interfere with its normal purpose? It is
accessible from every point over half the globe.

Applications of clectronics which were not even con-
ceived a vear ago are already realities. It is these proh-
lems and scientifhe aspects of space exploration with
which the current issuce of the PROCEEDINGS OF THE
IRE is concerned.

Tue Arrie, 1960, Srace ELECTRONICS ISSUE

Many of the equipments and techniques used in space
research and satellite programs are adaptations of those
employed in carlier rocket experiments, but on the
other hand, some are new. In this latter category is
electronic propulsion. Early in the issue this subject is
introduced, its merits discussed, and comparisons are
made with existing chemical propulsion systems.

In the categories of navigation and guidance, a brief
introctuction to the solar system is presented and meth-
ods of navigation and guidance for interplanetary
travel are given. In addition, the use of satellites for
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navigation of ships, planes and other vehicles on the
carth’s surface is treated. .\ theoretical article is pre-
sented in which the author develops the thesis that
present inertial guidance systems may improve by as
much as two orders of magnitude.,

Commuitication from point to point on the earth,
from earth to satellite, to interplanetary traveler. and
to other planets is considered. In this very broad field
of communications, only a few representative and di-
verse subjects could be included. Tracking and surveil-
lance papers are presented which illustrate a small por-
tion of this ficld.

Telemetry in space is examined from a number of as-
pects. As usual, the paramount problem is that of trans-
mitting as much data as possible for as great a distance
as possible with a minimum of equipment.

A representative group of papers representing instru-
ments and measurements has been chosen, ranging
from those necessary to maintain and direct the vehicle
to those used o discover the physical conditions in outer
space.

While space electronics is introduced to readers in
this issue of the PROCEEDINGS OF THE IRE, the TrANS-
ACTI0NS of the Prolessional Group on Space Electronics
and Telemetry will continue to present these subjects
to its members. Six basic divisions of the PGSET are
active in collecting and disseminating information in
the following categories:

1) Telemetry and Remote Control.

2) Space Instrumentation.

3) Space Communications.

4) Space Navigation,

5) Electronic Propulsion in Space.

6) The LEfiect of Space Environment on Equipment
and Living Things, Including lumans.

I any of these subjects is of interest, a cordial invitation
is extended to our readers to continue that interest with
the PGSET and its TRANSACTIONS.
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Summary—This report, prepared in April, 1959, summarizes the
objectives of the space sciences program of the U. S. National Aero-
nautics and Space Administration and the immediate and long-range
plans for carrying the program out. The report is divided into several
broad areas: atmospheres, ionospheres, energetic particles, electric
and magnetic fields, gravitational fields, astronomy, and biosciences.
Included in the discussion is a review of present knowledge and
existing problems in each of the above areas.

NIHE U S. National Aeronautics and Space Ad-
ministration is developing a national space sciences
program on as broad a basis as possible. In the

planning and programming, advantage is being taken
ol the advice of many specialists and experts in the
scientific community. In the conduct of satellite and
space probe experiments, broad participation of the sci-
entific community and industry, along with government,
is planned, and steps are being taken to secure such
participation. The developing program has captured
and increased the momentum in space research de-
veloped during the International Geophysical Year.

The present status of the national space science pro-
gram is described in the following sections. For con-
venience, the subject of research in space has been di-
vided into several broad areas: Atmospheres, lono-
Electric and  Magnetic
Iields, Astronomy, and Bio-
sciences. For cach area, the principal scientific objectives
are stated, followed by a review of present knowledge
and existing problems to be solved. Each section closes
with a statement of the long-range program and of the
immediate program now under way.

The subdivision used is one of convenience only.
Actually, the various areas are related in many complex
ways. Investigations of the various interrelationships

Energetic Particles,
FFields,

spheres,
Gravitational

are a very important part of the search for a better
understanding of many puzzling phenomena.

[t is recognized that the national space sciences pro-
gram is subject to continuing review, amplification, and
modification as work progresses and scientific data and
results from currently-orbiting space
vehicles. Morcover, desired scientific experiments must
continuously be matched with the present and future
capabilities and availabilities of vehicles, supporting

are  obtained

technology, and facilities.
ATMOSPHERES
Objectives
To determine and understand the origins, evolutions,
* Original manuseript received by the IR, December 2, 1959.

Prepared by the Office of the Asst. Dir. for Space Sciences, Natl.
Aeronautics and Space Admin., Washington 25, D. C., April 16, 1959.
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natures, spatial distributions, and dynamical behaviors
of the atmospheres of the earth, moon, sun, and planets;
and their relations to the medium of interplanetary
space. To investigate atmospheric phenomena associated
with interactions between photons, energetic particles,
fields, and matter. To understand the relations between
the earth’s upper atmosphere and its surface meteor-
ology. To evaluate atmospheric effects on instrumented
and manned space flight.

Present Knowledge

The Earth’s .ltmosphere: The structure, f.e., tempera-
ture, pressure, and density, of the earth’s upper atmos-
phere is partially known from indirect observations and
from rocket soundings at New Mexico, Fort Churchill,
Canada, in the Arctic, and on the equator. Up to about
110 km altitude, density and pressure both fall off by
a factor of roughly 10 for every 10-mile increase in
height. At higher altitudes, the rate of decline in den-
sity: and pressure is markedly slower. Starting from the
ground, temperature falls steadily with height until
at about 12 km (in temperate latitudes) the temperature
reaches a minimum of about —355°C. With increasing
altitude, the temperature then rises again to a maximum
of about 0°C at between 50 and 60 km. After that,
there is a sharp decline in temperature to probably less
than —75°C at between 80 and 85 km height. Through-
out the £ and F regions of the ionosphere, kinetic tem-
perature rises to 1000°C or more, and perhaps to above
2000°C. The structure parameters vary with both time
and geographic position. Pressure, for example, varies
by a factor of at least two at 100 km and by a factor of
six or more at 200 km. Indications from rocket measure-
ments are that variations by orders of magnitude in
pressure and density may be expected at F-region alti-
tudes and higher.

The composition of the atmosphere is essentially the
same from sea level up to the E region at 100 km. Small
amounts of ozone are created by solar ultraviolet radia-
tion, the. maximum concentration being found at be-
tween 25 and 30 km in the daytime. In the /£ region and
above, molecular oxvgen dissociates to atomic form.
Rocket observations at Fort Churchill have shown a
marked diffusive separation of argon relative to nitrogen
starting at altitudes between 100 and 120 km and in-
creasing into the lower I region.

Rocket wind measurements and indirect ground-
based observations have indicated fast-moving winds at
all levels of the upper atmosphere. Tyvpical speeds are
20 to 50 meters per second between 30 and 120 km,
while speeds higher than 100 meters per second have
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been measured. In general, the winds are from the West
and strong in winter and from the East and weaker in
summer. Marked wind shears have been observed in the
E region of the ionosphere.

The Sun's Atmosphere: The sun’s atmosphere may ex-
tend with decreasing density throughout the solar sys-
tem. At a distance of about 20 solar radii (nearly 0.2
Astronomical Units) the atmosphere is still directly ob-
servable by its blurring effects on the radio stars seen
through it. Near the earth's orbit, it is estimated that
this atmosphere contains several hundred protons per
cubic centimeter and has an electron temperature of
250,000°K.

The Moon's Atmosphere: The moon lacks any ap-
preciable atmosphere, although a highly rarefied iono-
sphere has been indicated by radio astronomical oh-
servations.

Planetary ltmospheres: Mercury has no observable
atmosphere, and Pluto is too faint for an atmosphere to
be detected through the terrestrial atmosphere. Atmos-
pheres have been observed on each of the other planets
and on one of Saturn’s satellites.

Venus is covered by an extensive atmosphere of
which COq is the primary constituent. 11,0 has not been
identified there although it may be present below the
opaque cloud cover which envelops the entire planet.
The temperature of the top of the cloud layer has heen
measured with a thermopile as about 0°C. Radio-
astronoimy  measurements indicate a temperature of
nearly 300°C lower in the atmosphere.

The Martian atmosphere is tenuous compared to the
carth’s, but H.O and dust clouds have been observed
there. The surface pressure has been estimated at ap-
proximately eight per cent of the earth’s sca-level at-
mospheric pressure.

The atmospheres of the major planets (Jupiter, Sat-
urn, Uranus, and Neptune) contain large amounts of
[, and, presumably, Ile. Their spectra are dominated
by bands of CHy and NIl;. The atmospheres of Jupiter
and Saturn have a marked banded structure and exhibit
differential rotation as does the solar photosphere. In
addition, Jupiter shows such puzzling features as the
famous red spot, white spots, and lightning-like radio
emissions.

Lixisting Problems

The Earth’'s Atmosphere: Major problems connected
with the earth’s atmosphere are exemplified by the fol-
lowing questions, the answers to which are known only
partially or not at all.

1) What are the primary sources of energy affecting
the high atmosphere, and at what altitude levels are
these energies deposited in the atmosphere?

2) What is the average structure of the atmosphere
above 80 km over the entire globe; and what are the
variations in the structure parameter with respect to
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season, time of day, geographic location, and solar ac-
tivity?

3) What is the detailed composition of the atmos-
phere above 100 km? At what altitude, if any, do the
light gases H, H., and He predominate over O, N,
and N?

4) What are the detailed dynamics of the high at-
mosphere, including the general circulation?

5) What is the relation of the Great Radiation Belt
to the heating of the upper atmosphere, and what other
sources and sinks of energy are there?

6) \What is the energy budget of the low atmosphere
and what is its relation to cloud cover and weather SY'S-
tems?

7) What are the relations between the earth’s surface
meteorology, its upper atmosphere, and solar activity?

8) What is the origin and history of the carth’s at-
mosphere?

The Sun’s Atmosphere: Similarly, these questions re-
late to the sun's atmosphere.

1) What is the composition of the solar atmosphere,
particularly at planetary distances?

2) What are the density and temperature of the sun’s
atmosphere as a function of distance from the sun?

3) How does the sun’s atmosphere interact with
those of the earth and the other planets?

The Moon's .Itmosphere: In this context, two major
questions about the moon are raised.

1) Has the moon a trace atmosphere and, if so, what
is its composition?

2) If the moon does have a trace atmosphere what
are its origins, dvnamics, and entrapment near the
moor's surface?

Planetary Atmospheres: Finally, the following ques-
tions arise concerning the atmospheres of the other
planets.

1) What are the major constituents of the planetary
atmospheres?

2) What are the surface pressures and densities?

3) What is the altitude variation of their atmospheric
structures?

4) What are the atmospheric components that might
support earth-type life?

5) Do their atmospheres contain oxidizers available
for combustion?

6) Does Venus’s atmosphere contain 11.()?

7) Of what does the cloud cover of Venus consist?

8) What causes the apparent changes in transparency
of the Martian atmosphere, so-called “blue clearing”?

9) What is the nature and cause of the famous red
spot on Jupiter?

10) What is the nature and origin of the rings about
Saturn?

11) What are the important dyvnamic features of
these atmospheres?

12) Has Pluto an atmosphere?
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Program

Long-Range: Over-all, long-term plans for achieving
the above objectives include: 1) instrumented satellite
stations around other planets; 2) rocket probes deep in-
to the atmospheres of other planets including soft land-
ings onto the surface with automatic and, eventually,
manned recording stations; 3) probes deep into the solar
atmosphere; 4) special probes for measuring the density
and nature of gas and dust particles in interplanetary
space and within comets; and 5) extensive theoretical
studies to understand the basic natural phenomena tak-
ing place within the atmospheres.

Immediate: Short-range plans include extensive and
intensive studies of the structure and composition of the
earth's atmosphere from 80 km to several hundred kil-
ometers by direct measurements with sounding rockets
and with satellites. Diurnal, latitudinal, and temporal
variations in these parameters will be determined and
will be correlated with the energy and momentum bal-
ances in the earth’s upper atmosphere. Models of the
carth’s atmosphere will be formulated for 1) providing
basic data needed in understanding ionospheric, auroral,
and other phenomena, 2) providing guidance in the
study of the atmospheres of other planets, and 3) pro-
viding essential information in the engineering design of
the man-in-space launching, guidance, and recovery svs-
tems.

Short-range plans for studies up to 80 km include a
farge number of synoptic rocket flights and several
cloud-cover satellites to establish the relationship be-
tween surface meteorology and the structure and dy-
namics of the upper atmosphere. These data are vitally
needed to improve weather forecasts and to permit
eventual control of certain aspects of the weather.

Immediate steps in the atmospheres research program
are: 1) initiation of extensive instrumentation and sys-
tems development contracts for measuring atmospheric
structure and composition at gas densities of from 1 to
10~ atmospheres: 2) adaptation of currently available
atmospheric-structure instruments for an unmanned
carth satellite; 3) continuation and improvement of
1GY rocket soundings to determine the vital factors in
the large variations noted in the 1GY atmospheric-
structure flights; 4) the development of an inexpensive
synoptic meteorological rocket system to permit rapid
collection and analysis of data up to 80 km; 5) rocket
test flights for proposed satellite instrumentation sys-
tems; 6) launching of the remaining Vanguard meteoro-
logical satellite to study radiation balance in the carth’s
atmosphere; 7) completion of the test phases and flight
phase of the ABMA radiation balance satellite; and
8) the launching of a 12-foot inflatable sphere to obtain
satellite-drag data from which atmospheric densities can
be computed.
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IONOSPHERES
Objectives

To determine and understand the sources, natures,
spatial distributions, and dynamical behaviors of the
ionized regions of the solar svstem, including the iono-
spheres of the earth, moon, and planets. To investigate
ionospheric phenomena resulting from interactions be-
tween photons, particles, ions, and magnetic, electro-
static, and electromagnetic fields. To understand rela-
tions between solar activity and the terrestrial and
other planetary ionospheres, magnetic fields, and upper-
atmospheric current systems. To evaluate ionospheric
effects on instrumented and manned space flight, in-
cluding cormmunications.

Present Knowledge

The terrestrial ionosphere, which extends from an al-
titude of 60 km into interplanetary space, is formed by
the ionization of neutral particles, primarily by radia-
tion emitted from the sun. The density of ionization is
not uniform. The altitude regions of maximum ion
density during davtime are designated D, FE, Iy, and
Fa. Additional sporadic ionization can occur at various
levels, particularly in the E region. Normal D-region
ionization extends roughly from 60 to 85 km, with maxi-
mum values no greater than a few thousand electrons
per cubic centimeter. Average altitudes at which maxi-
mum densities in the £, I, and F, regions occur are
105, 150, and 300 km, corresponding to concentrations
of 1.5, 2.5, and 20X 10% el/cm?. These values are for a
summer day in New Mexico during the period of maxi-
mum solar activity. Gradients in the lower £ and /9
regions are roughly 10* el/cm?® per km. Very recent re-
sults indicate that the concentration above the F» re-
gion experiences a very gradual decrease to a value of
10° el /cm?® at a height of 10,000 km.

At night the density of ionization in the D, E, and F,
regions decreases by at least an order of magnitude. The
concentration decreases by less than this factor in the
Faregion, with the result that the nighttime ionosphere
shows a single Fregion predominant with comparatively
little ionization below 170 km.

The [-region altitude is relatively insensitive to lati-
tude. However, the F-region height is greatest over the
equator and decreases by 100 km at temperate latitudes.
lonospheric irregularities are strongly dependent on
geomagnetic latitude, with extremely irregular condi-
tions occurring in the auroral zones. The electron density
varies strongly with the solar sun-spot cycle, by as much
as one order of magnitude in the F» region. The major
ionized constituents of the £ and F regions are nitric
oxide and atomic oxygen, respectively.

The ionosphere makes possible communication over
large distances by retlection of frequencies below the
critical frequency. Typical values of these critical fre-
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quencics are 3 to 4 mc for the £ region and 5 to 15 mc¢
for the F region. It should be emphasized that since
ionospheric structure is dependent upon diurnal, sea-
sonal, latitude, and solar effects, so are its propagation
characteristics. In the lower ionosphere, such phenom-
ena as photoemission, diffusion, and the rectifving ac-
tion by antennas result in charging space vehicles with
potentials up to 20 volts.

Very little is known about the ionospheres of other
planets. There are indications of thunderstorms on
Jupiter and possibly Saturn and of auroras on \'enus.

Existing Problems

Although ionospheric structure is being studicd by
vertical-incidence radio soundings from surface stations,
this method gives results only up to the Fregion maxi-
mum and provides only integrated effects. Past experi-
ence has shown that rocket and satellite measurements
of electron density vs actual height are needed to inter-
pret surface ionosphere sounding records correctly, and
thus permit their use on a practical synoptic basis.

Since rocket measurements have not been made in
suthcient number above the /% region and since they
have intercepted only an extremely small portion of the
ionosphere for small time intervals, the most important
unknowns are the details of ionospheric structure, par-
ticularly above the Fu region, as a function of time, sea-
son, latitude, and solar and cosmic activity. Collision
frequencies and the ionic composition (particularly at
fow mass numbers) require special investigation.

Present knowledge of ionospheric-propagation char-
acteristics requires extension. Needed are: explanations
for anomalous fading effects; polar diagrams of upcont-
ing and downcoming waves and of waves along the mag-
netoionic ducts; experimental verification of the theories
of whistler and Z-mode propagation; the frequencies at
which heavy ions influence propagation (hydromagnetic
waves); and investigation of the probable existence of
very low frequency windows useful for interplanetary
communications. Definition of ionospheric structure and
propagation characteristics is important to such prob-
lems as the caleulation of tracking errors in AICB)I
radars and the choice of communications frequencies.

The interaction between charged particles in the
ionosphere with space vehicles is one of the least under-
stood phenomena of space flight. Measurements of ve-
hicle charge, particularly in the Great Radiation Belt
and in regions where photoemission effects can become
scrious (exosphere), are needed to compute possible
electrical drag and missile-trajectory errors.

Propagation characteristics of the exosphere and the
intensity and nature of cosmic noise need investigation,
particularly in the frequency range which is most af-
fected by the ionosphere. These data are important to
radio-astronomy observations from space vehicles.

Since so little is known about other planetary iono-
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spheres, discovery and survey-type investigations of
them are needed first. Then their structure and propaga-
tion characteristics also will need to be studied.

Program

Long-Range: The over-all program will exploit cur-
rent techniques for determining the terrestrial iono-
spheric structure, its propagation characteristics, and its
influence on space flight, by observation from below,
within, and above. New techniques for evaluating the
least known parameters will be developed. All of the ap-
plicable methods will then be used for the study of other
planetary ionospheres. Eventually, propagation sound-
ing stations may be established on the surface of the
moon. All the data will then be applied to understand
the interrelations between solar activity, magnetic
fields, the aurora, the Great Radiation Belt, and other
phenomena.

Immediate: The immediate program is concerned with
obtaining electron-density profiles at altitudes above
the Fy layer by propagation experiments in sounding
rockets. Then, latitude and temporal variations of this
parameter will be obtained by use of a satellite beacon.
Topside sounders in satellites will be used for svnoptic
studies of electron density in the outer ionosphere. This
technique promises less ambiguity than that obtained
from satellite beacons. Present knowledge of electro-
magnetic propagation will be extended by the inclusion
of VLF receivers in polar-orbiting satellites and space
probes. lTon-spectrum studies will be extended to lower
mass numbers and higher altitudes by the inclusion of
R1" mass spectrometers in space probes and satellites.
Direct measurements using devices such as antenna
probes, ion probes, and electric field meters will be made
in rockets and satellites, to define more precisely ion-
ospheric structure and to study the interaction between
the ionosphere and space vehicles.

ENERGETIC PARTICLES

Objectives

To determine and understand the origins, natures,
motions, spatial distributions, and temporal variations
of particles having energies appreciably greater than
thermal. To understand their relation to the origin of
the universe. To understand interactions between such
particles, fields, photons, and matter. To evaluate pos-
sible hazards to life and other effects of energetic parti-
cles and photons on instrumented and manned space
exploration.

Present Knowledge

Cosmic rays are an important constituent of the ener-
getic charged particles which are known to be present in
space. It is now certain that cosmic rays consist primar-
ily of high-energy hydrogen nuclei, plus a small percent-
age of energetic nuclei of heavier atoms. The heavier
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cosmic rays are largely energetic helium nuclei but in-
clude masses up to that of iron. It has been determined
that the cosmic-ray energies cover at least the range
rom a few billion to a billion billion electron volts. Over
this energy range the spectrum is such that the cosmic-
ray intensity falls rapidly with increasing energy. Be-
cause of this spread of individual particle energies, and
because of the magnetic field of the earth, fewer cosmic
ravs strike the earth’s upper atmosphere at the equator
than at higher latitudes.

On striking the atmosphere, the cosmic rays produce
many secondary particles including electrons, many
types of mesons, and fragments of atomic nuclei. Most
of these secondaries are absorbed by the atmosphere,
but a few reach the earth and some scatter back out of
the atmosphere. The intensity of these secondary par-
ticles just above the atmosphere is comparable with the
cosmic-ray intensity but decreases as the distance above
the atmosphere increases. The cosmic ray intensity is
not a constant but varies with the sun spot cvcle and
with magnetic storms and solar flares.

Another group of energetic particles in space com-
prises the particles which produce auroras. These par-
ticle streams contain electrons having energies over at
least the range from a few hundred to a few thousand
electron volts. Also present are hydrogen nuclei having
energies over about the same range as the electrons. On
striking the atmosphere, these particles ionize and excite
the air atoms producing the light we see as auroras.

A third class of energetic particles known to exist in
space comprises the Great Radiation Belt. These par-
ticles are in a belt surrounding the earth at latitudes less
than 70° and at altitudes between about 600 and 30,000
miles. The intensity of the radiation in the belt is thou-
sands of times that of the cosmic rays. It seems clear
that the radiation belt is the immediate source of the
auroral particles.

Lxisting Problems

Among cosmic-ray problems, important phenomena
to investigate are: The sources of the primary cosmic
rays, the processes by which the particles obtain their
high energies, their distribution in space, their varia-
tions in intensity and composition with time, their ener-
gy spectrum particularly at lower energies, their inter-
relations with the auroral and radiation belt particles,
their effects on both animate and inanimate objects, and
their detailed composition including the possible pres-
ence of antimatter.

In the field of auroral particles, the following are un-
known: The origin and acceleration mechanisms of
these particles, their presence or absence in space and
near other planets, their rapid variations in intensity
and spatial distribution, their detailed composition, and
their relations with cosmic rays, radiation belt particles,
magnetic fields, the sun, the ionosphere, and with upper-
atmosphere processes.
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Among the unknowns associated with the Great Radi-
ation Belt particles are: The composition and energy of
the particles, their origins, their lifetime, their spatial
extent, their possible variations in composition and in-
tensity, their effects on animate and inanimate objects,
and their relations to cosmic rays, auroral particles,
magnetic fields, the sun, and upper-atmosphere proc-
CSSCeS.

Program

Long-Range: In situ measurements using deep space
probes will be made from the close proximity of the sun
to the limits of the solar syvstem. Extensive measure-
ments in the vicinity of the planets, especially the earth,
will be made to determine the interaction of the ener-
getic particles with the atmospheres and fields of these
bodies. These measurements will require satellite orbits
around the earth, the moon, and other planets. The
establishment of an observatory on the surface of the
moon or on some other planet might be necessary, de-
pending on the data previously acquired by artificial
satellites.

Immediate: v the near future, the measurements of
energetic particles will be pursued with satellites and
rockets in the vicinity of the earth and with interplane-
tary probes. These measurements will be aimed at de-
termining the interactions ol these particles with the
carth’s atmosphere and field, their interactions with ii-
terplanetary fields, the types and energies of these par-
ticles, their spatial distribution, and the origin of the
energetic particles.

The immediate program includes, specifically, meas-
urements of 1) the cosmic-ray intensity in interplanc-
tary space; 2)” time and latitude cosmic-ray intensity
variations; 3) the composition and spatial extent of the
Great Radiation Belt; 4) the cosmic-ray energy and
charge spectrum; and 5) the nature of the particles pro-
ducing auroras.

ELECTRIC AND MAGNETIC FIELDS
Objectives

To determine and understand the origins, natures,
methods of propagation, spatial distributions, and tem-
poral variations of magnetic and electric ficlds through-
out the universe. To understand interactions between
these fields and matter in space, and the influence of
existing fields on solar and planetary atmospheres. To
use these fields in the investigation of the internal con-
stitution of astronomical bodies. To evaluate their ef-
fects and interactions on instrumented and manned
space exploration.

Present Knowledge

The earth’s main magnetic field is approximately that
of a dipole located at the carth’s center but tilted at an
angle of 11 degrees with respect to the earth’s axis. The
strength, orientation, and uniformity of the main field
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varies slowly with time. This is called secular variation.
The field at the carth's surface is also geographically ir-
regular because of differences in the geology of the
carth’s crust. These irregularities are called anomalies.
On a time scale of months rather than vears, the above
features appear constant at a given location. However,
using a time scale of days, hours, or minutes, a sensitive
instrument shows that the field is practically never con-
stant at any location on the earth’s surface. These vari-
ations arc usually classified as: diurnal- the variations
that occur in 24-hour cveles and appear similar from
day to day; magnetic disturbances —large variations that
arc not a daily event, in which the field changes are of ten
highly irregular for periods of several or more hours over
either small or large areas of the-carth’s surlface: mag-
netic storms— large variations which occur more or less
simultancoush over the entire surface of the carth:
sudden commencements or impulses—abrupt changes in
the magnetic fickd which sometimes precede magnetic
storms: pulsations—sinusoidal oscillations of the mag-
netie field, with wave periods ranging from fractions of
a second to five minutes and frequently persisting for
one or more hours and sometimes as long as a half a
day. The magnitude and frequency ol occurrence of
these variations are functions of geomagnetic latitude.
The largest diurnal variation is observed at the mag-
netic equator. The largest disturbance and storm vari-
ations occur in the auroral zones in association with vis-
ible auroras. Sudden commencements and impulses
tend to be world-wide. Pulsations are most prominent
in high latitudes and reach their greatest magnitude in
the auroral zones.

IFrom the study of surface measurements and from
theory, it is believed that these variations are caused
primarily by electric currents in and above the iono-
sphere. The currents are attributed to the dynamo action
of tides and winds in the ionized gas and to the influx of
particles from the sun. Recent thinking on hyvdromag-
netic phenomena has led some theorists to believe that
interactions between the outer portions of the carth's
field and the motion of solar gas clouds also contribute
to the variations. It has not, however, been possible to
prove any theory or establish an understanding of the
phenonmena solely from surface measurements. Ilere lies
the importance of direct measurements from space
vehicles.

Sensitive magnetometers have been suceessiully lown
into and through the £ region. These flights demon-
strate the existence of electric currents in the lower iono-
sphere at the magnetic equator and in the auroral zones
and showed the expected decrease in field intensity with
altitude. More than anvthing clse, they show the need
for more measurements.

The magnetic fields of the sun and other stars have
been -studied intensively, but it cannot be said that
there is concrete knowledge of their strength and form.
Indirect measurements and theories permit a  wide

The N.1S.1 Space Sciences Program

443

range of possibilities. Galactic feld intensities have been
estimated from theoretical considerations and the study
of light polarization; values between 1073 and 10-%
gauss have resulted. Theoretical studies of planetary
ficlds (other than the carth’s) apparently do not exist,
and methods of indirect measurement have not been
found.

An electric field exists between the earth and its iono-
sphere, corresponding to an average potential difference
of 290,000 volts. There is no direct knowledge of the ex-
istence of magnitude of electric fields outside the iono-
sphere. Theorics of the origins and accelerations of au-
roral particles and cosmic rays allow a wide range of
possibilities for interplanetary electric-field values.

Existing Problems

The unknowns of most urgent interest are usually
those which are most apparent. The most apparent un-
knowns in magnetic field phenomena are the sources of
field variations and the relationships between these vari-
ations and other solar-terrestrial phenomena. It is
known that some variation is due to ionospheric cur-
rents; but the existence, location, and strength of pos-
sible electric currents above the ionosphere are not
known even though their existence appears probable.
Strictly speaking, the cause of ionospheric currents is
not known; and even less is known about probable
causes for currents above the ionosphere.

The form of the earth’s main field is known, at least
approximately, close to the earth; but at distances of §
to 15 earth radii, where the field is most effective in
guiding solar particles, radical departures from predic-
tion can be expected. The field may expand and contract
in response to motions of solar and interplanetary gas
clouds. These distortions may in turn propagate as hy-
dromagnetic waves down to the ionosphere and even to
the earth’s surface. The possibilities can only be consid-
ered speculative until field measurements are made in
the outer reaches of the ecarth’s field.

At some distance, the earth’s field will blend with in-
terplanetary and/or interstellar fields. Estimates of in-
terplanetary ficlds range from 1073 to 10~% gauss. The
strength and orientation of these fields is especially im-
portant to the understanding of how solar particles
reach the earth.

Theories concerning magnetic fields on other planets
are practically nonexistent. One reason for this scientific
void is probably the lack of understanding of why the
earth has a magnetic field. It is generally thought that
the earth’s main field is due to dvnamo currents in the
liquid core, but the form and cause of these currents is
still an open question which may be related to the initial
formation of the carth. This lack of understanding is,
however, one of the principal reasons for obtaining
measurements of the ficlds of other planets which
formed under different conditions and have a different
composition. Similar thoughts suggest that knowledge
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of the moon’s magnetic field would be a major step
toward determining how it formed as an earth satellite.

Direct measurements of the electric fields exterior to
the earth’s ionosphere and in interplanetary space are
important to the eventual understanding of how coshic
ravs and auroral particles are accelerated and from
whence they come.

Program

Long-Range: Results from satellites, probes, and rock-
ots to be flown in 1959 will be an important factor in de-
termining the long-range program for studying the
carth’s fields. One can, however, anticipate that an im-
portant item will be establishing an earth satellite ob-
servatory which will include instruments for measuring
particle lux and solar radiations as well as magnetic and
clectric field instruments such that direct correlations
can be made between the various phenomena. Also
rocket soundings into the ionosphere will continue to be
used to study details of ionospheric currents more thor-
oughly.

The fields of the moon, Mars, and Venus will first be
measured from probes making close approaches and
eventually from packages landing and serving as ob-
servatories.

Probes will be shot at the sun to obtain solar field
measurements as close to the sun as feasible.

In all measurements, except the rocket soundings, the
experimental intent will be to obtain both the absolute
magnitude and the direction of the magnetic field meas-
ured. 1t will be more difficult to separate the ambient
clectric field from that caused by an electric charge on
the space craft.

Theoretical analyses and correlations between elec-
tric and magnetic field phenomena and other phenom-
ena will be an integral part of the program.

Immediate: The short-range magnetic-field program
includes:

1) a number of small sounding rockets with proton
magnetometers for studving ionospheric currents,

2) two sounding rockets primarily for flight testing of
newlv-developed Rb-vapor magnetometers and
for information on radiation belt currents,

3) a space probe to the moon with a Rb-vapor mag-
netometer for measuring electric currents and the
form of the earth's field at great distances, inter-
planetary fields, and the moon's magnetic field.

The program also includes instrument development
—the most significant being the development of Rb-
vapor magnetometers by Varian Associates. It is also
anticipated that simpler magnetometers which can de-
tect only the existence of a perceptible field will be
placed in several rockets and space vehicles as secondary
experiments.
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GRAVITATIONAL F1ELDS
Objectives

To determine and understand the origins, natures,
methods of propagation, spatial distributions, temporal
variations, and effects of gravitational fields throughout
the universe. To determine and understand the external
form and internal constitution of the earth, planets, and
stars. To determine and understand the relations be-
tween gravitational and electromagnetic fields. To eval-
uate effects of gravitational fields ol different magni-
tudes, including weightlessness, on instrumented and
manned space exploration.

Present Knowledge

At the present time, the best theory of the nature of
gravitation is Linstein’s general theory of relativity,
which asserts that the force which we recognize as grav-
ity results from a distortion of space-time. An essential
part of this theory is the idea that mass as determined
by gravitation will be found to be proportionate to mass
as determined by inertia. Other theories have been pro-
posed, especially by George D. Birkhoff.

There are three tests of the general theory of relativ-
ity. The first of these is the motion of the perihelion of
Mercury, which amounts to 43 seconds of arc per vear,
agreeing quantitatively with Einstein's prediction. The
second is the bending of light in the sun's gravitational
field. 1t has been measured numerous times, and the re-
sults have generally been found to agree with Linstein’s
predictions: but, in view of the smallness of the effect
(only 1.75 seconds of arc). there is still room for reason-
able doubt about the confirmation.

The third effect is the shift of light toward red wave-
lengths in a strong gravitational field. This is doubtfully
observed in the sun, where it is confused by mass mo-
tions of gases. A red shift is observed in some white-
dwarl stars, but even there it cannot be said unequiv-
ocally that this is not an effect of mass motion.

It is further believed that the force of gravity is pro-
portional to the density of matter in the universe. Since
the universe is expanding, this means that changes of
the order of one part in ten billion per vear ought to ex-
ist in the force of gravitation.

With respect to the gravitational field of the carth,
this problem would be solved fully if we knew all the
harmonics into which the field can be subdivided. There
is one zero harmonic which amounts to the product of
the gravitational constant by the mass of the earth, and
which has at the present time the vahie of 3.9868 with
an uncertainty amounting to one part in 100,000. There
are three possible first harmonics which arise from the
displacement of the center of the carth from the center
of our present coordinate system. This displacement is
believed to amount, at the present time, to no more
than 100 meters. There are five second-degree harmon-
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ics, of which one harmonic of zero order is intimately
retated to the flattening of the earth and has been
measured with great precision from the motion of the
node of 1938 Beta 2 (Vanguard 1). Coefficients so ob-
tained correspond to a lattening of 1/298.3. Two of the
remaining four are necessarily zero; and the other two
have been doubtfully evaluated with an amplitude of
about 4 mgals.

Of the seven third-degree harmonics, the zonal har-
monic of zero order has very recently been measured,
and appears to have a value of 5.6 mgals at the surface
of the earth. The other six have been estimated crudely:
from gravity data. An estimate of 5 mgals has been
made for the fourth zonal harmonic. It is known that
the size of these harmonics is proportional to the stresses
at the interior of the ecarth roughly at the rate of 1 mgal
to 10 kg per square centimeter.

In the case of Mars, the zero harmonic (the mass) is
0.1076 that of the carth. Nothing is known with respect
to first harmonics. The second harmonic is determined
from the flattening which is found to be 1/192 from the
satellite motions, and 1/77 from visual observation.
Masses and flattenings for Jupiter, Saturn, Uranus and
Neptune are available in the same wav, but no higher
harmonics are known for any of these planets.

The sun’s mass is accurately determined by the mo-
tions of the planets. Nothing is known about any other
higher harmonies.

Measurements of various double stars vield masses
which are found to fall into the range of from one tenth
to fifty times the solar mass. The flattening, which
ranges [rom zero up to the limit of instability, is known
for a few eclipsing binary stars.

The gravitational field of the galaxv as a whole has
been deduced from the rate of galactic rotation. It is
found to be equivalent to several hundred billion solar
masses. The gradient of the galactic field which meas-
ures the flattening of the galaxy has also been deter-
mined from the gradient of galactic rotation near the
sun.

The nature of the intergalactic gravitational field is at
present completely unknown; it is not even certain that
a replusion does not exist at sufficiently great distances.

Existing Problems

With respect to the fundamental nature of gravita-
tion, the principal problem is to find some peculiarity of
the law which would serve to control the formulation of
satisfactory theories. Such a peculiarity might consist,
for example, in a small deviation from strict equality of
gravitational and inertial mass, or in a velocity of propa-
gation, or in something in the nature of a shielding such
as is observed with magnetism. Anv one of these effects
would give us a clue to the best direction to look for a
more fundamental understanding.
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Within the framework of the Newtonian Law, the
classic problem is that of the long-time stability of a sys-
tem such as the solar system. The problem mayv be for-
mulated in this way: As we think of time of the order of
10* years, do the orbital planes of the planets tend to ap-
proach one another? Do the eccentricities tend to de-
crease? I so, then, of course, we understand the architec-
ture of our present solar system; if not, then we have an
important chue which can sonmeday be used to discover
how it was initially formed. The problem of the stability
of the solar system has engaged some of the best mathe-
maticians since the days of Lagrange and Lapliace, who
found that stability could be guaranteed for times of
the order of 10" years.

With respect to the gravitational fields of the planets,
one problem is that of the presence of iron cores in the
planets. At the present time, the large density (approxi-
mately 5) found for Mercury indicates a large iron core.
It is hard to put this in an orderly relation with the den-
sity of Mars (about 3.9) and the moon (about 3.3). In
particular, if correct, this density means that the iron
core found in some planets cannot represent a pressure
modification of ordinary silicate rock. A second test of
the pressure modification idea is furnished by the den-
sity of Venus, which is just at the critical level. In both
cases, it appears possible that further observational
data would reverse the conclusions which have been
drawn.

The gravitational field of the earth is closely related to
a series of interesting problems. In the first place, the
zero harmonic is essential for the study of space trajee-
tories. Next, the internal constitution of the earth mani-
fests itself through variations in the higher harmonics.
In particular, a state of hydrostatic equilibrium in the
interior of the earth demands the value of 1/297.3 for
the flattening of the earth. The discrepancy between
this and the observed value of 1/298.3 is a major prob-
lem in determining the structure of the earth. [ the dis-
crepancy is due to mechanical strength in the interior,
then it may be related to the observed large values of
some of the higher harmonics.

At the present time, two independent and contradic-
tory theories have been offered for the inner structure of
the carth and for the formation of mountain ranges.
The first of these, which we might call the plastic theory,
envisions a viscous interior in which slow convection
currents of a few centimeters per vear exist, and moun-
tain ranges, such as those around the Pacific, are formed
as the result of drag on the underside of the continents.
The other theory, which we may call a crystalline
theory, considers that the earth is slowly contracting as
it cools, and attributes the formation of mountains to
crumpling. At the surface of the earth, the problem of
verifying or disproving the “basic hypothesis of geod-
esy,” namely that the product of gravity anomalics in
milligals times areas in square kilometers does not ex-
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ceed 30 for any extensive patches, is one of the most im-
portant that can be set up.

Program

Long-Range: For the study of the fundamental nature
of the gravitational field, two avenues are opened by
our ability to launch satellites and space probes. The
first of these is the ability to try experiments on a scale
of hundreds and thousands of kilometers by probing the
fields of planetary masses with bodies capable of being
accurately observed. This is significant because gravita-
tional fields, except that of the earth, are almost un-
measurable in laboratory-scale experiments. The second
avenue results from the fact that the periods of artificial
satellites are so much shorter than those of the moon
and other natural satellites that we can observe in a few
vears 2 number of revolutions corresponding to thou-
sands of vears for natural satellites. By the first avenue,
we hope to find the links which must exist between the
theory of the electromagnetic field and the gravitational
field. It is planned, in particular, to test the equality of
gravitational and inertial masses by experiments in
space on a colossal scale, which are a repetition of the
experiment of Galileo in the Leaning Tower of Pisa. An
attempt will be made to devise experiments which will
reveal the velocity of propagation of gravitation, if any.

It is planned to determine the masses of the inner
planets by direct observation of probes passing near
them or possibly around them. These probes will, at the
same time, help to determine the value of the astronom-
ical unit, the fundamental meter-stick of the solar sys-
tem.

[t is planned to test the hypothesis that gravitational
attraction depends on the average density of matter in
the universe and that, therefore, it is slowly weakening
as the universe expands. For this purpose, an atomic
clock on the ground can be compared with a gravita-
tional clock of some kind. A proposal for a gravitational
clock consisting, in effect, of a high satellite with a very
well measured orbit is being studied.

It is planned to employ moon probes to obtain im-
proved values for the over-all mass of the moon and for
the moments of inertia about its three principal axes. A
determination of the strength of the materials in the
moon’s interior will be attempted from this information.

It is planned to measure the mass of Venus and of
Mercury in order to test Bullen’s idea about the nature
of the cores of the planets.

Using the second avenue, it is planned to observe the
motions of close satellites of the earth over a long pe-
riod and to make a precise comparison with theory,
scarching for svstematic trends in the inclination and
the eccentricity, which might shed light on the history
of the solar system.

Immediate: There are several phases of the short-term
gravitational field program:

1) Studies are now being made on existing satellites
with the object of determining the low harmonics of the
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earth’s field from tracking data.

2) Preparations are made for cquipment for a special
geodetic satellite which will be capable of refining the
observations on the harmonics, and of determining in-
tercontinental distances with high precision. [t will
clearly be possible to carry the study of the form of the
geoid much further than has been possible to date.

The information developed in 1) and 2) above will be
applied to the question of the basic hypothesis of geod-
esv. This hypothesis, as formulated by some theorists,
is in essence that the low harmonics of the earth’s gravi-
tational field have amplitudes of a meter or so. The hy-
pothesis is not universally accepted: other theorists con-
sider that the amplitudes are of the order of scores of
meters. A decision between these two hypotheses is im-
portant because Heiskanen, in particular, proposes ex-
tensive work based on Stokes’ theorem—work which is
warranted only if the basic hypothesis is satisfied. This
information will also be used in an attempt to evaluate
hypotheses of convection in the mantle. These hypoth-
eses seem to go with the ideas of the first-mentioned
school of theorists, and it may be possible to decide be-
tween these hypotheses and the alternative contraction
hypotheses on the basis of our information.

3) 1t is planned to put in orbit a satellite carrying a
very precise clock in order to test a theory of Einstein
which predicts a change in the clock’s speed with a
change in the strength of the carth’s gravitational po-
tential. Tf successful, this would constitute a new test
of the general theory of relativity, and so improve our
understanding of the nature of the earth’s gravitational
field.

ASTRONOMY
Objectives

To determine the spatial distributions of matter and
energy over the entire universe, and to understand their
cosmological origins, evolutions, and destinies. To ob-
serve [rom above the earth's atmosphere the spectral
distributions of energy radiated from objects in the
solar system, in this and other galaxies, and in the inter-
vening space, with emphasis on observations that are
prevented or compromised by the absorption, back-
ground emission and refraction of the earth’s atmos-
phere. To determine and understand the structure and
the surface features of the planets. To determine the ef-
fects of meteors, radiations, and other astronomical in-
fluences on instrumented and manned space exploration.

Present Knowledge

The field of astronomy may be divided broadly into
five categories: 1) the solar system, 2) the stars, 3) inter-
stellar matter, 4) the characteristics of stellar aggre-
gates, such as clusters and galaxies, 5) the history and
evolution of the universe and its various components.

The Solar System: The dark bodies orbiting around
the sun may be classified as planets, satellites, minor
planets or asteroids, and comets. The nine planets, in-
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cluding the carth, differ primarily in size and in tem-
perature. The smallest ones, such as Mercury, have too
little gravitation to retain any atmosphere, while the
larger planets, such as Jupiter and Saturn, have ex-
tremely dense atimospheres. Those planets closest to the
sun have, of course, quite high temperatures, whereas
the most distant planets are very cold. With respect to
the amount of atmosphere and to temperature, \enus,
Earth and Mars are intermediate, and these three plan-
ets are considered to be the only ones that might nat-
urally support any form of life. Earth may be the only
planet on which conditions are so ideal as to favor the
evolution of intelligent life. Asteroids and most of the
satellites of planets are small bodies, ranging from dust
particles to boulders a few hundred miles across. The
comets are loose agglomerations of rock and gas that
spend most of their time in the far reaches of the solar
system and approach the sun at infrequent intervals.
The asteroids and comets are probably the debris left
over from the formation of the planets some five billion
years ago.

The Stars

It is now known that the stars are gaseous bodies
composed of about 75 per cent hydrogen by weight, 25
per cent helium, and traces of the remaining elements.
Most stars derive their energy from the conversion of
hydrogen into helium deep in the stellar interior where
temperatures and pressures are extremely high. This
energy is transferred to the outer lavers of the star by
radiation and convection; there the emerging light is af-
fected by the constituents of the stellar atmosphere, pro-
ducing the observable stellar spectrum. This spectrum,
together with independent information concerning the
star’s luminosity and mass, is the basic datum from
which all knowledge of the star's structure must be de-
duced. A significant stellar characteristic is the fairly
well defined correlation between surface temperature, as
evidenced by a star’s spectrum or color, and intrinsic
luminosity. The form of this temperature-himinosity
diagram has yielded much information concerning the
nature of stellar atmospheres. From the study of spec-
tra it is found that the chemical constituents are ap-
proximately constant from star to star; however, other
parameters vary widely. Surface temperatures range
from 1500°K to more than 50,000°K. Stellar diameters
vary from less than 0.01 to more than 500 times that of
the sun; masses range from 0.1 to 50 solar masses: and
intrinsic luminosities vary by a factor of a hundred mil-
lion. The outer layers of a star are far from being in
equilibrium. This is obvious in the case of the sun,
where sunspots and their accompanying magnetic fields,
intense hot spots called flares, and eruptions from the
surface, called prominences, indicate large-scale thermal
and magnetic instabilities. The cause of these instabili-
ties and, more basically, the reason for their twenty-two
year periodic variation are not vet understood. Other
stars show even more striking examples of instability;

The NAS.1 Space Sciences Program

447

stars which pulsate with periods of days or even hours:
others which exhibit large, highly-variable magnetic
fields; and, finally, the novae and super-novae, which
are subject to catastrophic explosions.

Interstellar Matter: The material between the stars
has a composition similar to the stellar composition, in
the form of individual atoms and radicals and small dust
particles, or grains. The space density of this material is
a few atoms per cubic centimeter and except near hot
stars it has a kinetic temperature of about 100°K. In
spite of the low density, the total mass of interstellar
matter in the Milky Way is approximately equal to the
total stellar mass. This material has a profound effect
on stellar observations because its scattering reduces the
intensity of starlight passing through it, and because it
superposes interstellar absorption lines on stellar spec-
tra. In addition, the material has a marked tendency to
occur in clouds near hot, luminous stars, which them-
selves are often found in clusters. In these cases, the in-
terstellar clouds are illuminated and become visible as
reflection nebulae. If the nearby stars are hot enough to
excite the gas, an emission nebula results, enitting ener-
gy primarily in the lines of hydrogen and of some of the
trace constituents. In these nebular complexes, the
density may be as high as a thousand atoms per cubic
centimeter, and the kinetic temperature is usually about
10,000°K. Knowledge of the interstellar medium has in-
creased rapidly since the development of radio astron-
omy. Radio-frequency emission has been detected from
the neutral hydrogen in the insterstellar gas, and has
proved to be a valuable tool in probing distant parts of
the galaxy. Thermal RF radiation has been observed
from emission nebulae, and RF synchrotron radiation
has been measured from nebular remnants of super-
novae explosions. The polarization of starlight has indi-
cated the existence of magnetic fields in the interstellar
medium which may play an important role in the pro-
duction of cosmic rays.

Star Clusters and Galaxies: Stars tend to occur in mul-
tiple systems of two to six stars and in clusters of tens
to many thousands. The study of such clusters has been
valuable because the members presumably have com-
mon origins and histories and thus present homogeneous
populations suitable for statistical analysis. On a larger
scale, stars are clustered into galaxies containing billions
of members. In appearance, these galaxies range from
the smaller systems, which are spherical, ellipsoidal or
irregular, and composed of fainter stars and little inter-
stellar gas, up to the massive, highly-flattened spiral
galaxies which show a great deal of complex structure.
Our galaxy, the Milky Way, is an example of the latter
type. It consists of a central spheroidal nucleus of stars,
surrounded by a round stellar sheet, quite thin com-
pared to its diameter. Within this sheet, the galactic
plane, the brightest stars, and most of the interstellar
material are concentrated into spiral arms. The sun is
within such an arm. However, in addition to these
stars, there is a second group of stars having different
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temperature-luminosity and velocity characteristics
which are spherically distributed about the galactic nu-
cleus. These so-called Population 11 stars are quite simi-
lar to the stellar populations of the smaller elliptical
galaxies. It appears that spiral structure with its associ-
ated interstellar material and bright stars may be a su-
perficial and rather recent phenomenon superposed on
an older and more fundamental stellar population of
which all galaxies are composed.

Stellar Evolution: With the possibility in mind that
there are stars with different ages and histories, the dif-
ferences between the temperature-luminosity diagrams
of different groups of stars, and especially of different
star clusters, may be interpreted as being due to age and
evolutionary differences as well as to small variations in
chemical composition. The presently available evidence
points to the following picture of galactic and stellar
evolution. The original material of the universe coa-
lesced into discrete globs or proto-galaxies and, in turn,
stars and star clusters condensed out of these globs.
After the initial period of star formation, those galaxies
which had no excess material, or which lost their excess
material through intergalaxy collisions, evolved into the
elliptical galaxies. In the remainder, the excess material
collapsed into flat sheets in which star formation has
continued at a slower pace up to the present time. Star
formation can occur when a local inhomogeneity in a
dense interstellar nebula becomes large enough and
dense enough to contract due to self-gravitation. The in-
terior pressure and temperature eventually becomes suf-
ficiently high to support thermonuclear reactions and
the gas becomes self-luminous, after which radiation
pressure prevents the accumulation of appreciable inter-
stellar material. The size and luminosity of the new star
are determined by the amount of material accumulated
before energy production begins. Multiple star forma-
tion from a single cloud is common. In some cases, the
nebular material remaining around a new star condenses
into planets. Single stars not surrounded by planetary
systems are probably rare. Stars consume themselves by
an ever accelerating process of converting hydrogen into
helium until the hydrogen is exhausted. At this point
the internal support of the star due to radiation pressure
is removed and the main body collapses, while a tenuous
outer atmosphere expands to tremendous proportions to
preserve dynamic balance. The main body contracts un-
til the central temperature and pressure become high
enough to support the conversion of helium into heavier
elements with an accompanying release of energy. Dur-
ing this evolution, the star may pass through phases of
dynamic instability where pulsation occurs. Eventually
the star has no more energy resources left to support its
mass and an implosion occurs, producing a nova. The
post-nova stellar core may then settle down into an ex-
tremely dense sub-luminous white dwarf star until it
goes out completely.
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Current Problems

The Sun: The sun is the only star on which we can
study small regions of the surface and atmosphere. For
this reason, and because solar radiation profoundly af-
fects the physical conditions in the earth’s atmosphere,
the sun is an object of prime importance for detailed
study. To gain a better physical picture of the condi-
tions in the undisturbed sun, more accurate measure-
ments are needed of the solar constant and of the energy
distribution in the entire solar spectrum, not just in the
region observable from the surface of the earth. Also,
particularly because of its effect on terrestrial condi-
tions, a long-term study of the disturbed sun in all wave-
lengths, especially in very short optical wavelengths
and in very long radio wavelengths, is of great impor-
tance.

The causes and nature of the phenomena occurring in
the solar atmosphere and their effects on physical con-
ditions in interplanetary space are of vital importance
in the climatology of the planets. Some basic problems
involve the propagation of disturbances through the
solar atmosphere, the role of convective transport of
energy in this atmosphere and the origin, support and
heating of the chromosphere and corona.

The Solar System: There are still many pertinent
questions concerning the physical characteristics of the
planets and the other constituents of interplanetary
space. More information is required on the percentage
concentration of oxygen, water vapor, and other impor-
tant gases in planetary atmospheres; the physical prop-
erties of the planetary surfaces; and the structure of
planetary interiors. Since the maximum intensity of the
thermal radiation from the planets occurs in the infra-
red, it is obvious that studies in these wavelengths are
important for deriving the physical characteristics of
the planetary surfaces. The important band spectra
from planetary atmospheres tend to occur in the infra-
red also. In addition, even those absorptions in the re-
gion of the spectrum accessible from the earth's surface
are partially obscured by similar molecules in the ter-
restrial atmosphere. Finally, the information needed on
the structure of planetary interiors can best be derived
by studying the effects of these planets on nearby satel-
lites. Artificial satellites which should eventually prove
particularly useful for this purpose.

An interesting question is that of the existence of a
permanent interplanetary gas. If this exists, is it pri-
marily the interstellar gas through which our solar sys-
tem is moving or is it matter ejected from the sun or
part of the solar atmosphere? The existence of such a
nebula would provide a laboratory for studying general
nebular properties, and for studying at first hand a
gaseous nebula surrounding a star. In addition, the ex-
istence of a solar nebula may also limit our study of
nebulae elsewhere in the stellar system.
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Stellar Physics: More accurate information is needed
on fundamental quantities such as stellar masses, radii,
and luminosities. I"or stars much hotter or much cooler
than the sun, the luminosities must be extrapolated
from the very small spectral region accessible from the
surface of the earth to the regions which contain the
predominant energy output of these objects. In the field
of stellar atmospheres, more information is needed on
the relative importance of radiative transfer as com-
pared to the transfer of energy by mass motion, and on
the origin and effects of stellar rotation and magnetic
fields. Important information on these problems is pro-
vided by the relative energy output in widehy separated
regions of the stellar spectrum. Our current knowledge
of stellar composition, structure, and evolutionary proc-
esses depends upon spectroscopic observations in a rela-
tively limited region of the spectrum. It is obviously de-
sirable to extend our observations over the entire elec-
tromagnetic spectrum. These observations are especially
important for the hot stars which are in rapid evolution.
Both their maximum energy output and the spectral
lines which are critical for studying the abundances of
important elements in these stars are in the currently-
inaccessible ultraviolet.

Interstellar Medium: In the study of the interstellar
medium, the question of the energy balance has been re-
opened by recent rocket investigations, which show
more ultraviolet energy being released by radiative
processes than had been previously supposed. Addition-
al information is needed regarding the nature of inter-
stellar grains, their absorption and scattering of star-
light in a wide range of wavelengths, particularly in the
infrared, and their interaction with the interstellar mag-
netic fields. In studies of the interstellar gas, astrono-
mers have been handicapped by the lack of observation
in the ultraviolet portions of the spectra where the prin-
cipal spectral lines of the interstellar gases lie. These da-
ta promise to supply vital information on the chemical
composition, the distribution relative to galactic fea-
tures, and the mass motions and excitation processes
which play an important role in the evolution of our
galaxy.

Star Clusters and Galaxies: Star clusters, galaxies, and
clusters of galaxies constitute the large-scale building
blocks of the universe. The role and mechanism of these
associations remain questions basic to the solution of
the origin and evolution of our universe. The individual
properties of the star cluster and the galaxy such as
mass distribution, mass-luminosity ratio, angular mo-
mentum, gas and dust concentration, and energy bal-
ance are typical of the parameters needing study. At
present, we have little knowledge of the nature and
density of the material in intergalactic space, as ob-
servations in the visible spectrum have proved incon-
clusive. It is desirable to carry the observations into ul-
traviolet portions of the spectrum, where higher absorp-
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tion can be expected to greatly increase the sensitivity
of these measurements. Current theories in cosmology
depend strongly upon the correct interpretation of the
red shift. It is desirable to determine if this red shift is
a constant over the whole electromagnetic spectrum,
and also if it is a linear function of distance. Since the
red shift for very distant galaxies is sufficient to shift
the normally-observed spectral features into the unob-
servable infrared, detailed studies of the ultraviolet re-
gion of nearby galaxies and the infrared of very distant
galaxies are essential to the detection of possible evolu-
tionary effects during the billion or more years it has
taken the light from the further galaxies to reach the
earth.

Program

Long-Range: The great distances of astronomical ob-
jects outside of the solar system mean that they are both
small in angular dimensions and apparently faint.
tence, for wavelengths shorter than one meter, the ob-
jects require long periods of observation with large radi-
ation collectors having good angular resolution and ac-
curate pointing. Radio-astronomical observations in
wavelengths beyond the ionospheric limit require ex-
tensive antenna arrays to achieve good resolution.
Thus, until an observatory on the moon is possible, ex-
periments in this wavelength region will be limited to
the sun and to low-resolution reconnaissance surveys.
In the short-wave radio regions, astronomical sources
are weak. It is possible that the development of laige
inflatable balloons will provide the necessary collecting
area for observations in this region. To provide the
necessary pointing accuracy and observing time for ex-
periments in the infrared, optical, ultraviolet and X-ray
regions of the spectrum, development has begun on an
orbiting stabilized platform. lt will be possible to point
this platform toward any point in the sky and to hold
it in that direction for periods from a few minutes to an
hour, with sufficient accuracy to allow continued obser-
vations of individual celestial objects. The satellite will
contain instruments of moderate size which can be com-
pletely controlled from the ground, thus providing a re-
motely operated observatory which can perform most
of the functions of a ground-based observatory. Al-
though the sky above the earth’s atmosphere will be
dark, the presence of sunlight scattered within the
vehicle itself may be disturbing. The eventual estab-
lishment of an astronomical observatory on the moon
will eliminate this difficulty, since the moon itself can
provide an effective shield against the sunlight. More-
over, the establishment of an observatory on the moon
will undoubtedly make feasible larger equipment than
can be placed on a satellite-borne platform. The execu-
tion of these programs will require the development of
not only a stabilized platform and its pointing controls,
but also specialized optical equipment and radiation re-



450

ceivers for particular wavelength regions, especially
adapted for a particular program, and improvements in
telemetering techniques so that transmission to ground
stations of spectroscopic data of adequate scope and
resolution will be possible. For planetary studies, the
planetary satellites and planetary probes planned for
the atmospheres program will also be useful for provid-
ing information on the surface conditions and interior
structures of the planets.

Immediate: The immediate program includes the ex-
ploration of the moon; reconnaissance measurements in
the ultraviolet region of the spectrum to determine the
brightness and positions of interesting regions ol the
sky; preliminary testing of equipment and techniques
to be used later on the stable platform; and studies of
the sun in the ultraviolet and X-ray region with pointing
controls somewhat less stringent than those to be used
for the stable platform. The reconnaissance will continue
and extend to the southern sky the survey of the newly-
discovered extended emissions in the far ultraviolet in
order to determine the nature and sources of these
emissions. Stellar photometry measurements will be
made in the near and far ultraviolet spectral regions to
extend the magnitude systems to these wavelengths.
Emphasis is being given to observations in the previ-
ously unexplored far ultraviolet and high-energy
gamma-ray spectral regions. Studies of the solar ultra-
violet and X-ray spectra will include their long-term
variations, line profiles, distribution across the disk, and
the spectra of the coronal X-ray emissions. In addition,
long-wavelength radio receivers will be placed in satel-
lites to study the brightness distribution of the sky in
these wavelengths, the spectrum of the sun and its vari-
ation, and the absorption of the earth's ionosphere at
various heights.

B10OSCIENCES
Objectives

To determine the effects on living terrestrial organ-
isms of conditions in the earth’s upper atmosphere, in
space, and in other planetary atmospheres. To deter-
mine the effects of flight through space on living organ-
isms. To investigate the existence of life throughout the
solar system, and to study in detail whatever extra-
terrestrial life forms exist.

Problems

The opportunity now exists to conduct fundamental
life-sciences research in satellites and space probes. In
such research, conditions in space and conditions during
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flight through space enter as new experimental vari-
ables. Principal interest lies in the components of the
space and space-flight environment that are irrevocably
different from the terrestrial, such as radiation and the
altered gravity state. The former is qualitatively and
quantitatively different from terrestrial radiation and
looms as a far more important problem than originally
thought. The latter offers the possibility of elucidating
biological processes known to be effected by weight or
apposition of one part against another, such as cell divi-
sion and organogenesis. These and other areas of study
could be carried out in satellites or space probes from
which specimens under study could be recovered.

More specifically, flundamental experiments on living
organisms in the satellite environment or in other types
of space vehicles and stations should be conducted to
cover the following general topics: 1) Animal navigation
and orientation, 2) Mitosis and embrvology, 3) Plant
morphogenesis, 4) Geotropic response of plants to
altered gravitational fields, 5) Biological rhythms and
cycles, 6) Altered gravitational effects on blood circula-
tion in animals, 7) Vestibular physiology, 8) Neuro-
pharmacology—effects of tranquilizers, motion sickness
drugs, etc., 9) Effects of cosmic radiation, 10) Toler-
ance limits for combined stresses, 11) Physiological and
psvchological deterioration, 12) Effects of acceleration
and deceleration.

There has been considerable speculation about the
possibility of the existence of extraterrestrial life forms.
The debate ranges from whether or not life exists on
Mars and Venus, and if so in what form, to whether or
not spores and similar life forms can survive the rigors
of interplanetary space. Investigations of these topics
must, for the most part, await observations which can
be made on direct samples and studied in space labora-
tories of the future. It is conceivable, however, that with
proper and specialized instrumentation and remote
sampling techniques it may be possible to obtain evi-
dence of primitive or complex organic material without
the presence of a scientist and a laboratory in the sample
area. Elaborate instrumentation and the recovery of
records, or advanced telemetering techniques could pro-
vide information about the nature of biochemicals on
the planets.

Program

The program in biosciences is still being formulated.
Immediate steps include a series of discussions with
leading bioscientists to firm up important initial lines of
attack.
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NASA and Industrial Property”

HYMAN HURVITZ{, MEMBER, IRE

Summary—The purposes and powers of the National Aeronautics
and Space Act are described briefly, particularly as they affect the
electronics industry, as an introduction to a more extended discussion
of the provisions of the Act relating to patent rights and rights to
trade secrets and proprietary information generally. The stringent
nature of the latter provisions is stressed, and adverse effects of
strict construction and enforcement on the electronics industry
analyzed. Mitigating regulations under which the Act will in fact be
administered are discussed,

INTRODUCTION

HIS PAPER concerns itself generally with the
TNational Aeronautics and Space Action of 1958

(Public Law 85-568), hereinafter referred to as
the Space Act. More particularly, we shall be concerned
with the effect of the Space Act on industrial property,
such as patent rights, confidential information, and
trade secrets. We shall endeavor to derive the legal,
business, and economic consequences of the Space Act
as these might flow from the terms of the Act itself, and
from the interpretations of the Act being accorded to it
by its current administrators.

The Space Act establishes a civilian agency, called the
National  Aeronautics and Space Administration
(NASA). The Act provides for an Administration, and
for a National Aeronautics and Space Council which
exercises high level or policy control of NASA. The
latter is presided over by the President of the United
States, and inchudes among its members the Secretary
of State, the Secretary of Defense, the Administrator,
the Chairman of the Atomic Energy Commission, and
others. Its basic function is to set policy for NASA. In
terms of corporate organization, NASA has, as Chair-
man of its Board, the President of the United States,
and on its Board of Directors some of the highest of-
ficers of the United States Government, although pro
forma the Council is not part of NASA, The Council is
also a coordinating agency between NASA, DOD, and
scientific agencies of the Government.

A basic function of NASA is to conduct “aeronautical
and space activities” sponsored by the United States,
except those activities which are “peculiar to or prima-
rily associated with the development of weapon systems,
military operations or the defense of the United States.”
The exclusion extends to research and development
“necessary to make effective provision for the defense
of the United States.” These latter functions remain the
responsibility of the Defense Department.

The term “aeronautical and space activities,” which
constitute functions of NASA, are very broadly defined
in the Act, and NASA is not restricted by the terms of

* Original manuscript received by the |RE, December 2, 1959.
t Hurvitz and Rose, Patent Attorneys, Washington, D. C.

the Act to activities having a direct or necessary relation
to outer space. NASA personnel insist that the broad
language of the Act was intended merely to minimize
restriction on activities of NASA, without any intention
of involving NASA in activities not concerned with
outer space. Despite these protestations, the Act itself
provides that, apart from defense activities, NASA has
cognizance of aeronautical as well as space activities and
that its objectives, in these fields, are 1) to expand
human knowledge of phenomena in the atmosphere and
space, 2) to improve the usefulness, performance, speed,
safety, and efficiency of aeronautical and space vehicles,
3) to develop and operate vehicles capable of carrying
instruments, supplies, and living organisms through
space, 4) to establish long-range studies of the benefits,
opportunities, and problems involved in aeronautical
and space activities, 5) to preserve the United States as
a leader in aeronautical and space science and tech-
nology, 6) to convey information concerning its accom-
plishments to defense agencies where these accomplish-
ments have military value or significance, 7) to receive
from the military agencies all information which may
have value or significance to NASA, 8) to cooperate with
other nations in peaceful application of aeronautical and
space activities, and 9) to promote the most effective
utilization of scientific and engineering resources of the
United States, with close cooperation among all inter-
ested agencies of the United States, in order to avoid un-
necessary duplication of effort, facilities, and equipment.

The Act defines “aeronautical and space activities” as
meaning 1) rescarch into and solution of problems of
flight within and outside the earth’s atmosphere, 2) de-
velopment, construction, testing, and operation for re-
search purposes of aeronautical and space vehicles, and
3) any other activities which may be required for the
exploration of space. The Act defines “aeronautical and
space vehicles” as meaning aircraft, missiles, satellites,
and other space vehicles, manned and unmanned, to-
gether with related equipment, devices, components,
and parts.

It immediately becomes apparent that the purpose of
the Act, as stated in the Act itself, is not restricted to
space activities. NASA is empowered, and in fact di-
rected, to concern itself with aircraft, and with related
equipments, devices, components, and parts, and to im-
prove the usefulness, performance, speed, safety, and
efficiency of aeronautical vehicles. 1t follows that NASA
may, within the terms of its authority, concern itself
with such things as telemetering, communication sys-
tems, guidance systems, radar systems, navigational
systems, and, in terms of devices and components, may
concern itself with the entire electronics industry.
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A further function of NASA which has not received
attention heretofore relates to point 9); 7.e., that NASA
is to so conduct the aeronautical and space activities of
the United States as to contribute to the most effective
utilization of scientific and engineering resources of the
United States in order to avoid unnecessary duplications
of effort, facilities, and equipment. Since the purpose of
the Act in relation to aeronautics, space activities, and
any adjunct thereto, is extremely broad, it is not far
afield to state that the Act provides authority to regi-
ment the scientific and engineering resources of the
United States. Avoidance of the duplication of effort in
telemetering, for example, or in radar, or in radio com-
munications or the avoidance of unnecessary duplica-
tion of effort, facilities, and equipments in these ficlds,
imply powers having far reaching implications. This 1s
not to say that the power will be utilized to the extent
for which the Act provides authority, but merely that
the authority exists and that the Council is of suf-
ficiently high level that if NASA decided to exercise the
authority granted to it, there would be no one to inter-
vene unless Congress should decide to modify the Act
or to repeal it.

The Act provides that it shall be the duty of the
President, as a member of the National Acronautics and
Space Couneil, to survey all significant aeronautic and
spice activities of all agencies of the United States en-
gaged in such activities. Obviously, this includes the
Defense Department. The Act further orders the Presi-
dent, as follows: He shall develop a comprehensive pro-
gram of acronautical and space activities to be con-
ducted by agencies of the United States, and designate
and fix responsibility for the direction of these activities.
lle shall provide for effective cooperation between
NASA and the Defense Departiment in respect to such
activities, and specify which activities may be carried
on by both agencies, notwithstanding assignment ol
primary responsibility to one of these. The latter pro-
vision obviously provides for concurrent jurisdiction of
defense matters in NASA and the Defense Department
should the President decide that this is necessary or ad-
visable. Morcover, the President is empowered to re-
solve differences among the departiments as to whether
a particular project is or is not an aeronautical and space
activity. Since acronautical and space activity is so
broadly defined as to include almost any conceivable
activity in the field of science, enormous vistas are
opened up.

PATENT PROVISIONS

\We have reviewed the purposes, functions, and
powers of NASA, as provided by the Space Act, as a
prelude to discussion of the patent provisions of the
Act. Were these powers and functions restricted to the
field of space activities, i.e., to satellites, space plat-
forms, interplanetary travel, and the like, provisions of
the Act relating to patents and to industrial property

generally would not be of primary interest to the

PROCEEDINGS OF THE IRE

April

greater part of the clectronics industry. IHowever, since
the Act is so broadly worded that there is no field of
science in which its voice may not be heard in due
course, and since there are few scientific functions of the
Defense Department which NAS.\ may not absorb or
parallel eventually, the patent provisions and the in-
dustrial property provisions of the Act acquire great
significance.

Section 305 of the Act provides that “whenever any
invention is made in the performance of any work under
any contract of the Administration and the Administra-
tor makes certain determinations, the invention and
patents predicated thereon shall be the exclusive prop-
erty ol the Government.” This in itsell appears to be
similar to provisions found in the Atomic Energy Act,
but involves a policy which is not followed by the De-
partment of Defense. 1t becomes pertinent, then, to
consider the meanings of the terms “invention,” “made,”
“performance,” “work,” and “contract.” The act is ex-
plicit in defining some of these. For example, the term
contract is defined in Section 305(3)(2) of the Act, as
follows: “The term contract means any actual or pro-
posed contract, agreement, understanding, or other ar-
rangement, and includes any assignment, substitution
of parties or subcontract executed or entered there-
under.”

One who enters into a contract may, as a gcncr:ll
proposition of law, agree to forego rights to patents
which may arise in its performance. It is his privilege to
refuse to enter into the contract il he does not wish to
forego his rights to patents. A departure from previously
known practices arises in the words “proposed contract.”
The term can well be construed to mean that one who
submits a proposal to NASA, thereby and without a
contract or any understanding, or any consideration of
any kind, transfers rights to patents to NASA. A further
arca worthy of thought relates to the term “subcon-
tract,” which is not defined. Is a supplier to a NASA
contractor per se a subcontractor, and thereby one who
performs work under a contract with NASA?

\We may envisage, for the sake of example, a course of
action in which a company interested in clectronics
makes a proposal to NASA, the proposal being suf-
ficiently vague that NASA may refuse to consider that
it includes a conception ol an invention. The company
is now a “contractor” by virtue of having made the pro-
posal. It is then given some encouragement to proceed
by NASA, at some expense to itself, to develop its pro-
posal to completion in respect to means and methods.
It soon has a complete conception of an invention,
which it has completed while a contractor. NASA is
pleased with the proposal but decides to award a con-
tract to perform the work thercunder to a competitor,
on the ground that the latter is better qualified for the
purpose. Under the terms of the Act, NASA can take
full right, title, and interest to the invention so made,
and refuse to compensate the contractor for his efforts.
It is true that under the terms of the Act the Adminis-
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trator is not required to take full right, title, and in-
terest, as we shall see, but he is required to take at least
a royalty-free licence.

The term “made” when used in relation to any in-
vention, means 1) conception, or 2) first actual reduc-
tion to practice. One who merely conceives of an in-
vention and who does no more can thereby have for-
feited all rights to the invention to NASA if he is an
NASA contractor. One who conceives of an invention
prior to making a proposal thercon to NASA has made
an invention prior to such proposal, and at that point
the invention is his own. On submitting the proposal he
has entered into a contract, but since the invention was
made prior to entering into the contract, the inventor
may retain his rights. If the inventor actually reduces
to practice following the proposal, without an NASA
contract, and certainly if he receives a contract and
thereafter reduces to practice, he forfeits his rights to
the invention, because he has reduced to practice while
a contractor.

The Act does not define the word invention, but in
specifying what reports shall be provided under NASA
contracts, provides for “a written report concerning any
invention, discovery, improvement, or innovation.”
This would appear to go further than does the Defense
Department. An innovation may he a very slight thing,
whereas an invention goes beyond what can be expected
of a man skilled in the art in which he is working. FFur-
thermore, the report is required to contain “full and
complete technical information,” a requirement which
should be considered in relation to the further require-
ment that NASA disseminate the information which it
collects. The Defense Department has not herctofore
generally required full and complete technical informa-
tion concerning inventions, but has usually been satis-
fied with sufficient information to enable a patent ap-
plication to be prepared. There is a great distinction be-
tween information which is sufficiently detailed to form
a basis of a patent application, and full and complete
technical information. The latter may well be inter-
preted to mean complete design information, or manu-
lacturing information. If NASA makes a practice of ac-
quiring full technical information and disseminating the
same, a great mass of heretofore proprietary informa-
tion may eventually become public.

Section 305 provides that inventions made in the per-
formance of work under a contract with NASA shall be
the property of the United States, and that if such in-
vention is patentable, a patent shall be issued to the
United States upon application made by the Adminis-
trator. These words, if taken at face value, might indi-
cate that the Administrator is to apply for patents in
his own name. This may be merely lax language in the
statute, since herctofore under United States law the
primary applicant for Letters Patent has been the in-
ventor or inventors, unless he or they were dead or
mentally incompetent. In the case of the death of an in-
ventor, his executor or the administrator of his estate
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may file in his name, and in the case of an insane inven-
tor, his guardian may file. There is, however, one addi-
tional situation in which a person other than an inven-
tor may become an applicant for patent. Rule 47 of the
Rules of Practice of the U. S. Patent Office provides
that “whenever an inventor refuses to execute an appli-
cation for patent, or cannot be found or reached after
diligent effort, the person to whom the inventor has as-
signed or agreed in writing to assign the invention, or
who otherwise shows sufficient proprictary interest in
the matter, justifving such action, may make applica-
tion for patent on behalf of and as agent for the inven-
tor.” We may, therefore, find, in cases where conflict
arises as to whether or not an application is to be filed, or
to whom it belongs, that the Administrator will, pur-
suant to Rule 47 of the Rules of Practice in the United
States Patent Office and pursuant to the authority pro-
vided in the Act, file on behalf of the inventor, and as
his agent.

Section 305 provides for certain fact determinations
to be made by the Administrator, upon the basis of
which he may apply for a patent, covering work done
under an NASA “contract.” The contractor may dis-
pute such fact findings. In summary, if the Administra-
tor finds that 1) the person who made the invention was
employed or assigned to perform research, develop-
ment, or exploration work and the invention is related
to the work he was employed or assigned to perform, or
that it was within the scope of his emplovment duties,
then whether or not the invention was made during
working hours or with a contribution of the Govern-
ment, or the use of Government facilities, equipment,
materials, allocated funds, information proprietary to
the Government, or services of Government emplovees
during working hours, the patent belongs to the Gov-
ernment; 2) where the person was not emploved to in-
vent or to perform research and development or explo-
ration work, but the invention is nevertheless related to
the contract, or to work or dutics he was emploved or
assigned to perform and was made during working
hours, or with a contribution from the Government of
the sort referred to in situation 1) above, NASA is au-
thorized to seize the patent rights involved, and, in the
terms of the Act, the Administrator “may apply for a
patent.”

In essence, under situation 1), inventions of research
and development personnel working under a NASA con-
tract almost inevitably belong to the United States so
long as the invention is related to the work of the con-
tract, even if it is made on the inventor's own time,
with his own money, and with no contribution from the
Government. Situation 2) goes beyond situation 1) in
that any invention made by personnel not hired to do
research and development, and working under an NASA
contract, belongs to the United States if the work is re-
lated to the contract, but then only il the work was
done during working hours, or with a Government con-
tribution of one of the tvpes specified in situation 1).
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Considerable conlusion may arise in respect to NASA
contractors who have personnel working in part on
NASA contracts and in part on commercial or Defense
Department contracts. This may readily occur in re-
spect to supervisory personnel and consultants. We
need only envisage, for example, a telemetry group with
one NASA contract, one Defense Department Contract,
and an allocation of company money, working on three
subjects, all relating to telemetering. The group super-
visor makes an invention during working hours, of pri-
mary application to the Defense Departiment contract.
The invention is certainly related to the work on the
N ASA contract, since both relate to telemetering. Is the
company subject to the Space Act, in respect to that in-
vention, or can it retain commercial rights as normally
provided in Defense Department contracts?

Under Section 305(c) of the Act, the Commissioner of
Patents is required to refuse to issue patents which he
betieves have “significant utilite” in the conduct of
acronautical and space activities, unless an applicant on
request files a statement under Oath, setting forth the
full facts concerning the circumstances under which
such invention was made and the relationship of the in-
vention to NASA contracts.

After the statement under Oath is filed, the Adminis-
trator is given 90 dayvs to request that the patent be is-
sued to the United States. If he does not do so, the pat-
ent issues to the applicant. If he does so, however, the
applicant may contest his findings by filing a request for
a hearing before a Board of Patent Interferences, which
acts as an appellate tribunal in this respect. 1-rom the
determination of the latter each party to the controver-
sv may appeal to the Court of Customs and Appeals.

Even if the Administrator takes no action within the
90 days allowed, and the patent issues to the applicant,
the matter mayv be reopened by the Administrator with-
in five vears, if he has “reason to believe the statement
filed by the applicant contained any false representation
of any material fact.” Note that fraudulent representa-
tions are not required. Innocent but false representa-
tions are adequate.

The Administrator is authorized to waive his right to
acquire full rights in inventions, for the United States, if
he determines that “the interest of the United States
will be served thereby.” But his waiver can in no case
o so lar as to waive a rovaltv-free license in favor of
the United States and foreign countries with which the
United States has commitments in this respect.

The Administrator, under Section 305(g) of the Act,
can issue licenses under United States patents acquired
and can protect his title and rights. He can also require
holders under which the Government holds a license to
protect such inventions or discoveries. It is not clear
whether the Administrator may sue for infringement,
require patentees to sue for infringement, or grant li-
censes subject to rovalty pavments. In general, under
Delense Department procedures, the Government has
never asked for a rovalty, nor sued anyone for infringe-
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ment, nor required any holder of patents under which
it had rights to sue for infringement.

PROPRIETARY INFORMATION

The impact of the Space Act on proprietary rights
goes farther than its impact on patent rights. Section
303 of the Act provides that “information obtained or
developed by the Administrator in the performance of
his functions under the Act shall be made available for
public inspection,” except sccurity matters and informa-
tion authorized to be withheld by Federal statute. The
word “shall” appears to be one of command.

Section 102(c) provides for interchange ol information
between Defense Agencies and NASA on a two-wayv ba-
sis. The Defense Agencies are thus required to supply
NASA with information, which the latter is required,
not authorized, to make available for public inspection.

Under Section 203(a)(3) NASA is required to provide
for the “widest practicable and appropriate dissemina-
tion of information concerning its activities and the re-
sults thereof.”

The extent to which proprietary information, such as
manufacturing drawings, design information, perform-
ance data, and the like, will be disseminated and made
public, under the quoted directive, remains to be seen.
However, the Act, by its terms, gives the Administra-
tor little leewav. It states that the information “shall
be made available for public inspection.”

The writer predicts that the provisions of the Act re-
lating to patents will, as actually administered, be found
to be certainly no more burdensome than is the Atomic
Energy Act, and probably to rather closely parallel the
Defense Agency practice. The situation with respect to
dissemination of information, on the other hand, may
prove to be the sorest point of all, and one which is far
more directly of interest to many contractors than are
the patent provisions. It is within the personal experi-
ence of the writer's firm to have received requests from
the Defense Department for full manufacturing infor-
mation concerning a client’s proprietary product, which
had been bought off the shelf, on the basis that this was
required in order to enable the agency concerned to
comply with the Space Act. Because of this there seems
to be a current opinion, existing at least in some elements
of the Defense Department, that the Space Act requires
changes in procedures in the Defense Department.

CONTRIBUTIONS AWARDS

Section 306 of the Act authorizes the Administrator
to make monetary awards. He may do this on his own
initiative, or upon application of a person or firm, and
the amount of the award and the terms upon which the
amount may be awarded are left 1o the discretion of the
Administrator. The award must be for a scientific or
technical contribution to NASA, which is determined
by the Administrator to have significant vatue in the
conduct of aeronautical and space activities. An Inven-
tions and Contributions Board is established, before
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which hearings may be had by applicants for awards,
and has the function of transmitting to the Administra-
tor its recommendations as to the terms of awards to he
made.

The factors which the Administrator shall take into
account, in making an award, are defined by the Act as
follows: 1) the value of the contribution to the United
States, 2) the amount of money which the applicant
has expended on his own account for the development
of the contribution, 3) the amount which the United
States has paid toward such expenditure, except that in
the case of an officer or employee of the Government
salary will not be considered to be such a contribution.

As a consideration for the receipt of such an award,
the applicant is required to surrender all claims pertain-
ing to the contribution which he may have against the
United States Government or against foreign govern-
ments which have suitable agreecements with the United
States.

Awards of less than $100,000 appear to be within the
sole discretion of the Administrator, but awards exceed-
ing $100,000 require the consequent concurrence of the
Congress, which the Congress can convey by failing to
object for 30 days after notice to it of intention to grant
the award, these 30 days to subsist within a regular ses-
sion of the Congress.

GENERAL OBJECTIONS

The patent provisions and the proprietary rights of
the National Aeronautics and Space Act have been ob-
jected to by the Electronic Industry Association. The
basic grounds of objection is that the provisions of the
Act “may well constitute a first step n the direction
leading to the destruction of the American svstem of
patents and trade secrets.”

As the patent system is presently established, a long
subsisting statute (28USC°1498) provides that “when-
ever an invention described and covered by a patent of
the United States is used or manufactured by or for the
United States, without license of the owner thereof, or
lawful right to use or manufacture the same, the owner’s
remedy shall be by action against the United States in
the Court of Claims for the recovery of his reasonable
and entire compensation for such use and manufacture.”

The quoted statute in effect provides the United
States with a license, not royalty free, under every
United States patent. It also provides the patent holder
with a procedure for obtaining a reasonable royalty for
violation of such patent by the United States, or in its
behalf by a contractor, and since the statute provides
the sole remedy for the patent holder, no contractor
need concern himself with the possibility of an injunc-
tion preventing him from fulfilling a Government con-
tract, and the Government in no case can be impeded
in procuring equipment, by virtue of any subsisting
patent rights. The Government is primarily financially
responsible for patent infringement. It can seek reim-
bursement from a contractor who has infringed without
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the concurrence of the Government, n certain cases.

The electronics industry recognizes that the Govern-
ment must adopt procedures which shall assure the
Government that it will not be required to pay exces-
sive amounts for equipment which it purchases, and it
is only fair that it should not paty a royvalty on equip-
ments which it has paid for developing, or toward which
it has paid in considerable amount for development. 1t
is for this rcason that the electronics industry generally
feels that it is reasonable that the Government receive
a royalty-free license on inventions made in carrying
out research or development work, where the latter is
required by a contract with the Government. Industry
feels that there can be no objection to the Government
filing for and receiving patents based on research which
Government has financed, as a protective measure, to
prevent subsequent inventors from obtaining patents
on the same inventions. However, industry feels that
many of the inventions made by industry in the course
of performance of rescarch and development contracts,
and under which the Government receives [ree licenses,
in fact are made because of a wide area of experience ac-
quired by the contractor without Government support.
Where a contractor has acquired a great deal of knowl-
edge and experience, and developed unusual capabilities
in certain technical fields, it can be reasonably argued
that further inventions made in this field are not fully
paid for by the Government merely because the con-
tractor is operating under a Government contract. It is
therefore felt that to require contractors to convey (o
the Government full right, title, and interest to inven-
tions made by them in the course of performance of a
Government contract can be, in effect, confiscatory.

Specifically, the industry feels that giving exclusive
title to the Government for every invention, made in
the performance of any work under any relationship
which may exist with NASA, whether or not the Gov-
ernment contributes to the work, or to the invention,
and whether or not the invention relates to space activi-
ties, presents an excessive tax on mdustry and does not
take account of the realities of the many situations
which may arise.

Industry further feels that in providing that the Com-
missioner of Patents police all patent applications relat-
ing to aeronautics and space activities, and in granting
him power to refuse to issue any patents thercon unless
the applicant therefor clarifies his relationship with re-
spect to NASA, and further requiring certain costly ap-
pellate procedures where there is a difference of opinion,
involves placing a heavy burden not only on firms hav-
ing some sort of contractural relation with NASA, but
also on firms which do not have such relations. The elec-
tronics industry also feels that it is highly inequitable
to subject a contractor who enters into a contract with
NASA, or who submits a proposal to the Administrator,
or who becomes a subcontractor of an NASA contractor,
to the danger of having his trade secrets, engineering in-
formation, design and manufacturing information, and
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the like, published and disseminated, regardless of
whether or not compensation is afforded therefor.

Industry does not feel that the contributions awards
sections of the Act provide an adequate remedy, since
in fact thev do not provide any legal remedy, but mere-
ly provide the Administrator with authority to grant
cash awards, within his own discretion.

EMPLOVMENT AGREEMENTS

The question of the conditions under which the Gov-
ernment obtains patent rights, pursuant to the Space
Act, deserves some further analvsis than has been given.
These conditions are established by Section 305(:) of
the Act, in two clauses, and the provisions specily that
when an invention is made in the performance of any
work under any contract of the Administration, and the
Administrator makes certain Tact determinations, the
invention shall belong to the Government. This portion
of the Act requires that the invention involved “be made
in the performance of any work under any contract of
the Administration.” However, clause (1) goes on to
state that the Administrator can obtain title to the in-
vention whether or not the invention was made during
working hours, whether or not the invention was made
with a contribution by the Government or the use of
Government facilities, equipment, materials, allocated
funds, information proprietary to the Government, or
services of Government emplovees during  working
hours. It is a bit difficult to see how an invention can be
made under an NASA contract, without allocation of
Government funds, at least, so that these provisions of
the Act appear to be contradictory; Z.e., the invention
must have been made under a contract with NASA, vet
the Government need not have contributed in any way
to the invention, i.e., need not have paid for the work
nor provided facilities or equipment, or provided infor-
mation. Also, whereas this section states in its initiating
phrase that the invention must be made in the perform-
ance of work under a contract of the Administration,
the following phrases do not make reference to contri-
butions by NASA, but rather to contributions by the
Government, which represents o much broader source
for contributions. What is probably intended by this dis-
turbing language is that il @ contractor enters into a
prime contract with NASA, or submits a proposal to
NASA, or il a subcontractor submits a proposal to a
contractor of NASA, or enters into a sub-contract with
a contractor of NASA, and if he therealter makes (con-
ceives or (irst reduces to practice) an invention solely
with his own funds, facilities, information, and the like,
and without any contribution from the Government,
that the invention nevertheless belongs to NASA, if
NASA can trace some relationship of work done under
the NASA contract, to the invention in question. The
precise scope of this relationship is not defined, and pre-
sumably a relationship of subject matter is intended.

The preceding clause (1) involves a person who made
an invention and was employed or assigned to perform
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research, development, or exploration work, and in such
case the invention is required to be “related” to the work
he was emploved or assigned to perform. Clause (2),
however, relates to persons who are not hired to invent
or to do research. The inventions of such persons never-
theless belong to NASA if the invention is “related to
the contract, or to the work or duties the party was em-
ploved to perform, and was made during working hours,
or with a contribution from the Government of the sort
referred to in clause 1.” Such inventions might very well
not belong to the emploving company under employ-
ment contracts in effect, since many companies have
emplovment contracts which exclude from their scope
inventions not falling within the scope of the company’s
business, or providing for retention of certain employvee
rights under certain conditions, and since many com-
panies do not have invention agree