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Douglas Aircraft Company has selected Sundstrand Aviation to supply
constant speed drives to power a-c electrical systems on the new Douglas
DC-9 short-to-medium-range "Compact Jels,” scheduled for delivery
in early 1966.

The constant speed drives, rated at 40 kva, are of the new Sundstrand
“"compact’” geared differential design—providing significantly longer

B

¥-BOLT * V-BOLT TITANIUM  TORQ-SET® HI-LOK ™ 12 POINT  REFRACTORY life, higher reliability, hghter weight, and lower operating cosis than
BLINDBOLY SPEGIML (ENGINE BOLT)  BOLT were previously attainable with this type of equipment.
TAPER-LOK ™
HEX HEAD BOLT h'.'.' .
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YTENSILIZED"™ BOLT
(260,000 PS1-WASPALOY)

ENGINE BOLT
(SPECIAL)

HI-TORQUE *
RECESS
PINS |
e ﬁ-ém\ “ ]
et \ Y

12 POINT
SELF-LOCKING NUTS

WEIGHT/MASTER SELF LOCKING PLATE NUTS SINGLE AND DOUBLE ACTING

HTENSILIZED' ™ BOLT
(200,000 PSI-A-286)

ENVIRONMENT: Whatever encompasses the aggregate of all external and internal conditions affecting the exist-
ence, growth, and welfare of product quality. The standard of excellence that earns the title 'BEST OF BREED"
is the constant aim of Voi-Shan in the manufacture of precision aerospace fasteners. There is no compromise
in production processes to reach the required degree of satisfaction demanded. Every stage from the receiving
of raw materials through to the final shipment of the finished product receives constant attention and rigorous con-
trol. Unique engineering skills and the most modern inspection testing equipment are used throughout every phase
to achieve superior product refinement...a purposeful environment. Shown above is a selection of the numerous
fastening concepts produced at Voi-Shan. They include a wide variety of proprietory fasteners and show examples
of high performance bolts, all available in a wide range of materials. Weight/master locknuts, conical seals, and
Quick Release pins add to the extensive range of specialized Voi-Shan products. Numerous Specials, manufactured
to customer specifications, are produced for virtually every airframe, missile and engine manufacturer. The
emphasis placed upon Voi-Shan engineering originality and technical experience is demonstrated by the extensive
research and capability exercised in the materials used. For example, metallurgical research entails many new tita-
nium alloys, new-super alloys for high temperature applications, very high-strength exotic materials and refractory
materials for use at exceedingly high temperatures. In addition, engineering service and product literature is an
important part of Voi-Shan service. A field representative is always on call to serve a customer's design problem
and comprehensive technical brochures are available on all of the products manufactured by Voi-Shan. Inquiries
on your letterhead are invited.

VOI-SHAN MANUFACTURING COMPANY - 8463 Higuera St., Culver City, Calif. - A DIVISION OF VSI CORPORATION
“"Where quality is important...Voi-Shan sels the standard of leadership"

SUNDSTRAND AVIATION o,

™ -
DIVISION OF SUNDSTRAND CORPORATION, ROCKFORD, ILL. " g y *
- | P

Facilities in: Rockford, llinois; Denver, Colorado—District Of.
fices in: Arlington, Texas; Daylon, Ohio: Hawthorne, California; N
Midwest City, Oklahoma; Seattle, Washington; Washington, L
D. C.—0Overseas Offices in: Paris, France; Stockholm, Sweden,

SUNDSTRAND '63—WORLD'S LEADING SUPPLIER OF CONSTANT SPEED DRIVES




Special Educational Offer:

CUT-RATE CANNULAR
INCURVATIONS
PERFORMED RIGHT

IN YOUR PLANT

Better than Ben Casev: entire operation
performed on vour assembly line,in full
view of vonr entire work force!
Incurvation (bending) of cannular
configurations (tubes) to meet crit-
ical aerospace applications is now
a snap (easy) with the Datex PTB-
100 Tube Bender.

The PTB-100is a numerically con-
trolled, hydraulically actuated,
fully automatic machine that
slashes the high cost of bent tubes.
It's so new, Boeing hasn’t even got
one installed yet.

Get this: On a single tube, 2”x 12/,
you can put as many bends as
you've got tube. Springback varia-
tion detection and correction is
automatic. Operation is simple.
Just have your programming de-
partment make some tapes.

No programming department? No
sweat! It will make its own tapes.
And here’s the best news of all:
Price of a complete PTB-100 is

only (continued next month)

Note: If vou can't wait 30 davs, wrire
for full information, to Ken Clarke at
Giannini's subsidiary, Datex, P.O. Box
667, Monrovia, California,

This is Tony
Hummel.

He is our
Sales

Engineer
in Dayton.

COLOR HIM
A.F. BLUE

DECOMPLICATORS WANTED

Decomplicators are ME's and EE's who
hold to the Giannini theory that the
success of a system design is inversely
proportional to its complexity.

Decomplicators are rare—because they
must first be masters of cpmpie:uty.
How else to know what to discard?

If you're a Decomplicator experienced
in missile/space measurement and con-
trol instruments and systems, tell Walt
Shevell, our V.P.—Decomplication.

i BRSNS E R AR SRR R E R

Just rell s who and where
you are, name the product

arnd we will promptly send
n AT A you additional information
—with pleasure.

Published monthly by Giannini Con-
trols Corparation: 1, In self-recognition
af our remarkable Measurement and
Control capabilities for Aeraspace and
Industry, 2. For painless, incremental

reading, 3. To advance our belief that
the trth need nat be dull,

Controls Corporation

1

;-E.rﬂli;..}-:?n:fu:h Mountain Avenue, Duarte, Califorma |
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62 SECOND MAZE: Synchronize vour
watches: you have exacily 62 seconds
roget fromAto Z. 3,2 1...G0!

FINK RATE GYRO

Squeals on Gemini Booster Svstenms

Translation: Giannini rate gyros will
be used on the Gemini launch vehicle,
Each gvro package will detect excessive
rate of change in the launch vehicle's
attitude and activate an abort system
through the modified TITAN II's mal-
function detection system.

IT-NASA forbid—a Gemani launch
coes sour, there'll be at least two men
glad that Martin-Baltimore put Gian-
nini on the team to squeal on any
malfunctioning booster systems or
components,

*FINK: Dates from 1892 Homestead
Strike: puard, detective, informer,
squealer, or stool pigeon.

STICK-SHAKER

Multi-engine aircraft used to vi-
brate when approaching a stall.
Now, the big new jets can fly right
into one. No vibration; no warning.
Just all of a sudden, you're in the
Twilight Zone.

(nannint’s engineers went to work
on the problem by discarding the
old warning standards: airspeed
and stagnation point sensing. In-
stead, they concentrated on the true
parameters of jet stall: angle of
attack and flap setting. That’s how
our stick-shaker Stall Warning
was born.

Today, a Giannini-equipped jet
makes no unscheduled VTOL’s
because of a special electronic/
electromechanical system that con-
stantly monitors the lift-deter-
mining factors of flap setting and
angle of attack. When the stall
point is approached, the system
shakes the control columns, ap-
proximating the old aerodynamic
warning vibration.

For details, ask a Cargomaster
pilot. Better yet, ask Giannini,

& & FE R R R E R R R R R RE SRR ER R W

MULTIPLE SPECS ARE FOR THE BIRDS

L

Pressure transducers about 17 in
diameter and 1.6” long are fairly
easy to find. Some are hermetically
scaled. Some take 35 G vibrations.
Some have dynamic error bands
down around 1%.

However, big birds like Satumn or
Thor Delta need all of these in a
single package. That’s why a cer-
tain leading transducer manufac-
turer,located in Duarte, California,
has found an ingenious way to
make a small, light, accurate, vi-
bration resistant, hermetically

scaled potentiometer output pres-
sure transducer that withstands
corrosive media and has a range of
0 to 10 psia minimum to 0 to 350
psia maximum. As a result of this
accomplishment, you'll find about
16-dozen of these multiple-spec
beauties on every Saturn booster.

If you're interested, the name of
the company responsible for this
measurement four de force and
complete specifications on their
451319 pressure transducer will be
supplied on request.

AEROSPACE CALENDAR

#‘

Dec. 2-4—=Annual World-Wide Information
Officers’ Comference, U. S. Army, Wash-
ington, D, C, _

Dec. 3-5—Joint Annual Meeting and Con-
vention. National Pilots Assn. and Na-
tional Aviation Trades Assn. including the
National Air Taxi Conference, Fontaine-
blean Hotel, Miami Beach, Fla. |

Dec, 3-5=33rd Symposium on Shock, Vi-
bration and Associated Environments,
1J.S. Naval Research Laboratory, Wash:
mgton, D, C.

Dec. 3-5—Annnal Meeting, Assembly of the
Radio Technical Commission for Acro-
nautics, Washington, D. C.

Dec. 4-6—Testing of Manned Flight Sys-
temns Conference, American Institute of
Aeronautics and Astronantics/AF Flight
Test Center/NASA Flight Research Cen-
ter, Edwards AFB, Calif.

Dec. 4-6—Ultrasonics Enginetning  Sympo-
sium, Institute of Electrical and Elec-
tronics Enginceers, Marriott Motor Hotel,
Washington, D. C.

Dec. 5-6—14th National Conference on
Vehicular Communications, Institute of
Electrical and Electronics  Engimeers,
Adolphus Hotel, Dallas, Tex.

Dee. 6—=Fourth Annual Seminar on the Ih-:
liability of Space Vehicles, Institute of
Electrical and Electronics Engincers, Aar-
port, Marina Hotel, Los Angeles.

Dee. 11-13—Conference on Heterogeneous
Combustion. American Institute of Acro
nantics and Astronantics, Palm Beach.

(Continued on page 7)
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Basic Building Block 1n
delay circuitry...

I 4 || AGASTAT’
\ Fﬂ---mll-‘f time / delay / relays

are electrically actuated and pneumat-
ically timed. The inherent accuracy and
stability of this principle, pioneered by
ESNA in 1931, has made the Miniature
AGASTAT a basic building block for a
wide range of specially-designed timing
units . . . some of which are shown here,

Twin-pack

provides sequential delays on
energizing and de-energizing in
single unit, with minimum wiring,
smallest panel space.

Four pole

4PDT switch model doubles
switching capacity, retains ume-
proven features of basic unit.

Time calibrated

dial indicates delay setting in
seconds, simplihes adjustment
and resetting.

Manually actuated

only hermetically-sealed delay

switches offering delay-on-press
or-release action, plus all other
[eatures of Miniature AGASTAT.

Miniature AGASTAT time/delay/relays are serving in every type of timing
application where reliability and size are critical. This hermetically-sealed
instrument, for example, has long been specified for use on aircraft, in mis-
siles and submarines, and in control circuits for hundreds of industrial
systems.

Flexibility is unmatched. Delays range [rom .03 sec. to 3 minutes—on pull-
in or drop-out. You can choose any standard ac or dec operating voltage, switch
capacities up to 10 amps DPDT, and solder lug, octal plug or MS5/AN con-
nector terminals.

Our engineers will be glad to discuss your special requirements. Write
today for detailed information. Dept. M-4-111,

TIMING INSTRUMENTS
ELASTIC STOP NUT CORPORATION OF AMERICA
ELIZABETH DIVISION = ELIZABETH, NEW JERSEY

IN CANADA: EsSNA LIMITED, 271 PROGRESS AVENUE, SCARBOROUGH, ONTARIO
Electropnéumatic Time Delay Relays and Switches « Solid State Timing Modules—Contrals—Programmers
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AEROSPACE CALENDAR

£ S R aY - N (Continued from page 5)

D ol Dee. 13-14—National Vendors Mecting,
: Tk Space and Flight Equipment Assn., San

Diego "|.r_m'-.|'.u1-'.|_ Museum, San I]iq.gu
Dec. ]ﬁ 17—Conference on Non-Linear
- Processes in the lonosphere, National Bu-
reau of Standards Boulder Laboratornies,

Boulder, Colo.

r—-l | Dee. 16=Sixth Annuoal Army Aviation Con-
! :] tract Services Symposium, Mayflower Ho-
§ - tel, Washington, D.C. Sponsor: Na-
‘k I tional AeroSpace Services Assn.
' |\ - \ Dec. 30—Annual Mecting, American Assn.
' - for the Advancement of Stience, Cleve-
e land, Ohio.

Berves govern ment and Jan. '.'-"'Q—Iq;n.th Wational Svmposium  on

Reliability and Quality Control, Statler

indusltry in SPace and dEfense Hilton Hotel, W ‘ashington, D. C.

Jan. 13-17=5ocicty  of "ultmml-hu. Iingi-

neers Automotive Engineering legnh
for whom what where & Exposition, Cobo IHall, Detrot, ©Mich,

Jan. I'}-H—Hirh Annnal Convention, Heli-

NASA | Integrated Mission Control Center: | Manned Spacecraft Center E;P:L"Tj]-"'-‘*-‘*"‘; of America, San Marcos Inn,
14T [l S W A

Cﬂl"pE of | En;u:;p:u‘? I dﬁtlm:”: Frnl= BRI f HOSTOHR, Tekas Jan. 20-22—Acrospace Sciences Meeting,
o Seie esign Amencan Institute of Acronmautics and

Astronmanties. Hotel Astor,. New York
M. Y.

Jan. 25=Seventh Annual Inland Empire

Quality Control Conference, Amencan | FASTER, SIMPLER PRODUCTION-RUN TESTS

NﬂSA Space Propulsion Facility: Feasi- Plum Brook Station Society for Ouality Control, California

A5 : s clet? e SRS L 5 Pol | College, P Calif.
t.lllf!.'}' SHac, "qesigh-crienRpe kawis Rasearci Gentay ]4"11}1} E[t]:'fitltll:m‘:ntut:LLLE[1i_h:ll:-::i]hnn;ﬂ.l:r WITH NEW I]IEITAI. HEAD“UT DSClLLDSCUPE

| ::;rr;m?:-;" T'!UEIEar h?za;tc:s I'Eﬂ-ﬂrl:, sandusky, Ohio ence, 511{:IL11. of Plastics Engineers, Chal-
_E' H! EIEI..I', construction EP?I“‘ fonte-Haddon Hall Totels. thht City,
fications, critical path scheduling : Jan, 27-29=Conference on Control and Svs-

tem Optimization, Monterey, Calif, "'rpm]

L

—— » Engineers

With this new Tektronix Readout Oscilloscope you can measure pulse ampli-
tudes and time increments faster and easier. For, after selecting measurement

: sors:  Society for Industry & Applied points on the displayed wavefaorm once for all successive similar measurements,
USAF!USN Space Launch Facilities: Develop- Mawval Missile Facility "'-I:lthtmntitﬁ American Institute of Acero. yvou make the tests and read the digital data directly. Indicators light to designate
BUDDCKS ment of design criteria, detail | Point Arguello, California naurics i”!'ii Astronantics; _!”-‘-T_'T”“ for | the readout status —whether in the preset-limit range, below it, or above it,
diach o Mathematical Statisties: U. S, Naval Post |
esign, specifications . : . —" . ; i :
Graduate School. In a typical test application, such as measuring transistor switching times, you
I““FlL'}ﬂ}‘ﬁll;}ﬂ_“:““_“"“ I{‘”I'-’!lil,”‘ A ;:'!]_'*1“””-"' can read directly such characteristics as the delay, rise, storage, and fall times;
F]-Ll:l;'-tl'll.':f]rl'l:llg}_"-. ﬁ:::}lﬂl ::_L{_ﬂr;?”“r]'}mﬁ“;fit the total turn-on and turn-off times: the width of pulse A and pulse B; and time
| Jun. 29-31—44th Annual EELLr[.nu' e and amplitude between two selected points on either waveform. You know
USAF Minuteman Test, Launching Facil- Edwards Air Force ‘n‘h_'!:i_'n;l'u]nfrn_ al  Society, Umu.;'-.lh iof immediately by the digital presentation and indicator lights whether or not the
ities: Detail design and specifica- Base, California California, Los Angeles, Calif, ) itern tested has met specifications.
tj'uns DIJEI‘EItiDHEll fEEHi'I.'iES S-tatil:- ]ﬂ“-. 1‘?—31#":11!!(1 ]:TI:I'.:FI'_"“” ]{I]LL}I‘_‘[ [..IFI'l'
gy éampte: ' ference, Amencan Institute of Aeronan- Also, the Tektronix Readout Oscilloscope —with digital and sampling plug-in
tics and Astronautics, Palo Alto, Calif. units —can be externally programmed for automatic sequential operation.
Jan. 30-31=Annual Computer Applications
: Symposium, II'T Research Institute, La On a production line, in a laboratory, or for sustained testing programs, the
_ 1 : Salle Hotel, Chicago, TI1. digital convenience of this Tektronix Readout Oscilloscope can speed up and
Cﬂl’pE of Titan ICBM Complex: Construction Mountain Home, Idaho Peh. 17-Filth Annual. Lestinee G Aws air-:u:r'--f it R R
EnglnEErS of USAF launching facilities space Medicine, USAF School of Aero- Ll bl e '
space Medicine, Brooks AFB, Tex,
Feb. 5-7=Fifth Winter Convention on Mil FOR A DEMONSTRATION— Type 567 Readout Oscilloscope
itary  Electronics, Institute of Electrical PLEASE CALL YOUR - <.wn:;:-tﬁt iﬁlug-ﬂn;ﬂ&;‘: ......... $ 700
and Electronics Engineers, Ambassador TEKTRONIX FIELD ENGINEER ;UL:‘E, I:H'IPI:J}Z:Z El f;, 89500
I LI#'IIL%. ]II_..;“!"{ ;"EI]'I%L‘]L'?‘-.[_F.:I]Il:.\.[ e Cant --r|1 ..']5_’5- Samp ling Dual- |. race |._I'r 1 1100
= : - £ : I Al ot 8 " i e H LT eA b Cral OITer- T Y@ y &
Martin Titan ICBM equipment installation | Mountain Home, Idaho SR R T b k“;f.]h. [.-.ILI; WPE ST SEmpling e sl R e b
and activation it Hotel, San Pranicon. CoRE. = - Sales et
cumpany - | mont Hotel, San Francisco, Calif.
gt = g e ~— o e Fl:h._ 19.21=International Sohd-State Cirr | = S e
| | | 4 MR I*I-"""""""“"?"ﬂ- — “""f”l..?:r”]F':'r“rt"":'i', Institute “illlf 1':!“"rr}“'i"" I Also Avaifable — 2 new plug-in units to extend digital readout of signal
: Cann g . e ot 1 P e and EBlectromcs Engmecers, sheraton Ho : _ i _ iy
: 5 | —m R~ o> ﬂ_I:: A tel and University of Pennsylvania, Phila- | information to low and medium frequency applications.
' . _ - — S s delphia, Pa.
; — A ——— ="-!.;';,.,_:‘-':' Mar, 2-6=Fifth Conference  on "'n.pp.igd
ﬂ- S e - - - Meteorology  (Atmospheric Problems of =
" > i =W ' ’ |
KAISER_ archrten’tsfengmears and constructors Acrospace Vehicles), Atlantic City, N. | Tektronix, Inc.
B R, Sponsors: American Meteorological Soci- | P 0.BOX 500 - BEAVERTON, OREGON S7005 | Phone: (Area Code 503) Mitchell 4-0167 + Telex; 036-691 «
v e e SR X : . o' TEKT . IBUT 7 |
# ENEINEERS Waghington. D, C.. Las Angeles, New Yok ot ety; Federal Aviation Agency. TWX: 503-291.6805 « Cable: TEKTRONIX « OVERSEAS DISTRIBUTORS IN 27 COUNTRIES
. gt i = s | Mar. 9'““-‘}“”’5}} 'F"“'I’;L'_d' L"il;:;‘l_l'. Cf;” ter- Tekironix Field Offices in principal cities in the United Sfates. Consult Telephone Direclory «
STt - __ﬂ"'!" - E‘;‘ : i ! ! o ol I ence, Marnott Twin Bridges Motor Hotel, Tektronix Limited, Guernsey, Channel Islands « Tektronix Canada Lid.: Monlreal, Quebec »
-:__-:_-r_.:__._ﬂ"lj *ﬂ#f : i ﬁ'ﬁ'ﬂ“ ez P ﬂ= (Continued on Jyagc 9) loranfo (Willowdale), Onlario « Teklronix Australia Ply, Limiled, Sydney, New Soulh Wales
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SOLID ANSWERS TO FLUID POWER PROBLEMS

In the dramatic new field of hydrofoil vessel design,
Lionel-Pacific has designed and produced the critical
hydraulic actuators required to power the various opera-

ting functions such as folding the foil surfaces.

This is another example of Lionel-Pacific's capability in pro-
viding solid answers to difficult fluid power problems. Lionel-
Pacific has long been recognized as a leading supplier of high
quality locking actuators and rotary and linear damping
devices. The company is now deeply involved in systems
applications in control dynamics, cryogenics, fluid mechanics
for military and commercial aircraft, tactical and long-range
missiles, manned orbital vehicles, and ground support equip-
ment, Augmenting this technical competence is an aggressive
systems management capability, backed by sclid financial
support and a nationwide sales engineering organization. Call
your Lionel-Pacific representative for detailed applications
information, or write:

LIONEL-PACIFIC, INC.

A Subsidiary of The Lignel Corporation f 1510 WEST 135th STREET, GARDENA, CALIFORNIA

AEROSPACE CALENDAR

(Contimued from page 7)

Washington, D.C. Sponsors: American
Institute of Aeronautics and Astronauntics;
LI. 5. Navy.

Mar, 23-26=International Convention, In-
stitute of Electrical and Electronics Engi-
neers, Coliseum and New York Hilton,
New York, N. Y.

Mar, 25-27=Acrospace Beanng Conference

(unclassified ), E]1 Tropicano Motor Hotel,

San Antonio, Tex. Sponsors: USAF;
Southwest Research Institute,

Apr. 1-2—Fifth Symposinm on Engineering
Aspects of Magnetohvdrodymamics, Insti-
tute of Electrical and Electronics ]"n%
neers, Massachusetts Institute of Tec
nology, Cambridge, Nass.

Apr. 1-3=Fifth Annual Structures and Mate-
rials Conference, American Institute of
Aeronautics and  Astronautics, Riviera
Hotel, Palm Springs, Calif.

Apr. 6-8—Intermational Conference on Non-
linear Magnetics (Intermag), Institute of
Electrical and Electronics Engineers,
Shoreham Hotel, Washington, D, C.

Apr. 13-16—Third International Flight Test
[nstrumentation Symposium, College of
Acronautics, Cranficld, England.

Apr. 19-25—International Conference & Ex-
hibit on Aerospace Electro-Technology,
Institute of Electrical and FElectronics
Engincers, Westward-Ho Hotel, Phoenix,

Apr. I-IM;I} 3—-1964 German Air Show,
Hanover Airport, Hanover, West Ger-
many.

May 4-6—Acrospace Propulsion Meeting,
American Institute of Aeronantics and
Astronautics, Cleveland, Ohio.

May 5-6—Fifth National Symposium on Hu-
man Factors in Electronics, Institute of
Electrical and Electronics Engincers, San
Dicgo, Calif.

May 11-13—16th Annual National Acro-
space Electronics Conference (NAECON),
[nstitute of Electrical and Electronics
Engineers, Biltmore Hotel, Dayton, Ohio.

May 19-21—International Svmposium on
Microwave Theory and Techmigues, Insti-
tute of Electrical and Electronics Engi-
neers, Idlewild Airport. N, Y,

May 25-27—General Aviation Design & Op-
erations Mecting, American Institnte of
Aeronantics and Astromautics, Wichita.

May 26-28—Sccond International Forum for
Air Cargo, Sheraton-Mt. Roval Hotel,
Montreal, Canada. Spomsors: Society of
Automotive Engincers: American  Insti-
tute of Aeronantics and Astronautics; Ca-
nadian Acronauntics & Space Institute.

June 2-4=National Telemetering Confer-
ence, American Institute of Aeronautics
and Astronantics/ Institute of Electrical
and Electronics Engineers/ Instrument
socicty of Amenica, Biltmore Haotel.
Los Angeles, Calif.

June 2-4—National Symposium on Global
Communication (GLOBECOM VT), In-
stitute of Electrical and Electronics Engi-
neers, Unpiversity of Pennsylvania and
Sheraton IHotel, Philadelphia, Pa.

June 29-July 2—First Annual Meeting &
[L‘ﬂllmtal Display, American Institute of
Acronautics and Astronautics, Sheraton
Park Hotel, Washington, D, C.

Sept. 7-13—1964 Flying Display and Exhibi-
tion, Society of British Aircraft Construc-
tors, Farnborough, England.

AVIATION WEEK & SPACE TECHNOLOGY, NMovember 18, 19463

Primary

heat exchanger
source:
Janitrol

The long range, high performance Douglas DC-8 with fan engine uses four
Janitrol heat exchangers in its air-conditioning system. Located behind the
lower air intake in each engine nacelle, these primary exchangers reduce engine
bleed air temperatures from 850° to 450°F. Since space is limited the units
were designed to be compact and thermally efficient. One unusual qualification
requirement is that the exchanger must withstand 5000 temperature expansion
cycles., Material is type 347 stainless; heat transfer material thickness is
0.0035"; size is 815" Hx 27" W x 16" D,

When you need a heat exchanger or an oil cooler, Janitrol's approach to
heat exchanger reliability can be an important design asset. We regularly work
in stainless steel and aluminum using plate and fin, dimpled plate, tubular and
Platular* techniques. Request bulletin JA 218 from the Janitrol Aero Division
of Midland-Ross Corporation, 4200 Surface Road, Columbus 4, Ohio.

“T.M. Midland-Ross Corp.

JANITROL AERO DIVISION
Midland-lRoss Corporation

9
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- MILLIWATT RESET COUNTER: SUB-MINIATURE MEMORY:
| m capacity 28 counts, m 30,096 bit sequential access memary.
\ L l.'[llll'lﬁlilg rate 0 to 100,000/ sec. ® asynchronous one bit at a time to
. . ® input scaler ratios from 1:1 to 3271, 20,000 bits/sec.
\_ wiectncally sesecialne, = yolume: less than 70 cu. in.

m pre-flight and in-flight preset by
telemetered code.

‘n

® weight: 2% Ibs.

L ]
Vi

m bit serial count interrogation oulpul: i :
single or multiple, choice of 5 formats. ® —70°C to +95°C operating.

m —55°C to +-100°C operaling. ®m 20 pzs., 10,296 bit unit also available,
m (Qual-tested by DI/AN.

' m exira register stores second count for = Read/Restore or Clear/Write modes.
* command prasel. = no internal heating or temperature
= provides pulse and relay closure at control required.
preset count. = 25 milliwatts standby power.

® (Qual-tested by DI/AN.

*HISTORY: NO ONE (repeat, no one) comes close to match- tew components, non-critical semiconductor parameters,

ing DI fAN's mistory of reliability in magnetic logic equip- no incremental flux states, resistance to radiation and to ex-

While the braid on all hose of Teflon* looks the same, the real difference is in the liner. ment for space. Proof: The operating history of these de- treme temperatures. Plus, extraordinarily high, fully cabled
= : - g : , : - vices (and their predecessors) approaches a million hours circuit density. (Over 10,000 high-logic-power CTL's per
CD|DI" shows that difference. Resistoflex F|UDFDﬂE}E T Hose is bHEk due to its formulation. in over 30 different aerospace programs with no Known cubic foot.) 1000 CTL's make a parallel GP computer.

For over ten years this method has produced hose that outlasts and outperforms fluoro- failure. SHORT DELIVERY: One type of magnetic logic element is
. ' . ; RELIABILITY: This, mind you, is a record of actual use of our used for all functions — function determined by intercon-
carbon resin hose made by any other process. Only Resistoflex and its licensees employ clocks, timers, counters, miniature memories, etc. The nections. New equipments are built with almost no elec-

this patented carbon black process. Always look inside Teflon hose. If it's black it's best. record is supported by two life tests of the individual mag- trical engineering time required. Product line units illus-

netic Core-Transistor Logic modules (CTL's), with which trated above are available on short delivery from current
] T : these equipments are made. The Tesls have logged 34 production,
b ;}gggi:f;t';’:g;?j;:!gm“;,';g}";f;ﬁ;ﬁf;:g":;: million module hours over 5 years — no failures, and 1% WRITE FOR DATA SHEETS and special report on "MAG-
plications a special high conductivity hose is avail- million module hours over 2 years — no failures. These num- NETIC LOGIC IN SPACE — A REPORT ON HISTORY AND
able. Write Resistoflex Corporation, Roseland, N. J. bers are for complete logic elements — but compare them RELIABILITY".
for Catalog HP-3 with numbers for single components! ALSO AVAILABLE: Literature covering three other DI /AN

STation i5'n Ol Pont Tadisark. FiloroRen i a Resistohion tradamark. THE KEY to this history and reliability: The unique advan- product areas ® Maanetic Logic and Register Modules and
tages inherent in CTL magnetic logic design: low power, cards ® Standard Core Memories ® Data Systems.
PLANTS: Anaheim, California « Roseland, New lJlersey = Dallas, Texas. SALES OFFICES: Atlanta e Chicago = Dayton = Detroit

Jacksonville » Kansas City « Miami » Oakland e Philadelphia « San Diego » Seattle » Syracuse = Washington « West Caldwell

ﬂl‘/ﬂﬂ Controls, Inc. df%ﬁ}ﬁ 945 DORCHESTER AVE., BOSTON 25, MASS. 617-AV 8-7700 — TWX: 617.288-5063



TROUBLE TRACKER...

New magnetic tape viewer lets you actually see recorded signal instantly!

MNew patented development! Now you can have a
fast visual check on digital recordings without damaging
tape. The new ScorcH® BrRaND Magnetic Tape Viewer
makes recorded signal visible instantly. Tells vou whether
a tape is recorded or not. Lets you check placement,
spacing, and width of tracks. Lets yvou see pulse definition,
interblock spacing, dropout areas. Simplifies making cor-
rective adjustments.

No chemicals, no tape preparation, and no risk of con-
raminating tape. Just rub
viewer to remove any pre-
vious image, place tape on

"ScoTcH” Magnetic Viewer No, 600,
complete with durable wooden case.. 850,

viewing pad with oxide coating up, set viewer on tape,
tap viewer with finger and watch the image appear.

Viewer also shows the pattern of recorded sound in
audible range applications. Even determines whether tools,
heads, or guides are magnetized.

IMEDTEADEMARN OF MINNESOTA M INIMG & MANUFACT

Magnetic Products Division BM

Dept. MCJ-113, 5t, Paul 19, Minnasota

Please give me a demonstration of the "SCOTCH" BRAND
Magnetic Tape Viewer.
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1,600,000 Hours of Nuvistor Life Tests DEMONSTRATE:

99.057%

RELIABILITY

per 1,000 hours over first 10,000 hours of operation at a

957% GONFIDENGE LEVEL

New data, from continuing tests, substantiate these
exceptional reliability figures for RCA nuvistors.

1,600,000 tube hours of actual life tects on the RCA-
7586 nuvistor triode have established a failure rate of
only 0.47% or less per 1,000 hours—for the first 10.000
hours of eperation—at a confidence level of 959%:.

Furthermore, during the tests, involving 532 nuvistors,
only one tube showed a reduction in transconductance to
50 percent or less of the initial value. The tests also
revealed no sustained downward trend in transconduct-
ance distribution. Based on these findings, wear-out type
failures should be virtually non-existent during the first
10,000 hours of nuvistor tube life.

The Most Trusted Name in Electronics

|ﬁl':

—p

These facts give you 959% assurance that:

o O every 200 RCA-7586 type nuvistors in youor
sockets, 199 will satisfactorily complete each 1,000
hours during the first 10,000 hours of operation.

® Nuvistor characteristics are exceptionally uniform
from tube to tube, and remain exceptionally stable
throughout tube life

This outstanding reliabilify 15 one more reason why you
should specify nuvistors for all applicable circuitry. For
technical data on specific types, see your RCA Field
Representative or write: Commercial Engineering, RCA
Electronic Components and Devices, Harrison, New Jersey,

[' = Nuvistor Life Tes’._ll-z-l]-:_l_l:-q_-"ga_ o _’
1] i
rﬂﬁr:f._l r:L'ﬁFEI.-
| tions | tions |
| =1 =2
| Healer voits | 63 | 63
Heater-cathode volts | 100 | 0 |
Rievalls= -~ — = [raopicle=ag)
Plate-supply volts . | 75
| Lridvaolts . 185 | — |
Cathode resistor—ohms = 100 |
' Grid-circuit resistance—megohm | 0.5 | 0.5 |
 Metal-shell temperature—°C | 150 150 |
| Plate dissipation—wafts | T | 0.75]

FIELD OFFICES—-EAST: 32-36 Gregn 5t., Newark 2,
M. J., (201) 4B5-3300 - MIDWEST: Suite 1154, Mer-
chandise Mart Plaza, Chicago 54, 1ll., {312) 527-2900
« WEST: 6801 E. Washington Blvd., Los Angeles 22,
Calif., (213) RAymond 3-8361 - 1838 E! Camino Real,
Burlingame, Calif., (415) 687-1620

L |



Merging ma
VIBRATION NEWS

MB ELECTRONICS -+ A DIVISION OF TEXTRON ELECTRONICS, INC.

Representatives in principal cities throughout the world

MB introduces SWEEP RANDOM-—

a new, low-cost method of random vibration testing

MB Electronics now offers indus-
try the Narrow Band SWEEP RAN-
poM system. This new technique in
random vibration testing is designed
to create stresses and accelerations
at all levels similar to those provided
in the more expensive wide band
random test. It i1s easy to operate
and inexpensive enough to be used
with the smallest simulation test
system in general use today.

The new MB SWEEP RANDOM meth-
od reduces the total forcerequired for
wide band testing by sweeping slowly
over the frequency range with an
intense narrow band excitation, In
contrast to the low acceleration den-
sity excitation of the wide band test.

This results in a reduction of from
one third to one half the force rat-
ings heretofore required for simu-
lated random vibration tests. Con-

asiderable cost savings are also rea-
lized with this new MB system.

The MB SWEEP RANDOM system 15
ideally suited fortesting components
andsub-assemblies of systems which
might be given a final qualificafion
test by wide band random techniques.

For more detailed information on
the SWEEP RANDOM system write to
MB Electronics, 781 Whalley Ave,,
New Haven B. Conn.

“FLY WITH IT, AND YOU WILL NEVER WANT TO FLY WITHOUT IT”
That's what pilots have said about the Hiller/Hamilton Standard SAS. Highly
simplified and at an economical price for light helicopters. Among LOH's only
the OH-5A has SAS. And only Hiller has perfected, fully tested, and received
EA.A. Certification of SAS on a light helicopter.

HILIL.ER AIRCRAFT COMP

FPALD ALTO. CALIFORMNLE « WASHINGTON DC
DIVISION OF ELTRA CORPORATION




BEECH “IMAGINUITY"
In Missile Systems

MACH 7, ANYONE?

What will be the requirements for tomorrow’'s missile targets?
What are the problems in building them? Beech “Imaginuity’ is
already seeking—and finding—the answers. The Beech missile
above, designed to operate at speeds above Mach /7, is just one
example of the way Beech is exploring the future—today.

If you want to pass this Beech missile target,
you'd bhetter be doing Mach 8 — or better!

) o

MACH .65

€ @Ch uﬁf&of,a@ca@w/mm

BEECH AIRCRAFT CORPORATION ® WICHITA, KANSAS 67201

R i R

HELPING BUSINESS GROW FASTER: Only Beechcraft offers such a com-
plete line of planes with so much speed, range, comfort and quiet to help
business multiply the money-making decisions that each top man can
make. That's how thousands of Beechcrafts have paid for themselves.

MACH .52

. _j
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Now from America’s first family of missile targets,
comes the newest example of Beech "Imaginuity’”

Today’s modern air defense systems are only as effective as the
shooting skills of the men who aim and fire them. To provide the
realistic training needed to keep America’s air defense units combat
ready, Beech is building and has designed an entire family of missile
systems to accomplish a variety of missions. They range in speed
from Mach .52 to over Mach 7, with altitude capabilities from sea
level to over 100,000 feet.

Two Beech missile target systems, the propeller-driven U. S,
Army MQM-39A “Cardinal” and the rocket-powered U, 5. Navy
AQM-37A (KD2B-1), are already being produced in quantity. The
AQM-37A is capable now of speeds above Mach 3. It gives today’s
most advanced weapon systems a realistic challenge to their
capabilities,

This kind of successful experience in developing and building
entire missile systems has given Beech a head start on the future,
We are ready now to put Beech “Imaginuity” in design, develop-
ment, fabrication and testing to work on the even more advanced
missile systems that will be required for tomorrow’s training and
air defense requirements. May we tell you more?

For full information about how Beech's
proven capabilities may help you In aero-
space projects—from R&D and sophisti-
cated testing to one-of-a-kKind or mass
fabrication—write, wire or phone Contract
Administration. Beech Aircraft Corp.,
Wichita, Kansas 6/7201.

-

-:_;;._:.-__*
Executives: Write today for: [] "Dollars and Sense of
Business Flying.” [ Beech Financing and Leasing
plans, [} Mew illustrated folders on business-

designed Beechcrafts. Address Public Relations Dept,,
Beech Aircraft Corp., Wichita , Kansas 67201.

481L. A self-healing system for
post-attack recovery and re-
establishment of command
structure in case of direct
nuclear bombardment.

It's MITRE's job to design such a
system and make sure it works.

It's just one of MITRE's jobs.
Among others are the
development of a new aerospace
communications system, a
nuclear detection and reporting
system, a hardened underground
command post for NORAD,

and a system to help end mid-air
collisions.

MITRE needs men for this work.
It is probably the most
challenging work of its Kind in the
field of military command
technology.

MITRE is located in Bedford,
Mass., a country town 25 minutes
from Boston, one hour from the
White Mountains, a half-hour
from the ocean.

Engineers and scientists —
preferably with advanced degrees

and at least five years' experience
in electronics, mathematics or
physics — write Vice President,
Technical Operations, The MITRE
Corporation, Box 208H,

Bedford, Mass. Openings are also
available in Washington, D.C. and

Colorado Springs, Colorado.

=== ==

MI'T'RE

CORPORATION
An Equal Opportunity Employer

Pioneer in the design and development of command and control systems, MITRE was chartered in 1958 to serve only the
United States Government. The independent nonprofit firm is technical advisor and system engineer for the Air Force Elec-
tronic Systems Division and also serves the Federal Aviation Agency and the Department of Defense.



RAYTHEON

TWT'S for
PHASED
ARRAYS

Broad-band phased array systems
demand extraordinary components.
TWT's that drive the elements of a
phased array must, for example,
have exceptionally uniform electrical
characteristics from tube to tube.
Specifications for phase linearity,
gain flatness, and peak power out-
put vs. frequency must be extremely
tight over a broad band of operation.

Raytheon QKW1013 TWT was spe-
cifically designed to meet all re-
quirements for phased array appli-
cations. Typical data: phase shift is
held to narrow excursion limits of
+5° over the operating frequency
range. Too, the QKW1013 offers long
tube life and was designed for eco-
nomical, high volume production.
Such demonstrations of unique cap-
abilities are among the reasons why
Raytheon was awarded the largest
production contract written to date
for phased array TWT's.

Ask your Raytheon Sales Engineer
for complete technical data.Or, write
the Raytheon Company, Microwave
and Power Tube Division, Waltham
54, Massachusetts.
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That's LABS!~Low Altitude Bombing Sys-
tem! With fighter-bombers that move at
more than 30 miles per minute, there's
no margin for error! That's why The A. W.
Haydon Company developed LABS TIMERS.
To tell the pilot when to zoom—into bomb-
drop position!

And when to release the bomb!

LABS TIMERS are precise! Rugged! Driven
by highly accurate chronometrically gov-

erned * motors — another specialty of The bombing—or any other area where time is
A. W. Haydon Company. important, in any way, shape or form.

Ssince 1954, when LABS was originated, Do you have a time problem?
The A. W. Haydon Company has been first we have a timely solution!
in design, development and manufacture.
Foremost in supplying them.

First! Foremost!
That's the story of our life!
We're specialists in the field of time, For

SRR A B =

AYDON
GOMPANY

232 NORTH ELM STREET WATERBURY 20, CONNECTICUT

THERE IS5 ALWAYS AN OPPORTUMITY FOR QUALIFIED ENGINEERS AND TECHNICIANS TO GROW — IN THE FIELD OF TIME — WITH THE A. W. HAYDON COMPANY, AN EQUAL OFPPORTUNITY EMPLOYER.

EDITORIAL

Rosier Horizons

The U.S. airline industry, which 1s the pace-setter for
the world, has broken out of the turbulence of its jet
transitional period and is now speeding toward rosier
horizons. Last week (AW Nov. 11, p. 44) Transport
Editor L. L. Doty predicted a record profit in 1963 for
the major U. 8. trunklines and international carriers. Mr.
Doty’s forecasts have a habit of becoming fact with the
passing of time, and the data for the hrst nine months
of the year makes a strong case for his conclusions. In
addition, extraordinary good flying weather over the
entire country during the Fall promises that the pros-
perity trend will continue through what is usually a
marginal quarter.

We think that 1963 will take its place in airline his-
tory as the vear that managements emerged successfully
from their struggles to solve the economic problems of
the jet age, although the operational people mastered the
technical problems of jet transports several years carlier.
Not all airlines will share this prosperity, either in 1963
or in the predictable future, but these few fall into two
categornes:
® Airlines with unique and non-typical management
problems.

* Some foreign flag carriers whose countries are more con-
cerned with operating their airlines as instruments of
national policy than as economic assets.

In retrospect, the jet transitional period has proved to
be considerably shorter than many authoritative prophets
in this industry anticipated, The technical problems
were considerably less than expected, Indeed, the jet
transport, and particularly its powerplants, have set new
standards of airline reliability and service. The eco-
nomic problems were considerably more acute. But
considering that the jets” initial impact occurred only
about three vears ago, this is not an unduly long penod
for any industry to absorb a major revolution in its busi-
NCSs.

There have been a number of contributing factors, in
addition to good weather, for the airlines’ prosperity n
1963. There has been a general improvement in pas-
senger service, as most airlines took a new and kindlier
view of their ticket-buying clients. There 15 more and
better communication between the airline and its passen-
gers, including the major progress resulting from elec-
tronic reservations svstems. However, some airlines are
still reluctant to be candid with their customers on
schedule delays, where a policy of accurate information
would save the passenger time and worry and preserve
good will for the airline, Completion of jet age airports
at many major terminals throughout the world has
helped ease the strain of handling the larger jet loads,
although air trafhe control in terminal areas still leaves
much to be desired,

The jet age attracted substantially more passengers
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in U.S. domestic trafic and on the keyv North Atlantic
mmternational route during 1963, and also saw the
start of a major growth in revenues from the begin-
ning of international jet cargo operations. The impact
of the jet cargo plane will play an important role in main-
taining airlines on their platean of prosperity.

In addition, the recent performance of the U.S. air-
lines has made a basic change in the attitude of investors
and the financial community toward this business. Many
airline stocks have more than doubled their price in the
past few vears, while in mid-1963, the climb in airline
stock prices continued at a rate faster than the general
market (AW Oct. 7, p. 40).

The jet age has forced some new concepts on the
regulatory agencies concerned with air transport. The
technical capabilitics of the jet transport are difficult to
constrict within the limitations of the routes of a purely
regional carrier, Without sufhcient route mileage to
really stretch its wings and fly a high daily rate of uti-
lization, the jet cannot perform with economic efficiency.
The Civil Aeronautics Board has already changed the
regional character of Delta and National airlines by ex-
tension of their routes in the Southern Transcontinental
Case, but the impact of jet technology on its regulatory
policies 1s far from finmished.

There are still some vexing unsolved problems that
can modify the outlook for continued airline prosperity.
The most serious are the achievement of all-weather op-
erations, and an air traffic control system that can handle
the growimg volume of major terminal operations now
being generated. The all-weather landing capability
1s being pursued with considerable technical vigor, but
there 15 an air of mustiness in the approaches to the
air trafhe control problem. It is evident that not only
new cquipment but fresh thinking and new concepts
are required for the creation and operation of a trafthc
control system capable of permitting maximum utiliza-
tion of jet capabilities.

The fare muddle must be transmogrified from its pres-
ent system of complex inequities to a simplified, non-
discriminatory structure that can be understood equally
well by the airlines and their customers. There 15 no
excuse for more than 50 different fare possibilities be-
tween New York and Niami, or for the situation on
the North Atlantic that penalizes the regular traveler
and rewards the one-timer as a result of the group fare
farce.

Airline managements are doing an increasingly better
job of coping with their jet age problems. But they will
need all the help they can get from their regulatory
agencies i adapting their policies to recognize the reali-
ties and the potentials of the jet age.

—Robert Hotz
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ADVANCED

SOLID STATE AMPLIFIERS FOR YOUR

CONTROL AND INSTRUMENTATION APPLICATIONS

i
SR R ARG e A e

Model 117 100-volt Operational
Amplifier for analog control or com-

puter systems.

OUTPUT: = 100 valts
at = 50 ma

BAND WIDTH: dc to
200ke

GAIN: Greater than 10%

NOISE REFERRED TO
INPUT: 2 mv rms

INPUT RESISTANCE: 3
megohms at de, 1
megohm above 5 cps
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Model 112 Chopper-5tabilized Oper-
ational Amplifier. Versatile, modular

for analog control systems.

BANDWIDTH: dec — 250 ke
Long-term stability, constant

gain- bandwidth

OPEN LOOP GAIN: Adjustable piAieom

from 107 to 2 X 10° for
constant gain-bandwith,

Offset adjustable to zero
(= 1 mv. nom. range)

VOLTAGE OFFSET DRIFT:
Less than Guv per hour

INPUT CURRENT: Less
than 1 na

Contact your Astrodata engineering
representative for a demanstration...
or write today for technical literature

giving complete specifications.

Astrodata advanced design instrumentation amplifiers raise state-of-the-art standards {0
higher levels for measurement. .. conditioning ... monitoring . .. indicating . . . control,

Many standard options are available to adapt these amplifiers to your individual requirements,

For custom designs, Astrodata’'s extensive experience provides a well-qualified capability for
satisfying your specific performance needs.

Model 884 Wideband (dc-150kc) Floating, Guarded Amplifier...
Model B85 Wideband (dc-10kc) Differential Amplifier...

high-gain/high-performance amplifiers for low-level wideband systems. Completely transistor-
ized, these state-of-the-art amplifiers use field-effect transistors in place of the mechanical
choppers to achieve lowest drift rate, low power consumption and maximum reliability.
Standard gain steps include "OFF," 3, 10, 30, 100, 300 and 1,000. Continuously adjustable 10-
turn vernier control is available as a standard option. An optional =10 ma or =100 ma
output current (at =10 volits), supplied from low output impedance, can be supplied to drive
A to D converters, multiplexers, galvanometers or tape recorders. The Model B85S provides a
choice of transfer characteristics, including (A) Maximally Flat Amplitude (Butterworth) for
widest frequency response in high-level multiplexed, galvanometer or tape recorder systems,
or (B) Linear Phase (Bessel) for fastest settling time and overload recovery time in low-level
multiplexed systems.

Both models have built-in power supplies, feature drift less than 2uv per week, noise less
than d4uv rms, linearity better than 0.02%.
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Model 880 Differential Amplifier for
low-level, low-frequency systems,

Model 133B Dual-Channel Galvano-
meter-Driver Amplifier provides 18
independent amplifier channels in
7 inches of panel space.

BANDWIDTH:
N de to 100
GAIN RANGE: Zero to 4, 1 cps; also
with ten-turn, continu- e R available
ously variable, locking %Y =% with switch-
control oy 9 | seignted
INPUT IMPEDANCE: o = flters
10,000 ohms Lo A
FREQUENCY RESPONSE: A R LOW NOISE:
= 0.5 db from dc N ¥ !ﬁirmfn
OUTPUT LIMITING: = 100 ma | .3 GAIN RANGE: 50-1000 _
maximum output current S MOUNTING: Portable case or 8-in

prevents galvanometer standard rack mounting frame

overioad or burnout.

——

Model 121 Manovoltmeter provides
0.1 uv full scale bridge balance de-
tector or thermocouple indicator for
standards and calibration work, in
the field as well as in laboratories.

Model 120 Nanovolt Amplifier gives

u high-gain/ low-noise amplification
or seismic transducer signals,
cryogenic studies, thermocouple or
strain gage signals.

GAIN RANGE: 200 FULL SCALE RANGES:

to 1,000,000 = 0.1 =v to
BANDWIDTH: = 100 mv

de — 100 cps INPUT RESISTANCE
NOISE: 0.05av rms ALL RANGES:

referred to input 1 megohm
INPUT RESISTANCE: Built-in Overload

1 megohm Indicator
OUTPUT LEVEL: Self-Conlained

0 to = 5 volis Batteries and AC

at = 5 ma Power Pack

I
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ASTIROIDATA I wNC.
P.0. Box 3003 « 240 East Palais Road = Anaheim, California 92803
Phone (714) 772-1000 TWX 714-776-3760

WHO'S WHERE

In the Front Office

Leonard €, Mallet, a director, Umited
Aircraft Corp., East Hartford, Conn.; he 15
a vice president of United and president of
Pratt & Whitney Aircraft Div.

Marvin Whitlock, a director, Umnited Air
Lines, Inc,; he is senior vice president-opera-
tions, Mr. Whitlock replaces the late Eric
Johnston on the board.

Kenneth F. Mundt, senior vice president,
Acrojet-General Corp,, El Monte, Calif,

Dr. Robert R. Bennett, vice president and
director of advanced svstems program man-
agement, TRW Space Technology Labora-
tories, Redondo Beach, Cahif

Alastair Michael Adair Majendie, a dircctor
of S, Smith & Sons (England) Ltd., and
managing director of Smiths Awviation Div.

William F. Riordan. administrative vice
president, Rantee Corp.. Calabasas, Calif.,
a subsidiary of Fmerson Electric Manufac-
turing Co.; he combinnes as manarer of
Emerson’s Spectral Technology and Applicd
Research Div, (Santa Barbara).

W. L. Hawks. cxeentive vice president
and a director, Pacific Scientihe Co., Los
Angeles, Calif.

H. F. Doungherty, vice president, Com-
Rnnf.nh Corp.: he continues as manager of

vorthern operations with offices in San Jose,
Calif,

C. Gus Grmt, vice president-operations,
Ampex Corp., Redwood City, Calif,

Lt. Col. Robert F. Spence (USAF, rL't.L
Washington, D, C., representative for Rid-
dlc Airlines. Inc, Prior to retirement, Col.
Spence was Chicf, Defense News Branch,
Office of the Assistant Seeretary of Defense
for Public Affairs, the Pentagon.

Nelson B. Frv, Jr., cxcentive vice presi-
dent, Allegheny Airlines, Inc., in charge of
the company’s new air service center at
Greater  Pittsburgh, Pa., Airport,  Also:
W. Blake Thompson, vice president and
controller.

Col. Arthur W. Cruikshank, Jr.. com-
mander, Systems Engineering Group, Re-
search and Technology Div. (RTD), Aero-
nautical Systems Div., Air Force Systems
Command, "'n"n’r[ght-l“aﬂ-r:rstm AFB, Ohio,
and deputy commander of RTD.

Honors and Elections

Don Watson, of Pacific Western Airlines,
Ltd., has been named president of the Air
Imnf-.pmt Assn. of Canada for 1964, Named
as vice presidents: R. G. Lefrancois, of Nord-
air Ltd., and G. W, McPherson, of Okana-
gan Helicopters,

Dr. Henry J. E. Reid, retired NASA offi-
cial, has been selected by the National Acro-
nantic Assn., as an “Elder Statesman  of
Aviation™ i recognition of his contributions
to the progress of flight . . . Dr. Reid was
director of the Langlev Research Center
from 1926 until "u.h'l. 1960,

George Schairer, Boeing acrodynamicist,
has been named as the 1963 W right Broth-
ers Lecturer by the American 1’|1-t1hm of
Acronautics and Astronautics. The lecture
will be delivered on Jan. 20 at the ATAA
Acrospace Sciences Meeting, Hotel Astor,
New E:'|:||1']-'., N Y.

(Continued on page 125)

INDUSTRY OBSERVER

F[uni-. for a major Defense Dept. statement soon on the future of USAF's

X-20 (Dyna-Soar) program. Defense Secretary Robert §. McNamara report-
4:::111. was not impressed by the X-20 portion of a Titan 3/Dyna-Soar briefing
he received last month at Martin-Denver,

P Detailed requirements for an astronant training aircraft with a 50-naut. mi.
altitude capability have been submitted by Edwards AFB program planners
to USAF Headquarters. The cﬂnﬁguratmn would require more than a
single propulsion mode to satisfy altitude and operational requirements,

® Douglas Aircraft Co. has won National Aeronautics and Space Administra-
tion's competition for the follow-on program definition phase of the manned
orbital research laboratoryv (MORL). The phase will be broken into two
sixv-month portions—each funded at about $1.5 million. The second portion
is expected to be coordinated with results of the pre-program dehnition
phase for USAF’s orbital space station (OS8S). Contractor for the USAF
station phase 15 expected to be chosen next month. The USAF study phase
will be completed well before the second portion of the MORL program
definition work.

» I'ederal Aviation Agency has rﬂqunsted industry bids for a modular-design
digital computer suitable for air traffic control functions and eventually
expected to be procured in quantity and installed at 22 air route trafhe con-
trol centers. Proposals are due Jan. 6, and the winner will be selected withmm
30 days after that date, The modular design is planned to permit computer
capacity to be tailored to the needs of each ARTC center and to allow
expansion of its functions.

® Decision on whether to continue orbital threat technology studies—per-
formed for Advanced Research Projects Agency by industry Airms and sub-
mitted last month—will not be made until Defense Dept. Research & Engi-
neering completes its review before the end of the vear. Companies
which submitted studies included Boeing, Douglas, General Electric, Martin
and TRW Space Technology Laboratories.

» Army Missile Command is considering a program for a rocket with high
targeting accuracy to meet requirements of an anti-radar mission and destruc-
tion of large-gun positions. Both USAF and Navy have plans for anti-radar
missiles (AW Oct. 28, p. 19).

NASA may support feasibility dc-nmmtmhun of a full-length, 260-in.-dia.,
'-.L}]Iﬂ propellant motor (AW Nov. 4, p. 23) with modest funding if USAF's
Space Systems Div. cannot convince DUD that an investization of tech-
nology bevond the half-length, 260-in. motor is essential. Aerojet-General
and Thiokol have invested in facilities for development of the '*'[rﬂ -in, motor,
but DOD seems disinchined to extend the program because there is no Air
FForce requirement for a solid booster of this size,

» Douglas Aircraft Co. will receive a sole-source contract from the Navy to
conduct a mission analysis evaluation of the supersonic combustion ramjet
(Scram) concept. The award stems from an unsolicited proposal by Douglas,

» Reports for USAI's Project Forecast indicate that a long-range aircraft
with multi-mission mpahlllt*- and a fighter-type plane to be used r.immh for
close support will get the same heavy :.mphmﬂs in USAF plans as a military
space station with logistics cargo and personnel spacecratt.

> First test of Lockheed Propulsion Co.’s 156-in. motor segment using a jet
tab for thrust vector control will be conducted in late April, 1965. The
second test firing under a program sponsored by Space Systems Div. would
occur about four months later. The jet tab will be mounted on the nozzle,
which probably will have an exit plane diameter of about 44 ft.

P Program to develop a held-effect type transistor capable of withstanding
intense nuclear radiation is being planned by the Army’s Aberdeen Prmmg

Ground. Qualified bidders must register by Nov. 29. Reference code is
RIFP-RD-APG-48-64.
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Motion Stlldy‘ Induced rotation of a Manned Orbital Research Laboratory under study by NASA,
which would provide artificial gravity for its crew, could also introduce unwelcome twist, tumble, spin and

wobble in space. 0 Because these motions can best be arrested by precision stabilization, Sperry is under

contract to NASA Langley Research Center (1) to make dynamic analyses of the types
of motion which may be encountered; (2) to derive control laws which may be applied to
the resultant problems; (3) to generate control concepts which will guarantee station sta-
bility. O Because orbital times up to a year are under study, a manned station presents

a unique challenge in control. Sperry experience in gyroscopics, aerospace control, un-
dersea stabilization logically suits us for the task, General Offices: Great Neck, New York.

SPEARY

DIVISIONS OF
SFERRY RAMD
CORFPORATION

NASA Eyes Titan 3

Gilpatrie’s Successor

Military Dollar Impact

New Ranger Shot

Washington Roundup

Administrator James E. Webb of the National Aeronautics and Space Administra-
tion is showing interest in using the USAF-Martin Titan 3 to launch such future heavy
payloads as obscrvatory satellites.

Titan 3 is designed to put 28,000 Ib. into carth orbit and could become a standard
launch vehicle for the civilian space agency. Webb has been discussing the possibility
with Dr. Harold Brown, director of defense research and engineering,

An intended byproduct of these discussions is more NASA-Defense Dept. unity
in the U. §. space program. Air Foree would gain additional justification for its booster.

Federal Aviation Agency is moving to rcorganize its resecarch and development
activities to obtain a more efficient grouping of technical specialists. New air trafhe
control, navigation and communication development divisions are expected to be
formed before vear's ¢nd from the present electronic systems development and system
management divisions.

Pentagon insiders predict Army Secretary Cyrus R. Vance will succeed Roswell L.
Gilpatric as deputy defense sccretary and that Kenneth E. BeLieu, assistant Navy
secretary for installations and logistics, will replace Vance.

Gilpatric is expected to leave the Pentagon shortly after appearing before the
McClellan subcommittee this week to answer challenges about his role in the F-111
(TFX) contract award to General Dyvnamics.

The subcommittee’s voluminous record detailing Gilpatric’s relationships with
General Dynamics while deputy defense secretary will bring l:]mrgt:s that he c.]mu]d
have disqualified himself from participating in the Lmupttmnn (AW Nov. 11,
Chairman John L. McClellan plins to break precedent in the I-111 hearings h_r :}1}::11-
mg the sessions this week to the public.

Former Navy Sccretary Fred Korth is slated to follow Gilpatric to the witness
stand, possibly later this weck. Then comes the final ‘ﬂltl‘l{h":—”f.fi_]h{, Secretary
Robert 5. MeNamara. The subcommittee had to resort to its subpoena power to
obtain some records from Ford Motor Co. about McNamara's relationship with Boeing
when the two companics worked together on the B47. It was the first time during the
investigation that a company refused to give the subcommittee records without a
subpoena,

Objective of obtaining the Ford records was to determine if McNamara had dis-
plaved any bitterness against Boeing during that period which might have influenced
his F-111 decision. No such prejudice was documented by the records,

Comptroller Charles J. Hitch is heading a Defense Dept. effort to provide acrospace
contractors with market research information so they can prepare themselves for sudden
shifts or reductions in militarv spending.

First step in the effort is to develop better information on just what impact
military spending does have on the economy. Defense Dept. plans to prepare a ques-
tionnaire for the Census Bureau to obtain this information in the next census. Then
the hope 1s to 1ssuc a Ave-vear forecast of military and space spending.

Hitch will detail the plan nest week before a Senate manmpower subcommittee
headed by Sen. Joseph S. Clark. Sen. George McGovern also will appear before the
subcommittee to explain his bill to establish a National Economic Conversion Com-
mission to help industry shift smoothly to non-military activities if the arms race slows
down or changes direction (AW Nov, 11, p. 31).

Sen. McGovern over the next several weeks also will write letters to a cross-section
of the aerospace industry asking about plans to convert military operations to civilian
efforts. He feels, for example, that airframe companies should be thinking about
applying their techniques to prefabricated housing,

Defense Dept. plans and the McGovern bill will remain in the discussion stage
for the rest of this year, but are expected to result in specific actions next vear.

Jet Propulsion Laboratory has told its deep space tracking station to prepare for
another Ranger shot in February, The sixth launch was postponed again last month
when tests disclosed faulty diodes. Ranger 5 expenienced a power failure Oct, 18, 1962,
and missed the moon by 450 mi. This Afth successive fallure caused NASA to pmtimm,
the Ranger 6 shot from January of this vear to December (see p. 30).

Soviet newspaper lzvestia recently criticized Astronaut Alan B. Shepard for buying
into the First National Bank of Baytown, Tex., rather than concentrating his tull atten-
tion on space flight. The government publication said business temptations were
exerting heavy “gravitational 1::11” on U. S. astronauts,

—Washington Staft
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New 12,000-Mi. Cargo Aircraft Is Sought

USAF drops CX-4; CX-X concept calls for extended,
unrefueled, nonstop flights with 180,000-1b. payload.

By Larry Booda

Washington—Air Force has set its aim at global mobility by 1ssuing a
new requirement for a heavy strategic cargo aircraft that could fly to most
potential trouble spots in the world without depending on facilities outside

the continental United States.

This concept is called the CX-X.,

In a major policy change, Air Force two weeks ago canceled the specific
operational requirement (SOR) for the CX-4 concept (AW Oct. 21, p. 33),
and substituted the new one. The effect is to delay development of the heavy
lift aircraft in order to take advantage of technical improvements in struc-
tures, matenials and engines that are expected in the next two years. The

CX-X would be able to fly 10,000 to 12,000 mi. without refueling and carry

up to 180,000 Ib. of cargo.

Requests  for component  develop-
ment and study funds are being written
into the Fiscal 1965 Defense Dept.
budget request as part of a program
change request.

As preparation of this budget entered
its final phase, there were these other
developments in the air lift area:
® Defense Secretary Robert S. Me-
Namara has placed pressure on the Air
Force to renew and increase its air fleet
to provide worldwide mobility to the
Army. Congress has urged that Fiscal
1964 funds be re-budgeted to increase
procurement before Fiscal 1965.
® Purchases of Lockheed C-130 und
C-14]1 and Boeing C-135 aircraft will
be increased.

e Military transport aireraft will remain
in the subsonic speed categorv. Defense
Dept. said it has no requirement for a
supersonic transport.

® Decision to fulfill the military require-
ment for a medium-range transport is
still pending. The procurement has
been delayved for two vears; indications
are that it will be delaved further.

CX-X Capacity

The CX-X requirement would lead
to an aircraft which, in sufhicient num-
bers, could transport an Army division
and all of it equipment, including
tanks and portable bridges, to an over-
seas destination, and then return non-
stop and unrefueled. Cargo pods and
personnel pods would be extracted
from the rear hatch of the aircraft by
cither a ground-installed snatch system
or by use of extraction parachutes.

The aircraft would not need to touch
down, chimmating the requirement for
a prepared landing surface. Cruising
speed will be 75 to 100 kt. less than
current jet transports.

These are some of the state-of-the-
art improvements expected to be incor-
porated in the CX-X:

e Propulsion. Air Force technical plan-

26

ners have determined that the ideal
P:‘H‘:L?ﬂ"lﬂf will be the high bypass ratio
turbofan engine. This would be a tur-
bine engine that would drive air past the
outside of the compressor and power
section casings at a bypass ratio of three
to 10, as compared with the ratio of
two to one for current turbofans.
Specific fuel consumption is expected
to be less than the most ethcient recip-
rocating aircraft engines, The regenera-
tive turboprop will not be used because
it 15 considered to have onginated in an
carlier period of technology and mav not
match the specific fuel ::nmmnptmn
of the high bypass ratio engine. Engine
development will be st: arted earlier than
other CX-X components because 1t s
estimated that powerplant development
will take six vears.
® Structures. Principal structural mno-
vation will be boundary laver control
(BLC). Increased range or lift can be
gained through use of BLC. USAF feels
development of BLC 1s advanced sufh-
ciently for application whenever the de-
sign phase of the airframe is begun
(AW June 24 ,p. 52).
‘Mﬂtﬂr‘iﬂlﬁ. Increased use of light-
weight metals other than aluminum,

AMP Propellant

Washington—Kerosene  tvpe  fucls
were selected over liguid hydrogen to
power the Air Force advanced manned
penetrator (AW Now. 11, p. 25) because
kerosene fuels can be fitted into the
current technology of engines and struc-
tures for Mach 4 flight speeds. Hard-
ware for hydrogen technology is much
further down the time scale, USAF plan-
ners feel, even though it could produce
Mach 6 speeds and greatly extended
ranges.  Advanced manned penetrator
(AMP) is intended as the replacement
tor the Boeing B-52 bomber in 1972
(AW Oct. 21, p. 31).

plastic and metal honevcombs, high-
temperature  ceramic-metal  combina-
tions for the engines and other plastic
parts will tend to lighten the basic air-
craft.

The CX-X will have a gross weight
between 375,000 and 500,000 1b, Thas
15 the same size as the CX-4, but it will
have greater range and pavload. The
CX-4 SOR called for a 100,000-1b. pay-
load and a range of 4,000 mi. It would
have had to be refueled in a rear pro-
tected area after having delivered its
cargo.

Some Defense Dept. studies have
gone far bevond the immediate future
n visualizing modernization of the mili-
tary air lift fleet. They foresce air lift
capabilities increasing to the point
where extremely heavy cargo could be
transported by air in such quantity that
sea lift could be ignored in the event
of an all-out war, m which enemy sub-
marines would be used against shipping
of the U.S. and its allies.

Air Lift Cheaper

The theory is that air lift would be
cheaper than the cost of sea lift and
anti-submarine forces combined. Pres-
ent aim in air lift costs is five cents per
ton-mile. The C-141 is expected to
approach this figure, and the CX-X
would be considerably below that when
carrying a full load of 180,000 1b. for
3,000 mi.

However, air Lift modernization plans
at present do not include supersonic
transports. A high Defense Dept. offi-
cial told Awviation WEeEk & Space
TeEcu~ovLocy that since there 15 no mil-
ttary requirement for a suersmnt trans-
port, the department has no interest in
undertaking project management of the
national supersonic transport program
now assigned to the Federal Awviation
Agency. “His e isoning was that the
mulitary should stick to meeting its own
requirements, and that the Air Foree
h.h ¢nough to do already.

In the medium transport arca, both
the Air Force and Navy wanted to buy
Grumman Gulfstream  twin- tuﬂmi::mp
aircraft for use of U.S§. military mis-
sions overseas and service utility units,
Fairchild has tried to sell its F-27 twin-
turboprop local service airline transport
to the services (AW Nov. 11, p. 49).
The question of whether to buyv off-the-
shelf aircraft such as these, or to start
from the beginning with an aircraft de-
signed to meet military requirements, 1s
a factor in the current indecision.

At present, the air lift of the Military
Air Transport Service (MATS) and the
Tactical Air Command can carry only
about 10% of a division’s equipment
in addition to the personnel.
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Because of this ﬂE‘E(‘:iEﬂE‘_‘,’, the cur-
rent doctrine is to pre-position heavy
equipment overseas. Two ships loaded
with this gear are anchored 1n thc: West-
ern Pacific and equipment sufficient for
two divisions 15 in Europe.

Pre-positioning, however, suffers from
a major cost-effectiveness fault. The
troops stationed in the continental
U.S. must have identical equipment
with which to train, thus increasing
costs.

Pre-positioning, therefore, is a tempo-
rary expedient to be used only until
more air lift and lighter equipment 1s
developed and produced.

Modernization of U.S. military air
lift began shortly after President Ken-
nedy took ofhce, and was accelerated as
a result of the Cuban missile crisis. In
an unprecedented effort, the activities
of many commands were disrupted to
carry 12,000 Marines to Guantanamo
Bay (AW Nov. 19, 1962, p. 29). Two
lessons were leamned from that air lift:
that there had been insufficient pre-
planning for such a contingency, and
that U.S. air lift lacked both gquantity
and quality,

Operation Big Lift (AW Oct. 285, p.
26) was an attempt to remedy the first
deficiency. It will be followed by the
air lift of two divisions to the Pacific
with advance notice of only a few hours.
Such operations cost about 510 million
each.

["irst major pullback of transport air-
craft stationed overseas since Operation
Big Lift will involve three Lockheed
C-130 squadrons stationed at Evereux,
France. They will be reassigned to
Lockbourne AFB, Ohio, and the three
squadrons remaining there will operate
on a rotational rmather than on a perma-
nent basis.

The regular scheduled military air
routes flown in Furope and the Near
East by the Evereux-based aircraft will
be taken over by MATS.

Current plans to increase air lift pur-
chases are aimed at taking care of the
second deficiency,

To augment the defense-operated air
lift, the commercial airlines will con-
tinue to be encouraged to purchase jet
equipment that will be committed to
the Civil Reserve Air Fleet (CRAL),
subject to mulitary use in emergencies.
The encouragement takes the form of
preferential treatment in award of con-
tracts for carrying military passengers.
Additional preferential treatment mll
be given airlines whose new CRAF
aircraft are readily convertible to -‘:.-]rgn
SETVICE.

Increasing the military air lift could
affect the size of the sea lift available
for military wse by diverting funds
which would have gone into replacing
ships that carry 94% of dry cargo ton-
nage and 57% of tanker tonnage, and
are 15 or more years old.

DOD Relents; Air Force Seeks Pilots

Washington—Air Force has finally convinced Defense Secretary Robert 5. McNa-
mara that it faces a critical pilot shortage and has received approval to increase
the number of pilot trainees, to return the ratings of former pilots who meet stand-
ards, and to urge reserves to returmn to active service,

USAF has been trying for two years to make the point that although the number
of pilots needed for strategic aircraft is being reduced as the bomber fleet decreases,
the need by other commands for pilots is growing in these two areas:

(see p. 26).

® Military air lift, reflecting the Kennedy Administration emphasis on global mobility

| ® Tactical fighters, principally the McDonnell F-4C and its follow-on, the General
Dynamics F-111 (TFX), both of which require two pilots.

Air Force has found that at the same time it is losing pilots because of the phase-
down of Boeing B-47s, increasing numbers of pilots with 20 or more years of service

are leaving the Air Force.

The B-47 phasedown already has involved reduction of the fleet by about 900
aircraft, from a peak of 1,300 in the mid- and late-1950s.
The aircraft will be completely phased out of the USAF inventory by the end

of Fiscal 1965.

B-47s are being retired from service at an increasing rate. A reduction of 19
B-47s and 22 Boeing KB-50 tankers was effected in England two weeks ago. B-47s
were flown from the Pacific island of Guam to Australia, where they will be used as
interim aircraft pending delivery of F-111As (see p. 34).

There are 13,700 Air Force pilots 40 to 45 years old, while only 6,300 in this age
bracket are needed. There are 6,300 over 45, when the desired total is 450. Eﬂt"ﬁ'ﬂﬂll
35 and 40, the requirement is 7,300, and the number presently on active duty stands

at 6,500,

In the younger age groups, 19,000 pilots between 23 and 30 are needed, while

|  ment of 8,400,

training rate.

quotas.

the actual number is 9,500, In the 30-35 bracket, there are 11,500 against a require-

Between Fiscal 1964 and Fiscal 1968, the over-all pilot requirements will decrease
from 41,000 to 18,000—mainly because of the SAC phasedown—but at the same
time the pilot inventory will shrink from 42,000 to 32,000, even with an mcreased

In recent years Air Force has sent an average of 1,500 officers per year to flight
training, The figure asked for in Fiscal 1965 is 2,300. So far the entire input has
come from academy graduates and Reserve Officer Training Corps graduates. An
aviation cadet program may have to be re-instituted in the near future to fll the

Some NASA Funding Restored

Washington—Senate  Appropriations
Committee last week restored 590 mil-

lion to the Fiscal 1964 National Aero-
nautics and Space Administration

budget, bringing the total to $5.19 bil-
lion, but some reduction in this total
is likely when House and Senate con-
ferees arrive at a compromise.

Senate may vote on the NASA
budget this week, and some House
members are predicting a compromise
bill that will give the space agency an
operating budget of $5.15 hillion for
the current HPHI‘IE][HE year.

Senate Appropriations Committee ac-
tion on Nov, 13 provides these funds
for NASA:
® Research and development, 54.006
billion, an increase of $580 million over
House action.

e [Pacilities construction, 5690 million,
$10 million more than the House ap-
propriated.
o Administration and salaries, S494 mil-
lion, the same amount appropriated by
the House.
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The Senate group softened the lan-
guage of a House amendment to the
NASA bill prohibiting any of the funds
from being used for a joint lunar pro-
gram with Russia (AW QOect. 14, p. 37).
Instead of a flat prohibition, the Senate
committee proposed that the funds not
be spent for such a joint program with-
out the consent of Congress.

Senate Appropriations Committee's
restoration of only $90 million to the
5.1 billion appropriated by the House
is another setback for NASA Adminis-
trator James E. Webb, Webb pressed
hard for the full $5.7 billion requested
by President Kennedy. When Senate
and House agreed on a $5.3-billion au-
thorization, Webb said this amount was
the minimum required to attain the
Apollo manned lunar landing goal of
1970.

He made several pleas to the Senate
independent offices appropriations sub-
committee for $5.3 hillion, citing possi-
ble delays in Apollo as his basic argu-
ment.
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Pre-parade assembly of Soviet missile forces at
richt) in relation to the SA-2 Guideline (frst
One of several versions of the Soviet Frog
A fin is visible on it at the rear, indicating it
rocket, but the Soviet chiet of the general staff,
that “some of this family of rockets were seen

Soviets Unvell

Length of the new missile, shown tuming into Red Square, is approximately 50 ft., based

on comparisons with SA-3 and 5A-2, ahead (AW May 20, p. 54-55). Four new missiles
were assembled prior to the parade, bot only three took part in it.

Nose probe shows most clearly in this front view of the new weapon (below). Increased diameter of the first stage compared with the
stcond also is apparent. Tractor unit of the carrier is taller and wider than the SA-2 and SA-3 unit, but has a single pair of rear wheels
instead of two tandem pairs on the SA-2 and SA-3 vehicle. Rings supporting the missile are clamped around the upper stage aft of the
nose section and at the forward end of the first stage. The platform probably functions as a work plattorm and does not contribute to any
direct support of the missile,. None of the plombing or tankage of the SA-2Z und SA-3 trailer is used here. Size of the fins and the fact
they are not in same longitudinal plane as on SA-2 may have influenced trailer design. Stub antennas on second-stage fins project rearward.
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the Nov. 7 Baolshevik Anniversary celebration in Red Square shows size of the newly unveiled Russian surface-to-air weapon (last row, upper
two rows, lower right), and SA-3 singlestage rocket (bwo rows, right center). The new weapon closely resembles the Guideline configuration.
battleficld missile (upper left) has an unuosual configuration that appears to include an inlet and duct running the length of the weapon.
is part of the missile and not the carrier structure. Tass, the Soviet news agency, called the new surface-to-air missile a long-range anti-aircraft
Sergei S. Biryuzov, said that the Soviet armed forces have “the most perfect means capable of destroying in the air any enemy rockets,” and
today by Muscovites.” Previously seen battleheld missile types are at lower left.

New Air Defense Missile in SA-2, SA-3 Family

Trailing half of the first stage-fins on the new missile are cambered in opposite directions, probably for improved flow characteristics. Con-
trol surface and actuator are visible at the trailing edge of the large top fin on the sccond stage. Small fins on the second stage also are mov-
able. Solid-propellant Rrst stage lacks the P]umhiug: and Ffairings visible on the upper stage. UL 8. reaction was restrained, one source not-
ing that fin area is large for an intercontinental ballistic missile intercept role, possibly limiting maneuverability to low Mach numbers and
intercept to 40,000-50,000 ft. Discrimination between penetration mds and warhead probably would have to be done by the time the
incoming object had reached 200,000 ft., leaving little time for launch and target acquisition.




Only Six NASA Payloads Orbited in 1963

By Alfred P. Alibrando

Washington—Only six of the 40 major satellites and probes scheduled in
1965 by the National Aeronautics and Space Administrabion have been
launched so far this vear—the lowest rate since 1960, when the agency put

hve satellites in orbit.

This year's launch activity reflects NASA's most difhcult period since
1958-60, when launch failures exceeded successes. Contributing to postpone-
ments and the vastly reduced flight schedule were:

e T'echnical problems in two launch
vehicles—Scout and Titan 2—and a
number of spacecraft.
* Longer-than-expected operating life
in orbit of some satellites—Relay, Tiros,
Orbiting Solar Observatory—which re-
sulted m delay of follow-on flights until
those spacecraft in orbit are no longer
uscful,
¢ Decision to conclude Project Mer-
cury with Maj. Gordon Cooper’s MA-9
nght thus eliminating two Mercury
N1SS10MS,

Although NASA had some trouble in
getting flight-ready rockets and space

1964 NASA Launch Schedule

First Quarter

Mission

Topside sounder (5-48)

Air density/Injun

Gemint nnmanned orbital . ... ... ... ..

o e T T e T TR

B o i i e R b R

Intermational (5-52)

Rbmpy . oo il Son s e R
Relpy 5 i s e i e s
LR PR T ¢ o vin s e e e e
. o | S AT R
Polar beacon (5-66) .......covvvvresns
SR BCRID. o vons s s s
RODNIIE B oo i s s i e S

Air density/Injun backup ....co0iiiiiiiiiiiin

IIIIIIIIIIIIII

Rk 2. soconaia L A
Behn 2 vl sl sl i

craft to the launching pad, all six

launches attempted this vear have been
hllEl‘."-I:‘ﬁfl.'ll They were Syncom 1, Feb.
14; Explorer 17, Apr. 3; Telstar 2, May
7; Faith 7, T"-Li} 15; Tiros 7, June 19,
and Syncom 2, July 26.

Despite this record, the 1963 launch
rate suffers when compared with the 18
satellites and probes, some of them spec-
tacular firsts, launched mm 1962, Among
the 1962 flights were;
® First Project Mercury manned orbital
flicht by Marnne Lt Col, John Glenn,
Jr., followed by the flights of Cdr. Scott

Launch Site  Launch Vehicle

......... PMR Seont
......... AMERE Delta
......... PMR Thor Agena
PMR Scont
......... AMR Titan
....... AMR Delta
......... AME Atlas X259
Wil Scout
......... AMR Atlas A gcnad
......... AMR Delt
......... AMR Centanr
......... PMER Thor Agena
......... PMR Scont
......... PMR Scout
......... AMR Delta
PMR Scont

Second Through Fourth Quarter

Apollo attitude control . ..............
Eccentric observatory . ....cccivnnnsans
Gemini orbital systems . ...........0...
B Bt W i siinmihe i b
L R P S e
Apollo boilerplate abort ..............

Ranger 8 ...

P S T

Meteoroid satellite . .......cvanvannnss
Gemini manned mission . ....... P
FOMBEE N s s m s AR R R S
Mariner Vars mission ... ... sieaas
Mariner Mars backup ................
Apollo spacecraft abort ...............

Surveyor dynamic model test .. ... .. ...
AMR—Atlantic Missile Range; PMR—Pacific Hiﬁnle Range; WSMR—White

Sands Missile Range; WI—Wallops Island.

......... WSMR Little Joe 2
......... AMR Atlas Agena
......... AME Titan 2
......... AMR Centaur
......... AMR Atlas Agena
......... WSMR Little Joe 2

AMR Atlas Agena
......... AMR Atlas X259
......... AMR Naturn
......... AMR Titin 2 I
......... AMR Atlas Agena
......... AMER Atlas Agena
_________ AMR Atlas Agena |
......... WSMR Little Joe 2
........ AMR Centaur

Carpenter and Cdr. Walter Schirra.

e Mariner 2's 109-day fly-by mission to
Venus, the world's first successful plane-
tary flight.

e Telstar, fArst active communications
satellite,

e Ariel, first international satellite.

NASA's light launch activity is under-
scored even more when compared with
that of the Air Force, which has already
launched 23 satellites this vear, and
Soviet Russia, which has put 15 pay-
loads into orbit in 1963.

Among the U. S, flights postponed to
the first quarter of 1964 was the first
unmanned Gemimi mission, Delav of
this flight was due primanly to longi-
tudinal oscillations (chugging) in the
Titan 2, which the Martin Co. says has
been Llrgr;,h climinated (see p. 36).

Lack of flight activity this vear is
cspecially disappomting to some mem-
bers of Congress who found the Glenn
and Mariner flights kev factors in build-
ing support for the space program
among their colleagues and constituents
last year. Rep. Olin E. Teague (D.-
Tex.), chairman of the House sub-
committee on manned space flight,
lamented on several occasions that it
is difhicult to sell this program when
there 1sn’t anvthing going on,

The program most severely hit by the
dificulties experienced this vear was the
scientific satellite effort. Onlv one sci-
entific satellite, Explorer 17 (S-6 Acro-
nomy satellite), has been launched so
far in 1963. It proved highly success-
ful, discovering a belt of neutral helinum
atoms about the earth.

Only chance for launch of another
seientific satellite this vear depends on
whether NASA is able to correct an
outzassing problem i the third stage
motor of the Delta on which inter-
planctary monitoring platform 1 (IMP)
= to be launched. The launch wis
postponed last week (see p. 31).

Scientihie satellite flights postponed
from 1663 to 1964 include the S-66
Polar lonosphere Beacon, which was to
have been launched from the Pacific
Missile Range on a Scout; the S-48
I"ixed Frequency Topside Sounder, also
froom PMR on a Scout; an Orbiting
Solar Observatory (OSQO) from the Al
lantic Missile Range on a Delta; an
§-52 international satellite from Wal-
lops Island on Scout. and the first
Fecentric Orhiting Geophvsical  (b-
servatory (EGOY. from AMR on an
\tlas Agena,

5-66 has been held up because of

random problems carlier this vear in
Scout—hoth the first stage motor and
third stage guidance (AW Nov. 11,
p. 34). In the other cases except EGO,
satellites launched earlier are still work-
img. EGO has been delaved by prob-
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Minuteman Stage Tested

Cape Canaveral-Wing 6 Minuteman
solid-propellant intercontinental ballistic
| missile, mounting a larger second stage
'i containing a new propellant, was fired
successfully from a silo here last week.

The advanced second stage uses one
stationary nozzle, rather than the four
movable nozzles of previons models,
Thrust vector comtrol is accomplished
throngh hot gas secondary injection. Fuel
is polybutadiene type, reputed to pro-
vide greater specific impulse. It is similar
to the fuel nsed in the first stage and has
a higher specific impulse than poly-
urethane, the fuel normally used in the
second stage,

On Nov. 7, a Mionteman fired from
a silo here veered shortly after launch
and was destroyed. Buming propellant
fell over a wide area of the Cape, but
cansed no injuries or damage. Model of
the missile, the type of test and reason
tor failure were not revealed by the Air
Force.

lems that developed in the spacecraft.

In the area of advanced research, two
SERT (electrical engine) flights on
Scouts and a Project Fire hugh-velocity
re-entry test on an Atlas with an X259
upper stage were rescheduled because
of delavs in load ]]TL]].!HfIfH‘I

Relay 3, Telstar 3 and Syncom 3 com-
munication satellite flights and a Tiros 8
weather  satellite  launch  were  post-
;unm:t] to 1964 because the previous

.tellite in the series continued to oper-
ite bevond the time the next pavloads
were to be launched.

I"irst launch of Nimbus, which was to
liave been developed as an advanced
operational weather satellite, was post-
poned from the third quarter of 1963
until early next vear.

Although the Weather Bureau has

decided not to use Nimbus as an oper-
ational satellite, NASA plans to launch

three of the four being built by General
Electric in a research and development
program.

The 1963 schedule as projected by
NASA last December does not inelude
other shippages in the agencv’'s pro-
grams which occurred earlier in 1962,
Following the failure of the Ranger 5
spacecraft in October, 1962, NASA lml
Jet Propulsion Laboratory instituted :
rigid test-to-destruction quality assur-
ance program. Four Ranger flights
which had been scheduled this vear
were removed from the 1963 schedule.

Later, Ranger 6 was scheduled for
December but was again postponed in-
definitely when testing of diodes used
in the spacecraft disclosed that 2 zold
bonding material used in them lmd
flaked off (AW Okct, 28, p. 25). The
dindes are being replaced with another
tvpe using a silver bonding material,
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Five Centaur flights had been sched-
uled for 1963, but an explosion which
destroved the rocket 55 sec. after launch
cn the first Centaur fight on May 5,
1962, brought a review of the program.
Management of the program was shifted
from the Marshall Space Flight Center
to the Lewis Research Center, and ex-
tensive design changes were made n
the rocket,

Dr. Robert C. Seamans, Jr., NASA
associate administrator, views some of
the problems that contributed to 1963's
low Taunch rate *“as squarimg awav diffi-
culties which existed before NASA was
created or which dmdupul m the early
davs of the agency.

Centaur, whose development was
started by the Defense Dept., and Nim-
bus fall into these categories.

“As for some of the other delavs and
postponement,” he said, “I think they
are due to our involvement in projects
where we are doing things for the hrst
time. In building spacecraft such as
EGO, and the Orbiting Astronomical
Observatory, we are learning how to
design, assemble and  test advanced
spacecraft—a new generation of space-
craft that are much more complex than
the ones we have been flving so suc-
cesstully.”

NASA's earth orbital satellite pro-
arams have been remarkably successful.
NASA has not failled in an attempt to
orbit an earth satellite since the unsuc-
cessful Mercurv-Scout 1 communica-
tions test on Nov, 1, 1961, In the two
vears since, every one of its 21 earth
satellite launches has been successful.
In addition, except for Mereury-Scout 1,
NASA has not had an earth satellite
launch failure in 29 months.

Some NASA project managers have
attributed this high success rate to
utr:ttcr reliability requirements, Seamans

said that except for Ranger, there has
hu.n no significant change in these re-
quitunmh

‘Agency policy ﬂlums has required
rigid gmund testing,” he said. “The
amount of testing—where to stop testing
and launch—is a matter of balance,
Costs and keeping a program going
houre in these decisions.”

Aero Spacelines Seeks
Princess Flying Boat

Los Angeles—Aero Spacelines, Inc.,
operator of the converted Boeing Strato-
cruiser called the Pregnant Guppy (AW
June 24, p. 80), is discussing plans with
National Aeronautics and Space Admin-
istration for a new, much larger Super-
Cni}px using a modification of the

Saunders-Roe Princess long-range flving
boat, Three of these huge aircraft had
been authornzed for r::}mt'mc‘hun bv the
British government, but only one was
completed.
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The modifed aircraft would have
a main cabin interior height of 38 ft.
and a width of 37 ft. It would be
modibed to handle the §-1C, frst stugc
of the Saturn 5 vehicle, which is 138 tt
long and 33 ft. in diameter, excluding
fins,

The Super-Guppy is planned to have
a cross-country, nonstop pavload capa-
bility of 200,000 1b. It would be pow-
ered by cight turbojets.

Fstimated cost of the modified Prin-
cess prototype wounld be 515 to $18
million, Acro Spacelines savs.

IMP Delayed; Tests
Show Payload Peril

Washington—Launch of the first in-
terplanctary monitoring platform (IMP)
satellite has been dLInLd three to four
weeks after ground tests indicated the
pavioad would have been affected by
heat or exhaust from the third stage
motor of the Delta launch vehicle after
burnont.

IMP was scheduled for launch Nov.
12, The Hercules-Allegany  Ballistics
Laboratory X-258 third stage motor was
fired on a centrifuge Nov. 9 at Amold
Engincering Development Center, The
firing resulted noa charred casing.

Delav will allow National Acronau-
tics and Space Administration to change
sequencing so that the pavload will be
separated from the third stage carlier
than ongmally programed.

The launch is the first use of the
3.500-1b. thrust X-258, Previous Delta
vehicles have used the ABL X-248,
which develops about 2,800 Ib. thrust.

The IMP satellite (AW Nov. 4, p.
28) 15 designed to monitor solar proton
Alux and energy, primarily for manned
space fights.

Saab 105 Tests

Geneva—Swedish air force flight eval-
mation trials on the Saab 105 jet trainer
and light attack aircraft are scheduled to
begin next month, probably at the air
force flight test center at Linkoping.

Preliminary order of 130 aircraft hinges
| on the outcome of the comprehensive
l tests, which will span a two-month pe-
riod, and Saab is hoping to land the con-
tract in March.

First pre-production model—s—-called
because it was built with production tool-
ing=has legoed more than 80 hr. of fAy-
ing time in company tests since ils
maiden  flight June 29 and recently
underwent minor modifications on its jet
intakes and tail pipes to improve fow,

The second aircraft has now entered
the final assembly phase at Saab’s Linko.
ping factorv and is due to fly in February
or March. l
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CREWMAN IN GEMERAL ELECTRIC's simulated space station adds water (left) to a package of freeze-dried food in the station’s !utchtn
area. The food was prepared by adding suffhcient 140F water to both heat it and restore the natural Auid balance. During the 30.day
simulated mission, the crewmen were monitored on a closed television circuit while at their crew stations (right) and during their rest

periods in the lower living quarters.

4 GE Engineers End 30-Day Chamber Test

By Donald E. Fink

Valley Forge, Pa.—Four General Electric Co. engineers have completed a
30-day simulated space station mission during which they performed station
management and mission tasks in a 7 psi. atmosphere of 507 oxvgen and

50% nitrogen.

The operational portion of the test ended here Nov, 6, but

the men currently are undergoing extensive physical and psvchological exami-
nations to determine the effects of their month-long stav in the chamber.

The simulator, 12 ft, in diameter and
24 ft. high, has two decks, with living
quarters on the lower one and crew sta.
tions on the u].:n yer, It consists basically
of a welded aluminum cvlinder with
channel atlﬁ{mrw and spun aluminum
top and bottom domes. 1t weighs 7,000
Ib. and has four support legs. Dimen-
sions of the station were chosen be-
cause they are compatible with the
U.S.s early-generation large boosters,
according to Carl Cording, manager of
the test [:rrmLL!

[t was operated inside a 39-ft.-dia.
vacuum chamber in GE's Space Tech-
nology Center, The men were moni-
tﬂru‘] with closed-circuit television dur-
ing the experiment. Onlv contact with
l'hl.. control team was a simulated Mer-
curv commumcations network,

The station was unsealed and vented
to the wvacuum chamber, which was
pumped down to the 7 psi. pressure.
The simulator’s environmental control
systern was located outside the vacuum
chamber and the gas flow was ducted
directlv into the simulator. The exhaust
flow from the simulator was vented into
the chamber and then returned to the
cnvironmental control svstem. Station
temperature was 75I° and relative hu-
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midity i the simulated station 40%.

Interior matenals for the station were
selected for their low toxic content.
Svnthetic materials, such as plastics,
were avoided because of the gases thev
would release into the svstem. An ac
tivated charcoal hopeolite filter was in-

| other is “slaved” to it. Present test pro-

Missile ‘Pack’® Tests
Two astro-inertial guidance  systems
originally built for use in the Skybolt |'
air-lianched  ballistic massile are under-
going flight test in a Convair C-131B by
Northrop’s Nortronics Div, to determine |
feasibility of using one air-launched mis-

sile with precision gnidance to direct I
“pack” of missiles with lesser guidance
capabilities to their target,

The lead missile might carry little or
no warhead, which wounld be more than
compensated for by the lower-cost,
lighter-weight guidance and heavier war-
heads of the follower-missiles. In the
Nortronic  tests, one Skybolt system
serves as the master reference while the

gram, sponsored by USAF's Acronautical
Systems Div,, calls for 100 flight hr.

cluded in the environmental control
svstem, but it was bv-passed to check
any toxic build-up in the station. A small
build-up of Benzene hvdrocarbons was
noted, but it was not enough to affect
crewmen. Source of gas is unknown,
but an interior paint is suspected.

A build-up of toxic gases forced sus-
pension of a 30-day simulator test at
Boeing Co. recently (AW QOct. 14,
p. 33). The source of the vapors has
since been identified as intenor paints
and materials. Boemng has refurmished
the simulator and plans to conduct a
14-dav test this month and a 30-day
test after the first of the vear.

Selection of the two gas atmosphere
and the 7 psi. operating pressure also
was partially governed by the toxic prab-
lemn, u.muﬂmfr to Dr. Richard Lawton,
head of GE's biomedical and human
factors section. Lawton said a 100%
oxvgen  atmosphere, such as  that
ph mnu:l for the Apollo mission, prob-
ablv will not be smitable for extended
space station mssions because of physio-
logical effects. Tests recently conducted
by Republic Aviation Corp. have in-
dicated that after breathing pure oxveen
for long periods of time, test subj ects
will fx]:t'rir:ncc high toxic build-ups and
deteniorating vision.

Added to this is the problem of lung
collapse which occurs when persons who
have been breathing pure oxvgen are
subjected to high g-forces, as would be
expected during re-entrv. The approxi-
mate 20% nitrogen content in atmos-
pheric air generally is credited with slow-
ing this collapsing action.
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Air Force currently is gathering data
on these phenomena m a 30-day test
at Brooks AFB, Tex., with four airmen
who are breathing pure oxvgen m a
vacuum chamber with a pressure equal
to that found at 27,500 ft. The cham-
ber measures 25x9x9 ft. and has a
living areca and a separate a!u'p-ng
area. The men are fed through an air-
lock, and an Air Force physician enters
the chamber periodically to check them.
This test is a follow-on to a 43-day
test that ended Aug. 26. In that test,
the subjects also breathed pure oxvgen,
but at sea-level pressure.

The effects of breathing pure oxvgen
and numerous other vanables, such as
total structure weight, blower power
weight  penalty, pml:-lhﬂlh of acro-
embolism formation and hre hazard,
were investigated by GE in an effort to
determine what the best compromise
would be for a space station atmosphere.

When the results were plotted on
graphs, thev tended to show that nitro-
gen was the most practical diluent gﬂh
to use in the system and that the 7 p
pressure constituted the best Emnpm-
mise between weight and crew safetv,

During GE's simulated mission the
men ate primarily freeze-dried foods—
prepared by Libbv, MeNeill and Libby
—with some fresh frozen foods and food
pastes in squecze tubes. The food
pastes, which consisted of pre-prepared
samples of the freeze-dried foods, were
not well receved, according to the test
conductors, because of their consist-
ency. The freeze-dried food was moist-
ened in water heated to 1401,

The four men mamtaned a 24-hr.
schedule which consisted of two 4-hr./
3-hr. work-rest cveles, followed by a
4-hr./6-hr. work-sleep cvele. The shifts
were altermated so that one man was
sleeping at all times, while one was
iesting and two were operating the sta-
tion or performing these specihied tasks:
¢ Reconnaissance— ['wo men momtored

rojections of aerial photographs taken
FF{JIH 30,000 ft., with onc of them re-
sponsible for locating pre-determined
targets, fixing the quadrants and press-
ing a camera button, The other scanned
a second projection of the same terrain
for targets of opportunity and relayved
their quadrants to the hrst man.

The shll photo projections were
flashed on the screens for 30 sec. to
simulate 1mage motion compensation,
which GE engineers said probably
would be built into anv space station
reconnaissance system.
® Rendezvous and docking—Ilach man
practiced a simulated docking maneuver
every fourth day, remotely mntmllmg
GE’s space ferrv simulator, which re-
sembles a Gemini capsule.

The simulator, located in another
building, was monitored inside the
station on a closed television circuit
which had a camera mounted in the

Toxic Hazards Study

Study of potential respiratory toxicity
hazards involved in operating life support
equipment in spacecraft over prolonged
periods in a high-oxygen environment
will be performed by Aecrojet-General
| Corp. at Aeromedical Research Labora-
tories, Wright-Patterson AFB, under a
three-vear contract expected to  total
approximately 51 mullion,

To be supervised by USAF's Aero-
space Medical Div., Brooks AFB, Tex,,
the work involves a new facility to be
completed next July at Wright-Patter-
som, including four 12-ft. dia. plastic
domes.

Life support components will be
functionally tested in  various atmos-
| pheres at a variety of pressures up to 5
psi. Development of trace contaminants
from materials, paints, lubricants and
plastics, which might pose toxic hazards
to astronauts, will be evaluated.

Atmospheres will be analvzed chemi-
cally and physically to determine which
materials are present and what occurs
in a closed environment. Aerojet-General
will provide a team of 14 scientists and
technicians.

docking port. The men remotely ma-
neuvered the simulator, which rides on
air pads and is controlled with cold gas
jets, as a test of their abilitv to dock an
unmanned logistics vehicle to the sta-
tion.
e Performance and reaction tests—The
men also were required to perform eve-
hand coordination tests, which involved
moving delicate hand controls to match
single and double rows of lights with a
center tow that moved at random, and
lengthy monitor watches on mstrument
pancls to detect reading fluctuations.
Anthmetic tasks, involving number
retention, digit span and mncentmtir:m
tests, also were performed by the men.
In addition to these 'ipLEIﬁE tasks, they
had to continuously monitor the opera-
tion of the station, which was simulated
with instrument and dial panels, Out-
of-limits readings were introduced at
random and the men were evaluated on
their abilities to detect the trouble and
]l'!EI]-.'.[‘ correct responses to it.

A\ regular biomedical check also was
kept on each man with dailv checks of
the respiratorv and cardiovascular sys-
tems. Nitrogen and calcium balances in
their svstems also were checked, and
their body wastes were analyzed daily.

No major fluctuations were noted in
anv of the bodilv functions, except that
the perspiration and respiratory water
loss seemed to be about 1.5 times nor-
mal. Data covering all physical func-
tions are being analyzed at Temple
University Medical Center, which pro-
vided biomedical support for the test.

Prior to the test the four men, who
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were chosen from 60 male and eight
female volunteers, had undergone four
days of physical and psvchological tests.

]*ﬂl!ﬂmng the test, the men were
asked to evaluate the physical lavout of
the station. Approximately half of the
wall space in the living quarters was
filled with tip-out cabinets for food
storage and work area for food prepara-
tion. The rest of the compartment con-
sists of closets, a lavatory, a double-deck
rest area with a sleeping bunk on top
and a couch below, and a small open
Hoor area.

No major complaints were voiced,
Cording said, except that in the cramped
living quarters the sleeping crewman
often was awakened when the crewman
on rest cycle prepared food., Cording
said in future simulation tests the bunks
will be both light and sound proof.

Volume of the cabins, which have
about 1,200 cu. ft. of free space, was
considered adequate by the crewmen,
They said there was little interaction or
tension among crew members since one
of them alwavs was asleep. The other
three were kept occupied separately,
either on their rest cvele or at their mis-
sion tasks. The same volume should be
adequate for a six-man crew, Cording
said, by adding a second sleeping bunk.

USSR Launches 21st

In Cosmos Program

Moscow—>5oviet Union launched the
Z1st satellite in the Cosmos series Nov.
12, and said its purpose was to study
radiation and communications for addi-
tional manned space flights.

Cosmos 21 is in an orbhit of 142.1
—120.9 mi., with an inclination of 64
deg., 50 min. and a period of 88.5
min. Previous satellite i the senes,
Cosmos 20, was launched Oct. 18.

Meanwhile, Russia has not amplified
its previous gencral remarks concerning
what 1t called the maneuvering Polvot
1 satellite, wlur:h was launched Nov. 1
(AW Nov. 11, p. 28). As of late last
week, there was no indication from the
Soviet press that the satellite is in orbit
or still transmitting,

Shortly after the launch, Mstislav
Keldysh, president of the USSR Acad-
emy of Sciences, stressed the impor-
tance of maneuvering satellites for in-
orbit rendezvous for extended space
flight, and for landing at preselected
points on the earth.

soviet Cosmonaut Andnan Nikola-
vev, who recently married the Russian
woman cosmonaut, Valentina Teresh-
kova, said last week in New Delhi,
where the two are visiting, that the
Soviet Union is planning a manned
spacecraft capable of a three-year plane-
tary tnip to Venus or Mars, He said
that the spacecraft “in all probability”
will have an international crew.
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Czech Agricultural Aircraft Designed for Good Visibility

Iirst photo of the prototype Crechoslovakian Cmelak XZ-37 Big Bee agricultural aircraft (AW Sept. 23, p. 23) shows the cockpit placed
forward and high for good over-the-nose visibility. Spray hopper is behind the cockpit, which places the pilot between it and the engine,
a Soviet-built Ivchenko reciprocating engine with a multi-bladed cooling fan in front of the cowling. Engine, cowling and variable-
|:'ih:h P[ﬂ]m";_-r ]u-_q,-u[" 15 stmilar to that of the Russian Yak-12 g{_"nl:]'ill purpose aircraft. Gross H‘Eigl'll of the aireraft is 3,748 1b., of which

the chemical pavload accounts for about 30%.

attached. For a detailed report on the market for agricultural aircraft, see p. 116.

Controversial Australian Order
For F-111 to Total $125 Million

By Herbert J. Coleman

Canberra—Australian purchase of 27
USAF /General  Dvnamics  F-111A
(TFX) tactical fighter bombers (AW
Oct. 28, p. 21), which has become a
controversial issue in the Nov, 30 elec-
tions, will total §125.4 million.

Defense  Minmister  Athil  Townley
timed an announcement of the pur
chase price to counter opposition party
demands that the TTFX deal should be

Hvydroxyl in Space
Washington—Massachusetts  Institute
| of Technology scientists have detected
and measured hvdrogen combined with
oxvgen in  emissions from interstellar
space using the Millstone Hill radiotele-
scope.

The oxvegen-hydrogen radical, called
hvdroxyl, was noted between Oct. 15 and
Oct. 29 using the constellation Cassiopeia
A as the radio source. Energy absorp-
tions were recorded in the frequencies of
1,667.35 and 1,665-40 mec.

Astronomers have predicted the exist-
ence of the radical for some vears. The
MIT experiments, conducted by the
Electronics and Lincoln  laboratories,
were the first actoal detections and meas-
nrements.
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reviewed, Potential overseas sales of

Great Brtain's TSR.2 sitnke recon-

naissance aircraft have been hurt by
Australia’s order for the TFX (AW
Nov. 4, p. 32).

Townlev said the purchase was the
best deal the Roval Australian  Air
Force ever made. Ncegotiations with
Ul. §. Defense Secretarv Rohert S, Me-
Namara started after an RAAF team
evaluated the TFX and TSR.2,

The U.S. price was about 40% less
than the cost of 27 T5R.2s, according
to Townley, His agreement, he said,
included provision of spare parts, such
as engines, for a vear, plus the traming
of RAAF crews in the U.S.

First pavment of 10% will be made
immediatelv, Townlev said. The rest
will be spread over a number of vears.

Meanwhile, the frst three of 30 sur-
plus Bocing B-47Fs, leased by the
RAAF without charge from the U.S,
Strategic Air  Command, have left
Guam for Darwin to begin RAAF
familiarization operations. The B-47Es
will be used as interim replacements
for Austraha’s Canberras, Thev were
accompanicd by a Bocing KC-135 jet
tanker.

Arthur Calwell, leader of Austraha’s
opposition Labor Partv, attacked the
TFX purchase as “a decision taken in
less time than the average family needs

Note large flap area. Spray bars and dust spreader apparently have not yet been

to decide on the purchase of a new
car.”

He said the deal was made in a few
davs “for a bomber still in the develop-
ment stage and one i which develop-
ment diffiiculties posed by its design
have not vet been overcome.”

Calwell's party 15 given a  50-50
chance to take power from Prime Minis-
ter Robert Menzies, whose Liberal
Partv enters the Nov. 30 election with
1 two-scat majority,

Other negotiations have begun at the
Woomera rocket range for use of
its instrumented site ftor development

flving of the TSR.2.

Correction

Electronic Communications, Inc.,
will provide clectronic svstems integra-
tion in a second generation of Strategic
Air Command airborne command post
aircraft using turbofan-powered KC-
]135Bs.

Award of a $1,091,400 contract from
Acronautical Svstems Div. of USAF Sys-
tems Command calls for Electronic
Communications to function as associ-
ate contractor with Boeing Co,, builder
of the aircraft. Aviariony WEEE & Srace
Trcuxovrocy erroncously identified In-
ternational Electric Corp., a subsidiary
of International Telephone and Tele-
graph, as the prospective recipient of
the contract (AW Nov. 4, p. 23).

Electronic Communications is prime
communications contractor for SAC air-
borne command post aircraft now oper-
ational.
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Worldwide Comsat Frequencies Allocated

By Cecil Brownlow

Geneva—Frequency allocations marginally sufhcient for operation of a
world-wide communications satellite system were hammered through an extra-
ordinary conference of the International Telecommunications Union here,
despite early signs of Soviet foot dragging and evidence that Cuba may try
to interfere with U.S. space communications efforts.

At the conclusion of the grinding, five-week session of I'TU’s Extraordinary
Space Radiocommunications Conference earlier this month, the delegates
agreed to allocate a total of §,200 mc. to space communications—including
2,000 of the 2,725 me. requested by the U.S., plus Russian proposals which
indicate that the Soviet Union may be planning a synchronous satellite system

of 1ts own.

The conference made available a
total of approximately 15% of the
frequency spectrum to space research
activities, compared with the 1%
agreed upon at the I'TU radio confer-
ence of 1959, The fnal protocol was
signed by all delegates present, al-
though almost every allocation is bur-
dened by footnotes containing disclaim-
crs and waivers on the part of one or
more of the signatories, Implementation
date for the new and revised allocations
15 Jan, 1, 1965.

While the conference gingerly
avoided a number of anticipated poli-
tical pitfalls, the most jarring note so
far as the U. S, is concerned was Cuba's
consistent refusal to agree to the new
frequency allotments and a formal warn-
ng that the island country generally is
unwilling to cooperate.

Should it refuse to adopt the new
frequencies, as it has indicated that it
will, Cuba’s transmissions could play
hob with at least a portion of the
American space communications effort,
particularly transmission and reception

from stations located in the southemrn
U.S. and in close proximity to the
1sland.

Charging that the principles guaran-
teeing equitable participation by all
countries have not been adopted and
some of the clauses contained in the
procedure for frequency notification
and co-ordination do not satisfy the in-
terests of Cuba, the country said it “for-
mally reserves its complete freedom of
action and the right to reject those pro-
visions , . . which would be prejudicial
to the interests of Cuba.”

Allocations requinng the signatories
to abandon already-established conven-
tional uses over the frequency bands
concerned almost inevitably carry with
them a footnote disclaimer on the part
of Cuba.

As an example, the delegates agreed
to allocate the 136-137 me. band to
space research, primarily telemetry and
tracking, with the individual countries
gradually phasing out the current con-
ventional services over this portion of
the spectrum, The allocation, however,

Syncom Voice Quality Cited
Washington—Quality of voice transmission via Syncom synchronous orbit com-

munication satellite has equaled that of either Telstar or Relay, according to Leonard
Jaftee, director of the communication and navigation programs division of National

Aeronantics and Space Administration.

Jaftee made his statement following the world’s first international press conference
via communication satellite on Nov, 8. Newsmen interviewed U. 8. representatives
to the meeting of the Intemational Telecommunications Union in Geneva (see
story) via Syncom. During the half-hour session, excellent reception was marred
only by slight static at the outset. The time delay in communication was impercep-
tible. For a detailed report on Syncom 2's performance see p. 75.

At the time of the conference, Syncom was headed toward the north of its figure-
eight orbit 22,000 mi. above the equator over mid-Brazil. The Geneva-Washington
connection involved 1,100 mi. of conventional telephone line—from Geneva to the
USNS Kingsport, stationed at Rota, Spain, and from the U.S. point of reception
from Syncom at Lakehurst, N. J., to Washington,

Jafice reported that the conference was over a four-wire connection to avoid the
echo problem artificially. This meant that the telephone speaker in Geneva was
I directly connected to the earphone, and vice versa, the speaker in Washington was
| directly connected with the earphone. This device to avoid echo is not adaptable
to an operational system. However, Jaffee was optimistic that echo suppression
“can be effectively achieved” in an operational equatorial orbit system.
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i5 followed by this typical footnote:

“In Region 2 (the Americas), the
band 136-137 me. is also allocated to
the fixed and mobile services until Jan.
1, 1969, Thereafter, in Cuba, the band
will continue to be allocated also to the
fixed and mobile services.”

The 1969 cutoff date mentioned
here and in a number of other instances
within the protocol was established pri-
marilv to ease the transition pains for
countries that already have expensive
equipment built to operate on these fre-
quencies for more-conventional uses.
Other waivers appear to be based pn-
manly on practical and understandable
TEAS0OT1S.

Desire aside, Cuba’s ability to jam or
interfere with U.S. space communica-
tions will depend largely upon the atti-
tude of the Soviet Union and its willing-
ness or unwillingness to supply its
Western satellite with the necessary
equipment. “They [the Cubans] could
cause some damage,” a U.S. official
concedes, “'if somebody gives them the
equipment.”

Cuba's demurrer was met by a strong
objection from the U. S, and, to a lesser
extent, Canada.

Noting Cuba’s decision to disassoct-
ate itself from the decisions of other
delegations from Region 2 with respect
to certain frequency allocations, a U. S.
protest declared that the U. S, “cannot
accept . . . any obligation to observe the
exceptions claimed by Cuba.”

While Cuba rejected allocations,
Russia quietly backpedaled from its
initial stand that establishment of com-
munications satellite frequencies should
be delaved until 1965 or 1966 (AW
QOct. 14, p. 35) or, at the very least, that
any agreements reached at the Geneva
conference should be provisional pend-
mg further studies of the problem.

At the same time, the Russian delega-
tion headed by vice minister of com-
mumnications A, Badalov requested and
gained a communications satellite fre-
(|1_mn£‘_1.' band that a number of Western
delegates interpret as a sign that the
Soviet Union plans to establish a syn-
chronous satellite svstem.

The band, 5,725-t0-5,850 mc., could
be emploved effectively only over Re-
gion 1 (Europe, Africa and the Middle
IZast) since these frequencies will con-
tinue to be employed for other pur-
poses, including ham radio activities, in
Region 2 and Region 3 (Asia and Aus-
tralasia ).

Under these conditions, a multi-satel-
lite, low-orbit communications system
ostensibly would have to be turned off
while over the areas of Regions 2 and 3
where, in any event, reception would be
marginal at best. This fact is a primary
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oint behind the reasoning that plans
or a stationaryv-orbit svstem led to the
Soviet request.

Aside from such a svstem's propa-
ganda potential in the prime target areas
of Africa and the Middle East, one U.S.
official here savs that the Soviet Union'’s
present mternal communications net-
work is readilv adaptable to a Syncom-
type up:.mtmn and that, with the large
land mass it must serve, the Russian
government may be thinking largely in
terms of improving the country’s own
national capabilities in this area,

A supplementary channel which also
had Soviet backing—5,850-t0-5,925 mc.
—will be available for Regions 1 and 3
but not for the Americas.

Reasons behind the Soviet switch in
agreeing to accept the Geneva decision
as final and to allow the U, S. requests
to pass with a minimum of fuss are still
being debated by U.S. delegates, as is
the over-all worth of the conference
itself.

Formally and informally, the out-
come is being termed by U.S. officials
as satisfactory and adequate, although
one spokesman admits that, “with all
these tootnotes to consider, it will prob-
ably be months before anvone can fig-
ure out how much real progress has
been made.”

The U.S.,, however, did gain a sub-
stantial portion of its requests, includ-
ing most of its communication satellite
proposals. In its initial presentation,
HIE U.S. had proposed that the bands

5,700-4,200 me. and 7,250-7,750 me.
be designated for satellite-to-earth trans-

‘ Anti-Satellite Briefing

Defense Dept. Research & Engineer-
ing (DDR&E) has been briefed by mili-
| tary technical planners and an Advanced
| Research Projects Agency-Columbia Uni-

versity team on various approaches for |
| anti-satellite systems. Military presenta-

tions early this month involved these
| highlights:
| ® Air Force favors o terminal homing

not be selected until Phase 1 stodies
were completed.
® Army proposes a modified Zeus vehi-
cle emploving propulsion system exhaust
gases fed throngh jet nozzles for control
purposes.
® Navy would use a sca-based Polaris
missile to boost an intercept mechanism.
The ARPA-Colombia presentation
consisted of an analysis, withont specific
recommendations, of approaches for anti-
satellite schemes being studied by vari-
ons industry companies under contract
to ARPA. These companies recently

stage lofted by a booster which would |

I bricfed ARPA on details of their various
| approaches (AW Oct. 14, p. 30). Co-
| lnmbia is assisting ARPA in the coor-
dination of the study results.
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missions and 5,925-6,425 wme. and
7.900-8,400 mc. for earth-to-satellite
transmissions.

In slightly varied form, 3,400-4,200
me. was approved for satellite-to-carth
transmissions as was 7,250-7,750 me.
The band 7,900-8,400 mc. also generally
was approved for earth-to-satellite com-
munications, although in bits, and no
action was taken on the 5,925-6,425
mc. request. Broken down, this is how
the over-all allocations were made for
dircct communications satellite use:

e 3 400-4,200 mec., satellite-to-carth, but
it must be shared with other users.

® 5,725-5,850 me., earth-to-satellite, can
be used only in Region 1 and must be
shared.

® 5,850-5,925 mc., earth-to-satellite, can
be used in Rt.gmm 1 and 3 only and
must be shared.

® 5925-6,425 mc., carth-to-satellite, for
all regions, but must be shared.

e 7.250-7,300 me., satellite-to-earth, for
all regions on an exclusive basis,

e 7.300-7,750 me., satellite-to-earth,
must be shared with other users.

¢ 7.900-7,975 mec., carth-to-satellite, on
a shared basis.

¢ 7,975-8,025 mc., carth-to-satellite, but
on an exclusive basis.

e 8.025-8,400 mec., carth-to-satellite and
shared.

Major non-political reversal in the
U. 8. effort was its failure to gain exclu-
sive satellite rights to a wider range of
the spectrum involved, primarily be-
cause other countries refused to aban-
don the bands completely to space
since, in some instances, a substantial
redeplovment of conventional frequen-
cies would have been necessary.

Both exclusive bands—one for earth-
to-satellite and one for satellite-to-earth
use—are fairlv narrow in margin, one
spokesman says. “We will use them as
long as thev are adequate and then,
when they get over-crowded, we'll have
to go to the shared bands where we
may run into interference.”

Other officials hope that, before this
becomes necessary, a greater exclusivity
may have been gained.

For a really world-wide system, one
says “this arrangement is marginal at
best. We need much more standardi-
zation,”

An attempt to gain this and to cut
down on the number of shared bands
undoubtedly will be made during a
scheduled followup ITU studv group
meeting in 1965 and still another ple-
nary session sometime in 1966,

One possible answer to the problem
of gaining additional exclusive commu-
nications satellite frequency rights may
come from the adoption of little-used
millimetric-wave bands within a rough
range of between 31 and 35 ge. (kme.)
for this purpose. For the moment,
these bands are virtually unused.

The I'T'U delegates, however, agreed

Titan Vibration Fix
Air Force-Martin Titan 2 launched
Nov. 1 was flown without measurable
“pogo” effect—longitudinal vibrations—
according to flight data analyzed last
week. The wvehicle in the 23rd devel-
opment fight contained an accumulator-

standpipe device designed to damp surges
which cause oscillations in the oxidizer
and fuel lines.

National Aeronautics and Space Ad-
ministration placed a limit of +0.25 on
the resultant gravity peak (AW Nov. 11,
p. 32) to qualify the vehicle for manned
Gemini  launches, USAF and Martin
have been modifying test vehicles to
reduce the gravity load.

The 24th test vehicle, scheduled for
launch within the next few weeks, also
will include the accumulator modifica-

tion.

to allocate a number of these bands for
space research work in reply to overlap-
ping requests from both the U.S§. and
the Soviet Union. At least insofar as
the U. S, is concerned, a major portion
of this work will involve attempts to im-
prove reception and transmission capa-
bilities for potential communications
satellite use.

Approved space research bands in this
area include 31-31.3 pe. (kme.); 31.5-
31.8 ge. (kme.), shared in Regions 1
and 3 and exclusive in Region 2; 31.8-
32.3 ge. (kmc.), and 34.2-35.2 ge.
(kme.). The bands 31.3-31.5 and
33-33.49 ge. (kmc.) have been reserved
for radio astronomy applications.

Other primary space research bands
agreed upon by the conference delegates
include:

® 15,762-15,768 and 18,030-18,036 kc.,

both in response to Soviet requests.
e 30.005-30.010 me., another Soviet
request.

® 136-137 me., shared in Regions 1 and
3 and exclusive in Region 2.

® 143.6-143.65 mc, primarily for telem-
etry and tracking. This was a Sowvict
request.

® 267-273 me., a Soviet telemetry re-
quest,

* 401402 mc.,
quest.

® 1,427-1,429 mc,, a U. S, telecommand
request.

e 1,525-1,535 and 1.,535-1.540 mc.,
U. S. telemetry requests.

e 1,700-1,710 me., U.S. telemetry and
tracking request.

e 2.290-2,300 me., another U.5. te-
lemetry .mt] tmEng request.

® 5,250-5,255 mc.

. 5 6G70- 5 725 me., designated specifi-
cally for deep space probes.

e 8,400-8,500 me., reflecting both
Soviet and U. S. qultL'iil'ﬁ semi-exclusive
m Region 2 and shared in Regions 1

and 3.

a U.S. telemetry re-
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French May Alter Strike Forces
By Including Strategic Missiles

Paris—French government is consid-
ering development of a surface-to-sur-
face strategic ballistic missile for oper-
ational use in the late 1960s.

Originally, the French had planned
their nuclear strike force in two steps
(AW Mar. 11, p. 280). First, the force
would be based on Dassault twin-jet
Mirage 4 supersonic bombers armed
with free-falling nuclear bombs. Sec-
ondly, this aircraft nuclear strike force
was to be replaced in the late 1960s by
a fleet of three to Ave nuclear subma-
rincs armed with Polans-type mussiles
(AW Aug. 21, 1961, p. 32).

French officials now seem to judge
that the nuclear submarine system won'’t
be available until 1972, perhaps not un-
til 1975. At the same time, there 15 a
growing conviction that the Mirage 4
bomber, deliveries of which begin in
January, will be less valid in the late
1960s as a strategic weapons system.

The possibility of this “weapons sys-
tems gap” has been recognized by
French officials for some time. Some
have favored extending the life of the
Mirage 4 weapons system by develop-
ment of a Blue Steel-type of stmdﬂﬁ
air-to-ground bomb.

Others have pushed instead for the
development of a ground-to-ground
ballistic weapons system.

Defense Minister Pierre  Messmer,
despite the revelations by informed
deputies concerning the middle-stage
nuclear strike force, made no reference
to the project in his intervention in the
military debate, Messmer did say that
I'rench technicians had solved, or were
about to solve, ballistic missile prob-
lems of propulsion, guidance and re-
entrv. He made no comment on French

| French YVTOL Plans

Paris—Dassault Mirage 3V hghter, cur-
rently in the prototype stage, will cost
about 58 million per aircraft, according
to French Defense Minister Pierre Mess-
mer. He noted that this unit cost hgure
is six times greater than the Mirage 3F
strike fghter, the latest Mirage version.

“Therefore we won't be building many
of these,” Messmer said. The defense
minister added that such an expensive
aircraft would be meaningless militarily
if it weren't armed with nuclear weap-
ons. “This is our intention,” he told the
French Assembly.

The Defense Minister didn’t elaborate
on the philosophy of wsing such a short-
range aircraft for nuclear missions, nor
was his statement commented on in the

long Assembly debate that followed.

studies concerning miniaturization of
nuclear warheads for such missiles.

Deputies sitting on the Assembly
Defense Committee, however, were
more revealing in their statements dur-
ing the militarv debate. Gaullist Deputy
Joel Le Theule, reporting for the Dc—
fense Committee, told the Assembly it
appeared the government had aban-
doned the possibility of arming the
Mirage 4 with a stand-off missile and
wis instead moving ahead on a ground-
to-ground strategic missile. “The M-
rage 4,” he said, “without doubt will be
the last strategic aircraft France builds.”

Deputy Pierre Clostermann, one of
the more outspoken advocates of arm-
ing the Mirage 4 with an air-to-ground
stand-off weapon, also admitted the gov-
ernment had moved away from this so-
lution.

Other remarks by deputies who had
been briefed on government thinking
indicated the French ground-to-ground
strategic missile would be similar to the
U.S. Polaris A-2 missile and probably
would be deploved in France at hard-
ened sites rather than mounted on mo-
bile carriers.

Other military details revealed in the
budget debate were:

Actual payments in the 1964 budget
for development of France’s nuclear
armament totaled $737 mullion. This
total breaks down into $516 million for
studies dealing with nuclear weapons
and missiles, $105 million for Mirage 4
bombers and Boeing KC-135 tankers,
$23 million for propulsion studies, 585
million for test operations and %5 mil-
lion for studies on nuclear submarines.

These 1964 credits carmarked for nu-
clear armament account for 40% of the
military budget and 3.9% of the over-
all budget. From 1960 through 1964,
the French have paid out 51.6 billion
for nuclear armament. This hgure, how-
ever, does not include the country’s iso-
tope separation plant at Pierrelatte
which will supply France with weapon
grade, enriched uranium i the late
1960s, To date, Pierrelatte has cost $1
hillion.

Deliveries on the Mirage 4 produc-
tion aircraft will get under way in Janu-
arv and 20 of the 50 aircraft on order
will be delivered to the French Air
Force in 1964. The government also
disclosed it intends to order an addi-
tional 12 Mirage 4 bombers, probably
with more pnwcrful engines, This will
bring the total Mirage 4 bomber fleet
to 62 production aircraft.

Deliveries of the 12 Boeing KC-135
tankers will also begin in ]*muan and
will be completed by the end of 1964.
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News Digest

Navy completed evaluation of bids
on its interim light attack aircraft on
Nov. 14 and forwarded recommenda-
tions to Defense Secretary Robert 5.
McNamara.  Douglas,  Grumman,
Chance Vought and North American
are bidding on the aircraft (AW Aung.
12, p. 26).

Fredrick B. Aver & Assocs., Inc,
aircraft dealers, has bought General Dy-
namics/Convair’'s last new 990A jet
transport for $6.5 million. The aircraft,
built to fll a Swissair order which was
cancelled, has been modihed to carry
119 passengers. It will be leased to Aero-
lineas Peruanas (APSA) over a seven-
vear period during which the airline has
an option to buy it outright (AW Oct.
7, p. 128). EEﬂmnmg I}E:‘: 1, APSA
will inaugurate jet service between Mi-
ami, Mexico City and Buenos Aires via
Lima.

Philco, Ling-Temco-Vought and
RCA have been selected from 216 firms
for a final competition in which NASA
will select a prime contractor to pro-
vide administrative and management
services for the Merritt Island Launch
Area. One-vear contract, which may be
renewed for an additional two years,
will be worth about $2.5 million.

Dr, Donald F. Homig, a physical
chemist, will succeed Dr. Jerome B.
Wiesner as special assistant to President
Kennedv for science and technology.
Wiesner will return to the Massachu-
setts Institute of Technology as dean
of the School of Science.

Fdward J. Williams, Rockwell-Stand-
ard Corp. vice president, 15 direching
operations of Rockwell's Aero Com-
mander Div,, succeeding Thomas ]. Har-
tis, former aero commander vice presi-
dent-general manager, who resigned last
week to seck the Republican nomina-
tion for senator from Oklahoma.

Uncontrolled 12,000-ft, dive by an
Eastern Air Lines DC-5, which lost an
Engine during pu]l{tu was under m-
tensive investigation by the Civil Aero-
nautics Eﬂ;il‘d last week. Six of 128
persons aboard were imjured when the
aircraft, § min, after departure from
Houston, Tex., suddenly plunged from
18.000 ft. while in an area of extreme
turbulence. Abruptness of the recovery
at 6,000 ft, tore the number three en-
glnt: and pvlon from the wing. CAB
investigators said cunmmhun of the
aircraft after it made an emergency
landing at Barksdale AFB, La., dis-
closed that rivets were loosened on two
of the aircraft’s remaining three engines,
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AIR TRANSPORT

Pan American Is Awarded Tahiti Route

Board skirts basic issues; action in three cases is

viewed as move toward regional type competition.

By L. L. Doty

Washington—Civil Aeronautics Board decisions in the Transpacihe Route
Case released last week, which give Pan American World Airwavs trafhe
rights in Tahiti but shelve all other phases of the case, are being viewed here
as another Board move toward the concept of regional competition.

Three decisions, involving international and domestic operations in the
Pacific area as well as the U.S.-Tahiti route, were issued separately but are

closely interlocked.

The orders were adopted by the
Board Aug. 7 and signed by President
Kennedy Nov, 7. The decisions leave
open for future settlement the basic is-
sues in the case—addition of a third
carnier on the transpacific route, and
certification of Western Air Lines into
Hawan. But there 15 a strong hint that
division of competition between U.S.
carriers will be a guideline to any fur
ther decisions.

Kev to the pending U, S.-South
American and Transatlantic Route
Cases is the announced aim of curtail-
ing or eliminating duplication of com-
petition in the major markets of these
areas (AW May 2§, 1962, p. 38). In
this connection, the Board earlier this
month proposed separation of compe-
tition on the intra-island Hawaiian

routes between Hawanan Airlines and
Aloha Airlines,

The case has become clouded by a
sharp split over the issues at stake be-
tween Board members, along with a
lack of firm understanding of the White
House position in the case, The Presi-

F

~New York.

of State Dept.

Governments Discuss Atlantic Fares

Washington=North Atlantic fare dispute last weck moved into the hands of
governments despite optimism expressed by a special airline working group meeting
m New York that a compromise solution was in sight.

Lead in the drive to settle the rate differences was taken by the U. S, last week
when a delegation led by Alan S, Boyd, Civil Aeronantics Board chairman, went to
Europe to discuss the issues with governments of Ireland, Britain, Italy, Germany,
France and the Scandinavian nations. Meanwhile, the special working group named
by International Air Transport Assn. trafhe conference at Salzburg (AW Nov. 4, p.
13) to attempt to reach an agreement on fares reported progress on its mission in

Farlier this month, Boyd talked with Canadian government ofhcials in Ottawa
and returned with the report that Canada may be willing to ease its original firm
stand for an extremely low fare level on North Atlantic routes. Trans-Canada Air
Lines' drive for a new tariff strocture was one of the reasons that the Salzburg
trafhic conferences were terminated in deadlock (AW Oct. 7, p. 27).

Accompanying Boyd on the European trip are Robert Murphy, Board vice char-
man; Albert Stout, who was CAB observer at the conferences, and Allen Fergusen

dent has approved the decisions in the
international phases, but has no jurisdic-
tion over the domestic phase of the case.

In 1959, former President Eisen-
hower directed that proceedings be un-
dertaken in the Transpacihe Case to
provide ‘“‘greater competition among
U.S. flag carmiers in the Pacihe.” In
January, 1961, he reversed his stand and
told the Board that he was persuaded
that “‘our foreign relations would be
adversely affected were we at this time
to add second carners on our major
routes to the Orient” (AW Jan.
1961, p. 38).

The stand of the present Administra-
tion on this issue with respect to the
Pacific area is still unknown, although
there have been repeated implications
it would not tolerate air route adjust-
ments that curtail competition as 2
general principle. President Kennedy's
approval of the decisions in the Trans-
pacific Case suggest that the Adminis-
tration believes foreign policy considera-
tions in this arca take precedence over
competitive factors.
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This lends support to the Board's cur-
rent drive to implement the concept of
regional competition,

Split vote in the Transpacific Case
indicates that the road to a division of
competition will not be smooth, Chair-
man Alan §. Bovd and Member Chan
Gurney voted to certificate Western
Air Lines mto Hawan, while Members
G. Joseph Minetti and Whitney Gil-
Illand voted against certification.

Vice Chairman Robert Murphy did
not participate in the case but, to break
the deadlock, famiharized himself with
the record to qualify to vote. He joined
Minetti and Gillilland. Similarly, he
entered the international phase of the
decisions to break a tie on some issues
in this opinion,

Pan American was awarded a certib-
cate to provide single-plane service be-
tween the U.S. mainland and Tahit
and to serve Taliti on its transpacific
route between the U. 5. and New Zea-
land-Australia. It will be the first time
that competition has been offered the
French carrier TAI, which was recently
merged with UAT to form UTA (AW
Nov, 11, p. 46).

Pan American was sclected over
South Pacific Airlines, which now oper-
ates between Hawaii and Tahiti, Mi-
netti concurred and then dissented in
the case, holding that South Pacific
routes should be extended to the main-
land. However, Pan Amerncan has an
application on file with the Board to
purchase the South Pacific Honolulu-
Papeete certificate.

Last week, a South Pacific spokesman
told Aviation WEEr & Seace Tech-
vorLocy that the airline has fully ac-
cepted the fact that, once Board ap-
proval of the application 15 granted,
South Pacific will be completely ab-
sorbed bv Pan American. South Pa-
ciic inavgurated the Hawan-Tahiti
service in April, 1960.

In the majority decision, the Board
held that the proposed cxtension of
South Pacific’s route to the mainland
would be “immensely” unproftable and
would result in either .1 request for mb
sidy or in the carrier’s “early demise.”

The Board concluded that the award
of the Tahiti route to Pan Amencan
would strengthen the U.S. flag carner
position in the South Pacific in these
two ways:

First, it would enable Pan American
to tap a new source of trafhic. Sec-
ond, mclusion of Tahiti as an inter-
mediate point on Pan American’s South
Pacific route would allow the carrier to
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operate a more effcient and attractive
pattern of service in competition with
foreign flag carrers.

In this connection, Qantas Empire
Airways of Australia and Canadian Pa-
cific  Airlines operate the route only
via Honolulu without the right to

carry local traffic between Honolulu and
the U.S. Australia once argued that its
bilateral agreement with the U.§. in-
cluded Tahiti as an intermediate point
on its route, but later dropped this po-
sition when the U. S. dissented.

TAI serves both Tahiti and Hono-
lulu but serves onlv Los Angeles in the
U. S. where it connects with Air France
to give France an around-the-world op-
eration.

A major advantage of the Tahiti stop
to Pan American is that it provides the
carriecr with a Great Circle course be-
tween Los Angeles and New Zealand.
Interior Dept, thad urged the Board to
estrict Pan American to a pattern that
would include American Samoa on the
route but the Board rejected this rec
ommendation on grounds that the pro
posal is “not pirl of the evidentiarv
record in this case.

In its ruling on the mternational
phase, the Board stated that the Trans-
atlantic Route Renewal Case could have
a substantial bearing upon the redehn-
ing of the Pacific route structure. It
added:

“In our opinion, it would not be
timely to institute a re-examination of
the Amencan-flag route pattern in the
Facihc until additional experience with
jet operations in that area by both do-
mestic and foreign-flag carners has been
accumulated md lhur. has been an Op-
portunitv to assess such experience n
the context of the related develop-
ments  m air transportation,

[n this statement, the Board indicates
that it now appreciates the full effect
of jet operations on world-wide opera-
tions, that it no longer is feasible to
analvze intermational route patterns on
a provincial basis, and that the various
markets of the world are indirectly re-
lated as a resnlt of the range and speed
of the jet aircraft,

The statement also suggests that the
Board’s views on the regional concept
of competition, documented in  the
Transatlantic Route Renewal Case, mav
well be applied to the Pacific and that
its current decision in the Transpacific
Case 1s not final.

In the domestic phase of the case,
the Board ;Pmpun.'ntlr has received no
guidelines from President Kennedy,
since 1t still adheres to the adwvice
handed down by Eisenhower early in
1961. Admitting that he had no domes-
tic junsdiction, Eisenhower expressed
the hope that the new carnier granted
authority to serve Hawaii would be one
“customanly engaged in international
commercial aviation m the Pacific .

Mockup Shows DC-9 Cnckplt Arrungemenl’

Cockpit mockup of Douglas Aircraft Co's DC-9 short-haul jet transport shows two-man
'r.‘ll'TFJI'IgEI"‘-'.'Il'I.' which has been :_:.]jp[urud ]]'5.' Federal Aviation .'\gl."l'il'_'!.' ‘[H."l'lt!.:i!llg “iﬂ]ﬂ demon-
stration (AW Oect. 21, p. 37). The cockpit features a master cantion and warning lizht
svstem for both erewmen, These lights (mounted atop the glare shield) indicate an abnor-
mlllt'. in any system. The malfunction can then be located by referring to a warning and
caution light panel located on the overhead console between the pilots. 'itpmcldw.l dial flight
instruments are used, with engine instruments grouped in the center of the forward
console and flight instruments in front of each pilot, Note the clipboards attached to the
control columns for attachment of charts and other data.

TWA Orders Eight More SST's

New York=Trans World Airlines has
ordered eight more supersonic trans-
ports, raising its total on order to 14,
with a downpayment investment of
51,750,000,

Four of the latest order are for
the Anglo-I'rench Concorde, with TWA
receiving delivery positions 22, 32, 34
and 38 (AW Nov. 4, p. 41). It paid
750,000 to Sud Awviation and the Bnt-
ish Aircraft Corp. to irm the positions.

The other four orders, imvelving a
$400,000 down payment to the Federal
Aviation Agency, are for the proposed
U. S.-built transport. Six of these were
ordered carlier by TWA with a 5600.-
000 deposit (AW Oct. 21, p. 38).

The Concorde order was made de-
spite. TWA's expressed dissatisfaction
with the delivery schedule offered by
the Furopean manufacturers. Charles
C. Tillinghast, Jr., TWA president, had
told a Senate Subcommittee that TWA
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was denied deliveries comparable to
those granted Pan Amerncan.

This was denied by Gen, Andre Pu-
set, head of the joint French-British
Concorde project., He said TWA's scat-
tered delivery positions were the result
only of the carrier’s delay in picking up
a more advantageous arrangement  of-
fered earlier for six aircraft,

TWA's Concorde order was influ-
enced largelv by concern over giving
Pan American too great a lead time in
supersonic introduction. Pan Amenican
has ordered six Concordes and 15 of
the U. 8. model.

The longer the U. S, program drags,

TWA ofthcials said. the less chance there

is that a U. S, product can be huilt by
the time Concorde 15 ready for service.
TWA can’t risk Pan American’s getting
an advantage with the Concorde in a
market as competitive as that across the
Atlantic, thev said.
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Northeast Leases Jet Equipment,
Plans 18 Daily Flights to Florida

New York—Northeast Airlines s
leasing  jet  equipment from  Trans
World Airlines to capture a larger share
of the winter tourist Aow to Flonda.

The lease will enable Northeast to
schedule 18 dailv jet flights, three times
the number currently operated with its
four Convair 880s. Uxpanded service,
which starts Dec. 18, will include mine
New York-Miami nonstops daily,

TWA 15 providing a Boeing
707-320B for one round-trip three days
a week between Dec. 20) and Apr. 30.
The aircraft 1s m 139-seat Mihitary Aar
Transport Service configuration  with
three-abreast scating tI'IT-D'lI‘-"]lUI.‘:l‘

A TWA Convair, ztarhng Dee. 15,
will fly from New York to Miami four
nights a week. The Convair will be re-
placed by a Boeing from Jan. 15 to Mar.
15, the end of the lease term.

The aircraft will retain their TWA
markings but will be flown by North-
cast crews, some of whom were quali-
fied on Boeings in 1959 m an earlier
lease arrangement with TWA, Flights
will be mostly “tail end time,” with the
Florida service consuming time that
otherwise would go to mightly lavovers,

Northeast’s action crased the possi-
bilitv that National Airlines and East-
e Air Lines would have the New
York-Florida route wvirtually to them-
sclves this winter. With their greater
capacity, the two carriers could have
provided a service pattern which North-
cast would find difficult to match with
only four 880s.

Observers  interpret  the  lease as
another attempt to prove to the Civil
Acronautics Board that Northeast has a
rightful place on the Flonda route.
‘tlmt sources, however, feel it will have
no effect in swaving the Board from its
order that Northeast quit the market.

Northeast is still on the route only
because it took the CAB's order (AW

Air Union Meeting
I Paris—Four European governments in-
volved in the creation of the proposed
Air Union—France, West Germany, Bel-
gium and [talv—are planning a top-level
conference in February in a new at-
tempt to overcome obstacles blocking
creation of the union.

Several previous meetings between rep-
resentatives of Air France, Lufthansa,
Sabena and Alitalia have failed to settle
disputes over a revenue-splitting quota.
The top-level governmental conference,
which probably will be held in Brussels,
was decided on recently bv Common
Market munisters meeting in the Bel-
gian capital.
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Aug. 5, p. 42) into the U.S. Court of
Appeals at Boston. The court ruled that
Northeast could continue through the
winter while the matter was in litiga-
tion, and the CAB did not object,
Most observers also feel that the
Hughes Tool Co., which owns 80% of
Northeast’'s stock, 15 again  lending
financial assistance to the carrier. The
tool company stopped underwnting the
airline’s daily operating expenses after
the CAB decision (AW Aug. 12, p. 41).
Reference to Hughes Tool’s continued
support was made by M. Willson
Offutt, vice president of traffic and sales
for Northeast, in announcing the lease.
*“This stepped-up winter schedule on
the Miami route has been made possi-
ble by steadily mcreasing public de-
mand and by the continuing support of
Northeast’s principal stockholder, the
Hughes Tool Co.,” Offutt said.
Persons familiar with the Hughes
Tool-Northeast relationship sav the tool
company is probably guaranteeing the
lease pavments for the TWA aircraft.
The tool company can also be expected
to fnance Northeast’s advertising
through the winter season, they said.

Hughes Tool's influence in Northeast

India Landing Fees

Indian government has approved a
Ipmm:-sul made earlier this vyear that
landing fees at the country’s airports
be increased to almost twice the cur-
rent level (AW Feb. 4, p. 40).

The new cost for landing aircraft of
the Boeing 707 and DC-8 class will be
52194, The previous cost of 5157.50 was
among the lowest in the world. Reve-
mnes resulting from the increase shounld
donble the 552,500 currentlv received
in landing and parking revenues at Bom-
bav's Santa Cruz airport.

was further evidenced last week when
SCVETT NCW ]'I'JL‘!'I:'II]ETE WCrg :l-ﬂl:lf."l'.] to ﬂ'IE'
airline’s board of directors, bringing its
total membership to 16.

Elected were Ravmond M. Holliday,
executive vice president of Hughes
Tool; Mavnard [E. Montrose, vice
president of Hughes Tool and president
of its 1l Tool Div.; F. Willham Gay, a
Hughes Tool vice president; Chester C.
Davis, Ravmond A. Cook and Gregson
Bautzer, 1-:§,1I representatives fur the
tool company, and Robert E. Montgom-
ery, vice president of nm:LLtuw for
Hughes Dynamics.

Montgomerv only recently resigned
his position as sales vice pIEﬁIdEHi’ for
TWA's international division with of-
fices in Pans.

Senate Unit Approves SST Funds

Washington—Senate  Appropriations
Commuttee last week approved S60 mil-
lion for initial phases of the Federal
Aviation Agenev's supersonic transport
program. The committee also restored
more than one-third of the moneyv cut
carlier bv the House from the FAA and
Civil Acronautics Board Fiscal 1964
budget requests (AW Nov. 4, p. 43).

Approval of the supersonic transport
funds was the sole point on which
the Senate and House subcommittecs
agreed, opening the wav for [FAA’s pro-
posal to select and fAnance detailed de-
sign studies on the aircraft next vear
(AW Qct, 14, p. 39).

House attempts to reduce sharply
both local service airline and helicopter
subsidies met resistance from the Senate
subcommittee, which restored 56.7 mil-
lion of an $8.7-million slash in the CAB
budget voted bv the House. FAA also
regained $20 million of a total 564.5-
million reduction mposed by the
House,

Senate floor action on the appropria-
tions 1s expected this week, and the
final totals for both agencies will be
worked out by House-Senate conferees.

Total CAB appropriation recom-
mended by the Semate committee was
$92.1 million, compared with House

approval of 585 million, Of this total,
the House reduced the Board's projected
subsidv needs to 575 million, with a
strong_recommendation that the indus-
trv's three subsidized helicopter opera-
tions be limited to S1 million each,
compared with the previous vear’s
budget of $5.7 million. The Senate
committee voted to rase the heli-
copter funds to 55 million and gave
CAB all but 52 million of its requested
S&3-million subsidy need.

FFAA recaptured part of its appropna-
tions loss, but did not fare as well as
CAB. The Senate committee approved
a $770.2-million budget for the agency,
restoring $20 milhion of a House cut,
but leaving FAA 545 million short of its
requested $815-million budget request.
An estimated $9.2 million of the re-
stored funds were for air trafiic control
and other facilities, wath the Senate
committee voting $525 million, com-
pared with a House figure of $515.7
million. FAA had requested $545 mil-
lion for this purpose.

The Senate committee also restored
$10 million of a $15-million House cut
in research and development funds.
Under the Senate report, FAA will re-
ceive $45 million of the $50 million
FAA sought for this purpose,
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AIR-INDIA INTERNATIONAL is now flying its six Boeing 707s an average of 11 hr. daily, a top mark among aircraft powered by Rolls-
Royce Conway engines. Maintenance work on engines is performed at Air-India’s overhaul facility that opened this year.

Air-India Pushes Route, Fleet Expansion

By James R. Ashlock

Bombav—Air-India International,

self-sufficient in the maintenance and

operation of its six Boeing jet transports, is proceeding toward route expan-
sions and doubling its all-jet fleet by 1970 (AW Sept. 30, p. 47).

The airline has $24 million in foreign exchange reserves, from which the
government has authorized the acquisition of one new Boeing per vear through
1969, The first of these, equipped with Pratt & Whitney JT3D-3 powerplants,

15 scheduled for delivery next spring.

Air-India 15 now expected to make a
strong bid to become a round-the-world
operation, Japan's easing of currency
restrictions on pleasure travel has re-
vived interest in activating the Tokyo-
U.S. route (AW Jan. 16, 1961, p. 40),
which Air-India can fly under existing
bilateral rights.

However, the carrier’s management
sces little economic value in this route
without authorization to link either Los
Angeles or San Francisco wath its serv-
ice from New York. Negotiations on

crossing the U.S. may be requested
next vear, Air-India officials said.

Sydney Route

The airhne 15 considering an exten-
sion of its Svdney route to New Zea-
land and Fijn. B. R. Patel, general man-
ager of the airline, said Fiji offers a
prime revenue potential from the con-
centration of Indian nationals who set-
tled there years ago. It is also a regolar
stopover point for much of the growing
tourist flow to Tahiti.

Making the homeland accessible to
Indians abroad is also the reason Air-
India hopes for routes into West
Africa. This area contains Indians like
those who spread throughout the Brit-
ish Empire in quest of better fortunes.
West Africa would be reached by ex-
tending the route which now terminates
at Nairobi, Air-India’s only service point
south of Cairo.

[f Air-India does move into West

Africa, Patel said, the next conceivable
step would be across the South Atlantic
mto South America, and perhaps on
into the Caribbean. But this, he ad-
mitted, is very long-range planning and
doesn’t ht into the more immediate
picture.

The airline must first, management
sources said, bring existing service to a
more competitive level. Paramount in
this drive is imitiation of daily, year-
round service between New York and
London, Four flights a week are cur-
rently flown on this segment. The New
Delhi-Moscow frcqm.nm mav be in-
creased to two a week, although Air-
India sces little cconomic reason to acti
vate the Moscow-London route at this
time.

Its new Boeings will help Air-India
attain better service frequency. The air-
line is alreadv mleg a proft with its
six jets—$7,257,000 in the vear ending
"'vIar 31—and its officials foresee even
better returns in coming vears due to a
general stabilization of costs.

Air-India’s operating revenues rose to
551,527,000 in Fiscal 1963, up almost
56 million. But its operating expenses,
excluding interest on loans, increased
by less than $1 million to $44.270,000.

Of $20,430,000 borrowed from U. S,
commercial banks and the World Bank
for equipment, Air-India has repaid
510,320,000 and expects to retire the
balance by 1966. The latest loan of
511,040,000 for new equipment will be
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repaid in five vears, with payment com-
mencing in late 1964,

The airline is in a good position for
effective cost control, 1ts ofhcials said.
[ts aircraft are all Boeings and are flown
an average of 11 hr. dailv. No increase
in maintenance or engineering forces is
needed for planned fleet expansion, And
the carrier i1s now pﬂrfmming all func-
tions with its own personnel.

Before its 51,050, llJ)[}ﬂ engine overhaul
facility was opened at Santa Cruz air-
port this vear, Air-India was shipping
its Mk, 508 Conwav engines back to
Rolls-Rovee at Derby, England, for
overhaul, The time-between-overhaul
(TBO) was 2,500 hr., and the higher
English labor costs and practice of using
new components to replace worn ones
was costing $28 per TBO hour.

Reduced TBO Costs

With its own plant, where mechanics
carn an average of S70 a month, Air-
India can do the same work for about
§7 per TBO hour, and the Conwavs
are up to 3,500 hr. Because of for-
eign exchange restrictions, Air-India’s
parts stockpile 1s held to a minimum.
Consequently, manv components that
would be discarded elsewhere and re-
placed are instead repaired and used
again, saving more funds,

K. G. Appusamy, engineering man-
ager, stressed that Air-India is not cut-
ting corners on maintenance despite its
economy practices. For instance, the
airline’s 800 mechanics are supported by
200 inspectors, an unusually high ratio.

“We helieve in I[}ﬂ‘ﬁ% quality con-
trol,” Appusamy said. ° W’e leave rmth-
ing to a mechanic’s final judgment.”

The %70 monthly income for me-
chanics, and S200 for inspectors, ap-
pears low by Western standards. But it
1s good money in India where the aver-
age annual income per capita is 564,

Mechanics are drawn primarily from
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Permutate for power

By permutations of existing components, Bristol
Siddeley can produce a range of rocket engines
from 50 to 100,000 Ib thrust,

The Bristol Siddeley coneept of creat-
ing a range of rocket engines from a
few fully proven and mutually compat-
ible components enables them to offer
engines of any power up to 100,000 [b
thrust with the absolute minimum of
development time and cost.

Bristol Siddeley have been designing,
developing and manufacturing liguid
propellant rocket engines for more
than 17 years. Present production in-

cludes wvariable thrust boost rocket
engines for the Jindivik pilotless target
drone, and engines for the Hawker
Siddeley Blue Steel stand-off bomb
and the RAE/Saunders Roe Black
Knight re-entry research vehicle.
Bristol Siddeley Engines Limited,
Aero-Engine Division, PO Box 3,
Filton, Bristol, England.
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the Indian Air Force, and must have
five years of experience before Air-India
will accept them. They receive a year
of schooling from the airline before
attaining full mechame status. The in-
spectors are mostly professional engi-
neers who began training with Air-India
while  still 1111L’|ugr|{h11tu i Indian
universities, The 30-man engineering
force consists of graduate engineers, who
received a  three-vear post-graduate
course at the airline.

The overhaul facility reflects Aar-
India’s emphasis on cleanhiness. All
equipment looks new. Because of dust
problems in the drv season, buildings
are air conditioned and a large cleaning
force scours floors and machinery re-
peatedly. When an engine is dismantled,
all parts are scrubbed before inspection.,

When Air-India sent its Boeings back
to Seattle for tail section modifications
two vears ago, William M. Allen, presi-
dent of Bm,mg wrote Patel compl-
menting him on the cleanliness and
over-all good condition of the aircraft.

The |11;|m’ren:|m:r: base adheres to the
standards of India’s Director General of
Civil Aviation, which patterns its cri-
teria. on the British Air Registration
Board. The airline went a step further
and gained Federal Aviation Agency en-
dorsement of its plant, the first granted
to such a unit in the Far East. An FAA
imspector from Beirut visits the facility
every three months.

Appusamy said that with only six
aircraft and 38 engines to maintain, ap-
proximately 409 of the maintenance
force’s time is idle. Only three engine
overhauls a month are performed by a
staft capable of handling twice that
volume. Some of the margin is taken
up bv mamtenance of the Air Force's
eight Constellations and C-119 trans-
ports, but there is still idle time.

Consequently, the present force is
adequate to handle the proposed fleet
expansion, plus the engine overhaul for
the three Caravelles that will go into
service this January on India's domestic
carrier, Indian Airlines Corp.

Air-India s making trial TBO runs
on its Conways up to 3,900 hr., Appu-
samy said, and will soon ask for clear-
ance to advance the overhaul cvele to
this level. He feels the Conway TBO
will stabilize at about 4.000 hr. Only
one premature engine removal is being
encountered in each 8,000 hr. of engine
operabion at present.

Seven of the 14 spare engines are
kept as “insurance powerplants” at Lon-
don, New York, Sydney, Tokyo, Nai-
robi, Moscow and Rome line stations.
Spares at Hong Kong and Singapore
are Air-India’s contribution to an en-
gine pool with British Overseas Airways
Corp. and Qantas. The airline also
nmaintains spares at six stations for the
parts pool set up by a number of inter-
national carriers.

INSTRUMENT OVERHAUL at Air-India is performed with test stands built on the prem-
ises. Foreign exchange restrictions discouraged purchase of completed units, so the airline
bonght blueprints and components. Completed units are encased in wooden stands like

the one shown in above |1]'ml:ﬂ.

Boeing airframes are block over-
hauled each 3,000 hr., which falls due
each eight months since they average
4,000 hr. of utilization a year., Over-
haul requires 10,000 mechanic man-
hours during a two-weck period. Air-
India i5 asking that the airframe TBO
be advanced to 4,000 hr.

The JT3D-3 engine on the Boeing
duc next year marks Air-India’s frst
n:’:{:pururf. from Rolls-Royce turbojets.
The American engines will power all of
the aircraft Air-India plans to order,
since they provide the longer range
which the airline feels it will need as
routes are extended. Conways will be
retained on aircraft Aving shorter routes.

“"We particularly need the capability
to mc'rl:h the Middle East,” Appusamy
said. “Uprisings there result too often
in airports being closed temporarily,
disrupting our service. With the Pratt
& Whitney :.ngmu. we can reach India
non-stop from Europe.

Air-India uses four-man cockpit crews
—two pilots, a Hight engineer and navi-
gator. Doppler radar may be installed
as a navigation aid, but operations offi-
cials said the navigator would still be
retamed to operate it.

“We're not interested in raising the
work load of pilots to the extent of
them doing their own long-range navi-
gation,”” said Clpt K. Vishvanath, op-
erations manager. “And if the navigator
saves us a few minutes of tuel on every
flizht, he is paving for himself.”

All members of Air-India’s 40 cockpit
crews are Indians, a condition long re-
qmnd bv the airline’s chairman, J. R.
[}, Tata. Pilots are drawn mamly from
the air force and Indian Airlines l:nrp..
and many received their initial training
in government-subsidized flving clubs.
The average monthly flight time for
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Air-India pilots is approximately 60 hr.

Pilot candidates must have 4,000 hr.
of flight time, of which 1,500 must be
in command of IIIUIII-Enng aircraft.
An instrument rating is also required be-
fore Air-India will consider an applicant.

First officer students undergo six
weeks of ground school and 25-30 hr
of training on a Boeing simulator built
for Air-India by Curtm-ﬂf’nght Corp.
[Flight training involves 10-15 hr, of
local flving, then 100 hr. of route super-
vision. Refresher checks are performed
each six months.

Captain candidates, selected by sen-
iority from among the hrst officers, un-
derzo the “command course.” Two
weeks of ground school 15 followed by
25 hr. in the simulator and 20 hr. aloft.
Route supervision takes up another 300
hr., and then the candidate returns to
Santa Cruz for 5 hr. of “polishing up.”

The first time a new Air-India captain
takes a Boeing aloft unsupervised s
confined to local flving, in which he
practices command procedures without
a check pilot aboard, Even after he is a
captain, he must undergo a check ride
on any route he hasn’t flown in six
months if he has won a bid to flv it,

Eight first officers have failed to pass
Air-India’s  “command course,” and
Vishvanath has even demoted two cap-
tains for landing at airports when
weather conditions were below mini-
mums, This has caused some reaction
from the Indian Pilots Guild, to which
all Air-India pilots belong. But Vishva-
nath has been upheld by the pilots.

Vishvanath allows only captains to
make landings on scheduled runs, stress-
ing that smooth touchdowns ]".IHJIITIL'I['E_’
passenger conhdence. In 34 years of jet
operation, Air-India has not had an acci-
dent.
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Bonneville Nationals: 103.56 mph.
Yet a SAAB engine has only 3 cylinders
and takes oil in the gas tank. Strange.

All cars that race at Bonneville have specially prepared engines. So did
SAAB. Basically, though, the engine is the same. It is a 2-stroke engine
with no valves and only 7 basic moving parts. That's hundreds fewer
than conventional engines have; and hundreds fewer sources of friction,
wear and potential trouble.

And because SAAB's 3-cylinder engine delivers a power stroke for
every revolution, it is comparable to a 6-cylinder engine in torque, pickup
and hill climb. But uniike a "'&"", it gets 28 to 38 mpg. It also grows old
gracefully, with a minimum of maintenance. Strange powerplant. But
very sensible.*

With a SAAB, you put oil right in the gas tank (there is no crankcase).
And no problem, The engine likes it that way because it continually
receives a fresh bath of uncontaminated oil. There are fewer things to
worry about; No oil pump. No oil filter. No clogged oil lines. No acids. No
sludge. And, of course, no oil change. Strange powerplant? Ingenious
powerplant! |f you've never driven a car with a 2-stroke engine, see your
SAAB dealer. And test-drive a 1964 saaB. Only $1895, P.O.E. Shopping

White pedew iy cpbionel bl salre ok,

Bonneville Salt Flats 1963; Modified SAAB 96 hits 103.56 mph.

OUR UNUSUAL ENGINE
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> Allegheny .."'.I..'II]I:I'IE*] reported net earn-
ings of $82,227 for the third quarter of
1963, compared with $321,929 in the
same period last year. The carrier said
that results in the 1962 third quarter
were inflated because of the Eastern Air

Lines strnike.

» Civil Aecronautics Board, Interstate |

Commerce Commission and Federal
Maritime Commission staff members
have met with the chairmen of these
agencies to teport on the progress of
current studies of regulatory problems
affeching over-all transportation svstems.
The joint study was undertaken in re-
sponse to President Kennedy's request
last vear that some action be taken to
improve the regulatory process.

» Continental Air Lines operated an
estimated 103 million revenue passenger
miles in QOctober, a 27% gain over the
volume fHown in the same month last
yedr,

» Ethiopian Airlines has increased its
Madrid-Addis Ababa flights from hm
to three weekly. I'hnhh presently ar
operated with Encmg 720B fan ]!L'l'
transports,

» Federal Awviation Agency will begin
moving into its new headquarters next
weekend, The new building, located
at 800 Independence Ave., S. W. in
Washington, will house headquarter
office personnel under one roof for the
first ime. Agency now maintains units
in nine different locations in Washing-
ton and Virginia.

P Irish Intermational Airlines is intro-
ducing a deferred pavment plan for
rr:wuhr ﬂ-r group fares at an interest rate
ﬂf 4.25%, which, the carmer claims, is
the ]mttht available in the airline in-
dustrv. The plan, called the Shamrock
Thriftair, calls for a 10% down pav-
ment with the balance to be paid over
two wvears.

> Northeast Airlines’ centralized reser-
vations svstem, using the automatic call
distributing system, has been placed
into operation. The centralized reser-
vahions office, located in Boston, receives
calls that have been dialed locallv from
23 cities. System was developed by Bell
Telephone Laboratories,

» Pacific Southwest Airlines reported
net earnings of $1.6 million fm* the first
nine months of 1963, a 62% increase
over the same period last year. Revenues

‘AIRLINE OBSERVER|

» Alitalia agreement to purchase three U. 5. supersonic transports has not
inspired the rash of foreign orders for the aircraft anticipated by aviation
ofhcials although Australia, Holland and Japan are known to be interested
(AW Nov. 4, p. 43). Feeling is that most nations are waiting for more
comparative details of cnnﬁgur.m:}n cost and performance of “the U. S.
supersonic transport and the French-British Concorde before making anv
cash commitments, even at the risk of losing earlv deliverv positions.  Ali-
talia, which placed a $300,000 down inum,n’r with the Federal Aviation
Agency for delivery positions, will not order the Concorde.

» Report of a breach between Civil Aeronautics Board and Federal Aviation
Agency was bolstered when FAA failed to include CAB in the special
working group developing techmical details of a U, S.-Russian bilateral
air transport agreement (AW Nov. 11, p. 45). Board will issue the foreign
air carrier permit to Aeroflot when and if the agreement is signed, but has
not attended the two meetings of the group consisting of Coast Guard, Pan
American World Airways and State, Commerce and Defense departments.

» Pratt & Whitnev Research Center studies on supersonic transport engine
noise involve a ]"l‘-|JHl'hEt1E'.’t| aircraft of 380,000 Ib. gross weight, which could
take off in 3 mi. and reach 3,000 ft. at 3 mi. from brake release, mlmmmng
the noise on the ground. Such performance would require four engines

exceeding 40,000-1b. thrust each.

» Thai International Airlines will return two Convair 990 transports to Scan-
dinavian Airlines System in January when it receives the two Sud Caravelles
it will lease from SAS. Technical problems of the 990s, plus the necessity
for sending them to Stockholm for maintenance and overhaul, hampered
Thai's operation of the Convairs. SAS will place the returned aircraft on its
routes to Africa and South America.

® Japan has rejected a Pakistani bid for landing rights in Tokyo on the
Pakistan Airlines route from Karachi to Tokvo via “Red China. Despite
Pakistani confidence that the route would be inaugurated next spring (AW
Oct. 21, p. 43), the Japanese move was expected bv Western observers
because of Japan's fears of straining its trade relations with the U. 5. Pak-
istan Airlines will operate the first segment of the route as planned, how-
ever, terminating flights at either Peking or Canton,

» United Arab Airlines took a major step forward in its route expansion
program last week with the signing of a bilateral air transport agreement
between ngpt and France. Major provision, in addition to the right to
serve Paris, is the grant of rights for the airline from Paris to New York.

Bilateral also represents an easing of tension between the two countries
inspired by France's close ties with Israel, and would pave the way for
free transit of passengers between Arab nations and Israel.

P National Airlines has signed an agreement to purchase seven Beeing 727
turbofan transports with an option for an additional three. Purchase price
of 530 million for the seven aircraft will not require additional equity finane-
ing by National. Carrier now operates 13 Douglas DC-S turbojet trans-
pnrh and 17 Lockheed Electra turboprops.

» Russia’s Acroflot has maungurated the Tu-124 turbojet transport on nter-
national routes. Flights will be operated from Moscow to Vienna, Stock-
holm and Helsinki. Aircraft have been in domestic service for about one
year.

P [Federal Aviation Agency has wamed pilots to be on the alert for the
annual migration of Whistling Swans during mid-November. Migrating
fAocks, which consist of 50-100 birds at altitudes below 10,000 ft., follow
southeast Avways from the Great Lakes to Chesapeake Bay where 1.'|1L‘i. con-
centrate between the Potomac and "':mqm,hmnl rivers, Collision with
a Whistling Swan was blamed for the November 23, 1962, crash of United
Air Lines ‘!.*'iqmunt near Ellicott City, Md. (AW Apr. 8, p. 106),

imports? Write for full descriptive literature on SAAB. SAAB Overseas, Inc, | rose 27% dun £ : | _
' se 2 ing the comparative ‘ |
Department 211, 405 Park Ave., New York, N.Y. s M"Bsmmr o ERE ERRRTR i g | |
L

"Engine, transmission and diflerential warranted for 2 years or 24,000 miles. ew York « New Haven = Denver « Jacksonvilie
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Tomorrow’s design problems being solved
by today’s Navy-Marine-Air Force Fighter

Hidden in the tail section of the McDonnell F4B/F4C
Phantom, back where the hot jet wake sets the thermal
pace, are fitanium structures, Like a buried treasure-
map, they carry directions to tomorrow's Mach 3,
high-performance aircraft.

A total of 531 pounds of titanium is used in the aft
fuselage section alone—more than 25% of its weight.
It is used in key areas . . . where titanium’s gualities of
strength and low weight, toughness, stiffness. and re-
sistance to fatigue, thermal stress, corrosion are needed
to stand up under high loadings at intermediate heat
ranges up to 900F, with blasts even higher, vibration,
acrodynamic buffeting, cyclic loads.

Stiffness, Strength characterize the titanium underside of the
aft fuselage section. Area is directly adjacent to jet blast.
Despite heat shields, operating temperatures reach 700F.
In short, titanium has the properties needed to make Frame and skin material is 0.032” Ti-8Mn; longeron is

the supersonic transport a practical reality! 0.190" Ti-6Al-4V.

More than 100,000 hours of flight, selection by three
services, scores of speed records have probed and
tested these vital titanium structures: the stabilator
torque box and inboard sections, and the tail cone,
which thrive in the searing ambience of the jet wake;
the access doors that surround the tail pipes. and the
I8-foot stiffened web in the keel beam between the
engines, plus many other titanium parts.

Phantom aft fuselage section {above) and stabilator (below) being assembled at Republic Awviation Corp., under subcontract for
/ " . E5 1ilsmii tr i pa - ' .
McDonnell, are 25% titanium, must withstand jet wake heat. For more than a dc::u_dt'. McDoiinall which is noted
for the thoroughness of its materials testing, has con-
tinued to use more and more titanium in its aircraft,

I |

I * L] l

| l II t | SS| I l t t d The F4B/F4C uses twice as much ltanium as the

| ]. anlum | concep S ge rugge F101, 10 times as much as the F3. It can be said of
titanium that no other metal except aluminum has

been so thoroughly tested and tried, proved in flight,

test on fabulous Phantom

A whole spectrum of fabrication and titanium mill
products goes into the making of a Phantom. Titanium
Metals Corporation of America supplies much of the
titanium; a network of fabricators spread across the

L__-_H_-_H——H_J

= ' = - - . : ,_F'.
U.S.A. supplies a multitude of skills. This capacity p
and technology is available now . . . today . . . to help = i __ N S
solve tomorrow’s Mach 3 problems. Ly

Declining cost of titanium. In the decade since the Hot forming is used extensively in producing parts for the
Phantom first appeared on the drawing board, the all-titanium tail cone. Frames are 0.025” titanium alloy
price of titanium has dropped to less than a third. The (Ti-8Mn); skin is 0.0327,

trend should continue to grow as volume and know-

how advance. ; :
Resistance to fatigue and thermal stress, make titanium

Write for titanium data sheet on the Phantom. Or for major choice for skin, ribs, and spars in key areas of stabila-
ml:}fmut[a:-ﬂ on ttanium applications...fabrication... tor. Torgue box, with its 0.350" Ti-6A1-4V skin. must with-
fabricators . . . write Technical Service Department, stand cyclic loading plus aerodynamic buffeting, at
Titanium Metals Corporation of America. temperatures of from 650 to 1000F.

*,
-+
]

titanium

TITANIUM METALS
CORFORATION OF AMERICA

223 Broadway, Mew York 7, N.Y.
NEW YORK = CLEVELAND « CHICAGO « DALLAS = LOS AKGELES
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PRATT & WHITNEY JTBD-1 commercial turbofan engine is being tested by Svenska lenmtnr \H in preparation for modifications ulnf.h
will transtorm it into the supersonic RM-S, slated to power Sweden’s next manned weapons system, the multipurpose Saab 37 Viggen.

RM-8 Detail Design Pushed by Flygmotor

By Warren C. Wetmore

Trollhattan, Sweden—Detail design
work 15 now well under way here on
Svenska Flygmotor AB's RM-8 engine,
which is slated to power Sweden’s next
manned weapons system, the multipur-
pose Saab 37 Viggen. An outgrowth of
the Pratt & Whitney J'1'SD-1, the en-
frinL bears the U.S. designation J'TSD-
22 and probably will be the first m]a{.'-
SOMIC turhnfm to fly (AW OQct. 21, p.

=-|.-J'|

Swedish Air Board selected the Amer-
ican powerplant over such other con-
tenders as the Brstol-Siddelev Olvimpus
and the Rolls-Rovee Conway after an
exhaustive evaluation of several vears
revealed that it had a higher growth
potential.

Pratt & Whitnev has supplicd a sam-
ple JTSD-1 commercial engine to Flyg-
motor, which is putting it through
thorough testing preliminary to the first
modifications next vear. All alterations
will be made to the basic design lavout
furnished by Pratt & Whitney,

No specific problems are anticipated
m converting from a subsonic commer-
cial engine to a supersonic military ver-
51011, ac l.'.[]]'('llll" to Flvemotor. No major
changes, such as the addition of extra
compressor stages to the present 13, are
expected.

Higher intake stagnation conditions
accompanving supersonie fight will be
met in part by the use of higher tem-
perature allovs in the compressor blades.
Possibly the configuration of the blades
will be changed to increase the com-

pression ratio from the now-existing
15.58:1 or to alter the JTSD-1"s bypass
ratio of 1.06.

A sophishicated fuel and control svs-
tem will be developed, with particular
attention to the fullv-modualated after-
burner. For a description of the basic
JTSD-1, sce Aviarion WEEK & Srace
Trennovocy, Oct. 14, p. 52

RM-5 will be in the 24,000-1b. thrust
class. The afterbumer will increase this
bv about 70%. This seemimgly large
boost is because afterbuming .|1t"nunt5
the turbofan engime thrust by APPIONI-
mately twice Hmf of a *pl'Tll’J'IT turboet,
according to I'lvemotor. The areater
than one-to-ome bypass ratio allows more
air to pass through the fan duct than
mto the combustion chamber. IFull-
length fan duct convevs the bypass air

RM-6C POWERPLANT for the Swedish Air Force’s J35D Draken interceptor is a modified Rolls-Royee Avon 300 turbojet developing

17,600 1b. thrust with a Swedish-designed afterburner. Middle section is length adapter connecting engine with afterburner.
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into the afterbumer, and gives a ramjet-
like effect.

Specific fuel consumption will be es-
sentially, the same in the military ver-
sion, or about 0.585 1b./1b. thrust/hr.
at takeoff without afterburner. With
.1Hf_"rh1:rm= it will be shightly higher.

Thrust reverser is considered to be
part of the airframe and is therefore
Saab’s responsibility, as are the air in-
takes. Flvgmotor is testing several of
Saab's mtake designs in its supersonic
wind tunnel.

Preliminary work on the engine be-
gan last autumn, but the licensing con
tract with Pratt & Whitnev was not
siened until Januarv. F'rnlmhh none of
the RM-8s will be built in the U.S.,
although a reciprocal clause gives each
irm nghts to the other's developments.

This is not the first instance of
Flvgmotor's cooperation with F'rltl‘ &
Whitney. During World War 2, Flvg-
motor engineers made Chinese copies
of several {11|11|"LI:'E P&W Twin Wasp
1,200-hp. radial engines from downed
aireraft which were leLLd at their dis-

[Jn-.ltlnn Duplicated engine was des-
wnated the STW-C3 and flew in the

"ﬂ'ku.ihh B-17 and B-15 bombers. It
was produced until the end of the war,
when Sweden was able to make a
scttlement wiath Pratt & Whitney.

Founded in 1930

Since ibs founding m 1930 as Nohab
I"lvgmotor Ll]mLLr AB, the company
has built all of its large-scale produc-
tion engines under license, including:
e My (Bristol Pegasus), which went
throngh six mutations and mcreased in
power from 600 to 980 hp. It enjoved
the longest production run, from 1930
to 1942, of anv Flvgmotor engine to
date and Hew 1in the Gloster Gladator.,
e DB-605  (Dammler-Benz)  was  pro-
duced from 1945 to 1948, and powered
the G-21 twin-boom pusher-propeller
hrhter, Tt was rated at 1,475 hp.

o RAEIA (de Havilland Goblin), Flvg-
motor’s first jet engine, was produced
m small numbers fnr the G-21R. This
stop-gap aircraft was a G-21, retrofitted
for jet power, RM-1A was rated at
3,300 Th. thrust and was produced from
1949 to 1952,

e RM-2 (de Havilland Ghost) was
manufactured in quantitv for the Saab
29 Flving F!m‘rJ and dehvered i the
VEATs ![J-:I 1955, Engmme developed a
thrust of 5,100 ]h
® RM-5 (Rolls-Rovee Avon) powers the
Saab 32 Lansen and generates a thrust
of 6,600 Tb, Swedish afterbumer vields
a 0% mecrcase i thrust. Engine was
produced from 1955 to 1958,

Currently under production at Flyg-
motor is the RM-6C turbojet, a mrmnf
of the Rolls-Rovee Avon 300. Engine
1s rated at 17.600 1b, with afterburner,
permitting a speed of Mach 2.2 for the
]330 Draken. Unit was derived from

the RM-6B by the addition of a zero-
stage compressor for increased airflow.
A later version of the Draken, the J35F
will also use the RM-6C engine, which
is slated for production through 1968
after which it will be replaced on the
lines by the RM-§,

To cope with the additional loads
imposed by the modihcation and pro-
duction of the new enzine, Flyvgmotor
is increasing its techmic: 1| staff ; 1|1c! crect-
ing a new engineering building, which
i< to be E‘I‘.II]I]'J]H':'.“{I ]'n the tnd of the
year.

Two test buildings are also under con-
struction. One of these will be used for
equipment for the RM-§. The other
will house two test cells capable of ac-
commodating engines of up to 55,000
Ib. thrust. To test the thrust reversers,
one of the cells will be equipped with
large blowers to force the diverted ex-
haust gases up the vent tower and pre-
vent r{_'r_m;nl ihion.

An overhead suspension svstem for
measuring  the thrust will be used,
rather than the conventional floorborne
arrangement.

Cells are to be completed by Scp-
tember of next vear at a cost of about
S1 malhion.

To supply air to the high-speed wind
tunnels and ram-thrust ]L!‘ test cells,
Flvgmotor designed a umique !-i_ll‘.ltl:_lf-
ranean compressed air magazine, which
was blasted out of solid rock in a cruci-
form shape 280 ft. below ground level.
Capacity 15 390,000 cu. ft. or 130
metric tons of air, which can be ex-
hausted at a rate of 440 1b./sec. Un-
treated rock of the magazine has an
estimated leak rate of one charge per
month.

Magazine Charge

Advantage of this technique, Flvg-
motor savs, 15 that the magazine can he
charged at low power—a 2,000-hp. com-
pressor 1s used—and vet have a high out-
put of about 80,000 hp. for a duration
of ncarly 7 mm.

Siphon arrangement connects the air
magazine to the ne: irhv Goeta River so
that a 280-ft. head of water maintains
air |‘.lI:'L!-.'1III.’L nearly constant during dis-
charpe,

Recharge time is now about 6 hr.
A new compressor, rated at 15,000 hp.,
1s scheduled for imstallation next vear so
that the magazine can be rehlled with
130 tons of air mm less than 1 hr.
That change was needed because the
RM-5, being a turbofan engine, con-
sumes more air than a conventional tur-
bojet of the same rating—about 550
Ib./sec. at low-level transonic speed.
The new compressor will operate simul-
taneously with the air magazine in order
to meet this demand.,

A free turbine—which removes energy
from the airstreams and thus lowers its

temperature to —70C—can be shunted
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RB.322 TEST VEHICLE is shown, above, on

launcher near Kirna in northern Sweden.
Vehicle reached Mach 3 speed and 75,000
ft. altitnde in test series. RRX-1 ramjet,
below, is for Mach 5 speed ranges.
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You could store

unsymmetrical dimethylhydrazine

so long you might
forget how to spell it.

Here’s a reminder: Dimazine®

*High energy propellant storable for years in and ont Key reliability factor in Titan II, Agena, Delta,
of launch vehicles. Advance loading, instant use. Ablestar, Bullpup.
Resists heat, cold, contamination, shock. Compati- Most rocket people spell it the way we do. You too?

ble with most metals and selected non-metals, FMC CORPORATION

Used also for stable combustion, smooth hypergolic INORGANIC CHEMICALS DIVISION
starts, safe shutdowns, multiple restarts. s 633 THIRD AVENUE, DEPT.1533-3, KEW YORK 17, N.Y.
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RESERVOIR FOR FLYGMOTOR's ram-thrust jet stands has subterrancan cruciform air mag-
azine blasted out of solid rock at depth of 280 ft. Maximum discharge rate 15 440 Ib./sec

into the system for cold-weather simula-
tion tests.

Since Sweden’s most important con-
tributions to flight propulsion technol-
ogy have been in the area of simple,
highly-efhcient afterburners and their
k-:mtrnl systems, 1t 15 not surprising that
there has been a considerable amount
of interest in ramjet research. Flvgmotor
has been engaged in this held for 10
vears, most recently in cooperation with
Bristol-Siddeley of Great Britain.

The majority of these efforts have
been directed toward the 2,700-1b.-
thrust RR-2 engine, which in pairs pow-
ered the experimental Rb.322 vehicle in
a series of fully-instrumented flight tests
which ended about one year ago. Speed
ranges were from Mach 2.2 to ""-lll:h 3
at altitudes of 75,000 ft.

The company 15 now mvestigating
nigher Mach numbers where the the-
oretical maximum efficiency of the ram-
jet lies. Its RRX-1 integrated rlmiLt
project, funded by the Air Board, is de-
signed to achieve a vertical burnout
ap'f.ul in the region of Mach 5-6.

Originally intended for use as an
anti-aircraft missile, the kerosene-fueled
RRX-1 carries a 33-1b. pavload and has
a launch weight of 165 1h. Its over-all
length 15 6 £t 10 in. with a diameter of
75t

The vehicle i1s boosted to ram speed
bv a small solid-propellant rocket.

Primary application now foreseen for
the RRX-1 is as a sounding vehicle
capable of reaching an altitude of 65 mi.
swedish space authorities have expressed
an interest in the vehicle operating in
this capacity, the company said.

Although no detailed study of the
RRX-1 compared to that of a rocket
propelled sounding vehicle has been
made, the company believes that it

would be more economical. Propellant
costs would be lower, and the mechani-
cal parts might be more or less expen-
sive depending on the tvpe of rocket.
Over-all weight would be less for the
RRX-1 since it is air-breathing and does
not carrv along its oxidizer as a rocket
must,

Fly g[m}t{:rq ultimate goal in its ram-
jet research is the {Imdnpmcnt of a
missile system, since ramjet-powered
missiles are said to be very attractive 1n
applications where long range combined
with lizht weight is important, The
company has studied a number of ram-
jet schemes and has found them to be
quite competitive with rocket power.

Flygmotor also_envisions the usc of
ramjets as powerplants for Mach 3-plus
manned aircraft. Probably a ramjet in
tandem with a turbojet would be used.
After the turbojet had accelerated the
amrcraft to ram speed it would be by-
passed and the ramjet ignited.

A rocket motor, designated the VR-3,
was developed to be used as an assist
pack for the Draken, It develops 5,735
Ib, of thrust at 66,000 ft. and weighs
about 165 1b, Its length is 40 in.

Burning a hvpergohic combination of
85% hu]n:—;nn peroxide and kerosene,
VR-3 features thrust modulation rang-
ing from 40 to 100% of full thrust and
mlll’ri]]]t: restart capabilitv. Controls are
completely hydranlic — no electrical
power 15 required.

The wmt s smd to be powerful
enough for use in the second stage of a
three-stage satellite launch vehicle, and
was considered for proposal to the
Furopean Launcher Development Or-
ganization.

The project was finally shelved due
to difficulties in obtaining hydrogen
peroxide in sufheient quantity.
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WEATHERHEAD
Stuaight Thiough.
COUPLINGS

...Where they count the most!
« Quick Disconnect, Self Sealing
« Visual, Positive Lock
¢« Unrestricted Flow
s Pressures To 3,000 psi
« Mil Approved
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FOR COOLANTS
FLUIDS, PNEUMATICS

In the Control,

Containment and Transmission
of Fluid Power

| THE WEATHERHEAD COMPANY

CLEVELAND, OHIO
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At right, Dr. David Atlas, Chief of the Weather Radar HBranch, Air Force Cambridge Research Lab-
oratories. At left, Mr. Harold Belcher of The Budd Company Electronics Division’s Marketing Dept.

Calling the Weather Blow by Blow

The Storm Radar Data Processor (STRADAP)
now plots height and intensity data on im-
pending storms in clearly-readable numerical
form . .. greatly sharpens the accuracy of
weather observing by reporting storm changes
as quickly as they occur. STRADAP is but one
of a family of information systems that has
been developed as a result of The Budd Com-
pany’s capabilities in data processing, data
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ELECTRON/CS DO/V/IS/ON

transmission, command and control displays,
and software. Budd 1s applying these capabil-
1ities 1n areas ranging from major ground radar
systems to airborne command and control

systems. For further information, write to Mr.

John H. Griffin, Manager, Data Processing and
Display Marketing, Electronics Division, The
Budd Company, 43-22 Queens St., Long Island
City 1, New York.

Specialized Capabilities In:
COMMUNICATIONS

DATA PROCESSING AND DISPLAY
ENVIRONMENTAL CONTROL SYSTEMS
PHYSICAL SCIENCES
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USAF-LOCKHEED U-2s monitor Cape missile launches, gathering infrared data on exhausts. U-2 above has black paint protection.

U-2s Gathering Data on Missile Exhausts

Cape Canaveral — USAF-Lockheed
U-2s have monitored launches from
here over the last three years in a pro-
eram designed to gather data on the
infrared characteristics of the exhausts
of ballistic missiles.

Program, sponsored bv Aeronautical
Svstems Div. of Air Force Svstems Com-
mand, is called Smokev Joe and s
closely coordinated with Advanced Re-
search Projects Agency's Project Tab-
stone, which includes as subprojects
Project Lookout, also staged from here
with Roval Canadian Air Force CF-
100s, and Project RAMP (Radiation Air
Borne Measurement Program). All pro-
grams employ aircraft.

Data obtained on the launches
through the U-2 flights are distributed
to those government agencies con-
cerned with  ballistic missile defense

(AW Sept. 25, 1961, p. 243).

Detached Aircraft

The two two-scat U-2s used in
smokey Joe are assigned to Special Proj-
cets Branch of the Air Force Flight
Test Center, Edwards AFB, Calif., but
arc more or less permanently detached
for duty here at the Atlantic Missile
Range.

One of the U-2s carries an in-
frarcd spectrometer and the other an in-
frared radiometer. Fach instrument s
mounted in the second, or aft, seat of
the aircraft. Radiation 15 focused on
the instruments through an intricate
mirror system which extends up and
through the canopy. External part of
the mirror svstem is covered with an
aluminum housing, called the “pickel
barrel” by pilots, with a circular aper-
ture on the forward side to admit radia-
tion to the lens.

The pickel barrel has a fastback-tvpe
fairing anmu.dl.itr.h behind it to reduce
aerodynamic  turbulence — which  fre-
quently has caused the aircraft to be

mistaken locallv for a HASP (High Alti-
tude Sampling Plane) version of the
U-2 (AW Aug. 12, p. 72).

The radiometer and the spectrometer
weigh about 400 1b. each and were de-
\LI[I]‘.‘I{_L’l for the program by Baird-
Atomic, Inc., Cambridge, Mass. Lock-
heed-California Co., performs most of
the data reduction.

U-Zs are programed to cover every
launch—weather, aircraft and equipment
permitting, Since the program began in
March, 1960, at least S0% of missile
launches from here have been moni-
tored by one or both U-2s. (IYor a report
on other U-2 operations relating to
Cape Canaveral, see AW Nov, 11,
p. 78.)

On a normal mission, both aircratt
ar¢ dispatched approximately 1-1% hr,
betore the scheduled launch. They
flv to an altitude of about 60,000 ft.
and take up a heading in line with the

AVIATION WEEK & SPACE TECHNOLOGY, November 18, 1963

planned launch azimuth of the missile.
For some launches, both aireraft might
be positioned uprange of the launch
stand; for other missions one might be
positioned downrange under the mis-
sile’s trajectory.

Usually, there 15 at least one U-2
located uprange.

200-300 mi. Run

Horizontal scan angle of the infrared
devices is greater than 150 deg. and 15
several degrees in the vertical plane.
Look angle can be constantly adjusted
bv the navigator/equipment operator
to follow the ascending mussile, to a
limit of about 30 deg. "nr{ﬂft 15 held
stable during the time of the scan
operation.

U-2 pilots receive vector mstructions
from ground radars here and usually try
to thm a run from about 200-300 mi.
out at the moment of launch, Aircraft

MIRROR SYSTEM FOCUSES radiation from missile launches to instruments mounted in
rear seat of monitoring U-2, “Pickel barrel” covers external parts and it has a fastback-type
tairing located directly behind it to reduce acrodynamic turbulence.
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Conceptual illustrations
of: (Top left) Air-
borne surveillance-and-
command system. (Top
right) Integrated map-
ping, terrain-following,
and airborne target-
detection radar.

Left: B-58 bombing/
navigation radar — an
example of Ravtheon’s
proven capability in
the development and
production of precision
radars.

NEW AVIONIC CONCEPTS

for Advanced Weapon Systems-from Raytheon

At Raytheon, radical new solutions to problems of
multi-mode antenna design, ground clutter elimination,
electromagnetic penetration, and optimized digital data
techniques, are making important contributions to ad-
vanced weapon systems technology.

Backed by more than 15 years of successful ECM,
gulded missile, radar and avionics experience, Raytheon
15 applyving new techniques to a wide range of advanced
avionic systems. Typical examples include: an inte-
grated mapping, terrain-following, and airborne target-

detection radar for light attack aireraft — an airborne
survelllance-and-command system featuring a long-
range sensor to detect a wvariety of small targets
“buried” in ground clutter — and a precision radar
for aceurate navigation, weather detection at jet alti-
tudes, and approach monitoring.

For more information about these and other new
taytheon avionic developments, write: Neil A. Montone,
Director of Marketing, Raytheon Company, Space and
Information Systems Division, Bedford, Massachiuselts.



PERSONNEL
DOSIMETRY

Where’s the state of the art?

Take a look at just one recent
development . . . a reliable, low-
level thermoluminescent dosim-
eter, which is near completion
by EG&G under sponsorship of
the T.S5. Navy Bureau of Ships.
Utilizing the thermoluminescent
properties of manganese-activated
caleium fluoride, the TLD re-
liably monitors the range from
smR to 10,000R. It is reusable and
irradiated dosimeters can be
stored up to two months without
significant loss of dose data.

Used with its EG&G-designed
Computer Indicator, the Navy's
TLID will provide on-the-job,
digital readout of exposure and 50

million different identification
code numbers. When used with an

automatic printer, it will generate
the immediate, permanent docu-
mentation necessary for an effec-
tive radiation safety program.
This achievement demonstrates
only one aspect of EG&G's state-
of-the-art research and develop-
ment capability in the field of
applied radiation. The company’s
seientific and engineering staffs

currently provide a wide range of
radiation serviees for both govern-
ment and industry. In addition to
overall systems planning, they
afford such specialized techniques
as reactor calibration, flux map-
ping, chemical and glass dosimetry
for gamma radiation experiments
and neutron-spectrum and dose
measurement with gold, sulfur,
and fission foil sensors.

EG&G's facilities include
shielded radiation source ranges,
radiochemical and radiation chem-
istry laboratories, X-ray and Van
de Graafl accelerator machines,
and laboratories for electronies,
optics, physics and solid state
research. These facilities are being
augmented by the installation of a
4-20 Mev linear accelerator.

If more information on this and
other EG&G capabilities is of inter-
est to you, write us. Of specific
interest to us at this time are
resumes of scientists with back-
grounds in physics, mathematics,
or physical chemistry to the PhD
level, who are interested in applied
research in the phenomenology of
nuclear environments and the de-
velopment of associated nuclear
instrumentation. Write to Elton
Harris, Dept.AW-113,EG&G, Santa
Barbara, Box 98, Goleta, California.

EG&G is an equal opportunity em-
ployer with unequalled opportunities
in our fields.

EDGERTON, GERMESHAUSEN & GRIER,INC. @

BOSTON « LAS VEGAS » SANTA BARBARA

53 U-2s Prﬂduc-ed

Two groups of Lockheed U-2 high al-
titude aircraft were built in 1956 and
1957. The frst model was one-place and
most were powered by the Pratt & Whit-
| ney J57-P-37A (JT3). This engine was a
special modification of the twin-spool I
J57 to permit very high altitnde opera-
tions without compressor blade stall. Sev-
eral one-place versions, like the one flown
by Francis Gary Powers over the Sovict
Union, were powered by P&W J75s.

A total of 48 aircraft were produced
in the first version, with serial numbers
from 56-6675 to 56-6722.

The sccond model was two-place and
was powered by a modified Pratt &
Whitney ]75, a larger twin-spool engine.
Five aircraft were in this group, with
serial numbers 56-6951 to 56-6955.

seldom come closer than 35 mi. to the
Cape reservation, and are aloft on an
average of 2 hr, in support of each
launch. All launches—from the Army’s
solid-propellant Pershing battleheld mis-
sile to NASA's Saturn space booster—
are monitored by the U-Zs.

U-2s are painted black on the upper
half of the fuselage, from about the
trailing edge of the wings forward to
the nose, to prevent reflected infrared
radiation from cntering the equipment
and causing erroneous readings.

Pilots and navigators are assigned by
the Flight Test Center at Edwards and
are detached for temporary duty to here
usually for 30-day periods to fly the mis-
sions, AMR operations are directed by
J. Dixon Parker, ASD civilian, aided by
personnel from the various contractors.

Speed RecordsClaimed

Washington—Six speed records have
been claimed for an Army-Hiller OH-
23C helicopter. Record runs were made
at Edwards AFB, Calif., and completed
Oct. 30.

In Class E-1B for helicopters grossing
between 1,102 and 2,204 1b., a speed
of 123.67 mph. was attained on a 3-km.
straight course and a speed of 123.58
mph. on a 15-25 km. straight course.
Neither record has been claimed before,

In the same class, a speed of 119.51
mph. over a 100-km. closed course was
claimed. The existing record of 104.613
mph. was set in a Bell 47]-2 in 1961,

In Class E-1C for helicopters grossin
between 2,204 and 3,555 1b., a speed o
123.44 mph. over the 3-km. course was
claimed, and a speed of 123.77 mph.
was claimed over the 15-25 km. course.
Neither record has been claimed before,

Over the 100-km. closed course m
the same class, a speed of 121.7 mph.
was claimed. The existing record was
held by a Bell 47]-2, which flew 107.081

mph. in January, 1961.

Photo-courtesy of Lincoln Laboratory , Lexington, Mass.

Inland Gearless Torquers help keep
re-entry spectrograph on target!

Project PRESS on Roi-Namur Island in Kwajalein Atoll . . . under the
scientific direction of M.L.T. Lincoln Laboratory . . . employs this spectro-
graph to investigate the physical effects associated with the flight of
ballistic missiles from mid-course through re-entry, for the Advanced
Research Projects Agency.

Two Inland Gearless Torquers, directed by computer command, position
both azimuth and elevation of the spectrograph at velocity rates up to
10° /sec and acceleration rates of 2°/sec?. Tracking error of position is less
than 1 minute of arc in 0.1 second. Smooth positioning prevents smearing
of spectral images on the film.

Fast, smooth, high-resolution response to signals is a major reason why
Inland Gearless Torquers win so many missile and space-vehicle assign-
ments. The superior performance of these direct-drive d-c torque motors
comes from torque-to-inertia ratios 10 times higher than equivalent gear-
train servo motors.

What's your problem? If you're currently planning a servo system calling
for output torques between 20-ounce-inches and 3000 or more pound-feet,
compare Inland Gearless Torquers with any alternative. Write to Inland
Motor Corporation; Radford, Virginia for all the facts today.

(w5 INLAND MOTOR

CORPORATION

sussioiary of IROLLMORGEN
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“Flying over the icy wastelands, the frozen hull of the lads’ strange craft suddenly
cracked open. ‘We're doomed!’ cried Tom, going to pieces.”

Well, Tom and his crew probably sur-
vived to build more “flying ships'"” —
craft that could, of course, take flight
only on the pages of 19th century sci-
ence fiction. Because even if their de-
sign had been right, materials with
the necessary properties, inecluding
high strength, toughness and resist-
ance to temperature extremes to
make them airworthy just didn't exist.

Today, aireraft designers and engi-
neers can find materials to cope with
almost any condition of temperature
or stresz., And many of these alloys
owe their properties largely to nickel.

There are nickel-containing alloys
offering high strength and toughness
at temperatures as low as —423° F or
as high as 1800° F. Also alloys provid-
ing vield strengths up to 270,000 psi
with excellent ductility: up to 50%
reduction in area. And there are the
extraordinary maraging steels, the
strongest of which provides strength-
to-weigrht ratios of over 1,000,000 to
1: available at three nominal strength
levels—200, 250, and 300 ksi.
Nickel-containing alloys, offering
excellent combinations of physical
and mechanieal properties have

( Adapted from 1892 science fiction)

helped solve a wide range of aero-
space design problems—from thin-
wialled rocket cases to turbine wheels.
And they may be the answer to your
design problem, too.

For information and assistance,
write to Inco, outlining your require-
ments. We'll be happy to help you se-
lect the best materials for specific
aerospace applications.

THE INTERNATIONAL NICKEL COMPANY, INC.
67 Wall Street uf&“u New York 5, N.Y.

West German VJ-101C VTOL fighter is shown (above amd below, left) in first full flight demonstration, including transition from ver-
tical to horizontal fiight. Photo above shows the aireraft accelerating into forward flight after the transition phase.
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VJ-101C Shown

In Transition
Demonstration

West German EWR Sud V]-101C hghter
recently made its frst transition from verti-
cal to horizontal flight after a series of hover
tests in a design program started four years
ago (AW July 1, p. 69; June 10, p. 154;
May 27, p. 70). The VTOL aircraft was
built by a consortivm owned by Boelkow,
Heinkel and Messerschmitt. Flight was
made at Manching field north of Munich.

|

1h|

Slot running around Rolls-Rovee RB.145
engine pod containing two of V]-101C's
six engines is opened by moving entire in-
take section forward. RB.145s have 2,750
Ib. thrust each,
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We'll soon be making lunar landings possible, too.

(Perhaps you can help us.)

Bendix Products Aerospace Division needs crea-
tive and energetic engineering personnel with
experience in landing gear systems, propulsion
controls, non-propulsive power supply systems,
rocket motor components and other advanced

Bendix Products Aerospace Division

products for the aerospace field. Can you qualify?
For more details on these challenges at Aero-
space contact Frank C. Cousins, Professional
Staffing Supervisor, South Bend 20, Indiana. An
equal opportunity employer.
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Ames Study Supports Mars Life Theory

By Harold D. Watkins

Moffett Field, Calif.—Experiments
demonstrating adaptability of earth or-
ganisms to the hostile Martian environ-
ment lend support here to a belief in
the possibility of life on Mars.

Researchers hedge their conclusions
cautiously, partly because of a lack of
precise knowledge of Martian condi-
tions. But work on the Martian en-
vironment at the exobiology division of
the National Acronautics and Space Ad-
ministration’s Ames Research Center
has shown that under temperature con-
ditions approximating those believed to
exist on Mars, certain earth orgamisms
not only survive, but will grow.

Bxtreme temperature changes de-
tected on Mars have led some scientists
to believe that the chance of ecarth or-
ganisms surviving the planet’s environ-
ment and subsequently contaminating
it, is slight.

Ames researchers, however, feel their
preliminary findings and other NASA
supported research tend to dispute that
theory and strengthen arguments for
sterilizing spacecraft,

‘Open Mind’

Dr. Richard 8. Young, chief of the
division urged caution in evaluating
conclusions but said: |

“Experiments of this tvpe point out
the need to maintain at least an open
mind on the possibility of Martian or
extraterrestrial life, by demonstrating
the incredible adaptability of our own
microorganisms to environments ap-
proaching that of Mars.”

Young, who is directing the work,
said the experiments first simulated tem-
perature extremes of an equatorial Mar-
tian summer day and night., Earth or-
canmisims spent onlv 44 hr, above freez-
ing out of 24, with a maximum tem-
perature of only 25C. Growth was ob-
served even when the “davtime’™ was
reduced to as little as 15 min. above
freezing.

Experiments assumed the presence of
water and a nutritional medium. No
attempt was made to control atmo-
spheric pressure, since preliminary ex-
peniments indicated pressure had no
cftect on microorganism growth,

Other studies are being conducted at
Ames to demonstrate how water might
be available for such microbial growth,
although observations indicate the Mar-
tian atmosphere contains only about
| % of the earth’s atmospheric moisture
content,

Survival of earth organisms in simu-
lated extraterrestrial environments 15
not directly related only to the ques-
tion of spaceccraft stenlization. It also
allows scientists to examine the re-
sponse of Familiar organisms to such
conditions.

Assuming that Martian life has char-
actenstics similar to life on earth—such
as a carbon-based chemistry—experi-
ments mav  provide meaningful data
from which generalities can be derived

about possible life on Mars, according

to Youneg.

Experiments tackling such funda-
mental questions are of the tvpe which
Ames hopes will establish its  life
sciences directorate as a basic research
center in the held of extraterrestrial
environments. The exobiology divi-
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sion 15 one of three under the directo-
rate,

Scientists are now attempting to
determine the minimum nutritional and
water requirements, in addition to the
shortest growth period necessarv, for
carth organisms to maintain themselves
under simulated Martian temperature
conditions.

To demonstrate sources of lifesup-
porting moisture not detectable from
earth at present, Young and scientists in
the biochemieal evolution division have
constructed a “Martian model” in
which temperature and pressure are
controlled to simulate environmental
conditions with some degree of con-
hidence.

Moisture content in the Mars model
is reduced to levels considered analog
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Liquid hydrogen for the Atomic Energy Commission-National Aeronautics and Space
Administration nuclear engine for rocket vehicle application (NERVA) program will be
stored in this 100,000-gal. capacity Dewar installed by the Chicago Bridge and Ion Co. at
the AEC’s Nevada test site. The outer sphere, 36.6 ft. in dia., is separated from the inner

hydrogen tank by a 3-ft. partial vacuum.
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The nuclear-powered ballistic missile
submarine, Alexander Hamilton, surfaces
on a quiet evening sea.

The sea doesn’t change:
The subs do.

The United States Navy’s
first submarine, the Holland, could
cruise underwater for 40 miles.

Today’s nuclear-powered submarines
can patrol submerged for months.

The first submarine changed
naval warfare tactics. The nuclear
submarine created a whole new
dimension in defense.

Each made America stronger.

The Electric Boat division of
General Dynamics delivered the

Holland in 1900.

And the first nuclear-powered
submarine, the Nautilus, in 1954.

And the first ballistic-missile-

firing submarine,
the George Washington, in 1959.

No other company in the world
has more experience in the design
and construction of undersea craft.

GENERAL DYNAMICS

Divisions:

ASTRONAUTICS » CANADAIR, LTD. » CONVAIR »
ELECTRIC BOAT » ELECTRO DYNAMIC » ELECTRONICS =
FORT WORTH = GENERAL ATOMIC » LIQUID CARBONIC =
MATERIAL SERVICE » POMONA »

STROMBERG-CARLSON G“"“"D



DATA PROCESSING SYSTEMS FOR SPACE

Advanced STL digital telemetry units, decoders, and command
distribution assemblies are now being used on NASA's OGO and
Pioneer, and the Air Force's Nuclear Test Detection spacecraft. STL
hardware and experience with on-board data processing equipment
is being applied in the development of new systems which will per-
form checkout and maintenance functions in space. This advanced
technology requires circuit designers, logic designers, and digital
systems engineers. For Southern California or Cape Canaveral oppor-
tunities, write Professional Placement, One Space Park,Dept. A-11,
Redondo Beach, California, or P.O. Box 4277, Patrick AFB, Florida.

STL is an equal opportunity employer.

TRW space TECHNOLOGY LABORATORIES

THOMPSON RAMO WOOLDRIDGE INC,
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French SST Fllghl‘-Test Mudel Flnwn

Flight-test model of a supersonic transport has been flown several times recently at the
French Naval Mediterranean missile test center as third stage of rocket developed by Ofhce
National d’Etudes et de Recherches Acrospatiales (ONERA) (AW Aug. 12, p. 52). First
and second stages, both solid fueled, push model to test velocity. Model, identical to
wind-tunnel configurations, has 440 1b. thrust Icarus motor for 20 sec. of powered fHight.

ous to Mars by drying chamber air in
a liguid nitrogen cold trap. The end
point of the experiment is determined
uht:n a Iight frost 1s present at the
“north pole"—proportionately compar-
able to what can be seen on Mars—and
the chamber is opened. The sub-sur-
face laver of ice comes to the surface
at the pole and is farthest from the sur-
face at the “equator.”

Young acknowledged that the clima-
tology of a planet cannot be precisely
simulated in a closed box, and that the
significance of these observations is difh-
cult to evaluate.

“Whether such an ice laver does now
exist, or has ever existed on Mars, re-
mains to be seen, but it certainly seems
possible, and may be used to hvpothe-
size a source of water on the pLuu:t
Young said.

Young suggested that it might be
possible for Martian summer heat to

cause some of the sub-surface ice to
melt and rise to the surface as mois-
ture.

Another speculation is that geo-
thermal activity might produce springs
or pools of moisture in which micro-
organisms could grow.

Young said that while astronomers
generally believe that water passes di-
rectly from a solid to a gaseous state
on Mars because of low atmospheric
pressure, Ames researchers have de-
tected liquid moisture at the base of the
ice cap in their model, indicating some
melting does occur.

Such a sub-surface source of mois-
ture could help explain the “wave of
darkening” which is observed on the
surface of Mars. This phenomenon pro-
ceeds in a seasonal fashion from the
pole through the equator—the reverse
of spring on earth—and has been in-
terpreted by some to indicate a spring-
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PROPULSION
OPPORTUNITIES

In Southern California

TRW Space Technology Laboratories
iIs now developing the descent en-
gine for the Apollo Lunar Excursion
Module (LEM), and alternate vernier
engines for the Surveyor spacecraft
program, These programs, together
with other research and develop-
ment programs now under way at
STL, combine to create many imme-
diate ocpenings in advanced propul-
sion technology.

Initial assignments will be at STL's
new Space Technology Center in
Redondo Beach, near Los Angeles
International Airport, with opportu-
nity for transfer to STL's multi-
million dollar propulsion facility now
under construction in the San
Clemente/San Juan Capistrano, Cali-
fornia area.

Requirements include a degree in
engineering or science with appro-
priate experience,

LIQUID ENGINE DESIGN,
DEVELOPMENT AND TESTING

Experience in the design, develop-
ment or testing of liquid propellant
propulsion systems, rocket engines,
feed system components, thrust
chambers, injectors and thrust
vector controls.

ROCKET ENGINE TEST STAND
INSTRUMENTATION AND CONTROLS

Experience in the design, installa-
tion, operation or maintenance of
liquid rocket engine test stand data
acquisition (analog and digital) and
control systems.

RESEARCH AND ANALYSIS

Experience in heat transfer, hydrau-
lics, gas dynamics, combustion,
ablative materials, and data proc-
essing and analysis.

For interview in your area in the near
future, act NOW! Forward your
resume to STL Professional Place-
ment, Department AW-11, One
Space Park, Redondo Beach, Cali-
fornia. TRW is an equal opportunity
employer,

TRW/ SPACE TECHNOLOGY LANORATORIES
/’ Faldigey &f FPRa=Fid® Fpmp SFilFiafie 78 fq
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when oxygen flows

like water. ..

When common gases liquify and
recognized non-conductors per-
mit infinite electron flow, you're
dealing in Cryogenics—a new
science with new problems.

Thanks to pinpoint instru-
mentation from United Control,
many of these problems have
already been solved. A versatile
cryogenic level sensor and com-
panion controller, the product of
two years' research, now tell you
the exact condition of supercold
liquids—instantly. The novel, yet
simple application of a well-
known thermal—electric princi-
ple makes level determination to
+0.03 in., level change response
time of less than 25 millisec-
onds, and accurate readings 5
milliseconds after immersion
possible at last.

If you're concerned with tem-
peratures below —300° Fahren-
heit, take advantage of United
Control’s cryogenic experience.
Write for more information, or
better yet, tell us your problem.
United Control Corporation, Over-
lake Industrial Park, Redmond,
Washington 98052. Phone 206-
885-3711 or TWX 206-999-1874.

@ UNITED CONTROL CORPORATION

[0 Rush facts on your cryogenics experience
L1 Tell me more about United Control

IR L e K e O Bl :
1]} T O Ty e PR PRAURL | | i | L L PP AR rey
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like process due to some living organ
15111,

Even if an acceptable theory for the
source of moisture could be developed,
however, Young pointed out it still
must be explained how life could exist
in  the sub-freezing temperatures ex-
isting vear-round on most of the Mar-
tian surface.

Observable temperatures never rise
above zero C, except at the Martian
equator and a few degrees north and
south of it. One ]'.H'.I'-.'ql]}LlllT‘L offtered by
Young is that Martian surface tem-
peratures reported by astronomers may
actually be measurcments of the at-
mosphere, and that the surface could
be warmer than now believed.,

Studies into the adaptability of earth
organisms, and other efforts to obtain
n':Lnunﬂfnl information about possible
Martian life are expected to aid the
work being done in the life detection
svstems branch of exohiology.

Monitors Qutside Work

Orented primarly to Mars at pres-
ent, the group is monitoring the work
of some half-dozen outside researchers
who ;ET-:.' developing life detection de-
vices. Life detection branch scientists
are also studving concepts that could
lead to improved techniques involving
gas chromatography, thermal a!m]}.at:-
and wet chemicals.

Cell biology, the third exobiology
branch, 15 a pure science l]l‘lr]:.rtlec'
devoted to leaming as much as possi-
ble about cells in support of other exobi-
ology programs.

Of 50 in-house research projects un-
der way at Ames life sciences, 21 are in
the exobiology division, Research in this
aroup aims at providing the basic infor-
mation that will enable more meaning-
ful data to be obtained about life on
Mars and other space bodies. Answers
are being sought to such fundamental
questions as how to define life and how
to measure 1it.

scientists in the biochemical evolu-
tion branch, for example, have suc-
ceeded in ]".nrmhh?mﬂ nn*]uh{ lly a2
number of important organic molecules.

In one of the most recent of these
experiments, Dr, Cyrl Ponnamperuma
produced the adenosine triphosphate
molecule, or ATP. It was the first time
ATP had been produced in the labora-
tory, according to NASA.

The complex molecule was produced
by shining ultra-violet light on a solu-
tion of -f_*llflll]:ltlllm[*-. thought to resemble
the composition of the carth’s primitive
oceans of about four billion vears ago.
ATP supplies most of the cnergy for
chemical processes in all earth organ-
isms, Amimals make it by breaking
down food and plants through ]a!m’m
synthesis.

This experiment illustrates the in-
tricacies of the exobiology ficld, “Prior

to Dr, Ponnamperuma’s discovery we
thought that such chemicals were
peculiar to hiving organisms, and, there-
fore, if we found them on other planets
we could assume the existence of life.
Now we know that such an assumption
15 meorrect,” explained Dr. Harold P,
Klein, acting assistant director at Ames
tor life sciences,

Projects in  biotechnology and en-
vironmental biology, the two other life
sciences divisions at Ames, include stud-
105 mnto effects of unusual environments
on man, how these changes can be
monitored and how man and machines
can best be integrated during space
travel,

Among projects in these fields are the
following:

e Development of a sensitive measuring
device to assay trace r.|umt|l|u 171 thL
human blood of v asopressin, an alert-
mg hormone, Such a device could be
utilin::l to provide warnings of impend-
img emotional disturbances in space
pilots.

e Rats are being spun in centrifuges at
torces of from 2 to 3gs. to determine if
any physiological changes occur during
stich mm!mnnu Clues to date pmnt
to changes in carbohvdrate metabolism,
including the w: ay fats are produced.

e Psychologists are 1ttumphng to define
the wvar Ili?u..l- of a man's behavior in a
confined environment such as a space-
ship,

Keep Room Germ-Free

Among other subjects which Klein
hopes to come under the scrutiny of
Ames life scientists is a study of the
'[fn'i}{' of f:li‘ﬂi[’j.' needed to handle and
examine extraterrestrial samples  ex-
pected to be brought back from the
moon and later from Mars,

I-I hli. rooim must E]'ﬂ,_ 2CTIn- 'FEI;_I:_ to '|:|'|L
vent contamination of samples by earth
organisms, and it must ensure that the
carth won't be contaminated bv extra-
terrestrial organisms, |

Ames hopes that such experiments
and others will help establish its new
life sciences group as a basic research
center into the extraterrestrial environ-
ment. Recognition as such is sought as
one answer to congressional crnbicism
of independent NASA life sciences
capabilities, There have been doubts,
for example, of the justification for
work at Ames when other NASA cen-
ters have similar facilities.

Klein said that without such recogni-
tion “we won't amount to much or get
much support.”

Klein, who formerly was head of the
exobiology division, said that it was “‘well
on its ult' to gaining that sort of
recognition. The field, a new one in
which there is relatively little competi-
tion, deals with the detection and study
of possible forms of life in extraterres-
trial environments and the even more
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Power to probe the planets will come from SNAP-50/
SPUR, a compact nuclear reactor being developed for the Atomie Energy Com-
mission by Pratt & Whitney Aircraft. This lichtweight system will produce
several hundred kilowatts of electricity to power the electrical space engines and
advanced military satellites of the early 1970s. Pratt & Whitney Aircralt pro-

e

vides leadership in power for many applications, in and out of this world.

Pratt &

Whitney
Hircraft
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Cutler-Hammer
power relays no.1?

Firﬂt. because these power relays have the reputation
for top reliability. They’re performance-proved on

thousands of military and commercial aircraft, in space

and ground-support applications . . . leadership of 20
—_— e _ o e : o _ years’ standing that has been earned by consistently

R L SR T b P R N - IO R Pea a2 iy ' o N . demonstrating ability to operate under the most

118 ' S : demanding conditions.

I\

Secondly, because of the way they're made. Every
Cutler-Hammer power relay has reliability designed and
built in . .. not merely tested for after the relay is
produced. They're precisely assembled in Cutler-Hammer's
ultramodern Clean Room. Constant in-process inspecting
and testing assures adherence to our own exacting
specifications. Mil Specs are our minimum design goals!

Finally, because Cutler-Hammer is the leader in the
power relay field. Even today, Cutler-Hammer is the only
manufacturer offering a full line of true hermetically
sealed power relays.

So, whether you need a-c or d-c¢, open type or
hermetically sealed, special or standard power relays,
call yvour nearest Cutler-Hammer Sales Office. There's a
Cutler-Hammer switch and relay expert in every

major city in the U.S. You'll get immediate service and
full, detailed information. And for a copy of our new
40-page catalog, publication LU-526, write direct.

WHAT'S NEW? ASK...

CUTLER-HAMMER BN = |

Cullér-Hrpmmar Inc., Milwaukea, Wisgcansin ®» Divigsrons: AlL: Thayer Seala
# Subsidiaries: Uni-Bus, Ing.: Culler-Hammiér Infgrnationel, A, ¢ ARSo.
ciates: Culler-Hammer Canada, Lid,; Cutler-Hammer Mealcana, 5. A
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In aircralt parts, as in men, excessive stress accelerates the
aging process. And stress aging per hour varies for each
aircraflt. Yet the present way of determining servicing
schedules is based primarily on hours Hown. o Now Douglas
researchers have developed a device which, when installed
on an atreralt, provides a more positive method of determin-
ing check-up times lor aircralt parts. g Called a “bervice
Meter,” and weighing less than 1}2 pounds, the Douglas
unit computes the accelerations encountered by its aireralt
in relation both to number and severity. It allows servicing

AEROS PACE GE RIAT‘R'C to be performed on the basis

r of the true waork age ol parts,

...AND WHAT DOUGLAS IS DOING ABOUT IT and will be an unportant aid
to maintenance procedures that keep aircraft voung. o

Research like the foregoing has helped build the Douglas

reputation for producing the world’s most rehable aircratlt.

u'l _".!
— 4

The “*Service Meter™ is one result ol rescarch programs in
23 broad technological areas now under way at Douglas.
Some relate 1o present programs hike SATURN

S-IVB. ZEUS, DELTA. DC-9 and SKYHAWK.,

Others are oriented on vreat acro- fFETESNGLAS

space developments of the [uture. ( w

/

profound areas of life origins and bio-
chemical evolution,

Klein said that the environmental
biology and biotechnology divisions,
face rougher going because there 1s s0
much activity in each at other NASA
centers and at Department of Defense
facilities.

This emphasis on non-appled re-
search at Ames was outlined recently
for a House of Representatives subcom-
mittee by NASA deputy Administrator
Hugh L. Dryden, in explaining the dis-
tinction between life science work here
and that being carried on at NASA's
Manned Spacecratt Center at Houston.

“The difference between Ames and
Houston is the difference between sci-
ence and enginecring, or the difference
between biology and medicine. Biology
i5 a science and the doctor 15 the engi-
neer who applies the science,” he said.

LTV Developing Space
Repair Guide for NASA

Dallas—Space repair and maimntenance
design manual is being prepared for
National Aeronautics and Space Admin-
istration’s Manned Spacecraft Center,
Houston, by Ling-Temco-Vought under
an initial 12-month study contract
funded at $73,000.

The design guide of human engineer-
ing criteria for maintenance and repair
of advanced space systems will attempt
to define for designers of future space
systems what man can or cannot do in
space and what is needed to repair and
service his vehicle in the course of long-
duration missions.

Tasks covered will range from simple
plug-in parts replacement inside a space-
craft to relatively complex external re-
pairs.

The study will include space suit as-
sessment to include man’s mobility,
visual range, reach distances, and ability
to apply forces while using various
tethering and lock-on devices and while
working under space lighting conditions.
Tools and other hardware will be evalu-
ated for replacing surfaces or parts, re-
pairing punctures, refueling, transferring
liquids and other tasks.

The study is being conducted because
spacecraft design will be related to in-
flight maintenance and repair opera-
tions, NASA believes.

LTV has suggested to NASA that fu-
ture study phases of the program em-
brace lunar base construction and
planetary operations, including mainte-
nance of roving surface vehicles, crew
shelter, construction equipment, power
and communications svstems and other
equipment. Evaluation of man’s abil-
ity to use small, remotely controlled
manipulators or robot repair tugs for
servicing or repairing nuclear-powered
spacecraft is also being proposed.

Wiancko transducers:
at home anywhere
in the environmental
spectrum

CRYOGENIC TEMPERATURES
R S "

—320°F (curreNTLY

EXTENDING CAPABILITY 75-—4-23#!:.)

\/IBRAT|ON
/O G upto 2000 cps

ACOVSTICAL NOISE
SovsiioR

Wiancko transducers have been reliability-proved in the most
inimical environments of rocket engines and test stands. For
more information on transducers of unmatched accuracy for your

critical environment, contact Bob Backus, Manager of Field
Engineering.

WIANCKO ENGINEERING

A Division of Tamar Electronics, Inc. 255 No. Halstead Ave., Pasadena, Calif, —
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Continuing in quantity production at the huge
Lockheed-Georgia plant in Marietta. While nearly
half a hundred JetStars prove their prowess world-
wide with corporate, military, and government
users— production at Lockheed-Georgia rolls on,

LOCKHEED JETSTAR:

If you have more time than you know what to do
with, a slower plane is okay. If you don't have any
high-priority missions—or any need for jet age mo-
bility—or can afford to wait out the weather instead
of flying over it—the JetStar has no value for you.

The compact transport for high priority airlift

Because the value of the JetStar is time.

Although the value of the JetStar includes much
more than just its sheer speed (it's on a par with
the airline jets). Consider these plain utilitarian
features: its ability to carry up to 14 passengers (not

four, not six, but 14l). And its above-the-weather
altitude, long range, 4-engine reliability, and all the
safety features for modern jetliners. And its ability
to operate from short, prop-plane fields—on both
short and cross-country missions.

LOCKHEED-GEORGIA COMPANY = MARIETTA, GEORGIA » A DIVISION OF LOCKHFED A IFCRAFT CORFORATION
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A Mach-1.6 all-weather fighter that is proving itself around the
world. It's the Crusader, built by Chance Vought, a division of Ling-
Temco-Vought, Inc.

| Already, the French government has ordered the F-8E on the basis
| of its proven performance and versatility. Not only is it capable
of all-weather intercept duties, but it can sling onto its hardpoints
a whole arsenal of air-to-air and air-to-ground missiles or 250-Ib.
bombs to deliver a lethal attack. To prove the point, the Crusader
has a roomful of trophies including the Collier Trophy, the first
Certificate of Merit awarded by U. S. Navy BuWeps, the first U. S.

speed record over 1,000 mph and the first airplane to fly coast-to-
coast across the U. S. faster than the speed of sound. Continued

engineering advancements have increased Crusader performance
and cut its costs so that it is one of the most economical weapons

systems now in operation.

The Crusaders on duty with the French fleet will soon be demon-

strating that they provide the most economical system capable of
meeting today's rigorous defense demands. They are a product

of the sound basic engineering of Ling-Temco-Vought, Inc., Dallas,
Texas.

L ’ VI...E‘.AIJEFESHJ'.F—‘-' THROUGH VERSATILITY

..« N@w punch for
NATO'’s forces...

AVIONICS

RELAY OF TELEVISION pictures via Syncom 2 satellite from Ft. Dix, N.]., to Andover, Me., is one of the more unusual experiments
conducted recently with National Aeronantics and Space Administration’s synchronons communications satellite. Syncom’s narrow-
band transponders were intended to relay a single two-way voice channel only, not broad-band television. Clarity of these pictures is
degraded from what appeared on the Andover monitor, due to several reproduction steps subsequent to their initial display.

Syncom 2 Transponders Exceed Objective

By Barry Miller

El Segundo, Calif.—Recent commu-
nu:*ttu:mb. experiments using the Syncom
2 satellite as a relay have produced sur-
prising results which exceed the gen-
erally anticipated performance of the
satellite’s limited-capability communica-
tions transponders. Notable among
these experiments was the relay of live
television between Ft, Dix, N. ]., and
the Bell Telephone Laboratories station
at Andover, Me.

The relay of television by communi-
cations satellite, a feat first |:-erurmf.d
by Telstar and repeated by Relay, is
no longer unusual. What 15 unusual
about Syncom doing this s that its
transponders were designed to handle
only a single two-way telephone conver-
sation, not the reception and retrans-
mission of broadband video.

Syncom’s mission objectives were to
demonstrate a synchronous orbit and
the ability of the spacecraft’s controls
to onent and position the satellite,
These objectives were met in what may
be one of the major accomphshments
in this nation's space activities. Eugene
I, O'Neill, director of Bell Telephone
Laboratories” Telstar project, has called
the Syncom success a  “remarkable
achievement™ at so early a stage in space
technology.

Syncom 2 was conceived and devel-
oped by Hughes Aircraft Co. under
funding from the National Aeronautics
and Space Administration and  was
launched on July 26 (AW Aug. 5, p. 73)
into what is believed to be the first
synchronous orbit achieved by a man-
made satellite, |

A synchronous orbit is one in which

the orbital period of the satellite is the
same as that of a sidereal dav (23 hr., 56
min., 4.09 sec.). It occurs at an altitude
22,300 stat. mi. above the average
equator altitude. An important advan-
tage of a satellite in such an orbit is that
it can provide continuous communica-
tions with sites that remain in its view
for 24-hr. periods.

Demonstrations of the communica-
tions capability of Svncom 2 were of

. secondary importance and a direct con-

*-Lf_]l_anEl:' of the ability of the satellite
to achieve its synchronous orbit. Be-
cause of its hight weight (85.5 lb. after

burnout of its onboard solid-propellant
apogee rocket), the need for onboard
orbital controls and the apogee boost
rocket, the communications capacity in
this experimental svstem of necessity
had to be restricted. A larger, later gen-
eration, advanced Syncom, elements of
which Hughes has developed for NASA,
will be capable of carrving four multiple-
access transponders, each able to relay
GO0 two-way voice conversations to
many ground stations (AW June 10,
p. 108).

Live and taped television signals were
relaved through Syncom’s narrow band

CHANNEL 7|
2.3 KC
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CHANNEL 5
LINE IXER

1.3 KC
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CULVER CITY
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CHNELG | CONTROLLER /S
.7KC [ PULSES
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(—
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18IS MC 136 MC

-
\ e i

TELEMETRY DATA from Syncom 2 satellite was relayed over its own communications sys-

tem to ground statiom at Lakchurst, N, ],

after being sent to USNS Kingsport at Lagos,

Nigeria. On the ship, telemetry subcarrier oscillator signal modulated the communications
transmitter, whose output was sent back to the satellite and rtll}gﬂ in turn to New Jemey.
At Lakchurst, telemetry was pulled out and sent with other signals over regular [{-lu];huﬁg
lines to Culver City, Calif., for real-time calenlations. Total delay from initial satellite
telemetry transmission to receipt at Culver City was less than 0.5 sec.
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5 0z. by —459°F. to +300°F.

That's the 4-354 Cryogenic Pressure Transducer from CEC

MNow in use by mojor aerospace controc-
tors, the 4-354 Pressure Tronsducer is anew
addition to the extensive line of CEC trans-
ducers. The 4-354 Pressure Transducer was
designed to operate in ranges of —459°F.
to +300°F. Its compensoted temperature
range is —320°F. to +250°F. It will accu-
rately measure goge and absolute pressures
of fluids in ranges of 0-100 psi to 0-5000

psi. The 4-354 produces a 20 mv. outpul
compatible with millivoltmeters, oscillo-
graphs, golvanometers, oscilloscopes, am-
plifiers, ond other equipment. A special
stress isolation design prevents erronecus
outputs caused by mechanically induced
distortion or vibration. It will remain accu-
rate under extreme acceleration, vibration,
ond shock. It is 2.25 inches high ond has a

diameter of 1.130 inches. Weight is 5§ oz,
Combined linearity and hysteresis is 0.5%
of full range output,

Call or write for Bulletin CEC 4354-X3.

Ce=C

Transducer Division

CONSOLIDATED ELECTRODYNAMICS

A Subsidigry of Bell & Howell « Pasadana, Calif, #1109

MORE THAN

1000

DELIVERED

CEC’s high output
pressure transducer
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The CEC 4-390 is a high output, uns
bonded strain gage pressure transducer
with integrol, solid state power supply
and amplifier, providing a 5§ volt DC

output signal. It measures absolute and |

gage pressures of fluids and gases in
ranges from 0-100 through 0-5000 psi.

The 4-390 is a standard item, being
produced in quantity. Major aerospace
contractors have proven this instrument
capable of maintaining superior performs
ance characteristics in extreme occeler.
ation, vibration and shock environments,

This transducer is the result of
CEC's mony years of instrumentation
experience, Call or write for Bulletin
CEC 4390-X9.

C=C

Transducer Division

CONSOLIDATED ELECTRODYNAMICS

A Subsidiory of Bell & Howell * Pasadena, Calif, 91109

transponder, which has only 5 mec. of
IF bandwidth, compared to 25-mc. RF
bandwidth for the broadband trans-
ponders on Telstar and Relay. In the
Syncom experiments, the relay of tele-
vision was partly made possible by de-
viating the carrier frequency well be-
yond 2.5 me, from the center frequency
in the band so that operation extended
to the band skirts. The large aperture
antenna and low-noise receiving system
at Andover were indispensable in the
success of the experiment.

The live TV was picked up from a
commercial Philadelphia television chan-
nel and demodulated down to its base-
band, which was used in turmn to modu-
late a transmitter at Ft. Dix. This was
sent to the satellite, frequency trans-
lated (from 7,363 to 1,815 me.) and
rebroadcast,

The nature of the pictures appearing
on the TV monitor at Andover was
described by a Bell Labs engincer pres-
ent during the experiments as being of
“motel quality”—distinguishable, but of
inferior quality to what would be dis-
plaved on a good consumer receiver.
This can be inferred from accompany-
g pictures, reproduced from enlarged
positives of 35-mm film exposures of the
Andover monitor. The resolution of
these photos was degraded somewhat in
the chain of reproduction, so that the
actual guality of TV would be slightly
better than it appears here. -

Quality of the picture might be en-
hanced, however, making it more like
commercial-grade television, by adjust-
mg a hlter in each of the dual trans-
ponders of the next satellite of this tvpe,
scheduled for launch this spring, to
provide broader bandwidth,

U. S, Army Satellite Communications
(Sat Com) Agencv at Ft, Monmouth,
N. J., 1s responsible for conducting and
evaluating the communications experi-
ments. Tests were conducted using low
through high modulation indexes and
seven different so-called modem codes.
The wide-narrow/FM with feedback

" Sy, | farite i

12 Nav/Com System
New navfcom 11 system, released to pro-
duction at Bendix Radio Div., includes a
360-channel transmitter/receiver, a 100-
channel VOR/LOC unit, VOR/ILS cross-
pointer with transistor omni converter cir-
cuitry, and optional transistor marker
receiver and transistor/nuvistor glide slope

recciver. Transmitter output is rated at 12
w. Weight of complete system is 21.5 b,
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SEND FOR
YOUR COPY OF
THIS SWITCH
CATALOG NOW!

STANDARD « CUSTOM
PRECISION SWITCHES

Specifications, drawings, dimensions,
characteristics of Hermetically Sealed
and High Temperature Precision
Switches, Switch Assemblies and
Actuators for Military, Industrial and
Commercial applications.

S
HAYDON SWITCH

& INSTRUMENT INC

1500 MERIDEN ROAD,
WATERBURY, CONN.

Dypenclibiilsy in ACTNY
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You'll probably never need any oi these five cables.

But somebody did. And the same versatility and reliability-

control which fit these special cables to special needs are now
available to solve your cable problems.

These are products of Rome's Special Products Facility,

where unique cable constructions are everyday products.

Cables like these can't afford to fail-there often isn't a

second chance. So Rome insures reliability with a quality
control program second to none. It tests each cable construc-
tion continuously throughout construction and inspection.

/8

ALCOA

The program has been so successful that we recently won
the first aerospace reliability contract ever awarded to a
cable manufacturer. Its goal is to prevent cable assembly mal-
functions in the Minuteman missile.

Other cable constructions from Rome's Special Products
Facility have proved themselves reliable on such projects as
Hound Dog, Atlas, Mercury, and Sergeant.

Our Special Products Facility brochure explains how you
can fit Rome's unique experience, skills and equipment to your
specific problems. Just send the coupon.

Spedial Products Facility
Rome Cableé Division of Alcoa
2937 South Tanager Avenue
Los Angeles 22, California

Please send my copy of your brochure describing how [ can
benefit [rom Rome's Special Products Facllity.

MNAME - : I
COMPANY o
ADDRESS e

el e i T —— Y
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| Relay of Olympics Via Syncom Suggested

El Segundo, Calif.—Engincers at Hughes Aircraft Co. are suggesting the possi-
bility of relaying via a Syncom satellite live television pictures of a major sports
event, the 1964 Olympic games in Japan, as a dramatic demonstration to the Ameri-
| can public of the value of satellite communications.

NASA plans to launch from Cape Canaveral the third and last shot in the cur-
rent Syncom series early next year (AW Oect. 7, p. 23) and this satellite could be
brought to and held in position over the Pacihe.
were located in Japan, real time pictures could be returned to the West Coast

If a suitable transmitting terminal

of the United States via Syncom and distributed through commercial channels.

If necessary, Syncom 2 might be suitable for this purpose.
control fuel to permit it to be moved from its longitudinal position over the Atlantic
to the Pacific. As a result of degradation in the output of its solar panels due to
| space radiation, however, available power is expected to decline to 60% of design
level at the end of the first year in orbit (July, 1964), permitting only intermittent
use of the satellite’s transponders beyond that time.

The quality of any relaved television pictures might be better if Syncom 3 did the
job, because the bandwidth of its transponders could be enlarged by making hlter
adjustments prior to the launch next year (sce story, p. 75).

It retains sofficient

code, having a peak deviation of 40 kc.
and a baseband of 4 ke., had the highest
output signal-plus-noise to noise “Tatio
for a given signal of any of the codes.
Both nrr]m.m FM and FM with feed-
back receivers were emploved on the
ground,

Other Syncom 2 commumnications
tests included:
® Real Time Telemetry—Satellite tel-
emetry data were transmitted on 136
me. from the vehicle's telemetry an-
tenna to the U. 5. N.S. Kingsport, one
of three key surface stations, located in
the harbor of Lagos, Nigeria. A 14.5-ke.
subcarrier oscillator signal was pulled
out and used to modulate the ships
communications transmitter which then
beamed its signal to the satellite on the
7,363 me. communications uplink. Once
received at the satellite, the signal was
treated like any other communications—
frequency translated and rebroadeast.
The second ground station, at Lake-
hurst, N. J., '.ur:LL{l up the 1,815 mc,
satellite I.'r'mnnmumn demodulated it
and pulled off the channels which were
then used to frequency modulate a 1.3
ke. oscillator preparatorv to being sent
over commercial telephone lines to Cul-
ver City, Calif., for real time calcula-
tions.,

Total time delay from initial trans-
mission of telemetry data from the
satellite to its receipt via telephone from
Lakchurst was less than ¥ sec. The
value of such an arrangement is that it
permits immediate operation on telem-
ctry data far away from the location
where telemetry is received. The ex-
periment, repeated again in late Octo-
ber, also demonstrates that Syncom
has the bandwidth capability in its
communications for handling telemetry.
Use of a Syncom satellite for real time
relay of telemetry from the Atlantic
Missile Range is a possible application.
The telemetry mixed with four other
channels of satellite reference data ac-

counted for about 2.5 ke, of usable
bandwidth in the phone transmission.

o Simultaneous Voice and Teletype—
Teletype was supenmposed on a vaice
channel and sent simultancously in a
narrow mode (4 ke, baseband), This was
done by fltering a 250-cps. slot out of
the center of the 3.1 ke. band in which
an FM modulated Teletvpe signal is
mnserted, At the receiving end, the Tele-
type circuit rejects the voice portion of
the signal: the voice circunit accepting
only voice and fltering out Teletvpe.
No more power was required to trans-
mit both than voice alone in this man-
ner, according to Hughes engineer Al
Owens.

® Duplex Voice—The Kingsport and
Lakehurst stations simultaneously talked
to one another over separate channcls
(duplex), an exercise of the original
f.ﬂTl't]'I:'llITl'[L""ltlﬁﬂ'i EJF’[]H““ ﬂf ThL H']l'f_l[
lite (when linked by 30-ft. ground an-
tennas), In addition, the equivalent of
tour voice channels were simultancously
multiplexed by each of two stations on
a  separate RF carrier, giving the
equivalent of § two-way conversations,
Only one voice signal was transmitted,
but the three remaiming channels car-
ried noise to simulate the full four-
channel complement. Voice quality was
good, Owens says. In fact, voice quality
S1gn: al to noise ratio was better than
the direct record capability of most
tape recorders, according to Hughes,
Transmission was in wide medium
mode (50 kec. peak deviation, 20 ke.
baschand).

e Facsimile—Two stations  simultane-
ously transmitted a photo to one an-
other, each using a separate voice chan-
nel. Each photo I'ECEL'[iTLL'], a 5-min, scan.
¢ Teletype—Sixteen Teletype channels
were transmitted duplex in a single
voice channel in a mch: narrow mode
(40 ke. peak deviation, 4 ke, base-
band).

® Range and Range Rate—Scven tones
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- space limitations:

__ PUMP
| PRIMERS

ARTHUR A. NICHOLS

How One Pump Can
Serve Several Systems

»= Engine designers have been strong-
ly attracted by Gerotor pumps which
permit the incorporation of an extra
pumping element in a separate cham-
ber of the lubricating pump to pro-
vide fluid pressure for a control func-
tion or other use.

p The Gerotor is a form of internal
gear pump consisting of only two
moving parts: an inner toothed ele-
ment and an outer, meshing toothed
element. The inner element has one
less tooth than the outer and the
“missing tooth" provides a chamber
to move the fluid
from the inlet
port to the out-
let. Pump capac-
ity is measured
by the volume
of the “missing
tooth” multiplied
by the number of
driver teeth and
RPM. (Fig. 1). FIG. 1

»= The unique construction of the
Gerotlor Lype pump permits aircraft
systems designers to combine several
pumping functions in a single pump
housing mounted on a single pad and
driven by a single shaft., Diversified
systems such as lubrication, scaveng-
ing, low pressure hydraulic servo sys-
tems and molors up to pressures of
about 1000 psi may be ecentralized in

this manner. (Fig, 2).

FIG. 2

= The designer has several varinbles
to secure a given eapacity within his
(rerotor diameter
which governs the area of the pump-
ing chamber, Gerotor thickness which,
taken with area determines chamber
volume and Gerotor RPM. Thus, it is
possible to vary the diameter, length
and speed to secure needed eapacity.

» The Gerotor pump is a positive dis-

placement type, delivering a prede-
termined amount of fluid in direct
proportion to speed. It is simple and
compact in basic design. It is light-
weight, valveless, provides exceptional
performance at high altitudes and has
low wear over a long service life. In
addition, it is balanced and extremely
quiet in operation.

p Technical data is available and your
inquiry 18 invited. Write:

W. H. NICHOLS C€O.

Makers of Zenith Metering Pumps
and the Nichols Milling Machine
“the miller that uses its head".

48 WOERD AVE., WALTHAM 54, MASS,
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AEROSPACE NEWS from Dow Corning

New silicone ablative material bonds
in place... is lightweight... flexible

DOW CORNING® 325 Ablative Material ablative material will bond to already cured
has been selected by McDonnell Aircraft sections of the same material, and to most
Corporation for the heat shield on NASA's materials used for honeycomb.

Gemini spacecraft. There are numerous

- : Swells — when exposed to heat Huxes that
reasons, including:

cause it to char, Dow Corning 325 abla-

Lightweight — for equivalent volume it tive material swells, thus increasing the
weighs about one half as much as rigid effective thickness of the shield.
reinforced plastics used for ablative

applications,

Flexible — supplied as a pourable liquid,

Dow Corning 325 ablative material ecan be
cast or molded . . . cures to a rubbery solid.
Thermally induced stresses which tend to
destroy rigid materials are absorbed by the
elasticity of this new material.

Bonds — Dow Corning 325 ablative mate-
rial will bond to many metals, plastics and
ceramics . . . has excellent sheer strength.
Cured pieces can be bonded to substrates
with adhesives. New Dow Corning 325

Silicones help simulate space ...

Fairchild Camera and Instrument Cor-
yoration’s Defense Products Division
Lﬂﬂ a 3,000 cubic foot test chamber at
Syosset, Long Island, It is used to simu-
late the environmental pressure at alti-
tudes of 380 miles . . . vacua in the
range of 4 x 10" mm Hg.

For further information about materials mentioned

News
Briefs

here . . . or our capability to provide you with tailor-

e

Dow Corning® diffusion pump fluid is
used in the six 32-inch diffusion pumps
to achieve the desired test chamber
pressure level, Silicone diffusion pump
fluid offers superior resistance to oxi-

made materials designed specifically to meet your

High strength, tear resistant silicone rubber ...

.'-.4'-

requirements, write Dept. 0923, or call Aerospace
Materials Department, Dow Corning, Midland, Mich.

A P

Silastic® 950U rubber is a silicone stock designed for
applications in aircraft, space vehicles and ground
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dation; will not decompose or lose
pumping properties; recovers 1o to 20
times faster than conventional fuids
after exposure to air; eliminates the
need to cool pumps before releasing
vacuum; is chemically inert,

Dow Eurning also rrudutEs a line of
coolants for space chambers and other
test facilities. Some resist radiation.

support equipment. This S0-durometer silicone rubber
provides high tensile strength, 1400 psi minimum: tear
strength of 175 psi or better; a brittle point of —178 F;
oood heat stability at 500 F. This stock shows all the
properties typical of silicone rubber and is designed to
meet the requirements of the following military and
commercial specifications: MIL-R-3847D, Class III,
Grade 50: MIL-STD 417, TA 510 and TA 512: AMS
3345; and SAE-ASTM TA 510 and TA 512. Parts
made from this material are available from many com-
panies fabricating rubber parts to meet the specialized
requirements of aerospace applications,

Dow Corning



Tubes designed from the user’s viewpoint

«.Use them wherever reliability is essential

When reliability really counts —as it does in
airline communications —be sure with tubes
custom- dEEIg_IlEd_.’.‘i_nd tested for the job.
Sylvania engineers traveled the country —
met with engineers and maintenance groups in
broadcasting, public service radio, industry,
the airlines —listened to their problems and
studied them. From this came GB Gold Brand,
a superior line of new and upgraded tubes,

each tailor-made to a specific job. A given tube
may have, for example, low noise, exceptional
stability or vibration resistance. Or a critical
parameter may be as much as three times
the usual value. In each case, performance and
reliability have been verified by actual user ex.
perignce as well as laboratory testing.

This extra effort has paid off. "Excellent
results,”” says an airline official. ‘Mo failures,™

reports a highway patrol department. "Hun-
dreds of dollars saved in program interrup-
tions,"” reports a TV station. “'Less costly in the
long run,”” discovered a county government.
similar results can be yours with a truly reli-
able, genuinely interchangeable GB Gold Brand
Tube.

Electronic Tubes Division, Sylvania Electric
Products Inc., 1100 Main St., Buffalo 9, N. Y.

AVAILABLE FROM YOUR SYLVANIA INDUSTRIAL TUBE DISTRIBUTOR

SYLVANIA

SR SIEARY D

GENERAL TELEPHONE
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were transmitted simultancously to the
satellite which returned them shifted
due to Doppler effect. From this,
range rate 1s calculated. Range was
computed from propagation time and
the constant for the velocity of light.

e Voice to Small Ground Station—
Good quality voice was reccived at a
small antenna mounted atop the
Hughes Aerospace building here. This
dish is only 10 ft. in diameter, com-
pared to the 30-ft. dia. communications
dishes at the three Syncom ground
<tations,

Owens says he thinks Syncom 2 in
future expeniments will be able to
transmit  simultaneously 240  duplex
voice channels using the full IF band-
width, allowing about 1.92 mc, for the
240 8-kc. channels.

Telemetry Acquisition

Satellite signal strength has been Sl]f
hciently strong to enable telemetry :
tennas to acquire their signals \\IIL]‘I
the satellite 1s 1.5 deg. bevond the
horizon and ground, thl‘l-[ll'l'-p lock onto
the satellite beacon when it appears at
0.5 deg. elevation.

A total of eight maneuvers were
made by the onboard propulsion and
control systems to place the satellite at
approximately 55.6 West Longitude on
October 18, within (.1 deg. of its posi-
tion, predicted a month earlier. The
satellite is inclined 33 deg. with re-
spect to the equator so that in H‘m
course of a single dav it traces out :
hgure eight r.-aH'c‘m on the ground.

The maneuvers included firing the
apogee boost rocket and performing
seven corrections with the onboard
nitrogen (vernier) and hvdrogen per-
oxide (coarse) control svstems, (For a
detailed description of these systems,
see AW Aug, 20, 1962, p. 80.)

The nrrcsmr}: corrections consumed
less than 210 of the 368-ft./sec. velocity
imcrements available to the satellite for
orientation and positioning changes,
leaving about seven or eight vears of
station keeping capabilitv, This s
longer than the probable lifetime of the
satellite’s power svstem.

Decaying Spin

As a result of a leak in the satellite’s
nitrogen control system, Syncom’s spin
rate is decaving at the rate of about 6
rpm. per month. The nitrogen svstem
15 expected to be exhausted at least for
control purposes bv December, but the
spin rate of the satellite is not expected
to drop below a tolerable 70 rpm. level.
Much below this instability could de-
velop.

The loss of nitrogen will not degrade
future control capability of the satellite,
according to Roger W, Cole, Project
Syncom _ orbital analyst, because Hlﬂ
mtrogen system accounted for only a

small portion (48 fps.) of the 368 fps.

orbital control capability and much of
this was deliberately used in corrections
when the leak was discovered, After the
nitrogen is exhausted, the decay rate
becomes fractional.

All maneuvers performed by the satel-
lite were directionally correct and were
nearly correct in magnitude, according
to Cole.

The following correction sequence
illustrates thas:

e Apogee Motor Firing—Spacecraft’s
apogee motor fired by command of on-
board timer for 20 sec., placing the
satellite in a near synchronous orbit on
Julv 26, with a speed, relative to syn-
chronous velocity, of 70 fps. within 3

of the predicted one sigma accuracy.
The satellite was dnfting eastward at
a rate of about 7 deg./orbit.

o Westward Drift—To nudge the satel-
lite westward to its station over the
Atlantic, the hvdrogen peroxide axial
|:.t was fired on July 27, imparting a
109 fps, increment (one third of the
Indrt}gul ;JLmurlL fuel system) to
change Syncom’s relative velocity such
that its drift was westward 4.5 deg.,
compared with 6.25-deg. rate predicted
for the maneuver,

e Reorientation—T1o reonient the space-
craft so that 24-hr, communications
could be achieved before the satellite
reached station and to make the sun’s

The RI'G

MILLERMATIC
WELDING
GIVES YOU
TEN BIG

ADVANTAGES Wb,
ST O

1. High current capacity
. High speed

. Deep penetration

e~ R

Minimum heat-affected zone
Minimum distortion
Effective metal transfer

No flux — no cleaning

e =~ @

Operation from single- or
three-phase service

9. “In-the-field"” operation —
away from power lines
(with Miller engine-driven
equipment)

10. Easy to operate

Thin gauge metal or heavy
sections — there's a MILLER-
MATIC MIG combination to han-
dle your job better.

Here an operator welds Y-inch
aluminum plate, using a CP-5VS
constant-potential d-e¢ welder,
with MHT-35-B pull gun, MHC-B
electronic control, and MHF-F
wire-feeder. The CP-5VS welder
allows continuous variability of
voltage and slope adjustments
while welding. The MILLER-
MATIC equipment is mounted
on a No. 3 running gear, which
additionally carries a water-
coolant system and two gas
eylinders.

MILLERMATIC MIG welding

is the answer to repair or pro-
duction work in hard-to-reach
places, too. Ideal for such appli-
cations is the MHT-20-E hand
gun that carries its own wire
and has all controls built in.

Put together the MILLER-
MATIC MIG package that's best
for vour needs. Equipment op-
tions include choice of guns,
wire-feeders, controls, and
power supplies.

Complete details sent promptly upon request,

2
I'“Illﬂ‘l‘ ELECTRIC MANUFACTURING COMPANY, APPLETON, WISCONSIN

EXFORT OFFICE: 3 West 57th Street, New York 19 MY
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ONLY WITH DYMEC DATA ACQUISITION SYSTEMS:

fast delivery of standard systems « better performance,
greater reliability s lOower price...all assured by standard

production techniques.

Offering the best performance available today . . . seven
standard Dymec data acquisition systems . . . all ready
for delivery, pre-engineered and tested. Whatever your
requirement, there's a modestly priced Dymec system
ovoiloble now. No waiting—or paying—for “custom”
engineering, fabrication or testing.

Multiple inputs of de and ac voltage, resistance and fre-
quency are accurately measured, with the measurement
recorded on a printed strip, perforated tape or punched
cards. Mixed inputs are easily accommodated by built-in
system programming.

Each system incorporates the DY-2401A floated ond
guarded Integrating Digital Voltmeter, which permits
accurate measurement of low-level dec signals in the pres-
ence of severe common mode and superimposed noise.

Regardless of your system requirements, there is a Dymec
standard system for you.

Because these systems are standard, you know the de-
tailed specifications and can depend on reliability, ad-
vanced-testing, delivery . . . and instruction manuals are
on the shelf . . . the best available guide to proper opera-
tion and maintenance.

Systems are described briefly in the table. Tke DY-2010G,
not listed, is identical to the 2010D with the addition of
a guarded amplifier that makes it ideal for use in meas-
urements of thermocouples, strain gages and similar low-
level devices (price, $14,250). Check the table for the
system that fits your requirements, then call your Hewlett-
Packard/Dymec field engineer for full information . , .
and for fast delivery on the system you need,

See many of these systems ot WESCON, Booths 2722-2723!

DY-2010A

DY-2010B

DY-2010E

DY-2010C

DY-2010D

DY-2010F

Scanner Input

Up to 25 3-wire signal sources; to 100 channels with
programming capability permils
measurement of mixed types and levels of signals

slave sScanners;

Up to 200 guarded 3-wire inputs; 300 2-wire; to 600

non-guard

1-wire inputs

Voltage Ranges

100 mv to 1000 v full scale; overranging to +300% of full scale on four most sensitive ranges; 0.01% stability
on four highest ranges

Frequency Ranges

| 10 cps to 300 kc; sample period 0,01, 0.1 or 1 sec ;

accuracy =+ 1 digit = time base accuracy

Display

5 digits of data, range, function (polarity), channel number, all included in front-panel readout, logged on
output recarding device

Measurement Speed

5 channels/sec

10 channels/sec

1 channel/sec

5 channels/sec

10 channels/sec

1 ﬂh-ﬂl‘lﬂﬂ”!l!-ﬂ

Effective Commaon 105 db 105 db 105 db 130 db 130 db 130 db
Mode Rejection
Output Printed paper | Perforated Punched card Printed paper Perforated Punched card
tape tape {on IBM 526) tape tape {on |1BM 526)
Price $8675 $10,800 L9885 $10,965 $12,850 $12,175
Options Time of day information, ac voltage and resistance measurements, 10 mv full-scale sensitivity, cabinet

Write today for complete data sheets on
any or all 2010 series systems.

D YN E C

A DIVISION OF HEWLETT- PACKARD COMPANY
Dept. W-11, 395 PAGE MILL ROAD, PALO ALTO, CALIF. # PHONE (415) 326-1735 TWX 415-492-9363

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




rays more incident to the solar panels,
another maneuver was executed on
July 31. Until this time, the space

\ d A Y craft’s spin axis was in the orbital plane,
3[1 l{‘rl‘rfll;l[il l. ‘. e o ¢ Continually striving to better safeguard man inclined 33 deg. with respect to the
in the air, PACIFIC SCIENTIFIC has designed and developed the 0103 Series Ballistic- L';thhl s equator. ]_I_]_lri TI?:IILL‘II'I.'{._'T, u;m:jl
operated Harness Reel. Employing these cartridge-actuated devices, a pilot or astronaut can the hydrogen peroxide jet in a pulse

. ! e e s mode, caused the satellite to precess so
now be automatically secured to his seat and properly positioned before ejection. This is the that its axic was nearlv normal to the

latest of PACIFIC'S emergency restraint systems providing for man's safety in the crucial orbital plane. As a result drift rate in-
moment between airborne emergency and ejection—when survivability depends on instant creased to over 6.8 deg. per orbit west-
readiness. O The 0103 Series Ballistic Harness Reel is currently being used or the B-58, ward "“d precession left Jf_!‘“:““'_“'”m'
B-70 and Dyna-soar escape systems. With still other development projects underway, short of its desired perpendicularity by
PACIFIC SCIENTIFIC is ready to meet tomorrow s space-age requirements. O When
your program deals with the survival of man in the air, orbit, or space flight...call

6.5 deg.

e First Velocity Correction—(Un  Aug,
11, as Syncom approached the desired
longitude, the hvdrogen peroxide la-

F AEROSPACE DIVISION: P. O. BOX 2201 9, LOS AMGELES 22, CALIFORNIA teral i:-t (thrust t-}n'{m-gh the satellite's
T:II center of gravity) was fired in the pulse
j{{{%&ﬂ mode to slow the westward drift so that

three orbits later the satellite might be
e synchronized properlv near 55 West
e Pongiode. | .
COMBANY I'his correction slowed the satellite
=8 to 2.7 deg. orbit, 0.7 deg. higher than
intended.
* Second Velocity Correction—0Un Aug.
12, the lateral nitrogen jet was fred
im the pulsed mode to further slow the
westward drift rate to 1.89 deg. The
result was 1.3 deg./orbit dntt. The
satellite was left in this orbit for three

cycles so that it would overshoot the THE PROVEN STRUCTURAL FASTENER

55 deg, longitude goal and would then

T Vol Coanttion- 0 i CHERRY AIRCRAFT LOCKBOLTS
St b tetars The ikt e o 008 BETTER JOINTS ... LOWER COSTS

deg. ecast, This was expected to be

damped out by traxiality cffects so that Millions of Cherry Aircraft Lockbolts® are in use in the latest
the satellite would drift slightly east missiles, bombers, fighters and transports.

and return west again to the desired Reliability of Cherry Aircraft Lockbolts is proven in high
longitude 40 davs later. The correction production applications now in use. Cherry quality and service
was  excessive, producing instead a are outstanding in the industry. Consistent, fast and trouble-free
0.16-deg. eastward drift, installation characteristics are built into Cherry lockbolts.

e Fourth Velocity Correction—0Un Aug.
16, to correct the previous overcorrec-
tion, the mitrogen lateral jet was fred
m the pulse mode to reduce the cast
ward dnft to 0.03 deg./orbit, the actual

Installation is simple. No special training is necessary. Once
the operator places the nose assembly tool over the lockbolt, it 1s
only necessary to pull the trigger of the pull gun to achieve a
perfect quality installation.

vilue achieved being 0.09 east. This Simplicity, consistency and speed of Cherry lockbolt installa-
raised the cvcle time to ronghly 60 tion provides increased production, better and stronger fastened
davs. joints, and lower installed costs.

This degree of svnchronmization was
regarded as satisfactory considening un-
certmnties in orbital data, tnaxiablity, |
radiation pressures, various perturba-
tions. ete. *Licensed under Huck patent Nos. 2,631,048; 2,531,049; 2,627,307; 2,754,703.
e Attitude Touch Up—Un Aug. 18, the = ™
axial nitrogen jet was fred to adjust
the satellite’s attitude such that its axis . ;¥ o i
would be normal to the orbital plane. Bhﬂn‘y Hlvai DIUISIDH ""‘@ .
This came within 1 deg. % &

Fuel required to make the last siy Santa Ana, Calif. Rl Lo
corrections was about equal to that of
the first control correction for west-
ward drift alone.

The satellite has now remained with-
m about 0.5 deg. of 55 deg. Woest

For technical information on Cherry Aircraft Lockbolts, write
Townsend Company, Cherry Rivet Division, Box 2157N, Santa
Ana, California,

Townsend Company

Longitude for a period of nearly three ESTABLISHED 1816 « BEAVER FALLS, PA, » A IEﬂI‘DI’I COMPANY
SALES OFFICES: Los Angeles, 6290 Chalet Drive, Bell Cardens, SPruce 38000 [0 San Francisco, California, 760 Harrison St, DOuglas 20934 O Seattle, 41 Michigan, PArkway 5-7000 O Poriland, IHHHH]:T. ".".'lT!'HJI'IT T'H.'L'[ﬂ !:[JI.’ i]tilkillg dlly _
1248 5.E. Tth Avenue, BEImant 4-9747 O San Diego, California, 1950 5th Avenue, BElmont 3-0156 OO Denver, 2110 5. Ash 5t, SKyline 6-8385 O Aslinglon, Texas, T02A East Abram 5t., CRestview 506 correcltions. |
8é
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NEW AVIONIC PRODUCTS

e Pulse-code modulation  simulator,
Model PTS5-3A, with extendable pro-
gramming drawer providing  decimal
switches for easy PCM format selection,
emplovs  oscillator whose inihial  fre-
quency can be selected to 0.1% by
means of three decimal thumbwheel
switches, Stability of internal clock is
mamtamed to within 0.05% over tem-
perature range of 0-55C, Simulator can
cencrate a serial bit train with main
frame synchronizing word, two variable

Uadddoaidpadasadiddniidifs
CIELEEEEEREELELAL TEELL

Solution: ribroid’s new seli-lubricating Cartridge Bearings
are designed with a minimum number of parts and built to close
dimensional tolerances. Self-lubricating, they are exceptionally
useful for myriads of modern bearing applications. Fabroid Cart-
ridge Bearings have been made from many space-age metals plus
aluminum and SAE steel alloys. Built to withstand heavy loads
in temperatures ranging from —320°F to +550°F, this new Fab-
roid product is a bearing of exceptional strength and versatility.

For more information on Fabroid self-lubricating bearings, write:

FABROID

fills another

with Self-Lubricating
Cartridge Bearings.

Problem: The need for a bearing built to close dimensional
tolerances, capable of handling heavy loads at high and low
temperatures and requiring no maintenance.

words. main frame common word, 1den-
tihcation word and up to nine sub-com-

mutation svnchromzing svllables, at bit
rates from 1 cps. to 1 me. Operator can
comtrol jitter, rise time as well as format
and output code. Manufacturer: De-
fense Electromics, Inc., 5455 Randolph
Road. Rockville, Mad.

¢ Niniature long-wavelength  infrared
detector, Model OKN-1227, sensitive
the 2-15 micron region, has time con-

|
; The eriginator of the
Self-Lubricating Fabroid Bearing

DIVISION OF TRANSPORT DYNAMICS

3131 W. Segerstrom Avenue « Santa Ana, California

® Registered Trademark
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stant of less than 1 microsee. Deviee

measures 1.19 in, m diameter by 0.39
in. thick. Manufacturer: Ravtheon Co.,
Special Microwave Devices Operation,

130 Second Ave., Waltham, Mass.

e Lightweight beacon antenna for X-
band use with missiles and re-entn
vehicles, Model DM-AQ2 uses leak
wave endfire fed aperture widened to
two wavelengths in the H-plane, to pro-
vide 44 db. gain over an open-end wive-
ouide. Antenna is tunable over fre-

quency tange of 9-12 ge. (kme.), has
bandwidth of 75 me. within fixed tun-
ing range and a VSWR of 1.5:1. An-
tenna 15 curved to ht conie or evhindneal
vehicles and can be used singlv or
pairs with a matched power splitter.
Manufacturer: Dome & Margolin, Inc.,
29 New York Ave., ‘L‘l.'r{":-iﬂ‘!llt'-}, N, Y

¢ Miniature servo amplifier, Tvpe 165,
for size 11 servo maotors, delivers 3.5
watts, operates over temperature raneg
of —53C to 125C from 28 v.d.c. with
up to 80 v.d.c. transients. Encapsulated
amplifier, designed to environmental re-

qurerLI]h: of MIL-E-5272C., measures
i x 18 % 74 in, and weighs 1 oz. Manu-
tacturer: Bulova Watch Co., Electronics
Dhv., 40-01 61st St., Woodside 77, N.Y.

e VMicrowave wvaractor diode, Model
MD100, silicon planar epitaxial diode,
exhibits 60% effhiciency when operated
with input of 1.5 gc. (kme.). output of
3.0 gc. and output power level of 2
watts. Cutoff frequency at zero 'HJHH
15 70 ge, and capacitance 15 2.0 pico-
farads, according to manufacturer. Mair-
child Semicgnductor, 545 Whisman
Road. Mountain View, Calif.
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Progress /s Our Most Important Froduct

GENERAL @3 ELECTRIC

v o N e

He makes sure your Mark Century numerical control is
mated perfectly with the machine tool you buy. Mark
Century Service Engineers are assigned to every major
machine-tool manufacturer. They understand all the impor-
tant details of your machine and control. They have every-
day experience working with the machine builders. Then,
when the machine tool with Mark Century numerical con-
trol arrives at your plant, there's a man on hand who Is
completely familiar with your machine/control combination.
This thorough planning and expert knowledge assures you
of top performance from your numerically controlled ma-
chine tool. If you want a fine control and service to match,
specify Mark Century . . . and get Mark Century Service.

Specialty Control Department, Waynesboro, Virginia 9510



... today’s promise. ..

To creative engineers and scientists, the tasks
assigned to CHRYSLER Corporation SPACE Divi-

sion hold out a tempting lure.
Chrysler's work as prime contractor on the

long-range SATURN I/IB Program covers a broad
span, including performance improvement and
development of new concepts for the vehicle,

Chrysler's long record of experience and suc-
cess in the aerospace field, coupled with exciting
present and future missions, add up to the stim-
ulating professional environment so sought after
by the thoughtful.

If you look beyond today's activities to the
horizons of tomorrow, a career with Chrysler can
carry you to the full extent of your potential.

tomorrow’s fulfiment. ..

Chrysler activities on Saturn I/IB are divided
among three congenial and pleasant Southern
locations—NEW ORLEANS, HUNTSVILLE and
CAPE CANAVERAL.

If you have a degree and experience in one or
more of the disciplines listed on the page oppo-
site, investigate the potential of a career with

Chrysler.
Send your resume, in complete confidence, to

Section A-1, Personnel Department, at the loca-
tion of your choice:

P. O. Box 26018, New Orleans 26, La.

P. O. Box 857, Huntsville, Ala.

800 Astronaut Blvd., Cape Canaveral, Fla.,

An equal opportunity employer.

CORPORATION

SPACE DIVISION % CHRYSLER
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BOOM ARM ASSEMBLY on Decca Radar's AR-1 airport control system mounts compo-

nents for remote-control vartable |m|.'n|'mﬁm| and circular |n:||;3riar.:ilinn. Feed horn has a

fin-loaded aperture to provide equal beamwidths for the two orthogonal polarizations.
Antenna is a single reflector horn-fed unit of cosecant squared pattern, with an antenna
pain of 31 db. Hornzontal aperture is 16 ft. and vertical aperture is 6.5 ft.

Surveillance, Approach Functions

Combined in Traffic Control Radar

London—Decca Radar, Ltd., has de-
veloped an AR-1 airport control system
i which a single radar carries out all
normal air traffic control functions from
very close range to a 75-mi. limit. First
orders for AR-1 were placed recently
by Roval Air Force, which said it will
obtain a “substantial number,” prob-
ably about 20 units.

The system is now in initial produc-
tion at new Decca Radar plant on the
Isle of Wight. Present capacity s for
about 20 units per vear but Group Capt.
Fdward Fennessy, managing director,
said capacity can be doubled if neces-
Sary.

Sale to Roval Air Force, made
through British Ministry of Awviation,
was the opener in what Fennessy called
an international sales drive aimed at
small airports with limited budgets for
air trafhc control. Installed. the AR-I
svstem will cost about $186,000. This
price includes a prefabricated building
to houwse transmitters, an optional item.

AR-1 compnses a single beam 10-cm.
(5-band) radar which Decca savs gives
unbroken coverage to a range of 75
naut. mi. and to heights in excess of
40,000 ft. Equipment consists of the
antenna, a standard tower, one or two
transmitter cabinets, a log/lin receiver
housed i an ancillaries rack, control
unit and two displays, which may be of
either fixed coil or rotating coil type.

The airport uses embodied m the

single radar system are the following:
e Surveillance of holding and approach
patterns and radar sequencing of ap-
proach trafhc.

¢ Surveillance radar element of a ground
controlled approach (GCA) svstem.
Decca savs AR-1 meets all performance
and specification requirements of ICAQ
Annex 10 for this feature.

¢ Plan position indicator (PPI) ap-
proach. During company and RAF
evaluation, aircraft were controlled to
within one-third of a mile from the an-
tenna down to a height of 200 ft.

® Parallel ranway approach surveillance
and low level surveillance with no deg-
radation of moving target performance.
Target renewal is once every four sec-
onds.

Another feature, and one which was
an important factor in RAF acceptance,
was carly aircraft identification on take-
off. During operational trials, high per-
formance fighters (English  Electric
Lightnings) were followed in combat
climbs imtiated within one-quarter mile
of the radar head. Svstems also will be
used for fghter recovery. Decca says
there are no blind speeds below 560 kt.

AR-1 aernial is a single reflector horn-
fed unit of cosccant® pattern with an
antenna gain of 31 db. Horizontal
aperture is 16 ft. and vertical aperture
15 6.5 ft. Spot frequency is in the 2,750-
2,900 mc. or 2,850-3,050 mec. bands,
Horizontal beam width 15 1.5 deg., an-
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Immeadijate openings in:

AEROBALLISTICS

Aerathermo Mechanics (aerodynamic ftesling, analysis
stability and air loads; wind tunnel model design; heal-
transler studies: thermodynamics of power systems and
eryogenic storage; aerothermo research in theoretical gas
dynamics and computer programs.} Flight Mechanics (lra-
jectory analysis, oplimization and staging, guidance and
control, orbital and space rendezvous mechanics, evalua-
tion of overall performance, launch and separalion dy-
namics, cefestial mechanics, elastic body feedback stability,
elastic body wind response and dynamic analysis.)

ELECTRICAL and ELECTRONICS

Electromechanical design of space vehicle equipment for
pawer distribution and Switching. control and measuring
networks: electrical design of power supplies, voltage and
current regulators and inverters in low power range, cable
and harness design for space vehicle, check-out and launch
equipment, perform load studies, prepare environmental,
acceplance and qualification test specifications complying
with MIL-Specifications and Standards, and prepare and
interprat design critena,

LAUNCH OPERATIONS

Design, development and launch sile operalions in the
areas of: propulsion, propellants and prassurizalion sys-
tems: guidance and navigalion; mechanical and ground
support equipment, electrical and electronic systems,

FROGRAMMERS

Analog Campulation {structural dynamics, aero and asiro
dynamics, control and guidance systems and closed loop
hardware simulation.) Digital Computation {informalion
retrieval, data reduction, scientific compulation in lra.
jectory analysis, aerodynamic heating, structural and vi-
bration analysis aerodynamics.) Digital Programming to
generate large-scale data processing contral system.

RELIABILITY

Develop analysis methods and techniques; perform anal-
y&is in electrical, mechanical, eleciromechanical, structural,
propulsion, systems and other areas; prepare logic equa-
tions for use in the Math Model and to reflect changes in
system fogic; analyze and evaluate tesl procedures, and
histories of test, pre-flight and Might data for computation
of reliability attainment factors; provide design support
and recommend engineering changes.

STRUCTURAL, PROPULSION
and RELATED ENGINEERING

Siress, structural dynamics, propulsion, cryogenics, aero-
dynamic loads, hydraulics, weighls, materials, documenta-
tian, drafting, electro-mechanical component installation
design, and developmen! of computer solulions for all
phases of structural and mechanical analyses.

CHRYSLER

CORPDRATION

SPACE DIVISION

An equal opportunity employer,
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TUBE DIVISION, Pale Alto, California BOMAC DIVISION, HL-'l_:r-..'r!‘_r;,Mm:.a'ﬂc.'hH.-.-'{-'H-ﬁ';"JAHiAN ASSOCIATES OF CANADA, LTD.,
Georgetown, Ontario  SEMICON ASSOCIATES. INC., Lexington, Ht_*n!'m?ky S-F-D LABORATORIES, INC., Union, New [ersey
SOLID STATE PRODUCTS, Beverly, Massachusetts European Sales Headguarters: VARIAN A. G., Zug, Switzerland

Write Tube Division, Palo Alto, for our descriptive brochure.

“Microwave tube

research at Varian isn’t

always directed toward major

technical breakthroughs. Many company-

funded programs are aimed at less glamorous
goals, such as increased tube rehability. To develop more
reliable tubes, our R&D people must identify, understand
and eliminate the causes of tube faillure. Right now, we’re
doing promising work on held emission points, in hopes of
eliminating high-voltage breakdown in high-power tubes.
# Work of this kind sometimes has very benehficial side
effects. A research program on reliable cathodes led to a
major breakthrough in vacuum technology, the invention
of the Vaclon®pump. We use these pumps extensivelyin our
manufacturing operations, and they have substantially n-
creased the reliability of our tubes. This was, after all, the
basic objective of the research program.” Dr. Theodore
Moreno(left), Manager, Palo Alto Tube Division. Dr. Moreno

is shown here conferring with Vartan research scientists,

Dr. Ivor Brodie (standing) and Dr Daniel Dow ( rfght)

B R T T s . o i

MICROWAVE TUBE GROUF

VARIAN

associates




FORGING SATURN’'S MIGHTY MUSCLES

When the nation’s space prestige rides so completely on a

single launch vehicle—as on Saturn V—designers, con-
Lraclors EI.I:'IL:l []'.IL‘ Nﬂ[il_'l]'lﬂ.ll .‘i|.l,.'T|:In.;lfl..|':EL'._'i ﬂ'l'l.li S'E:I.nll;l: At{mj.“'
istration alike demand near ulumate levels in component
reliability. Wyman-Gordon’s participation in forging
such a variety of airframe, structural, and propulsion

parts for the Saturn program is most logical, Here

1s centered the industry’s broadest aerospace forging

experience— plus an outstanding concentration of

WYMAN

Faegings ol dlommes Magespus, Hee! Do oned
WORCESTER,

HARVEY. ILLINGIS

BALES OFFICED LOG ANGILES, CALIRORNI &

specialized equipment. Moreover, at Wiyman-Gordon a
uniquely integrated program of materials research and
metallurgical /quality control certifies optimum part in-
tegrity and guarantees required properties of every
component from huge thrust beams to tiny fttings.
These Saturn configurations merely suggest the
many space forging capabilities of Wyman-
Gordon. For assistance on your critical forging

problems, contact Manager Marketing Services.

GORDON

iy, Bp/plmlpnes, ©iumibeem gl o ke oo o Sgs Sl

MASSACHUSETTS

GRAFTON, MASSACHUSETTS

i T W0 GETROIT. WideiRia

tenna rotates at 15 rpm, and 15 stressed
for operation i wind specds up to 70 k.

The 650-kw. transmitter has a low
noise traveling wave tube ]Il]'li.'.’lﬂ'l]]'!ir]':.'r
Zving i noise factor better than 6 db.
over all. A stable local oscillator (stalo)
15 housed in RF section. This 15 a mod
fhed triode cavity oscillator with AT'C
SCTVO SVSTCIMS.

Transistorized receiver has logarith
mic characteristic to provide additional
block clutter reduction coupled with
good target-to-background contrast.

MH_
FILTER CENTER

» New Microcircnit Companies—A new
company to specialize in semiconductor
microcircuits has been set up in the
San Francisco Bav region and another
one mav follow shortlv., Stewart-\War-
ner Inc., a subsidiary of Stewart-Warne
Corp., will be located m Sunnwvvale,
Calit.,, and headed by Don Potter, vice
]JTL"‘-'iﬂ,lL"II'I' .Iil{] '__-_'iﬂ.'I'IL'I.Il 'II'I.|i|-:|H'L'j lll: H‘I.-L"'-"-'
art-Warner’'s Electromies v, Dual
exccutive vice presidents will be Bill
Hugle, formerly with Siliconix, and Ken
Brunsman of Stewart-Wamer, Thas
companyv rases to mine the number of
semiconductor organizations in the Ba
area, seven of them formed n the Past
three vears. In addibon, Umon Car-
bide has been surveving the possibility
of entering the semiconductor micro-
circuit business, probably i this area

» Tactical Laser Weapons—Possible use
of mtense, high-energy beams of optical
masers in tactical weapons 1s under seri-
ous review by mdustrv and the mihtary.
This is in addition to the more ambi-
tous and more remote possibility of
their use agamst aircraft and missiles,
under Dept. of Defense funded study
for nearly two vears (AW Mar, 26,
1962, p. 41). Among the proposed tac-
tical weapon applications are as counter-
measures against heat secking air-to-air
missiles like Sidewinder. Also proposed
15 a high repetition rate battleheld per-
sonnel blinder, Laser beams can dam-
age or destrov infrared sensors and can
permanentlv impair human vision. Such
weapons mav be within the foreseeable
reach of laser technology.

» Micro Computer for Maneuvering Re-
entry Vehicle—A micromnuature digital
amdance computer intended for use in
a mancuverable re-entrv vehacle 15 being
developed by the Univac Dav, of Spernrv
Rand under contract from USAIF's Bal-
hstic Svstems Div, Like comparable
umts slated for the guidance svstem of
the Medium Maobile Range Ballistic
Missile, the new computer is derived
from the semiconductor microcircmt
computing machine made by Univac
last vear (ANV Dec. 24, p. 43). It will

RESPONSIBILITY

Complete reliability in a single source
SYSTEM ANALYSIS

Total responsibility means both the
TECHNICAL and MANAGEMENT
capabilities to conduct electrohydraulic
Auid control programs from conception to
completion. Your program in our hands is
produced as it should be: efficently and
with guaranteed product reliability.
Behind us is a record of producing over
6000 integrated control packages.

ENGINEERING DESIGN

FABRICATION

and Manufaciuring Company
Division of Bell Aerospace Corporation

— another @ Company FIELD SEI-WIEE
2835 N. Naomi St., Burbank, Calif. « Victoria 9-6111
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mate wath an nerhal ;}Lllfnli]l under
Lin'ulupjm-n.t at Massachusetts Institute
of Technology and probably 1s slated for

ultimate -E].‘I]:'!Il...li.llﬂi i the maneuver-
able balhstic re-entrv vehicle (MBRV).

1 highly advanced ballistic svstem capa

ble of making preprogrammed evasive

action to avoid interception after re-
entry (AW Sept 16, p. 23), MBRV is
bemg desiened by General Electric

b Radiation Resistant Solar Cells—A
nulbi-company program aimed at fur
ther developing the drift held solar eell,
1 device which shows promise of being
more resistant to nuclear |J.i|’TIL'|-:_' irradia

tion in space than avanlable N-on-P solas
cells (AW Mar, 4, p. 88), was be
o recently by National Aeronautics
and Space Admmistrabion’s Goddard
Spact I"fi;ht Center, ]1:ii'1'li.'l|'li1'tll'|-.f CO-
panies and the dollar values of then
contracts are Electro-Optical Svstems,
S47.130: Heliotek Div. of Textron Elec
tromics, Inc., $51.567: and Texas In-
struments, 540,031, Working under an
carliecr NASA contract, Electro-Optical
developed the dnft feld cell, m which
a drift field is built into the silicon cell’s
base reglon,

* Superconducting Nuclear Detectors—

Ce

Puritan’s Oxygen Installation Is In
The NORTH AMERICAN SABRELINER

This installation combines integrity with beauty of cabin in-
terior. It is compact and easy to install.

It provides automatic presentation of oxvgen masks, along

with electrics for controls and signals .

. . provides required

passenger and crew oxvgen protection for emergencies.
Conforms with FAA requirements, and is an FAA certified

installation.

Puritan Equipment, Inc., 1703 McGee Street, Kansas City 8,

Missouri . .

AEROSPACE
DIVISION

76

. a subsidiary of Puritan Compressed Gas Corp.

Oxygen Equipment Engineers...

join a progréssive, growing technical
staff. Contact N. E. Campbell, Personnel
Diractor.

%
Pl]l'ltaﬂ BREATHING LIFE INTO AIR AND SPACE TRAVEL

Nuclear particle detectors, using thin
superconducting hlms, of materials such

as tin, which might prove to be un-
usually sensibive to alpha parhicles, are

bemg investigated by Atomes Interna-
tional Div, of North American Aviation.

* Government Funds More Laser Re-
search— "'L1|.1:1:||:'__§ recent contracts tor laser
rescarch and development awarded by
military agencies to mdustry are:

e North Amencan Aviation's Los An-
eeles Div, will explore the spectral emis-
sivityv of chemical reactions 1in a search

tor high energy pumping sources for

lasers under a $94,670 contract trom
the Ofhce of Naval Research, The stuc
15 similar to one funded by ONR at
Aeronutromic (AW Sept, 23, p. 95),

e Varian Associates will conduct experi-
ménts to determine the teasibilibv of an
mfrared maser using excited molecular
states umder a $50.000 ONR contract.
¢ American Optical Co. will pursue pos-
sibility of obtaimimg useful laser action
from a neodvminm glass laser pumped
by solar energv, a continuation of two
vears of research '--|:||11hr1r-L'l'.] bv Air Force
Acronautical Svstems Div. (AW Apr
22, p. 69). |

e Mithras, Inc., Cambridee, Mass., will
examine fluorescent 1ons in various crvs-
tals under a $39.960 contract from

(INR.,

» Upside-Down Diode Improves Per-
formance—Techmque which reportedhy
educes the leakage current of alloved
junction chodes by as much as 1,000:]
has been discovered by two researchers
at Purdue Universityv, Instead of placing
pellet of antimony on top of a thin ger-
manium wifer prior to heating, the pel-
let 15 placed undemeath the ervstal, This
produces a much smoother junction
which slashes leakage current by factor

Solid State Loran

Solid state airborme receiver, Model 6007,
combines Loran A and Loran C capability
m 4 package that weighs less than 30 1b.,
according to Edo Commercial Corp., White
Plains, N. Y. Design climinates electrome-
chanical devices by using photo-conductive
selector switch modnles. Power consnmp-
tion of system is 100 w.
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Complete engineering
information for designing
Gask-O-Seals is contained
in this new 120 page hand-
book. A limited edition,
please write for your copy
an company letterhead.

PARKER

THESE ARE
GASK-O-SEALS”.
THEY PROVIDE O-RING
RELIABILITY IN ANY
SHAPE AND ALLOW MULTIPLE
SEALS IN A
SINGLE UNIT.

sl -0 BEAL™
HAMNDBDOK

a rker' SEAL COMPANY

Culver City, Calitornia and Cleveland. Ohio

SEAL COMPANY, 10567 JEFFERSON BLVD., CULVER CITY, CALIF.



HONEYWELL ADVANCED TECHNOLOGY REPORT NO. 6

How can Pilot/ Managers

b=y e
s..__‘

MAN-MANAGEABLE SYSTEMS INTEGRATION for an
aerospace vehicle produces a flexible man/machine
team for managing a flight successfully. This single-
system development for wide application brings together

Sustenance for spacemen: What are minimums?

Since the volume and weight of sup-
plies to sustain a five or six-man
crew in a space station for a year
would reach unwieldy proportions,
Honeywell is studying the problem
of biologistic tasks for rendezvous
vehicles.

In constructing a realistic mission
for a six-man crew in a space station
that requires resupply every 30 days
for a period of two to three vears,
the Incremental Life Support Oper-
ations (ILSO) must consider many
factors: oxyvgen provision, removal
of carbon dioxide, water provision-
ing and recovery, and waste man-
agement. In addition, the amount

of room and living environment of

the station and how 1LS0O affects
them are also being considered.
For example, 1,200 pounds of
water (including two-week emer-
gency rations) will be required at
launch to maintain the crew for 30
days—if metabolic waters of respira-
tion and perspiration are reclaimed.
However, before any conclusions
can be reached on water supply
versus reclamation, Hone ‘g,'u.ﬂll B
entists and human factors engincers
are considering both the |J;-:yt-lm‘.n;-
ical and physiological factors and

reclamation equipment required.
The study is one of a series that
Honeywell is conducting on man-
machine relationships, how to sup-
port man in space, and the adapt-
ability of the human body to space
station conditions.

Some of these current Honeywell-
supported studies include the inves-
tigation and analysis of respiratory
and circulatory physiology aimed
at understanding the causes and
prevention of oxygen toxicity and
contamination.

Honeywell considers life support
a major subsystem in an aerospace
vehicle., The company’s staff of
highly trained human factors engi-
neers are thoroughly familiar with
the psychological and physiological
aspects of operating and living in
space stations and aerospace vehi-
cles. These efforts are extending
Hmwvwr_‘ll s overall system capabil-
ity to assure that Honeywell aero-
space systems are compatible with
man and will support his mission.

Technical paper on ““Biologistic
Tasks for Hundu.wmh- Vehicles™ is
vours {ree of charge. Write Honey-
well, Dept. 671A, 2600 Ridgway
Huad. Mimmapuliﬁ, Minn. 55440,

Honeywell's full-spectrum capabilities and experience
in a variety of subsystem areas, Honeywell has proven
its management experience in each of these areas (and
related areas) to provide man-manageable systems.

ADVANTAGES
of Honeywell’s
Man-Manageable Systems

1. Man's capabilities are used to the
fullest extent 1in an optimized man-
machine relationship. Man-manage-
able controls extend man’s capabil-
ities in accomplishing the mission.

2. Tradeoffs among subsystems and
man's capabilitics are determined
from a mission standpoint.

3. Test and maintenance can be
introduced so that checks can be
H'lﬂdﬂ upon su I].."-'_"'-'Ht(?n'l |mrl‘m'mmu'E,
and corrective maintenance of com-
ponents, modules and subsyvstems
can be made in flight.

4, Circuits and components are
standardized, subsvstems are man-
related and optimum redundancy
or back-up is achieved.

5. Operational reliability and in-
creased mission flexibility are at-
tained. Fewer on-board subsystems
and back-up units are needed,

be integrated into future
aerospace missions?

Automatic systems must be designed to bring
man’s management capabilities into play

Completely automated systems,
when performing their functions
reltably, are such that it may be
possible for man to complete an
aerospace miauim] and return safely
r making a single
decizion dfrnsi_tmg the mission.
However, the inevitability of
system performance deviation—as

well as the additional weight of

subsystems to do tasks that are
simple f equire that future
vehicle systems provide for man to
play an active role. Consequently,
Honeywell systems are designed so
that man can manage the mission
throughout all its phases. This de-
sign appmnfh results in what we
call a “man-manageable system’ —
one that has the flexibility to be
adapted to changing conditions in
the course of a mission.

Exactly what is a man-manage-
able system? It is one that puts
man in complete charge of the mis-
sion, able to allocate tasks and
subtasks to the various subsystems
—or to himself —during the flight.
For example, during a space ferry
mission the astronaut may want his
system to automatically handle both
guidance computation and control.
Or he may only want the system to
display solutions to alternative
guidance problems which he poses.
But the decisions are his. A man-
manageable system does not take
over the decision- making and
action-initiating functions of man
(see illustration at left).

Of course, man can't possibly
direct all subtasks constantly dur-
ing a space flight. Limits of space
and time do not allow having a
separate display for every informa-
tion element. In fact, displays must
be integrated and compatible with
the astronaut’s capabilities and with
the system. From these displays
man must comprehend the informa-
tion and be able to act upon it
quickly—and in some cases reflex-
ively.

Information comes to the man
from a computer which collects,
assimilates and processes the vast
amount of data provided by the
various subsystems, A balanced al-

location of tasks and information
between man and the computer
produces a flexible team for man-
aging the flight and accomplishing
the mission.

Such a man-manageable system
is made up of interdependent sub-
systems that may be unified upon
command, For instance, the guid-
ance, control, stabilization, energy
control and life support subsystems
must be planned and built with an
understanding of both the sub-
system’s peculiarities and its role in
the man-managed mission. As a
result, man and all other subsystems
are properly interfaced so they func-
tion integrally to perform the
required operations. Together they
form a closed loop system.

This systems philosophy is a basic
element in producing man-manage-
able systems. System management
goals can then be translated into a
plan of task sequences and task
allocations, which results in a com-
patible group of major subsystems
that can be planned down to the
smallest engineering and production
detail.

Due to the range of technologies
required, from mission analysis
through production, a man-manage-
able system requires that a con-
tractor be highly experienced and
knowledgeable in each subsystem
area. Through active participation in
every type of ULS, military and space
program, Honeywell has d-["'.’-l.-"'fl:lfl't‘fl
a high percentage of total resources
required to fulfill the role of man-
manageable systems integrator.

We invite management level dis-
cussions on Honeywell's unique
capabilities in producing man-man-
ageable systems and their integra-
tion and application to next
generation aerospace systems. Write
Honeywell, Dept. 671 A, 2600 Ridg-
way Road, Minneapolis 40, Minn.

Honeywell investigates
high-speed sighting

Tactical air warfare missions of the
future may be flown at high speeds
and as low as 50 feet above the
ground.

A new concept in quick-reaction
bore-sighting will permit pilots of
the future to track and fire on tar-
gets within seconds after locating
them.

Honeywell's concept requires the
pilot on a tactical air warfare mis-
sion to merely look at the target
through an eyepiece mounted on his
helmet and press a “fire’” button.
Sensing devices mounted in the hel-
met will automatically locate the
target with reference to the aircraft
and feed the information into a
centralized computer.

The computer, by knowing the
aircraft’s attitude, position and
speed, computes the required tra-
jectory and fires the missile at the
optimum time.

EVALUATION MODEL of helmet-mounted
target sighting device is used in human
factors studies at Honeywell probing
search behavior and predicting the per-
formance level of the human eye while a
pilatis flying a low-altitude tactical mission.

ENGINEERS AND SCIENTISTS: Explore new professional opportunities, Write Mr, Fresd
A. Laing, Honeywell, Minneapolis, Minnesota 55408, An Equal Opportunily Employer.

Honeywell



of 100:1, according to Purdue’s Yuan
I'eng Chang and H. W. Thompson, Jr.
When same technique was used to fabn-
cate silicon diodes, a 1,000:1 reduction
in leakage current was achieved.

» Infrared Air-To-Ground Missile Guid-
ance—Breadboard hardware of an infra-
red terminal guidance system for an air-
to-ground missile is being developed by
Chrvsler Corp. for the Air Foree's Air
Proving Ground Center, Eglin AFB.
Infrared guidance is emploved in Side-
winder air-to-air missiles, 1s being de-
veloped for the Redeve surface- to-air
and Shillelagh anti-tank missiles, but
now used in air-to-surface missiles.

> Major Vortac Procurement Soon—
Federal Aviation Agency's last major
procurement of Vortac ground stations
to complete presently p'lanm,cl airway
network, will be made during next sev-
cral months. Contract 15 expected to
total about $20 milhon. Twelve pro-
spective qualified bidders recently met
with FAA officials in Washington to dis-
cuss possible changes in design from
previous Vortac procurements,

» Telstar 2 Dehes Diagnosis—The five-
week outage of Telstar 2, followed by a
return to normal operation, is still un-

explained despite the best slenthing
cftorts of Bell Telephone Laboratones
scientists. Current comjecture 15 that
one or more of gight electro-mechanical
relavs in the command circuitry may
have “hung-up” or otherwise gotten mto
a “forbidden conhguration,” blocking
proper operation of the command sys-
tem, according to Eugene F. O'Neill,
Telstar program director.

> Electron Beam Measures Radar Power
—Measurement of radar pulse power by
means of the reflection of an electron
beam from the potential barriers within
a waveguide has been reported by Soviet
scientists. Electron gun and collector
are placed on opposite sides of a vacuum
section of a waveguide channel. Power
measurement is reported to be accurate
to within 5% at power levels of 200 kw,
using a calonmeter as a standard. Sovict
work is reported in Pribory 1 tekhnika
epsperimenta, No. 3, 1963, p. 108-112.

» Radar Used to Test Solid Propellants—
Atlantic Research Corp. reports that
focused microwave energyv, like ultra-
sonics, can be used for non-destructive
inspection and testing of solid-propellant
rocket motors. Microwave absorption or
reflection by the propellant can be used
to detect undercuring, improper formu-

lation of propellant and adhesive sys-
tems and bonding failures between the
mhibitor and propellant,

> NBS to Publish Radio Journal—-Na-
tional Bureau of Standards publication,
“Radio Propagation,” will change its
name to “Radio Science,” and broaden
its scope effective Jan. 1 and publish on
a monthly schedule. C. G. Little, chief
of NBS Central Radio Propagation
Laboratory at Boulder, Colo., has been
named editor. Subscription price will
be $9.00 per vear, $11.50 for foreign dis-
tribution,

» Explosion-Proot Tests Devised—Tech-
nique for testing equipment which must
operate in and near flight vehicles using
high-octane fuel has been developed by
Air Force Svstems Command. It is
described in report entitled “Explosion-
Proof Testing Technique,” AD-400-4583,
available for 75 cents from Ofhce of
Technical Services, Commerce Dept.,
Washington, D. C, 20230.

> New Cryogenic Effect Discovered—
Discovervy that at least some metal
cryvstals, when cooled to crvogenic tem-
peratures, experience an  oscillating
change mn length when exposed to a
gradually changing magnetic field has

In hydrospace..
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been reported by two phyvsicists of West-
em Reserve University, The discovery
confirms the theoretical prediction made
only six wecks ecarlier by one of the
scientists, Dr. B. S. Chandrasekhar. The
tact that magnetic materials experience
a change in dimensions when exposed
to an oscillating magnetic feld, known
as the magnetostrictive effect, has been
known since 18542, But the new dis-
covery, that a gradual vanation in
ficld causes the metal to alternately
shrink and expand is an outgrowth of
theory developed by Soviet Nobel Prize
winner Lev Landan who caleulated
C'hflﬂ':"{_ 1T E.]'.l[l"“'\- ﬂf L]LC[T['.ITIH 1M ]'ﬂ'l‘.td]
when m::gnthc field is applied. In re-
cent experiments, Dr. Chandrasekhar
and Dr. Benjamin A, Green, Jr. used a
single crvstal of bismuth exposed to
a superconducting magnet producing
mare than 30,000 gauss and cooled to
temperature of hiquid helium,

* Anglo-French Avionics Consortinm—
The (Bntish) Marconi Co. and Com-
pagnie  Francaise Thomson-Houston
have formed a technical consorbium to
produce jointlv a new secondary radar
iterrogator svstem, to be known as
Secar. The fu]h transistorized svstem
will be compatible with military and
civil trathe control beacon requirements.

ITT to 3uild Microcirenit Facility—
International Telephone & Telegraph
Corp. will build a $3 million, 135,000-
sq.-ft, facility in West Palm Beach, Fla.,
to manufacture microcircuitry and other
semiconductor devices. Facility, known
as ITT Semi-Conductors, Inc., 15 ex-
pected to be completed in February
and eventually to employ 500 people.

» Microwave Transistors Reported—Gal-
lium-arsenide transistors, fabricated by
new process, have exhibited a gain-band-
width product of 1.4 ge. (kme.), indi-
cating an alpha cut-off frequency of
higher than 2 gc., H. L. Henncke,
Tm:;ls. Instruments Inc., reported at the
recent Electron Devices Meeting in
Washington, Using an alloy of tin and
mdium to form the emitter provides
higher imjection efhiciency and therefore
higher betas, Henneke reported. Low
melting point of this alloy presently re-
stricts the transistor to operation below
200C temperature but minor changes
in fabrication technique should permit
operation at temperatures above 350C,
he predicted.

» Electron Beam Duplexer Reported—
Expenmental  broadband  duplexer,
which makes use of slow-wave and fast
space-charge wave coupling to an elec-

tron beam, capable of handling 10-kw.
peak and 200-watt average power at
C-band and 5-band while protecting re-
ceiver against signal power greater than
10 milliwatts, was reported bv Irving
[tzkan, Sperry Gyroscope Co., at the
recent Electron Devices Meeting, Maxi-
mum noise¢ figure for the expenmental
electron beam duplexer 1s 6 db., accord-
ing to the report. Paper was co-authored
by Karl Knudsen and Albert Branden-

stein,

* Microminiature Magnetometer—NMag-
netometer weighing only 0.004 grams
but capable of producing an output of
1 volt per gauss of fheld, can be fabri-
cated using 3-5 compound semiconduc-
tor and the Hall Effect, according to
a paper by Neal P, Milligan and James
P. Burgess of Ohio Semiconductor Div.,
Tecumseh Products Co., Enlmnlma,
Ohio, delivered at the Electron Devices
Meehing,

» Signed On The Dotted Line—Major
contract awards to avionics manufac-
turers include the following:

e lon Physics Corp., Burlington, Mass.,
will investigate effects of a two million
volt electron bombardment on mate-
rials, using a 2 mev. Van de Gmaff
generator, under Air Force contract, In-

hIIE heiplng man utilize the seas and EIpl-ﬂrE the unkl-'lrnﬂn

missile is launched..

DOZEN TECHNICAL AREAS:

TELEMETRY SYSTEMS
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From some uncharted place in the vastrexpanse of THETREE
.it races through the ocean depths, & l,_

into the atmosphere, and homes-in on a threatening enemy
target over a thousand miles away...
missed! To help meet that challenge, Interstate Electronics Cor-
poration provides the major test instrumentation that ensures
all systems are "'Go" on every new Polaris submarine launched.
¥l .J" DURING THE PAST DECADE, |IEC HAS PROVEN IT‘S EXCELLENCE IN A
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a target that must not

INSTRUMENTATIOMN DATA SYSTEMS

DATA ACQUISITION, CONVERSION, PROCESSING, AND RECORDING
PHASE-LOCK INSTRUMENTS AND TECHMNIQUES

WEAPONS SYSTEM TEST EVALUATION

SHIPBOARD SUPPORT AND CHECKOUT SYSTEMS

MOBILE INSTRUMENTATION EQUIPMENT
VLF FREQUENCY/TIMING SYSTEMS
FUNGTIONAL ENVIRONMENTAL PACKAGING

10 OCEANDGRAPHIC INSTRUMENTATION SYSTEMS
11 MARINE PHYSICS AND HYDRODYMAMICS
12 COASTAL ENGINEERING, METEOROLOGY, AND MARINE FORECASTING

To meet the challenges that lie ahead, IEC scientists and engineers
welcome to their ranks other colleagues with outstanding skills and

professional accomplishments.
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Supervisor's Consola

FEM INSTRUMENTATION SYSTEMS
Typical of IEC instrumentation for the
USN Fleet Ballistic Missile program is
the Digital Recording Subsystem for
SSB(N) 616 Class Submarines. It pro-
vides signal conditioning, calibration,
A/D and D/A conversions, data process-
ing and magnetic tape recordings. It
has overall system errors as low as
0.19; ... records up to 300 data words
and 600 events at rates up to 20,000
per second... provides readout by
digital displays, printers, and graphic
displays. Other IEC 616 class subsys-
tems include: telemetry, beacon check-
out, timing, and communications. For
more on |IEC hydrospace, aerospace, or
terraspace systems, write: Dept. 100,
P.O. Box 467.

ﬂ._.rﬁu crola

ELECTRONICS CORPORATION
ANAHEIM, CALIFORNIA / A subsidiary of
INTERSTATE ENGINEERING CORPORATION



Hermetically
sealed, low
operating load.
Completely
interchangeable
physically and
electrically with
existing American
switches.

Two new switches which pack
typical Dowty performance in

smaller spaces.

Positive toggle
action with +24°
‘throw'. Mech-
anical override
\capable of
breaking a light
weld between
contacts. Design-
ed to meet M.0.A.

reguirements.

DOWTY
ELECTRICS

LIMITED
TEWKESBURY * GLOS
ENGLAND

Member of the Dowty Group
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itial tests will wse aluminum, tungsten
and gquartz as target matenals,

e Laboratory for Electronics, Inc., Bos-
ton, will investigate lhigh-frequency
parametric  amplifiers using  low-fre
qucncy pump SOUrces under 595000
contract from USAF's Aeronautical
Svstems Div,

e United Aircraft Corp., Hanulton
Standard Div., will design and build
pilot production line to demonstrate usc
of electron beam welding to mtercon
nect semiconductor microcirenit wafers
and to hermetically seal new “Enhanced
Micro Modules™ under contract from
Army  Electronics Materiel  Agencey,
(The Enhanced Micro Module 15 a new
version of RCA-Army Micro Module
designed for microcitemt use with many
more riser wires to provide additional
mterconnections needed bebtween 1In-
dividual wafers.) Company also reports
a 5630,000 award from USAF's Re-
search and Technology Div. to develop
a thinilm microcircuit  fabrication
tacility, The integrated facility will be
designed to fabricate, analvze and test
microcircuits without removing them
trom vacuum chamber,

e General Precision GPL Div., Pleasant-
ville, N. Y., will produce Doppler radar
navigators for Navy anti-submarme, at-
tack and earlv warning aircraft under
$1.6-million contract from Bureau of
Naval Weapons.

e Sylvania Electric Products, Waltham,
Mass., will conduct basic research on
crror-correcting codes designed to elimi-
nate errors in highspeed digital com-
munications under an $80,000 contract
from Air Force Cambndge Research
Laboratones.

e Bendix Radio Div., Towson, Md., will
design and manufacture a mobile all-
weather missile range safety system un-
der S1-million contract from Navy., Svs-
tem will be used to monitor early phase
of missiles launched from Pacific Missile
Range, providing missile position and
velocity data for range-safety computers
durhu{ﬁrﬂ 10,000 ft, of missile fhight.
e Sperry Gyroscope Co., Great Neck,
N. Y., will produce ship’s inertial navi-
gation syvstems (SINS) for attack sub.
marines, aircraft carriers and a missile
tracking ship, a total of 21 vessels, under
514.2-million contract from Navy.

e Chicago Aerial Industries, Inc., Bar
rington, Ill., will develop manufacturing
techniques and equipment for mass pro-
duction of high-quality fiber optic plates
under 5297,000 contract from Army,
The Aber optic plates will operate in the
visible and near-infrared part of the
spectrum,

e Stewart-Warner Electronics, Chicago,
reports two production contracts total-
ling more than S4 million from Navy
and Air Force for radar altimeters to be
used by RF4-C and ARN-3Z Tacan

navigation cquipments.

Forecast of the '70's
in Industrial Colorado

SKILLED LABOR FORECAST

— e omm

Scientists form 2% of
Colorado's population! One
of' the highest in the
nation. Recent survev of
college graduates names
Denver as one of three
preferred U, 5. cities.
Colorado's Pleasant Liv-
ing draws skilled labor at
rate of 27,000 annually.

RESEARCH FACILITIES

Outstanding. Air Force
Academy Aerodvynamics Lab-
oratory, National Center
for Atmospheric Research,
National Bureau of Stan-
dards Laboratories, Ball
Brothers Research Corp.,
Marathon 0il Co. Research
Center plus 12 colleges
and universities are just
a few that cooperate with
industry.

SUPPLY SOURCES

——— —

Martin and Sundstirand,
already on the scene, term
sub=-contractor situation
"excellent." Almost every
space-age mineral and
metal mined or processed
in Colorado.

TRANSPORTATION
7 airlines with 2639
flights daily. 7 trunk-
line railways. Trucklines
that reach most of U, S,
within 2 davs.

COMPLETE INFORMATION
AVAILABLE

All new 1964 Executive Portfolio,
special Reports available.
Inguiries confidential, Write:

COLORADO

DIVISION OF COMMERCE
AND DEVELOPMENT

61 State Services Building
Denver, Colorado, 80203
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on target with solar power — America scored a space first when the Air Force successfully launched
its Project EROS (Experimental Reflector Orbital Shot) and orbited the world's first solar collector. Built
by Allison, the collector unfolded itself in space . . . was kept aligned with the sun’s rays for about one
minute during each orbit by a single-axis sun tracking system. The intense heat built up by the col-
lector provided proof-of-principle data that energy collected in space can operate Allison research devices
like the Stirling engine and liquid metal cell. The ability to turn principle into practice is another talent
that keeps our other programs ... including significant aerospace and nuclear projects . .. on target.

Allison &

THE ENERGY CONVEASION DIVISION OF | wonoes
GENERAL MOTORS, INDIANAPOLIS, IND., l=——

103



Getting under the skin of a “Tiger’s” tail..

.quickly with

FI':}"II'IE Tiger Line technicians at thi:' line’s main base of operations in Los Angeles, Calif.,

inspect the fuselage break area of one of their famous swingtail air flElghtLlh

Technicians at Flying Tigers Line rely on
Ansco Superay® ‘A-B’ Sandwich® Pak X-ray
films for quick and maximum radiographic
detection reliability of any airframe and skin
defects in their famous swingtail air
freighters.

The portability of X-ray equipment, and
the high quality of Ansco X-ray films which
provide the latitude to radiograph both steel
and aluminum of varying thicknesses in one
exposure... have proved themselves impor-
tant in helping reduce ground time during
major overhauls,

Ansco Industrial X-ray Films.

Ansco Industrial X-ray Products can play
an equally important role in quick and maxi-
mum inspection reliability of your aircraft
and components...speeding their return
back into service.

Ask your Ansco X-ray Products repre-
sentative about our complete line of indus-
trial X-rav films and Chemieals.

g::!: Ansco

X-RAY PRODUCTS

GENERAL ANILINE & FILM CORPORATION
BINGHAMTON, NEW YORK




CP Motor
capability

SPACE-PROBE
3-phase/208 v./
400-cycle;

AC brake;
4-pofe;

10,800 rom.
10.1 Ib.;

2.500" dia.;
6%" h

MISSILES

28 v. DC;-Intermittent duty;
2.8 hp at 9800 rpm;
Ambient temp.: —65°F to +275°F.

serves any design
need!

COMPUTERS
“Reluctafiex"
memary drum
motor;
3-phase/
195v./
400-cycle;
20-pole;
2400 rpm.
Meetls

MIL T-5422C

If one of our many hundreds of electric
motors and actuators doesn't meet your
specifications, we'll design one that will.
Our specialty is 400-cycle AC and low-volt-
age DC motors in sizes from .01 to 17 hp.
For applications such as missile guidance,
radar scanning, variable load pumps, and
computing equipment. For the severest
environments, including immersion in
volatile fluids.

It would take a book to give you all the
essential data about our many motors
and the design facilities that
make them possible...And
we have one.

For your free reference val-
ume of our newest edition of
Catalog 910, write us on your
letterhead.

@Cl'liﬂagn Pneumatic

ACTUATOR AND SPECIAL MOTOR DIVISION
B East 44th Strest, New York, N. ¥. 10017
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MANAGEMENT

Costs and Schedules Stressed
Under New Marshall Structure

By George Alexander

Huntsville, Ala.—Marshall  Space
Flight Center's reorganized manage-
ment structure (AW Sept. 9, p, 25)
will focus more attention on schedules
and costs—areas that formerly were
overshadowed by pressing technical re-
quirements of the Saturn program.

Recasting of the management strue-
ture of this major National Aeronautics
and Space Administration center re-
Hects growing concern with rising costs
of the manned lunar landing program.

Wernher von Braun, director of the
center, said: “Technically, we are quite
satished with the hardware we are buy-
mg. But we are not so happy with the
schedules and costs of hardware, We
nope to be in a better position to con-
trol shppages m the future.”

Externally, the reorganization has
been a regrouping of the many-ele-
mented old structure into two large
blocs:
¢ Research and development operations,
which includes nine technical divisions
now called laboratories, and four special
ofhces.
¢ Industrial operations, which includes
the project ofhices of the old structure,
part of one old division and two field
installations,

Internally, and less tangibly, the re-
organization has reduced the impact
of “working groups” i different Saturn
programs and increased project ofhce
]]El“ﬂ'rﬂ

Formerly, when the center's primary
effort was on development of detailed
hardware designs, project ofhices relied
heavily upon those groups for technical
direction. The groups (AW July 2,
1962, p. 100) were composed of special-
ist personnel from the technical divi-
sions, from the project ofiice and, upon
occasion, from contractor hrms.

Members hammered out, among
other things, the framework of a Saturn
stage's {_1{_{'“']{']] system, mechanical de-
sign, checkout and test requirements.
The groups also provided the project
ofhce which they served with all the
data needed bv the project manager to
issue appropriate directives to the con-
tractor concermned. The groups also
monitored the work done by the con-
tractor,

It was through the working groups
that the Manhal] center ~.-r:||1=ff|t to ap-
plv its engineering skills and cx}:r:riunr:n::
to technical problems. The groups are
credited by von Braun, by all Marshall

management levels and by industry,
h;ﬂlng been kev instruments in tilL
progress made to date in Saturn de-
velopment, “Without their penetra-
tion,”” one center ofhcial said, “we
wouldn’t be as far advanced as we are
today with Saturn svstems.”

But with the designs of the Satum
l, 1B and 5 either complete or nearly
free of major development bugs, the
need for daily, fine-grain support from
the working groups “has largelv evapo-
rated. The center’s primary task todav
1¢ the supervision n} a large-scale, na-
tion-wide manufacturing and test effort,
and the shepherding of many Saturn
parts so that thev come together at the
right time in the right place.

To do this required a re-adjustment
of the relative strengths of the working
groups and project offices. Under the

Program Definition

Huntsville, Ala.—Industry can expect |
the Marshall Space Flight Center here
to adapt a stringent version of Defense
Dept.’s program-definition technique in
all foture major system procurements.

Wemher von Braun said that prac-
tically all techmical, schedule and cost
problems encountered in the develop-
ment of Saturn systems to date could be
attributed to “a lack of proper defini- |
tion” before the programs got under |
way, He said that a well thought-out
pre-program definition phase, similar to
that used by the DOD in the evolution
of the mobile medivm-range ballistic
missile (MMRBM) would prevent re-
currence of the schedule slippages, de-
sign changes and cost over-runs experi-
enced so far by Marshall.

“It is important to have a better han-
dle on a project,” he added, “before the
contract is signed.”

Von Braun said that present bidding
procedures essentially are  “leaning-out- |
the-window contests, with contracts go-
ing to the company which ean lean the
fFarthest without falling.”

Marshall most share part of the blame
for this situation, von Braun sad, since
“we were S0 eager to get going [with
the various Saturn programs].” In the

center will take more time to carefully
identifv—perhaps with contractors’ aid
—all the essential technical, schedule and
cost details of a new svstem before the
inauguration of competitive hardware
procurcment.

future the Marshall director said, the |

AVIATION WEEK & SPACE TECHNOLOGY, Navember 18, 1963

QUALITYXY...

breeds confidence. And, at Ex-Cell-O a high confidence
level is inherent in all precision production parts, com-
ponents and assemblies. @ This ability is the result of
aver 40 years experience in the production of hardware
from soft, hard and exotic metals to any tolerances you
require. ® Modern equipment, advanced methods, space-
age quality control, complete certification and fast delivery
guarantees quality assurance for every prototype or pro-
duction part. You can depend on Ex-Cell-O for accuracy
and quality in virtually every application imaginable. Send
your specifications today and see for yourself. @ Ex-Cell-O
Corporation, 1200 Oakman Blvd., Detroit 32, Michigan.

BEXCELL-O

PRECISION PRODUCTS GROUP
&3-64)
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‘Paternalism’ Challenged

Huntsville, Ala.—Appointment of Rob-
ert B. Young as director of industrial
operations for Marshall Space Flight
‘ Center 15 expected to reduce or eliminate

reported  friction with Saturn  project
contractors.

Ofheials here denied any knowledge of
dissension, but from industry there have
been numerous complaints about the
“paternalistic” attitude taken by Mar-
shall in dealing with contractors.

Selection of Young (AW Sept. 9, p.
25), a former vice president of Aerojet-
E'L"Hl.'r.'il EHI’]I., WS “'L"‘]l.'['lfl!]!.'[] h:u' II'III:III‘_-i-
try becanse his long experience should |
give him a better understanding than
evidenced by Marshall officials in the
past, according to contractors.
| Complaints have been in three major

:::ltl'gmiurr:

— ® Marshall concerns itself with details

HOW ARE REELS USED AT DULLES? | | |t momeecyer whic nomaly e, vl B

S .

o ;;:'v{*ﬁ}'uu credit for having a brain in vour The men at Space-General are deeply involved in every - - There are many outstanding career opportunities
ese Hannay reels make hose handling safe, fast and wead,” one private source said. maior area of space technoloay. from the develooment d at Space-General for engineers and scientists

efficient in aircraft fueling nﬂer_atipns at Dulles Airport. ® Tendency to dismiss contractor-origi- J . js - : o ; IverSI '!hp B.5. d h'gh d at least i
Similar reels handle hose for drinking water service and e fbrri s Tk ith s e of electronic communication systems to complete space with a B.S. degree or higher and at least two
for booster hose on crash trucks. Reels by Hannay do a i : .I s TR vehicles. m To the engineer or scientist of above average years of experience in any of the following fields:

better job of hose and cable handling throughout the i t-made-here-it-can’t-be-any-good™ at- ik Tl . Hyvdraulic-Pn Ko Controle Davel 1
aerospace world. Write for EEtE“]E 817-1D. btude. Elbl“t}" and ambition, this broad front of derospace ydraulic-Fneumatic Lo | rols wevelopment »
HANNAY ® Tendency to cxpect unquestioning endeavor means a special kind of career opportunity. Structural Test Analysis « Space Vehicle
' Our 30th Year obedience from contractors. Free dis- The chance to sink your teeth into a variety of challeng- DESIgN « Dukanceant LORtrs Analysis:s Heat
CLIFFORD B. HANNAY & SON, INC., WESTERLD, N. Y. | cussion of an approach conflicting with ing assignments...to gain the diversity of experience Transfer-Thermodynamics Analysis « Stress
| one adopted by the center is frowned . s iwad of i Analysis « Trajectory Analysis and Aero-
— e upon, according to several industrial b FEQU“‘? g o dynamics « Advanced Sensor Research « Bio-

SOTITEAE: Amaong Current Projects: Upper stages and research
e ; A sensor Research « Microwave Research «
| Observers thought Young's appoint- rocket systems for major space missions...re-entry para- e Fail ftteo bl & T ik
J | IIlE‘ﬂt lI?IFI'_l.' ANSWer th{.' "ﬂﬂd. Eﬂplﬂ'ﬂﬁfd l[-"I- g“dEI'S f':HF EEiEﬂt[ﬁC EiﬂE‘FimEﬂi’S ELHE] EDEH:'E' FE!E'I']‘I-"E'F}". Han E-'_',"E-tE'mS ."!'nl'lﬂljl'EIlE « Circuit Dﬁsign m Your
!T‘. | Wernher T:“"\‘[EH;“I':I. [;:IT ills dgrleat ‘:'I:; lunar payloads for observation and test...search systems resume will receive immediate confidential
\ awareness at Marshall of schedules an : . : =
& doske as there i within ii‘l[]ﬂﬁh';'.'. Ifl'.llll'lf::_. -I:l::l |DE-E!.t-E.‘ EI"Id r-IjEI'I-tI'f'_',-' dEIWI"'IEd DbJE‘EtS...Eﬁ-ECE tE‘[EF‘I‘IEtI"I}f attention. Send to: Donald L_Cra|g' Emph:,}rmﬁnt
SPLIT | eoied o Be o el pesoniliEy. ...ground communication systems for survival ... bacteri- Mgr., Space-General Corp., Dept. No. NP-13,
SECOND ' | Coet aiimlnm recepton started work Nov. 1. ological detection systems...advanced guidance and 9200 E. Flair Drive, El Monte, California.
% SVt o & . :
) __ - Lﬂ'ﬁ:u’i"“’i'ﬂa#}rl'fé?ﬁ'f = | thrust vector control systems, An equal opportunity employer,
SAFETY regulated streams former orgamization, the groups donu-
1 L i nated the project offices not only by
| : B virtue of their assigned rmpum[i:ilﬂie;:i. SPACE-GENERAL CORPORATION
but also frequently by sheer numbers. GENERAL El Monte, California

A subsidiary of Aerojet-General Corpaoration

One particular 1.1.'-[1r']-;[ng group had about
150 personnel, while the project othce
which 1t served could muster but five
men.

“You can R-and-D [research and de-
velopment] something to death,” one
observer said 1n reference to the old
relationship. “Now it's time for man-
agement to take over and start pushing
EMERGENCY EYE_ WASH this hardware out through the hangar

door.”

Marshall engineers could be called
“perfectionists” with some justihcation,

Sensitive eye tissue can be destroyed in moments,
Contamination from industrial caustics and chemi-

cals requires instant first aid . . . and a HAWS von Braun said, since there was a strong
Emergency Eve-Wash Fountain can mean the tendency to go on “tinkering” with
difference between temporary irritation and perma- something “just to make it work a little
nent injury! Write for your free HAWS catalog, bit better.,” He said the time for tinker-

ing, 15 during the preliminary design
EYE-WASH FOUNTAINS phase and that time has long since

Since 1000 ¢ passed and added:
“We must prevent great numbers of
a product of HAWS DRINKING FAUCET COMPANY 1443 Fourth St., Berkeley 10, Calif. people from impinging on the program
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. New flexible detonating
N cord for controlled |
cutting of any material!

[rn[l'nrmrl;[mvrr]mmﬂ
lelcord, a new

detonating cord of seamless continuous metal sheath surrounding an
explosive core, cuts metal or any material along a well-defined line,
A relatively small amount of explosive in the specially formed metal
jacket gives maximum cutting aclion. Mechanically flexible, the cord
can be formed into intricate shapes, Jacket material of lead, copper
of aluminum in combination with various explosive cores cuts steel up  Whrite for
to 5% " thick, aluminum alloys up to 114" thick or magnesium up to 2"  circular
thick. Sizes from 5 grains /foot to over 400 grains/foot,

ETCORD

Mfg. by Explosive Technology Inc. - 3015 Copper Road, Santa Clara, California

PROBLEMATICAL RECREATIONS 197

Express X1* <+ | as the product of sixth and ninth degree poly-
nominals with integral coefficients. —Contributed

Compared to the above problem, it's relatively simple to obtain
answers to your altimetry problems. Complete specifications on
15 altimeter systems, terrain clearance indicators and related
support equipment are clearly displaved in a new 12-page bro-
chure available from our RADCOM division. Dandy photos, too.
For your copy, write; 1140 East-West Highway, Silver Spring,
Maryland.

ANSWER TO LAST WEEK'S PROBLEM: The distance will be a mini-
mum if the two legs of his trip make equal angles with the stream.
This will be the case if he reaches the stream at a point 212 miles
downstream from the point directly opposite. The total distance
will then be 8v/5 or approximately 17.9 miles.

LITTON INDUSTRIES
Beverly Hills, California

now,” von Braun said, “since this can
only lead to major scope changes in the
program. And these changes will cost
us in hme and money. We can't af-
ford that now."

Under the new organization, the per-
sonnel strength of the project offices has
been increased an average of 20% to
date and, in some instances, by almost
100%.

With new people drawn from within
Marshall, from other NASA centers and
trom industry, project offices are in a
better position to make decisions with-
out relving wholly on the working
groups.

Responses Improved

Although there will continue to be
much informal discussion between the
groups and the project offices on work-
ing levels, the fJ;rnm] channels for dis-
cussion now are up through division
lines to the front office, across to the
front office of the other division and
then down to the appropriate project
office or group. Working groups used
to have available a number of lateral
channels in which to operate.

In addition to more personnel, the
project offices also have both procure-
ment and facilities specialists workin
sidle-by-side with managerial pnnunnr:%
According to Harrv H. Gorman, Mar-
shall deputy director for administration,
this insertion of contracting officers into
the middle of project offices signifi-
cantly improves the center’s ability to
respond to day-to-day problems.

“Authority is now delegated to the
level ‘u."u.!lLIE the responsibility is lo-
cated,” Gorman said. This includes
field offices at the different government
and contractor plants in Louisiana and
California, since these now are part of
industrial operations.

Speed Change Orders

A Marshall plant representative may
authorize a change order for hardware
up to the limit of his responsibility and
have his contracting officer write the
appropriate order ﬂnt day. The con-
tractor conceivably could begin work
on the change that dav. Under the
former sy stem, the proposal was mailed
back to Huntsville, reviewed there by
the project ofhce and working group,
then forwarded to the |:-rm:1trunml and
contracts division which would write
the order and finally mail it back to
the plant—perhaps after several weeks
had passed.

Under the new organization, indus-
trial operations will consist of:

The Saturn 1/1B project ofhce, under
U. 5. Ammy Col. Lee James; Satum 5
project ofhce, under Dr. Arthur
Rudolph; engine project offhice (formerly
part of the propulsion and vehicle engi-
neering division), under Leland Belew;
Michoud operations (Saturn manufac-
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FUEL CONTROL

The Hawker Siddeley Dynamics
electrical fuel control as fitted to
the Gnome engine automatically
controls and protects the engine
irrespective of power demands. It
features automatic temperature-
controlled starting and automati-
cally maintains pilot pre-selected
rotor speed. This most advanced
system can be applied to all types
of gas turbine engine.

AIR CONDITIONING

Hawker Siddeley Dynamics design
ardd manufacturecomplete aircon-
dimoning systems which are fully
tested in the most up-to-date en-
vironmenial test chamber before
delivery. Components can  be
supplied to meel individual re-
quirements,

POWER SUPPLY

A range of static inverters 1o meel
requirement of BS2G 100 has been
designed and developed and is
being supphed tor both civil and
mihitary aircraft. Power outputs
both single and three-phase range
from 100 VA 1o 2500 VA,

AUTOMATIC GHECKOUT

Rapid. accurate testing and fault
location of systems is essential
for the guick turn-round of the
equipment for a modern airliner.
Hawker Siddeley Dynamics auto-
matic test equipment has been
designed and developed 10 meet
this need and can perform up to
1,000 1ests per hour to an accuracy
of 0-1", on aircraft systems. thus
leading to greater economy, re-
linbility and safety,

HAWKER SIDDELEY 14esi6 NEw NamE
DYNAMICS LIMITED 'V AfROsPACE

RESEARCH * DESIGN -

DEVELOPMENT * MANUFACTURE * WORLD-WIDE AFTER-SALES SERVICE

Enquiries to: Hawker Siddeley Dynamics Limited, Hatfield Aerodrome, Manor Road, Hatfield, Herts, England
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JET[FOR 12 WORLD 8 ARLINES

“It is our conclusion that the BAC One-Eleven is the short range jet best
adapted to the routes on which we plan to operate them. They will bring
economical and comfortable jet travel to the customers who make the =8
shorter flights.” P

Charles E. Beard
President Braniff International Airways

USA

“Mohawk Airlines is pleased to be the first regional carrier in the United
i States to purchase the BAC One-Eleven.”
7 MIOHAWK

.II...' e

Mr. Robert E. Peach
President Mohawk Airlines Inc.

e L Lo LR R R e L e L L s L e g o s L e L L et L

EUROPE

“We are fans of British Aircraft Corporation. We have had tremendous

ey
success in the past with the Vickers Viscounts, and we believe that with ¥ AER H”g”s‘
the new BAC One-Elevens we have bought the best for the future!l” Bl AN MTLRRRIIRN AR |

“We believe that in its particular field the One-Eleven represents a
marked improvement on all other available equipment and we
are satisfied that the maker's claims in this respect are well
founded.”

Mr. J. F. Dempsey, General Manager of Aer Lingus
Irish International Airlines

F. A. Laker
Managing Director British United Airways Al

PR R FA AR RN E NP AP FR A FR R FR PRV A F R PRI PR R FFRF i F i idibiRidihaiiddididilaibidair i irid i ibsidisiiaibischidihinhian

“"We believe that the BAC One-Eleven will provide comfortable and
speedy travel to our customers, as well as economical operational results
to the Company.”

Nusf El Yusif
Chairman Kuwait Airways

O B o ol B o i A B B B B B B A RN TR R R S S e R R TrIral e L e T e L TR R R R R P L R R R e e L R T E E  EE E T F LT Rl Tl e et P L R PR R R R R P P LR TR T R R AT B g g pr e ppepra g pai-gpe prays g

AFRICA

| am confident that in thle BAC One-Eleven, E_ﬁ.ﬁ. mnl.l have a jet POWERED BY TWO ROLLS-ROYCE SPEY TURBOFAN ENGINES
aeroplane that the public, pilots, ground staff and financial controllers

will like."

BRITISH AIRCRAFT CORPORATION

ONE HUNDRED PALL MALL LONDON SW1 ENGLAND

Mr. M. Stuart-Shaw
Chief Executive and General Manager Central African Airways

L ELTH
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Remote-Controlled Antenna Range Aids Design

Technicians at Space-General Corp. are shown installing a horn antenna on o three-axis
mobile platform for radiation p'lttf:rn testing at the company’s completely remote-controlled
antenna test range. The new installation permits remote control of both receiving and
transmitting stations by technicians observing instruments recording antenna radiation pat-
terns. This remote control capability keeps test personnel out of the clectromagnetic held,
where they might influence the signal. Although the antenna range covers less than 500 ft.,
it permits engineers to determine how a design will function in deep space. The three-
axis platform permits tilting or rotating of the antenna to any desired position.

turing plant at New Orleans, La.), un-
der Dr, George Constan; Mississippi
test upﬂmticm “under Navy Capt. Wil
liam C. Fortune; and the four major
offices of contracts, facilibes projects,
project logistics and resources manage-
ment.

Research and  development opera-
tions, under Director Hermann K.
Weidner, will include the nine labora-
tories (formerly divisions) of the old
structure — aero-astrodynamics  (form-
erly aeroballistics), astniomcs, compu-
tation, m: l|1[1f|.|:tui'1t1f' LI'l“'IﬂE‘Ef]I'l'—" re-
scarch projects, pmpuluﬂn and vehicle
engineering, quality assurance and re-
liabilitv (formerly quality assurance),
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test, and launch wvehicle operations.
This bloe also includes offices for future
projects, special assignments, svstems
management and resources manage-
ment.
The working groups will be coordi-
nated by the systems management
office, under Konrad Dannenburg,
formerly deputy director of the Saturn
svstems office. The groups, said Dan-
nenburg, will continue to be the center’s
means of “penetrating in depth” the
problem areas encountered by Marshall
but “financial problems will be empha-
sized more in the future” rather than
technical problems,
Von Braun was emphatic that neither

the laboratories nor the working groups
—in which the center’s in-house capabil-
ity resides—would be allowed to decline,
now that “industrial participation has
increased sharply to over 909 of [Mar-
shall’s] total budget.”

Not only would these organmizational
clements be used to support the proj-
ect offices in supervising the contrac-
tors” efforts, he said, but there also will
be enough development work in the
future to keep them busv. He men-
tioned the areas of common bulkheads
and sound suppression for test stands
as two common cxamples where much
work remains to be done.

AFOSR Awards

Air Force Office of Scientific Researcly
recently awarded grants for almost $1.5
milllion to universities and research
firms in the United States,

Grrants:

Washington University, St. Louiz, Mo.—
20,027 for the application of functional
power series to nonlinear svstems.

New York University, New York, N. Y.—
246,071 for rezearch on Iinvestigations In
gystems theory; $26,928 for research on
measurement of vocalie and tonal contexts.

Massachusetis Institute of Technology,
Cambridee, Mass,—3$73,000 for research in
filuid dynamics.

Yeshiva Unlversity, New York, N, Y.—
£105,720 for the =study of statistical me-
chanics of transport properties in non-
equilibrium and dissipative systemz; $55,.-
E12 for the study of irreversible processes
and general relativity.

Ohio State University, Columbus, Ohlo-—
210,782 for research on the gpectrum of the
Go glant star Epzilon Virginis.

Duke University, Durham, X, C.—3249.-
200 for the study of microwave, millimeter
wave and radio frequency gpeciroscopy.

University of Chicago, Chileago, I1l.—

26,549 for the study of quasi-¢lastie proton-
proton scattering in light nuelel: $16,703
for research on the relational approach to
biology.

Universits of Misslssippi, Unilversity,
for the study of sSpectro-
photometric and non-gpectrophotomatric
gtudies of solutlions,

University of Plttsburgh, Pittsburgh, Pa,
—%£31,754 for the study of fres-radical at-
tack on trivalent phosphorous derivatives,

University of Utnh, 3alt Lake City, Utah

—227.0668 for the study of laser tempera-
ture-jump studies of fast reactions.

University of Toronte, Toronto, Ont—
217,628 for research on kineties of jon for-
mation during chemieal reaction in shoek
WHVER,

University of Colorado, Boulder, Colo.—
£24,945 for the study of methods of validn-
tilon of judgments in declslon-making.

Bureanu of Social Sclences Research,
Washington, D. C.—%3,924 for the study of
human factor aspects of military operitions
in arld zones.

University of New Mexico, Albugquerque,
h' 2 to study the influence of
campus environment on gtudent commit-
ment to a paramilitary organization,.

University of Texns, Austin, Tex.—335,-
000 for the study of the quantum aspecls
nf electrical aclences.

University of Pennsyilvanin, Philadelphia,
Prn.—%80,961 for the study of large-sample
phonological and morphological studies with
machine-renerated tool=: F10.800 for re-
gearch on Information =ystem design for
the information processing fleld.

Contracts:

University of Minmi, Coral (zables, Fla,—
250, 380 for the application of stochastic
Procegses In i plasma.

Fndiana University Foundation, Bloom-
ingion, arch on the
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gpeciifomelric stiadies of fast reactions

Cornell University, Ithaca, N, Y.—3$10,350
for research on the chemistry advisory
BerVices,

Hughes Kesearch Laborntories, Malibun,
Callf,.—322,538 for the study of acid-base
characteristics of phototropism.

Princeton University, Princeton, N, J.—
£20. 000 for research on percepption of Lime-
varying =timulus magnitudes,

University of Michigan, Ann Arbor, Mich,
—&07.6850 fTor the study of leadership, or-
ranizationnl effectiveness and human re-
I LY pURLER #

Malytechnic Institute of Brooklyn, Brook-
I¥n, N. Y.—394.862 for research on high
freqiiency ogellliatory eombustion,

Columbia University, New York, N, Y. —
2130628 for regearch on hydromagnetie
plasmi.

IIT HKesenrch Institonte, Chicago, Ill.—
£51.307 for continuation of determination of
the structure of OaF%:,

PRODUCTION BRIEFING

Douglas Aircraft’s Aircraft Div. has
received a follow-on contract for 546.7
million from the U. §. Navy for con-
tinned production of the Douglas A-4E
Skvhawk attack bomber through De-
cember, 1965. Contract is on a fixed
price basis for the first time, replacing
previous  cost-plus-ixed-fee  arrange-
ments. Total procurement tunds, in-
cluding the most recent order, for this
aircraft since inmitial development con-
tract in June, 1952, now stand at $870
million. Total number of the A-4 series
produced is nearing 1,500,

H. K. Porter, Inc., Ambridge, Pa. has
been awarded a 51.6-million Armv con-
tract for M38 rocket motors and ignit-
ers for the Nike Hercules.

General Atomic Div. of General Dy-
namics Corp., San Diego, Calf., has
received a 5],"1 million cost-plus-fixed-
fee Air Force contract for continuation
of nuclear impulse propulsion research.

Follow-on contracts for T-37B jet
Frainers are hng m"ﬂh.lh}{l l‘n USAF
and Cessna Aircraft Fﬂ. Wichita, Kan.
Cessna has received an initial S1.35-mil-
lton order for additional trainers., which
i5 expected to result in a total follow-on
valued at approximately $5 million—al-
lowing production to continue through
Drccmhu 1965,

Contracts totaling 3.8 million for jet
engine and accessory overhaul have been
awarded to Southwest Airmotive Corp.,
Dallas, Tex. Thc Air Force contracts
included the firm’s first award to over-
haul 164 General Electric J47 engines,
at a cost of $1.2 million. Other awards
mnclude $432,861 for 103 Allison ]35s
and %2.1 million for 675 Allison J33s.

Radiation, Inc., Mclbourne, Ila., will
provide digital command systems for
Project Gemini under a $1.6-million
contract from NASA's Manned Space-

craft Center in Houston, Contract is
for production and installation of two
master digital command systems to be
installed -cl‘l' Mission Control Center,
Clearlake, Tex., and a data router and
crror detector to be placed in Mission
Control Center, Cape Canaveral, Fla,

Mosler Sate Co., Hamilton, Ohio,
will build supply valves for underground
Minuteman ICBM launch control cap-
sules under a $1.4-million contract from
the Boeing Co.’s Aero-Space Div.

Douglas Aircraft Co. has granted a
ane-cent-an-hour cost of living pay hike

to wages of 26,300 hourly emploves
under terms of union contracts. The in-
crease will add $547,000 to Douglas™ an-
nual pavroll,

Hawker Siddeley of Toronto, Canada,
will develop a lightweight launcher to
be used with the Armyv's new Lance
missile system under a $1.5-million con-
tract from the Canadian Department
of Defense Production. Lance is being
developed as a joint U. S8.-Canadian pro-
gram. Hawker Siddeley will be a sub-
contractor to Ling-Temco-Vought's
Michigan Div., prime development con-
tractor for the Lance.

BRIGHT™ finish General Electric
molybdenum sheet is eye-appealing,
free of almost any surface irregular-
ity, extremely clean. Because it has
less surface area than matte, our
bright finish 1s used for vacuum tube
and furnace applications where adhe-
sion of gases to the metal might be
a problem. Also, this smooth finish
is favored for electrical contacts since
tendency to stick is minimized. It's
a more efficient reflector, too.

there’s no difference in price.

% REFRACTORY METALS APPLICATION NOTES
\—E!)

Which moly sheet finish will work
best for you-BRIGHT or MATTE?

MATTE finish G-E moly sheet has a
greater surface area, making it better
for plating. It “holds” oil better; so
it’'s preferred for fabricating opera-
tions where a lubricant might be re-
quired. It's more suitable for brazing.
It’s more practical for fabricating and
applications where metal is heated and
may become oxidized—as with “boats™
and other furnace hardware. And,
matte finish is more desirable for some
manufacturing operations since result-
ing scratches and discoloration are
less noticeable.

*Either finish may be ordered in thicknesses from 0.005 through 0.080. Bright or matte,

=
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MAKE SURE YOU HAVE ALL OF THE
FACTS. Write today for a free Tungsten/Moly Conversion and Weight
Shde-Rule Calculator and complete data on G-E molybdenum sheet. General

Electric Company, Lamp Metals and Components Department, 21800
Tungsten Road, Cleveland, Ohio 44117.

Progress ls Our Most Important Product ..., /
GENERAL @D ELECTRIC ™S
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FLEET OF 10 ERUMMAH AG-CATS is lined up belore rILlnEn to Guatemala. Gramman is re-certificating the Ag-Cat with a standard
line of the Jacobs radial engine, which ranges in power from 245 hp. to 300 hp, Added power increases competitiveness of Ag-Cat.

Agricultural Aireraft—Part 1:

Market for Agricultural Aircraft Grows

By David A. Brown

Agricultural airplane manufacturers, currently enjoving a high sales volume
created by the obsolescence of converted World War 2-era aircraft are count-

ing on remaining predominant in the growing market through 197(

), despite

competition from helicopter manufacturers.

Helicopters took an appreciably larger share of the agricultural market last
vear, Rotary-swing manufacturers, sensing that the agricultural field might
become a major market for them, have begun intensive research, develop-

ment and sales efforts toward this g{m].

Fixed-wing manufacturers, however,
are counting on the undeniable advan-
tages of lower mitial cost and cheaper
operating costs to keep the arplanc
predominant in this held. And they
are finding their vears of effort pleasing
to both the agricultural aircraft opera-
tor and the Farmer beginning to bear
frunt.

This 15 partly because converted
Stearman, N3N biplanes and other air-
craft which were put into agricultural
service are less economical to operate
as replacement parts become more un-
obtainable. New equipment spectheally
designed for agncultural work, is consid-
UL‘{] 50 mmh better suited to the job
to be done. Farmers, more knowledge-
able about acrial application needs, arc
demanding the newer equipment more
often,

Main reason that helicopters have
begun to show up more in agricultural
work during the past vear is a reduc
tion in upt,'rlfmr-' costs which, helicop-
ter HT'Iq]I'IllF'IEtl'I:ILI"E- say, are heginmng
to make rotarv-wing craft economically
competitive with the hxed-wing agri-
cultural aircraft.

Manufacturers of new  fxed-wing
agricultural aircraft, on the other hand,
have within onlv the past 15 months
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marketed arcraft with sutheient engine
power to make them competitive with
older airplanes which have dominated
the agricultural field since World War

Iixact figures on the number and
tvpes of fixed- wing aircraft in acrial ap-
plication work are non-existent, but es-
timates by the National Aviation Trades
.-"tHun. mdicate that there are almost

2,000 operators in the Unmited States.

Applving a FFederal Aviation Agency
estimate of an average of 3.2 aircraft
per operator, it would appear that there
arc slightlv more than 6,000 agricul-
tural aircraft operating todav.

An agricultural aircraft market sur-
vev by Cessna Aircraft Co., in June,
1962, indicated there were about 5,000
agricultural aircraft in operation then.
That would mean about a 209 increase
in the number of active aireraft n 16
months,

Cessna's survev showed there were
ahout 4.000 active asricultural pilots as
of June, 1962, The difference bebween
the number of aircraft and pilots was
attributed to the aircraft bemng out of
serviee at times for mamtenance,

Of the 5,000 aircaft, 32.6% were
converted World War 2 Stearnman hi.
planes. 4.5% were converted N3Ns,

25% were Pi]::u‘ Pawnees and PA-18
Super Cubs, 3% were Grumman Ag-
Cats and about 2% were Snow §-2
scries awrcraft, The remaimming 32.9%
were muscellancous types.

Cessna  estimated that of all the
'lffrIL'uitur-ai aircraft in operation, onl
about 13.5% were specifically designed
for aenal application. This ﬁﬂun: has
increased, since the rf.‘[:-h:,mmnt of the
older aircraft is increasing,

Of the operators, 54.05% are full
time aerial applicators with no other
major aviabion interest, OF the rest,
21.5% did the work as an adjunct to
their own Farming activities, 22% were
hxed base operators who did aenal ap-
plication work as a sideline, and 2%
were aircraft dealers and  distributors
who did aerial application work.

This indicated that only about half
of the persons engaged in aerial applica-
tiom wanted an aircraft onlv for that
purpose, The rest probably  wanted
planes convertible to other uses,

Most of the specially dmﬂnml agri-
cultural aircraft have been available
since 1958-59, when the Piper Pawnee,
Grumman Ag-Cat and Snow S-2 series
first became available, Within the past
two vears, however, both Piper and
Grumman have ncreased the engine
power available in their aircraft, indicat-
ing that operators favored more power.

Of all the companics  producing
specialized fixed-wing aircraft for aori-
cultural wse, Piper has been the most
successful in selling its product to the
agricultural operator,

More than 1,255 Pawnees had been
sold from 1959 through Sept. 4 of this
vear, the latest heures available, Of
these, 526 were the up-rated Pawnee

235 version. Farlier Pawnees were pow-
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ered by 150-hp. Lycoming O-320-A2B
engines, The latest version s a 235
hp. Lycoming (J-540 engine, which had
mcreased the potential pavload from
S00 1b. to 1,200 1b.

Pipers’ PA-18 Super Cub also has
heen a favorite agricultural aircraft, but
now is bemg replaced by the Pawnee.

Piper has captured about 809% of
new agricultural aircraft sales dunng the
past five yvears, It hopes to maintain
this dominance durmg the perod
through 1970, The company foresees a
25 to 30% increase in the number of
aircraft engaged in 1gric,1l]tur1] work
by then, based on the increased produc-
tivity of farm land.

In order to keep this volume of sales,
Piper believes there 1s a possibility of
a need for an entirelv new agricultural
airplane to supplant the Pawnee in the
future. Current development work by
the companv, however, i1s directed to-
ward improvement of the present air-
craft, rather than a new machine.

Sales of the Pawnee have been so
cood during the past two vears that
}"'l]]r: has |]ELI1 able to keep its agricul-
tural aircraft production line at its Lock
Haven, Pa.. }.{i{:tﬂn open all vear with
firm orders rather than inventory
production, The production rate has
varied from 4 airplanes a week to one
every other week., Since the sale of
agricultural aircraft is heavily influenced
by the season, Piper formerly shut down

E E- _' ‘. £"‘
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its hine from October to January.

Introduction of the 235-hp. version
of the aircraft has allowed the Pawnee
to begin successful operations in high-
altitude areas where 1t formerly was un-
able to compete with older, but higher-
powered, airplancs,

The Pawnee now is bemng operated
in areas of the Rocky Mountains and
in the high plains area of West Texas,
from which it formerly was excluded.
Piper said 58 Pawnees now are in oper-
ation from Lubbock, Tex., which has
an average of 3,241 ft. and where sum-
mer l*cmpu:mtun: often exceed 100V,

Increased power also has probably
increased the replacement rate of older
aircraft. Piper calculated the rate some
time ago at 3% per vear, but belicves
it probably is greater now.

The only area in which Piper reports
some hesitancy on the part of farmers
and operators in accepting the Pawnee
15 i the rice-growing country of Cali-
fornia. This lack of enthusiasm appar-
entlv was caused by a desire for an air-
craft carrying a heavier payload. Piper
believes the newer version of the Paw-
nee will provide this.

The Pawnee 235 carries a 1,200-1b.
payload, compared with an 800-1b. pay-
load in the Pawnee 150, Furthermore,
the 20-cu-ft. hopper on the airplane
cannot be overloaded on the 235 ver-
sions as it could on the 150-hp. model.

Farmers, Piper has noted, are becom-
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g more and more cntical of the type
of equipment used in spraying their
fields and often give their business to
operators of new equipment.

FFeedback from both farmers and op-
crators has indicated some points they
would like improved. One unusual re-
quest has come from farmers and op-
erators in sparsely settled wheat coun-
trv. in ldaho and the Dakotas, who
would like provision for a jump seat
installed so the pilot could carry his
Aagman—who marks off swath widths
for the pilot—in the aircraft to the
work site.

Piper also has done considerable work
on a spreader for application of solids.
Lack of a suitable spreader was noted
bv a number of manufacturers, all of
whom are pursuing independent re-
search into the matter.

Because the Pawnee is certifbicated
both under CAR Fart 3 and Part 5,
it has been singularly effective in pene-
trating the export market.

CAR Part 8 is a utility category
sufficient for agricultural aircraft in the
U.S. and in many South American na-
tions. Part 3 is a passenger category
and requires improved stability and con-
siderable additional paperwork on in-
spection procedures and manufacturing
processes. Most British Commonwealth
nations require Part 3 certihcation.

In 1960, 98 Pawnee 150s were ex-
ported—42 of them to Mexico and Cen-

CUFI'.'EEHT PRﬂDUETIGH OF AGRIEULTUH.&L mn:mft mc‘hu:]nﬁ 235-hp. Piper Pawnee (top, left), Snow 5-2C (top, right) and IMCO's
Callair A-9 (bottom, left). A number of standard utility aircraft are being converted for use in the agricultural field. They include the

Cessna 180, shown with New Zealand registration markings (bottom, right).
with utility-minded users. Piper foresees a 25-30%
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Increased power in newer aircraft has helped popularity
increase in number of agricultural aircraft in use by 1970.



MARTIN DENVER
systems integration contrac-
tor for the USAF TITAN Il
Standard Space Launch Sys-
tem, now offers new oppor-

tunities for professional
growth and

ECOGNITION

in science and engineering
specialties. Investigate your
potential at Martin. Discover,
too, opportunities to advance
your educational level and
added advantages in excel-
lent family living in Colorado.

IMMEDIATE OPENINGS IN:
* METALLURGY

« ORBITAL MECHANICS
« CONTROL ELECTRONICS
« STRUCTURAL DYNAMICS

If you are qualified in one of

these or a related field, send

resume for immediate consid-

eration to: F. A. McGregor,

Manager of Personnel Staffing.
Mail #A-251

M ART/S ———
A TR
Denver Division, P. 0. Box 179-A-14
Denver, Colorado 80201

An equol apportunity employver
- ¥ frioy
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tral Amenca. In 1961, the total
jumped to 118, with Mexico and Cen-
tral America receiving 358 and South
America 39, Europe and North Africa
received 19 aircraft that vear and 11
Pawnees went to Australia.

In 1962, 153 Pawnees were exported,
32 to Mexico and Central America, 27
to South America. 9 to Israel and 26
to Fnrr:]:n: and North Africa, including
10 to § ]‘JHH

Revision of important restrictions n
New Zealand this vear opened a new
market for Piper and through August,
14 aircraft had been delivered there mth
6 more on order. Total export sales for
the hrst eight months of 1963 was 149
Pawnees with 25 more on order. Of
this, 18 went to South Ameriea with 15
more on order, 60 went to Mexico and
Central Amenca with 4 more on order
and 28 had been delivered to Europe

and North Africa.

One Biplane Design

Grumman’s Ag-Cat, the only biplane
design among the new agricultural air-
craft, also has received a new engine
which increased its ability to carry larger
loads at high e¢levations and tempera-
fures.

The aircraft now is being offered with
the 300-hp. Jacobs R-755A2ZMI1 and
about a dozen have been sold with this
engine.

Grumman currentlv 15 in the earlv
stages of certificating the Ag-Cat with
a standard line of Jacobs engines, to re-
place the Pratt & \Whitnevy W670 and
Gulf Coast engines which were the ong-
inal powerplants.

Besides the 300-hp, engine, test
work on the others, the 275-hp. R-
735B2M and the 245-hp. R-75539
modified with dual magnetos and a re-
vised oil plumbing svstem to the two
lower evlinders, 15 under wav, but ed-
eral Aviation Agencv certihcation work
has not yet hucfun

In the IIH.';I]'ItIl:IIL' the Ag-Cat 15 be-
ing sold with a choice of a 220-hp.
Continental W670 engine or a 240-hp.
Gulf Coast W670-240 engine.

Some Ag-Cats Modified

Since the Ag-Cat was introduced
1958, Grumman has sold 238 of them,
mostly in the domestic market- and
mostly 1 the South and Gulf Coast
arcas and the Nhssissippt Rwver Delta,
Some aircraft operating on the West
Coast have been modihed by FFrench
Aviation of Bakersfield to have 450-
and 600-hp. engines of varions makes,
to enable them to carrv a heavier load
at high altitudes.

The Ag-Cat is produced for Grum-
man by the Schweizer Aircraft Corp. of
Flmira, N. Y. and Grumman plans to
LLL’]J its production line there open dur-
g the winter with inventory produc-
tion, Production rate normally varies
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How high is |
your goal?

Qurs are out of sight—in
the labyrinth of space,
But your opportunities
are a tangible reality,
here and now at North
American's Space and
Information Systems
Division. Trained, crea-

tive engineering minds, attuned '

to the research, development

and production of manned
spacecraft, large booster sys-
tems, inflatable winged recovery
systems and missile weapon sys-
tems, will find fertile fields to
grow in at S&I1D.

MICROWAVE ENGINEERING

A PhD, MS or BS in EE or
Physics with a minimum of 5
years experience...including at
least 2 recent vears in any of
the following areas:

Radar Cross Section Studies

Backscattering Testing
Radar Systems Design
Radar Echo Area Reduction
Microwave Testing
Vulnerability Analysis

These positions will involve
theoretical and experimental m-
vestigation in radar absorptive
materials development and
application.

MATERIALS RESEARCH

A PhD, MS or BS in Chemieal
Engineering or Physics with
recent experience in plastics or
ferrite research. Applications in
the area of radar absorptive
materials. An understanding of
wave propagation is extremely
desirable though not mandatory.

Interested? Please Contact:

MR. A. L. MONAHAN
ENGINEERING AND
SCIENTIFIC EMPLOYMENT
2000 NORTH MEMORIAL DRIVE
P.0. BOX B308
TULSA 15, OKLAHOMA
All gqualitiad applicants will raceive
cansidaration Tor amployment withow t

regard 1o raceo, cread, color, or nationa |
o gin.

SPACE AND INFORMATION
SYSTEMS DIVISION _/\

NORTH AMERICAN AVIATION '"

from 5 to 12 aircraft per month, de
pending on the season.

Grumman has been promoting an
Ag-Cat finance plan to further sales of
the aircraft. The plan essentially is a
uy-back agreement, based on an ong-
inal 20% down pavment, Grumman
will purchase the airplane back from
the operator during the first four vears
it is in operation, provided it is m fly-
ihle condition.

Grumman  has  made about 35,000
ensineering changes in the Ag-Cat since
its market mmtroduction in 1958, but
aside from the enmne changes, all have

heen relatively minor.

South American Market

lixport sales of the Ag-Cat have been
slmost exclusively to South and Central
America, with the biggest single order
—10 airecraft—having been recently de-
livered to Guatemala, Other aircraft
have gone to Chile, Argentina and
Uruguay,

Possible drawbacks to more exten-
sive sales on the international market
are Ag-Cat's prnice—516,170 wath the
220-hp. engine, 516,615 with the 240-
hp. engine and $20,5320 with the 300-
hp. engine—and the fact that it is not
certihcated under CAR Part 3, a neces-
sity for sales in manyv foreign nations.

Price of the metal iﬂ-Clt-—-nnh poT-
tions of the wing are “fabric-covered—
15 about 54,000 higher than the Pawnee,
which is fabric over a metal frame, The
Pawnee sells for $12,195 with a 150-hp.
engine, S14,675 with 235-hp, engine.

Despite a relatively small over-all
market, a heavy seasonal influence and
intense competition, a number of com-
panics are making a success of produc-
mg only agncultuml aircraft.

Several, in fact, are making plans for
cxpansion of sales and m'lml}:u:tmmg
facilities, in anticipation of a growing
agricultural market.

Multi-Purpose Aircraft

A number of other manufacturers are
edging into the agricultural market by
producing aircraft which can be con-
verted to agricultural use, while retain-
ing their utility for other work.

Largest among the agricultural-air-
craft-only manufacturers 1s Snow Aero-
nautical Corp. of Olney, Tex,, which
has produced about 200 S-2 series air-
craft since 1958 and is in the process
of expanding its production facilities
to about twice their present size.

Snow produced about 50 aircraft in
its last hscal year, which ended in July,
and expects a sales increase of about
0% during Fiscal 1964.

The current production model, the
5-2C, sells for $16,995 without engine,
521,660 with a 450-hp. Pratt & Whit-
ney R-985 engine and %21,230 with
1 600-hp. Pratt & Whitney R-1340.

(Continued on p. 121)

PRATT &
WHITNEY
AIRCRAFT

. +» long the world leader in aircraft propulsion is constant-
Iy advancing the state-of-the-art in this highly sophisticated
area while simultaneously taking an active part in many
projects for the conquest of outer space, To career-minded
engineers it offers challenging assignments, early responsi-
pility and the professional satisfaction of working at the
forefront of today's technology.

Thermodynamics — Heat Transfer — investigations require the application of
all modes of heat transfer in solids and In single and two phase fluids at pres-
sures from space vacuum to hundreds of atmospheres, temperaturés from cry-
ogenic to those Tound at stolchiometric burning conditions,

Vehicle Eystams DESiEﬂ-—AﬂalyrE mission and determine owverall vehicle
systems réequirements; Consider aercdynamic, theérmodynamic, structural and
guidance considerations as they affect selecticn of propulsion, propellant and
guidance systems in order to aestablish basic structural and aeredynamlic design.

Mechanical Design — Transiate theoretical studies Inte workable hardware on a
varlety of complex high-precision energy conversion’ devices, both air-breathing
and non alr-breathing. Analytical abllity -necessary since the mechanical de-
signer is expected to perform all but the most complex analyses.

Experimental Test — Component Development — Supervise the fabrication,
assembly ‘and test of axperimantal engines and components, evaluate test data
ind make recommendations for improving the eHiciency and durabllity of the
item under developmant.

atress Analysis — Vibrations — Analysis of structures subjected to both coms
plex static loading and transient. thermal lecading, operating in an environment
which is subject to vibratory loads. Requires strong applied mechanics background.

Instrumentation and Electronics — Develop snd mainiain a varioty of temper-
atlure, stress, pressure and gas and fluid tlow sensing dewvices, high speed digital
data reporting systems, magnelic tape, oscillograph and strip chart recording
sysiems, Devise methods of improving accuracy of systems, explore now ape
plications for existing systems.

Additional openings are available in: Fuel Cell Technology,
Turhojet and Rocket Control Systems, Systems Analysis, Fluid
Mechanics, Thermionics, Metallurgy.

Please send your complete resume including salary require-
ments to Mr. P, D. Smith, East Hartford 8 Connecticut or
Mr, J. D. Morton, West Palm Beach, Florida. An equal op-
portunity employer.

Pratt & Whitney Rircraft 5/ o
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CARIBOU SERVE L

UNITED STATES

FORMOSA (Continued from page 119)

KUWAIT AND NOW The R-985 1s in short supply, account-

GHANA ing for the h1ghf.r price.

SWEDEN The expansion program 15 expected Lo SR T !
to be complete i early 1964, and T A - . A - AR e e~
INDIA , . . A
should allow about a 30% increase in LA =k ' P T e
CANADA production capability with the same S8 ' F e iy, PR
UNITED NATIONS work force, due to a more efficient lay- ¢ P > - H_ s

out. The expansion was financed by
reorganizing the company and selling
an interest in the company to several
aerial applicator operators.  Among
these was Crop Culture, Ltd., of Eng-
land, which operates a fleet of about
30 Snow aircraft in a world-wide agricul-
tural operation.

None of the mterests sold was a con-
trolling one, the company said.

Snow’s policy has been to allow pur-
chasers of S-2 aircraft to supply their
own engines and propellers for factory
installation, if desired. Up until last
vear, about 60% of the purchasers pre-
ferred to do this, but now Snow is find- >
ing that most customers prefer to have kr; sa #_ﬁ-
zero-time remanufactured L?‘-”Itlf!:"-. and ESN

ropellers installed as part of a factory- . . .
E}”ﬁplm it Tundem-rntnr Jnvmr 4 E Readied for Production

This past vear, only 30% of the pur-
chasers of S-2 aircraft supplied their
T L]]gll“_"r

W N

i --‘Ir ]

Four-place, tandem-rotor Jovair 4 E Sedan helicopter has received Federal Aviation Agency
certification und preparations for production are under way. Helicopter is powered by a

Snow sells about 35% of its produc: 210-hp. Franklin 6A-335 engine which turns two 23-ft.dia., three-bladed rotors. Fuselage
tion for export, almost all to South and is 18 ft. long, 4 ft. 3 in. wide and 5 ft. 4 in. high. Rotors are set more than 8 ft. above the
Central America.  Leland Snow. de-  ground. Gross weight is 2,300 1b, and empty weight is 1,463 Ib. Cruising speed 15 90 mph.
signer of the aircraft and president of  and endurance is 2 hr. Service ceiling is 8.000 ft.

PECIALIST

PROJECT: F-111 and other Aerospace Programs

| [ |

i IN HIGH SPEED TESTING ¢ MAJOR ASSIGNMENTS open in FLIGHT SCIENCES:

: S-N can recommend a high speed increaser 2

— unit from present line for high speed L~

= testing from 2-2,000 HP for = ADVANCED BOUNDARY LAYER RESEARCH

E E0-80,000 RPM, 5-N will é Advanced degree plus three years experience preferred.
= also design and build to your = For theoretical and experimental studies of hypersonic
f— specification. Information on o boundary layers to establish methods for predicting viscous
=_-. EP.E‘EI'TI'E units and _= fluid characternstics.

— applications available, F——

e : - INTERNAL AERODYNAMICS

—N ———— Advanced degree plus at least three years experience pre

{‘\

ferred. For supersonic inlet design, development and test.

AIR BREATHING ENGINE PERFORMANCE
Advanced degree plus at least five years experience in air
breathing engines preferred.

| THEORETICAL AERODYNAMICIST

MS or PhD plus five to ten years experience required, Will
- direct group conducting aerodynamics research studies
and experimental programs.

The deHavilland CARIBOU chosen by
the Australian Government because of
its proven service for military close
support.

First in its specialized field . . . the
CARIBOU will airlift 4 tons of equip-
ment from small jungle landing strips,
drop palletized loads of jeeps and mech-
anized equipment — accommodate 32
combat troops — airdrop 24 fully equipped
paratroopers. Large rear loading doors

General Dynamics/Fort Worth has immediate requirements in
the areas described above. For a confidential review of your
qualifications, please submit resumes or letters of inquiry to

SPEED

A ‘ ;
L:‘ ‘ INCREASER

GD/FW

ensure fast loading and unloading. coseactl ). B. Ellis, Industrial Relations Administrator-Engineering,
The CARIBOU with its ferry range UNITS /'"“‘”"“ General Dynamics/ Fort Worth, P. O, Box 748, Fort Worth, Texas.

of 2500 miles is capable of world wide An equal opportunity employer.

CARIBOU cifdepioyment. SNOW-NABSTEDT GEAR CORP.

101 WELTON ST., HAMDEN, CONN. GENERAL DYNAMICS 1 FORT WORTH GIIII'IIID
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the company, Hew there as an agn-
cultural pilot for several vears.

snow 1s certthcating the 5-2C under
CAR Part 3 so that it may be sold in
the British Commonwealth nations.
Like most other agncultural aireraft it
is currently certificated under Part 8.

The company also is working on an
ophional cockpit canopy, similar to one
recently introduced by Grumman Aur
craft Engineering Corp. for the Ag-Cat.

Current production rate at Snow is
about one aircraft per week, mostl
equipped with the 600-hp. R-1340 en-
gine.

Snow sees the agricultural market
calling for larger and larger pavloads on

its aircraft for several reasons and has
designed into the S5-2C one of the
larger hoppers on the market, with a
300-gal. capacity.

By contrast, the Grumman Ag-Cat
has a 220-gal. hopper and the Piper
Pawnee has a 150-gal. hopper.

Reasons for the need Ilm increased
pavloads, as Snow sees them, are an n-
creased tolerance of insects to pesty
cides, which requires a heavier apphea
tion to make sure a fatal dosage is given
and a trend toward larger areas to be
covered. This latter is the result of
owners of adjacent farms getting to
gether and having the operator work all
ficlds as one.

ENGINEERS

Career Opportunities in
Applied Aerodynamic Research

The Research Laboratories of United Aircraft Corporation,
engaged in basic and applied research, has a continuing need
for engineering personnel interested in experimental programs
related to helicopters, aircraft missiles, and their respechtive
prapulsion systems and components. f

Immediate openings exist for Aeronautical Engineers and
Mechanical Engineers with a desire to apply both experimental
and analytical techniques to the solution of problems associated
with the optimization of propulsion system components such as;

« THRUST AUGMENTATION DEVICES
« AIRBREATHING AND ROCKET EXHAUST NOZZLE SYSTEMS

« SUPERSONIC COMPRESSORS

A wide variety of aerodynamic test facilities and 5uppurtin_g
equipment capable of simulating flight regimes from subsonic
through Mach 20 are available for aesrodynamic research and

development studies.

We believe these career positions will be of special interest to the
engineer who desires a professional atmosphere ﬂf_grqwth and
accomplishment. Among the many company benefits is a fully

reimbursed graduate study program.

You are invited to write to Mr. E. F. Ciriack, Researcfy
Laboratories, United Aircraft Corporation, East Harlforg g,
Connecticut — an egual apportunily employer,
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Snow, along with several other manu-
facturers, cited increased customer de-
sitc for newer aircraft to work their
fields. Farmers apparently have deter-
mined which tvpes of aircraft do a good
'ob and which don't and are demanding
the better aircraft, Snow believes.

Operators also are becoming more
and more conscious of their reputation
as the percentage of “gypsy” operators.
who never worked the same area twice,
declines. Operators are counting on
renewed contracts to mamntain  their
business and ability to maintain a sched-
ule 15 a valuable asset to their reputa-
tion,

Schedule maintenance is becoming
more important because some chemi-
cals have to be applied at specific times
and hours for maximum effect. Newer
aircraft, being less subject to failures
and having a more readily available sup-
ply of spare parts, are able to keep
schedules better,

Trial Distributorship

Snow’s business has been entirely in
factorv sales and largely by word-of-
mouth advertising, but the company
now has a modest advertising program
under wav and 15 exploring the possi-
bility of a distributor network., A tnal
distributorship is being established to
evaluate this method of selling aircraft.

Intermountain  Manufacturing Co.
(INCQO), which purchased the assets of
the bankrupt Callair, Inc, at Afton,
Wrva,, in February, 1962, currently is
the smallest of the companies with a
specialized agricultural aircraft in serial
production, but plans to expand produc-
tion more than 1009 by 1965.

IMCO redesigned the Callair series
of aircraft into a smgle model, the
Callair A9, powered by a 235-hp. Ly-
coming (3-540-B2B5 engine.

Currently certificated under CAR
Part § and in the process of being cer-
tificated under Part 3 for export sales, it
has a 224 cu, ft., 170-gal. hopper in
front of the pilot. Farher aireraft had
the hopper beside the pilot.

Deliver 32 Aircraft

The current A9 sells for 510,450,
the lowest price on the U. §. market
for a new agricultural aircraft, The
1964, which the company hopes will
be certificated under Part 3, will sell for
§10,950, This aircraft will have an op-
tional 284-cu.-ft., 215-gal hopper.

IMCO rolled ount its first production
A-9 last January and since then has de-
livered 32 aircraft, with 10 on order for
delivery this vear and 12 on order for
delivery by the summer of 1964,

Production rate originallv was one
aircraft every two weeks but this was
increased in March to one aircraft per
week and will be increased again in
1964. The companv plans to produce
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U. S. Business & Utility Plane Shipments

August, 1963
Make & Model Mo, of Units Mat Billings
Aero Commandor 500A. ... ... 3
GEOF S S S el g e 1 £1.152. 000
GEBOFP. ... . : 2
Grand Commander. . 3
Besch Super 18 . .. .. 2
23 Muskoleer. . 17
33 Debonair . : B
35 Bopanan, . ... ........ LR £2.379.000
25 Barom, ...... B
B0 Quesn Alr 7
a5 Travel Alr.. . .. 3 .
Cessna 150, . N 38
172, Skyhawk ES
M2 ... R S R e 4
R i s e L i e B
[ R S | 5B 53,623,000
1BS Bhywagon. - . .......coccncunsansrs . 2
205 o P b e R e o - i, T g 16
210. | 3
g;ﬂ.s ik e 5
kyknight. .... . .
338 Skymasier : 15
Champion TFC Tri-Traveler 1
TGCEB Challences 1 105,000
402 Lancer ;| |
T B o o 3 $53,000
o e e —— = - .: =
Mooney Mark 20C Mark 21) 30 571 000
Mark 200D Nneler 10
i | o =
Piper PA-TB-150 Super Cub_ . .. | 16
PA-22-108 Colt, . | o4
PA-23-235 Apnche. . ., . . | 7
PA-23-260 Axtec. ... . _...... S 17
PA-24-180 Comanehe. .. .. .. 0ooviinanrrnnns : ' 1 $3,653,000
PA-24-250 Comanche. ... .. ....cccoivinsiein, i 1 |
PA-ZE-235 PRWIBB, . ..o svsmmsnnnssssnnns | 1B
PA-2B-160 Cheroked. . . ..... 0000 enrrnr oo ;|
PA-28-180 Cherokes. . . ... ... . . 51
PA-28-235 Chorokes. . ... ........ 5
PA-20=180 Twin-Comanche. ............. _ 45
Totals...,.... | 553 | $11,513,000

Note: This brings shipments through August to total of 4,907 aircrafl having a net billing value of 396,029,000, Units
shipped through August. 1963 were up 11°7 over the period last year and factory billings up 157,

a minimum of 70 A-9s in 1964 and pos-
sibly 100, depending on export sales.

Projected production for 1965 is a
minimum of two aircraft per week, or
100 for the year.

Sales so far have been directed from
the factorv, which E. H. Anderson,
IMCO general manager considers a
major competitive factor in the com-
pany's favor,

Major Competitor

“Our major competitor is the Piper
Pawnee and if an operator 15 going to
make a decision between us on the
basis of price, that $1,000 or $1,500 in
sales commission we don’t have to pay
can make a big difference,” Anderson
said.

The Snow 5-2C and the Grumman
Ag-Cat do not rate highly as competi-
tors, according to Anderson, because
of their relatively high price. He feels
that if an operator wants a larger air-
craft and can afford it, he will go to
the Snow or the Grumman, leaving
Piper and IMCO to compete in the
low-price market.

Only three aircraft were sold for ex-
port this year and IMCO is consider-
ing the establishment of distributors in

overseas areas to make a major push in

the foreign market. First of these dis-

tributors is being set up in Central
America, where all three export aircraft
went this vear.

Foreign sales are being counted on
to help keep production up during the
latter half of the vear. So far, domestic
orders have allowed production at the
maximum possible production rate for
the first six months of the vear, but sea-
sonal demand has slacked off during the
last half vear.

The IMCO factory now employs
about 32 persons and plans to expand
this number to approximately 50 em-
ploves in 1964, -

Dispersal Gear

Dispersal gear for the A-9 is manufac-
tured by Transland Aircraft Div. of
Hi-Shear Corp,, Torrance, Calif. Op-
tional equipment on the A-9 aircraft 1s
Transland’s Swathmaster solids appli-
cator,

IMCO is owned by two Afton busi-
nessmen, Doyle Child and Ted Frome.

I"letcher Aviation Co., a division of
A. |. Industries, Inc., of El Monte,
Calif., currently is certificating its
['U-24 utility /agriculture aircraft for op-

AVIATION WEEK & SPACE TECHNOLOGY, November 18, 19543

SENIOR PRELIMINARY
DESIGN ANALYST
FOR SPACE GUIDANCE
& CONTROL

Senior Management position in-
volves supervision of a staff group of
about 10 engineers in a preliminary
design organization.

Challenging assignment is to con-
duct preliminary design investiga-
tions in the fields of space guidance
and control,

The man we need will probably
have an advanced degree from an
accredited university, U.S. Citizen-
ship and at least 12 years' profes-
sional experience including Systems
Engineering, Space Navigation,
Guidance, Control Systems, Orbital
Dynamics, Radar Systems, Inertial
Components, Computers.

He must have a personality which
enables him to work easily and well
with a variety of people—plus intel-
lectual speed which permits him to
react gquickly to any situation. He
must be inventive and imaginative,
will probably hold several patents
and will have had papers published
in protessional journals, His present
position might be that of-a prelimi-
nary design section head or staff
head in an equipment design group.

For immediale consideration,
please airmail your resume fo:

MR. ROBERT A. MARTIN
Head of Employment
Hughes Aerospace Divisions
11940 W. Jefferson Blvd.
Culver City 36, California

Créaling & new world with eleclronics
r'--rl-r Lk a b o ol b o o o b 4 - 0 & o b Jd N a_a J o 1 1 I
i

i HUGHES

HUGHES AIRCRAFT COMPFANY
AEROSPACE DIVISIONS

An equal oppertunity employer.
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scientists, engineers, mathematicians...

transfer with minimum energy

Use of the Hohmann formulae to transfer bodies from orbit to orbit makes it
possible to place satellites in synchronous orbits on equatorial planes. AC-
Milwaukee is seeking scientists, engineers and mathematicians to help develop
the guidance systems and hardware that will achieve synchronous orbits.

AC's highly skilled scientific team has played an important role in advancing
the state of the art in inertial guidance theory, development and production,
singular successes have been achieved by AC in the development of the Apollo

Milwaukee (Systems Design, Development,
Manufacturing)

SYSTEMS ANALYTICAL ENGINEERS — Perform
analytical studies of inertial guidance systems, includ-
Ing analysis of syslem performance requirements,
writing systém model and error allocation specihca-
tions, conducting system simulations an digital and/or
analog computers, conducting trajectory studies, and
prepann§ guidance equations. BS, MS or PhD in EE,
math and physics plus 2-5 years experience depend-
Ing upon education.

SYSTEMS MECHANIZATION ENGINEERS—To de-
sign and mechanize inertial guidance systems or
subsystems. BS, M3 or PhD in EE, math or physics
with minimum of 2 years aircraft or fire control expe-
rience employing closed loop systems, switching circuits
and digital technigques.

CIRCUIT DESIGN & ANALYSIS ENGINEERS—To
design and/or analyze servo amplifiers, DC operation
amphhers, power converters, feedback amplifiers and
pulse circuits. Will work in the area of inertial measure-
ment unit electronics. BSEE plus 3-5 years experience
in ahove field required.

DIGITAL COMPUTER ENGINEERS—Logic design,
gvaluation of logic techniques, evaluation of memory
storage, development of programming format and
define computer subsystem functional block diagrams
and input-output devices. BS or M5 in EE or math
and physics and 3-7 years experience in logic circuil
design of digital computers,

GYRDO ENGINEERS—Thermal and stress analysis of
gyro instruments. Analylical ability and 2-5 years gyro
design experience necessary. BS or M3 in ME or EE

RADAR SPECIALISTS—Circuit design and analysis
of airborne radar systems. Prepare functional block
diagrams and define subsysitems, analyze and test
error budgets, perform anafog and digital computer
simolations including interfacing of associated sub-
eystems and aircrafl performance characteristics, BS
or MSEE and 5-10 years radar-radio systems experience.

SCIENTIFIC PROGRAMMERS—Concerned with sim-
ulation of guidance and control systems, electronic
system design and logic designs. Will perform satellite
and trajectory studies, numerical and sfalishcal
analysis and systems calibralion. BS or M3 in engineer-
ing, physics or math with 1-3 years experience.
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SYSTEMS ENGINEERS—To assist in interface of
Apollo airborne and ground support equipment,
including the development of test circuits to ensure
praper GSE checkout before interface. BSEE, plus 2-3
years related experience required.

MECHANICAL DESIGN & DEVELOPMENT ENGI-
NEERS—To assist in the design and development of
Apollo ground handling equipment, Titan GSE consoles,
drawers and other hardware, BS or MSME and 2-3
years related experience requirad,

EQUIPMENT DESIGN ENGINEERS—Design and
development of transistorized electronic airborne and
GSE equipment on Titan and Apollo projects. BSEE or
ME with 2-5 years design experience.

DEVELOPMENT ENGINEERS—FPerform engineering
development, product support and coordinate design
changes. BSEE or ME reguired.

Boston Advanced Concepts Laboratory
(Research & Development)

INERTIAL & SPACE SYSTEMS ENGINEERS—To
engage in the analysis, synthesis and mechanization
and/or evaluation of advanced inertial navigation
systems. Will perform optimization studies, error
analyses and syslems configuration studies in the
field of space navigalion, avionics, and attitude control
systems. Advanced degree or BS with analylical sys-
tems background required. Two or more years expe-
rience in inertial systems preferred.

DIGITAL SYSTEMS ENGINEER—To engage in the
adaptation of digital technigues to inertial navigahon
and avionics systems, BSEE and 3-5 years expernience
in the design of digital control syslems required.

MECHANICAL ENGINEER—Design of miniature in-
ertial platforms and gimbal systems. BS and 3-5 years
in above field and inertial instrument application.

SR. MECHANICAL ENGINEER—Responsible for the
development of inertial instruments through the usa

of analysis and experimental verification. BSME plus
3-5 years experience in the design and development

af precision electromechan:cal devices.

ELECTRONIC ENGINEER—To design transistor
feedback and servo amplifiers, and low level switching
circuits. BS or M8 and 3 or more years expenence in
the above field desirable.

Command Module guidance-navigation system, the Titan 111 inertial guidance
system and the Titan Il inertial guidance system, plus other guidance and
navigation systems and components for space vehicles, missiles and aircraft.

Specific openings for all AC locations—AC-Milwaukee, AC-Los Angeles and
AC-Boston—are listed below. For more information, send your résumé to
G. L. Raasch, Director of Scientific and Professional Employment, Dept. 57533,
AC Spark Plug Division, Milwaukee 1, Wisconsin,

SR. METALLURGIST—To work in an expanding
group conducting development programs and evalua-
tion of both metallic and non-metallic materials as
applied lo inertial sensing devices. BS or M3 with 3-5
years experience in mefallurgical or related area.

ELECTRONIC ENGINEER—To design and develap
semiconductor pulse circuits, logic circuils, digital
analog circuils and precision BC amplifiers, BS or M3
plus 3-5 years experience in above field. Experience
1 tI!:IE area of precision electrical measurément de-
sirabla,

MATHEMATICAL ANALYSTS—To perform analysis
as required in the development of inertial components
and systems. BS or M3 in applied mathematics plus
1-3 years experience in the development of inertial
components and systems, BS or M3 in applied mathe-
matics plus 1-3 years experience in the field of
mathematical analysis.

PHYSICISTS & ENGINEERS—Excellent positions
are available for Semor Physicists and Engineers

preferably having advanced degrees and experience
in the theoretical and experimental development of
precision devices, The particular area of investigation
relates the application of mechanics, electricily,
nucieonics and physical phenomena to inertial mea-
surement components such as gyros and accelerometers

Los Angeles Advanced Concepts Laboratory
{Research & Development)

SENIOR SCIENTIFIC PROGRAMMERS—To assist
in trajectory analysis and guidance simulation prab-
lems. Strong mathematical background and experience
an 70690 desired.

SENIOR MECHANICAL ENGINEER—Design of in-
ertial guidance system hardware. BS or M3SME with
gxtensive background in thermodynamics and &
minimum of 5 years rejated experience required.

AC SPARK PLUG

Thea Elgctronica Divisien
of General Molars

An Equal Oppartunily Emaayer

How high is |
your goal? |

Ours are out of sight—in
the labyrinth of space.
But your opportunities
are a tangible reality, here
and now at North Ameri-
can’s Space and Informa-
tion Systems Division.

Gas Dynamics
Positions available for gas dy-
namicists with the background
to conduct theoretical analyses

and tests in the fields of three-
dimensional aerodynamics,
lunar and turbulent boundary
layer theory, hypersonic flow,
and nozzle chemical kinetics.

Dynamics Analysis

Conduct dynamic analysis for
determining dynamic loads, test
support wing cable and elastic
effects. Conduct studies of air-
plane response and dynamics,
Analvze flight control require-

- ments, investigate landing run-

out dynamics. Support wind tun-
nel test programs to evaluate
acrodynamic stability derivatives.

Performance Analysis

. Conduct trajectory and staging

optimization analysis for num-
erous confipuration and space
missions, including orbital, orbit
rendezvous, direct escape, and
escape missions via a parking
orbit. Conduect analysis on space
trajectories, such as lunar and
orbital transfer missions to
establish booster launch and

; end-boost requirements. Other

areas currently staffing include:

R Acrodynamic Heating

Stage Separation - Flight Control
Aerothermodynamics

Interested? Please Contact:
MR. A. L. MAKELA
ENGINEERING AND

SCIENTIFIC EMPLOYMENT

12214 LAKEWOOD BLVD.
DOWNEY, CALIFORNIA
All qualifiad applicants will roceive
conglderation for employment without

regard lo race, creed, color, or national
Qrigin,

SPACE AND INFORMATION
SYSTEMS DIVISION _A

NORTH AMERICAN AVIATION /ARSA

eration with a 310-hp. Continental
GIO-470-A engine.

The aircraft, in production since
1952, currently is powered by a 260-hp.
Continental [0Q-470-D engine.

All 100 FU-24s currently in service
are operating in New Zealand and Aus-
tralia, but the manufacturer says it in-
tends to press for sales in other parts
of the world, except the U. §.

High price—5%24,000 in flyaway con-
dition and $19,500 in kit form—is the
reason for no domestic activity.

The aircraft was designed by Fletcher
to the specifications of several New
Zealand operators, The company has
been shipping about 15 aircraft per
year to that country and Australia and
currently has 10 on order.

The FU-24 also can carry five persons
Or cargo.

Building New Factory

Scheduled for certification under
Part 8 next vear is an agricultural air-
craft designed by the Gail Aircratt
Engineering Co. of Sacramento. Air
craft currently flving has folding wings
to conserve hangar space, a 24-cu.-ft.
hopper and is powered by a 190-hp.
Lvcoming O-435.

The company, says the price will be
approximately 510,000. The company
15 building a new factory at Sutter,
Calif.

Though neither company makes an
aircraft only for agricultural use, both
Cessna and Champion Aircraft Corp,,
of Osceola, Wis., estimate that a sub-
stantial number of their high-wing util-
ity aireraft perform agricultural work.

Nelther company can give exact fig-
ures on how many of their aircraft are
used for agricultural work, since most
of these aircraft are also used for a va-
ricty of other jobs.

Cessna, for example, says there are
approximately 2,330 Cessnas of all
tvpes owned by persons engaged in
farming, commercial forestry and com-
mercial fishing, vet only 46 of these
are used in full-time aerial application
work.

Two Champion Versions

Champion puts somewhat more em-
phasis on the agricultural market and
has two versions of its current produc-
tion line—Series 7 aircraft—for applica-
tion work. Agricultural model has in-
tegral hopper tanks, a beefed-up air-
frame and a 150-hp. Lveoming O-320
engine.

Other aircraft in the line, like Cess-
na’s models, have removable tanks and
spray booms. Four Cessna models—the
160, 185, 172 and Skyhawk—are certifi-
cated for Sorenson spray equipment.

Champion estimates that about 600
of its aircraft are active in agricultural
work, including about 260 of the agri-
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CONTROL SYSTEMS
ANALYSTS FOR
DEEP SPACE
SYSTEMS STUDIES

Important opportunities now exist
at Hughes for specialists in many di-
verse areas ranging from complex
precision systems of established
types to studies on systems which
will be based on entirely new con-
cepis.

Work will cover preliminary design
studies, analysis of systerns require-
ments, performance trade off deci-
sions and configuration planning.

Activities will include servo anal-
yses, computer simulations, error
analyses, parametric studies and
similar functions,

Three to fifteen years' experience
in the same or allied field is desir-
able, Advanced degree from an ac-
credited university is preferred,

For immediale consideration,
please airmail your resume foz

MR. ROBERT A. MARTIN
Head of Employment

Hughes Aerospace Divisions
11940 W. Jefferson Blvd.

Culver City 37, California

Crealing a new world with eleclronics

B T T I ———

:’
. HUGHES

a
e s s - o R e

MUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS

An equal opporlunity employer,
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Engineers and Scientists

You can Invest Your Future In

the PLACE witn SPACHK for eve rything

Twelve months of the year there’s golf,
fishing, sailing, swimming, and, in
season, hunting and even skiing up In
the mountain area. Really — as far as
recreation is concerned — it's only 10
miles in one direction to “Big City”
life such as night clubs, football sta-
diums, theaters, and shopping — less
than 20 miles to fishing, boating, water
skiing, and sailing and within 100 miles,
mountain climbing, spelunking, surf,
swamp explorations and other recrea-
tional activities.

All in all — here — within 10 miles to
100 miles are 12 months out of the
year recreational facilities — the Place

with Space for Everything.

Dorl” forgel & unite

Openings in the fields of: Aircraft Structures
( Basic Loads, Strength Analysis, Fatigue Anal-
ysis, Ground Dynamics, Weights) ... Flutter

and WVibration . . . Sound and Vibration . ..
Aircraft Research Engineering. .. Flight Test
Engineering . . . Aerodynamics . . . Operations

Research ... Preliminary Design ... Reliability
and Systems...Thermodynamics...Propulsion
. .. Production Design Engineering

Send complete resumé, in confidence, to;
Thomas 1. Thrasher, Professional Employment
Manager, Lockheed-Georgia Company. 834
West Peachtree Street, Atlanta 8, Georgia,
Dept. §8-75.

Lockheed-Georgia Company

A Division of Lockheed Aircraft Corporation
An equal opportunity employer

Applied
Aerodynamics

Research at

NOL

The Naval Ordnance Labaratory,
White Oak — internationally-known
research organization that originates,
develops, and evaluates new ideas
in surtace, subsurface, air and space
weapons systems—has a number of
career opportunities for graduate
engineers with strong experience in:

1/THEORETICAL DYNAMICS, in-
cluding missile stability and control,
atmospheric trajectoryw prediction,
free flight analysis, artificial stabili-
zation, effects of linear and non-
linear aerodynamics loads, and the
dynamics of re-entry bodies.

2/THEORETICAL & EXPERIMENTAL
GAS DYNAMICS, involving mutual
interference of weapons clusters,
boundary layers and hypersonic
wake studies, blast wave effects on
missile stability, etc.

3/EXPERIMENTAL DETERMINATION
of static forces and moments, dy-
namic stability, pressure distribu-
tion, and heat transfer,

NOL—with a staff of 3,000 and an
annual in-house budget of some
$30 million—delves into almost
every aspect of weaponry, with spe-
cial emphasis on missile and under-
seas ordnance. Not only will you
have the unique advantage of work-
ing on a variety of major projects
with far-reaching implications, but
you will also appreciate some of the
finest aeroballistic facilities in the
world —including supersonic and
hypersonic wind tunnels, a 7090 and
two 1407 computers,

starting salaries range up to
$11,150 ($11,725 after January 1st),
plus all the benefits of Career Civil
Service. You'll like the Washington
area with its ever-growing research
complex, and the many NOL-spon-
sored advanced degree programs.

Send complete qualifications (pref-
erably on Standard Form 57 available
at any Post Office) to Mr. 5. M. Hast-
ings, Chief — Applied Aerodynamics
Division.

N 0 L Naval Ordnance
Laboratory
White Oak  Silver Spring, Maryland

An Equal Opportunity Employer

cultural model, which sells for $9,610.

Sprav equipment for standard air-
craft costs approximately $800.

Cessna has no fgures available on
the number of 1ts aircraft in agricultural
work overscas, other than to say the
number is believed to be considerable.
Champion estimates that about 60%
of its agricultural aircraft are in use

out of the country.

(This 15 the hrst of two articles on the
U'. 8. agricultural aircraft industry. The
second article, dealing with the impact of
robarv-wing aircraft on the industry, will ap-
pear in a subsequent  issue of AviaTiON
Werk & Serace TeEcHNOLOGY. )

New Light Aircraft
Aids Sold By Piper

New light aircraft navigation equip-
ment and autopilots for the general avi-
ation market have been developed by
Piper Aircraft Corp.

The company now is offering the
PRC-4 radio direction finder which has
automatic needle sensitivity, a low-fre-
quency homing device, and a voice filter
to eliminate VOR station codes during
weather broadcasts.

The unit has been designed to ht a
standard-size  ADF mstrument panel
catout.

Piper's PM-1 threelight marker
beacon weighs 29 oz., complete with re-
ceiver, antenna and a buwltan voltage
regulator. The system 15 mounted in a
streamline glass-hber unit that is at-
tached under the aircraft.

A new VOR/ILS localizer indicator,
designated the Piper OL-1, is a self-
contained, transistorized unit which
combines the converter and indicator
into a single package to fit a standard
mstrument cutout.

Piper will market the H-4 AltiMatic
autopilot for the Aztec B. The H-14
will use 3-in. gvros, which will also be
available on the earher Autocontrol 2
and AltiMatic 2 autopilots.

Omni Tone Filter

New tone filter mutes Omni station identi-
heation for clearer reception of voice trans-
missions or for long-term monitoring. The
flter, developed by National Aeronautical
Corp. (Narco), Ft. Washington, Pa., is avail-
able in two models: Model VP-12, for use
with Narco Mk 5 and Mk 12: and VP-13,
for use with Mk 10. Weight is less than 5
oz. It is 33 in. deep, has 13 in. dia.
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SIDE-LOOKING RADAR
SYSTEMS ANALYSTS

New programs at HUGHES are gen-
erating opportunities for Systems
Analysts experienced in high-resolu-
fion data gathering, data transfer
and data processing systems. Open-
ings exist for Systems Engineers,
Mathematicians and Physicists
qualified in synthetic array radars,
cptical, and other data collection
systems (IR, Electro-Optical, SIGINT
and others). Assignments include:

Senior Systems Scientist with 20
years' electronic systems experience
—at least 10 years relevant to side-
looking radar systems, Applicants
will be considered for important pro-
gram management responsibilities.
M. S, or Ph, D. degree required.

Senior Systems Analysts with 10
years electronic systems experience
—at least 5 years relevant to high-
resolution systems pre-design and
evaluation. Applicants will be con-
sidered for assignments in concept
formulation: single and multi-sensor
applications; data transmission, pro-
cessing and interpretation; systems
integration and performance eval-
uation, M. S, or Ph. D. required.

Systems Analysts with b years' ex-
perience in: detection of signals in
noise, optimum filter theory, non-
linear signal processing, information
theory, MTI and doppler systems
analysis, B, 5. or M. 5. required.

Pleaso airmail your resume o

MR. ROBERT A. MARTIN
Head of Employment

Hughes Aerospace Divisions
11940 W. Jefferson Blvd.
Culver City 65, California

Crealing a new workd with eleclronfcs
E ———————————————————————————————
]

. HUGHES

a
|

MUGHWES AIRCAAFT COMPANY
AEAOSPACE DIVISIONS

ST S, |

L. S. CITIZENSHIP REQUIRED
An egual opportunity emplayer,
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Engineers & Scientists

AUTOMATING THE GLOBAL
RANGE CONTROL NETWORK

A new dimension in fast-response control and global reporting of space vehicle
and missile performance is now being engineered by Pan Am's Guided Missiles
Range Division.

A centralized range instrumentation control system (RICS) will automate range
support on the Atlantic Missile Range and link with other national ranges on a
world-wide basis. Basic to this new system will be the Central Control Processor
at Cape Canaveral. This master computer will accept data from all land, air and
shipborne stations down-range — and eventually from communications satellites
(now in the planning stage). It will provide real-time separation and recording of
data, and process necessary information and commands.

In its full scope, RICS offers the master "'space traffic'' management capability
needed to maximize the success of range support for complex space missions
in the near future: orbital rendezvous and docking, lunar orbits, manned lunar
flights, and interplanetary probes. The system will give push-button control of
instrumentation, communications, assignment, status, data selection for real-
time biomedical evaluation and range safety and post-flight analysis, security
code changing, function transfer, and vehicle control to alter in-flight missions.

On this and other sophisticated space programs, assignments are immediately
available to electronic engineers and physicists with broad systems and planning
backgrounds in: pulse & CW radar/telemetry/optics/infrared/data handling/
communications/closed circuit TV/frequency analysis/command control/under-
water sound/timing/shipboard instrumentation/meteorology.

Address inquiries in confidence to
Mr. Raymond V. Godfrey, Manager—Range Development, Dept. 14L-3,

GUIDED MISSILES
RANGE DIVISION

F".P.H HMEHIEAN WORLD AIRWAYS, INC.
P. 0. BOX 4465, PATRICK AIR FORCE BASE, FLORIDA

An Equal Opportunity Employer

WHO'S WHERE

(Continued from page 23)

Honors and Elections

William T. Middleton has been elected
chairman of the Puoblic Affairs Committee
of the Air Transport Assn. of America, and
A. W, Henderson, vice chairman, Mr, Mid-
dleton 1s director-area civic affairs for Trans
World Aurlines; Mr., Henderson 15 director-
state and community affairs for Amencan
Airlines. Also: T. M. Miller, vice president
of traffic and sales for Delta Air Lines, has
been elected pn_w:h,ut of the Air Trathe
Conference of America, a division of ATA;
Graydon Hall, vice president-sales for South-
ern Airways, was elected hrst vice p:ruldul'f
of the conference, and Marvin Davis, vice
president-sales for Continental Air Lines,
second vice president.

Changes

Dr. William M. Helvey, technical diree-
tor of the newly formed Lockheed Missiles
& Space Co.'s Bioastronautics Organization,
Sunnyvale, Calif., and Dr. Jack A. Kraft,
assistant technical director.

Dr. George A. Albright, chief of space
environment and life sciences, Republic
Aviation Corp., Farmingdale, N.Y., suc-
ceeding Dr. William M. Helvey (see above).

Ralph R. Theile, regional manager of
project sales, the Flying Tiger Line, with
offices in Washington, D. C.

Dr. Stanley H. Autler, head of ery ophysics
research, W L'-.I.‘I:Ill'f]'ﬂ}tl'-.L’ Electric '["nfp s Re-
search Laboratories, Pittsburgh, Pa.

Thomas R. Joiner, manufacturing man-
ager, Relay Div. of Leach Corp., Los An-
u-.,lu. Calif.

Don E. Fry, director of materials, Avco
Corp.’s Lycoming Div,, Stratford, Conn.

Robert E. Baker, Eastern regional mana-
ger for Hycon Mig. Co., with offices in
Washington, D.C. Thomas D. Burson
siicceeds Mr, Baker as manager of contracts
administration for Hvecon, Monrovia, Calif.

Robert J. Greenway, director of program
operations, Motorola’s Chicago (I} Mil-
tarv Electronies Center.

Bruno J. Uberti, chief engineer, Piasecki
Aircraft Corp., Philadelphia, Pa.

Dean Shepherd, semior staff engineer, De-
fense Products Dept., Allis-Chalmers, West
Alhs, Wis,

Thavyer S. Cl‘l'l-.pm general manager, Doug-
las Aircraft Co.'s Aircomb Div., Cur]:-:]]],
Calif. ﬁun::-:r.:f:ding Rmn}‘ L. Hudson, re-
signed.

Warren J. Nichols, manager, Materiel
Div., Space-General Corp., El Monte, Calif,,
a subsidiary of Aerojet-General Corp.

Stanley Rosenberg, manager-marketing,
RCA's Ae rospace Systems Div,, Burlington,
Mass,

Wesley A. Kuhrt, associate director of
rescarch, United Aircraft Research Labora-
tories, East Hartford, Conn.

Bernie E. Zettl, director-program plan-
ning, Dynalectron Corp.,, Washington,

D.C.
Gerald 'W. Heidisch, gf_'lll:taﬂ auditor,
Electronic Communications, Inc., St. Peters-

burg, Fla.

James H. Smith, product manager-ad-
vanced developments, Dalmo Victor Co., a
division of Testron, Inc., Belmont, Calif.
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LUNAR I.ANDING

AND RENDEZVOUS
“THE GREATEST

TECHNICAL GHAI.LENGE
0F OUR TIMES

The LEM (Lunar Excursion Module) lands on the Moon's surface .

; “'- ‘!‘;“_-

. the astronauts debark and set about their

appointed mission, leaving the LEM behind as a communications center and an oxygen supply source. Carrying a
four-hour oxygen supply source in his pack, one astronaut commences a walking reconnaissance of the "LURAIN",
The roving astronaut will also carry a television camera so that real-time pictures of the Earth and "LURAIN" con-
ditions may be relayed to commercial TV networks here at home.

Twenty-four hours is the expected stay on the Moon, and then the LEM is readied for the ascent and rendez-

vous with the command module in lunar orbit above.

The selection of Grumman to design, develop and fabricate the NASA LEM, which will be used to achieve the
Apollo program’'s goal, opens a new chapter in the conquest of space.

Here then, is the opportunity for the engineer-scientist who would advance in his profession, in an endeavor
that has been characterized as the greatest technical challenge of our times. If you are qualified, why not con-

tribute? Specific opportunities include:

Programmer—1 to 3 years experience in scientific programming on
Eeneral purpose equipment including at least one year on the |IBM
/090-7094 type equipment. Knowledge of FORTRAN with a desira-
bility for famuliarity with FAP. BS degree in Science, Mathematics,
or Physics as a8 minimum desirability for engineering orientation.

Space Systems Engineers—B3S or advanced degree with experience
in the analysis of integration of overall systems for orbital and lunar
exploration, reconnalssance or surveéillance and space weoapons
applications. Applicants should possess working knowledge of the
various componeants or subsystemns of space systems such as com-
munication, stabilization, guidance, digital and analog control, and
environmental control systems, and have a good background in
space mechanics. Positions encompass canceplual work in defining
systems to match requirements, analysis and synthesis of these
gystemns, simulation and final verification.

Communication System Engineers—=BSEE or Advanced Degree plus
a minimum of 4 years experience in the analysis, design, develop-
ment and testing of advanced communications systems. Applicant
should be knowledgeable in all RF modulation techniques and pres-
ant state of the art encoding techniques, Work consists of analysis,
design and synthesis of current and advanced communication sys-
tem designs for aircraft and space applications.

To arrange an immediate interview,
SEND RESUME to

Mr. P. W. Van Putten, i
Manager Engineering Employment,
Dept. GR-25 i

Electronic Support Equipment Engineers—Electronic engineers ex-
perienced with digital computers, radar and communications who
welcome an opportunity to utilize their present skills while they
extend their technical background to new areas. These engineers
will analyze complex aerospace vehicle systems to establish test
logic and fechniques involved in a comprehensive automatic test
program utilizing ground support equipment. BSEE with a minimum
of 3 years experience required.

Reliabllity Engineers—B5S in EE, ME, AE and experience on aero-
space systems, to engage in system and sub-system reliability con-
trol activities including one or more of the following: apportionment,

prediction, configuration (trade-off) studies, failure mode and fail-
ure effect analyses, electronic circuilt zlnaur 25, maintainability
analyses, environmental analyses, implementation of reliability
programs, design reviews, trouble data collection and analyses
and vendor control. Special experience areas include: Propulsion,
Environmental Control, Stabilization, Guidance & Control.

Temperature Control Engineers—BS or MS and 2 years experience
to handle space vehicle temperature control system analysis.
Should have background in radiative heat exchange and thermal
coatings as applied to passive and active temperature control
systems.

GRUMMAN

AIRCRAFT ENGINEERING CORPORATION

Bethpage-Long Island New York
An Equal Opportunity Employer
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Narmco needs
Engineers

to help unlock secrets of this
world . . . and out of this world!

To the recent engineering graduate
seeking more challenge in a
stimulating environment, Narmco
Research & Development offers
unique opportunity. Programs
range from the basic synthesis of
exotic materials to the design, fabri-
cation and pre-production testing of
advanced end produects. San Diego
offers superb climate, excellent rec-
reational and educational facilities.

CURRENT OPENINGS

Research Engineers: Trained in
material evaluation and design
analysis. Work encompasses analyt-
ical and design analysis involving
strength and dvnamies.

Research Engineers: Capable of de-
sign and structural analysis. Expe-
rience with reinforced plasties is
desirable. Will work on programs
involving filament-wound compos-
ites, sandwich structures and brittle
edge attachments. Background in
airframe design and analysis would
be of interest,

Research Engineers: Capable of de-
sign and structural analysis. Should
be familiar with ervogenic materials
and applications. Experience in
thermodvnamics and fluid flow desir-
able. Will work on eryogenic lami-
nate and gasket programs,

These positions require degree in
ME, AE, CE or ChE. Send resume to:

y’&{‘»_j MRMC'O

L
.

L

A DIYISION OF TELECOMPUTING CORPORATION

= 5 4 0 A ER O COURT
SAN DIEGO 23, CALIFORNIA
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' Note to
Simulation
opecialists:

If you feel your career requirement
at this time is a more challenging
assignment, Boeing's Airplane
Division can offer you exactly that,
plus opportunities to grow in
professional stature in extremely
advanced applications of commercial
and military flight simulation.
Openings are available to qualified
enginears with experience in the

following areas:

COMPUTER AND SIMULATION SYSTEMS

Assignments involve analeg-digital
interface problems, conversion
egquipment specification, and system
organizsation block diagrams for
solution of sophisticated
optimization problems and man-in=-
the=-loop similations. Requirementa
are a BSEE with post-graduate

math studies or M.5. degree in
glectrical englneering, plus
minimum of four years of digital
computer experience,

SERVOMECHANISMS

Assignments include work on large
terrain displays for flight
slmulation. Requirements are a
BSME with electrical background

or BSEE with mechanical background,
Experience with electro=-hydraulic
servomechanisms very deslrabla,

ANALOG SYSTEMS

Openings are for circuit engineers
with experience and interest in
analog computer equipment design.

|

Requirements are a BSEE with a
minimum of two years experience in
one or more of the following:
amplifiers, instrument servos,
power supplies, pulse technuiques.

At Boeing, world leader in the
field of advanced multi-engine jet
aireraft, vou'll be backed by fa-
cilities unegualled in the industry.
Another advantage: Boeing actively
encourages graduate study programs
leading to advanced degrees.

Write today to Mr. Ivan G. Fhillips,
Airplane Division, The Boeing
Company, P. 0. Box 707 - AAR,
Renton, Washington 98055.

ihne Boelng Company is an egual
opportunity employer.

BOEING

Airplane Division

e |

Announces Openings for
Research Professionals

CIRCUIT DESIGN
ENGINEERS

To develop satellite pockages ond
ground based support equipment for
spoce research. Requires BSEE plus 10
yrs. rf circuit design experience includ-
ing 3 yrs. miniaturized solid stote ex-
perience,

Work will involve the design of satellite
and deep spoce probe instrumentation.
The phenomena under study relates to
our fundamental research program in
radie physics, rodio propagotion and
rodar astronomy.,

SRl is an independent research organi-
zotion locoted near Stanford University
on the Son Francisco Peninsula. Enjoy
an industrial level solary ond benefits
in @ research oriented atmosphere. You
are invited to send a resume or contoct
K. R, Ditmore, for further information.

STANFORD
RESEARCH
INSTITUTE

Menlo Park, California

— an equal opportunity umpinrur -

The

Von Karman
Center

l.l'r-

AEROJET

located in Azusa
( 25 miles east of Los Angeles)

Flu= nn immmedinte noad for o

STRESS ANALYST

Applications are invited from experi-
enced engineers with a keen desire 1o
work in the following branches in
Applied Mechanics:

® Theory af Thin Shells and Plates

e Theory of Elasticity

o Thermo-elasticity

® Dynamics

® Theary of flow and Fracture i
Solids

While an advanced degree is desirable,

it will not serve as a sole Criteria In
the selection of candidates. Keenness
of mind and an imaginative approach
to problems in Applied Mechanics and
translation of these into mathematcal
form are essential requirements,

Ta g,-y;pud;itt your F‘!l::r'-.tll:'!.t] IAterview,
send resume Lo

R. §. LAWRENCE
P. O. Box 303 SE

AEROJET-GENERAL CORP.

Azusa California

i subsidinry of the General
T'ire & Rublber Co.

nn egunl opportunity 1'I11||.|i-ll:'-'1'l

AVIATION WEEK & SPACE TECHNOLOGY, November 18, 1963

Engineering Spectaculars — Fact, not Fiction at Bell Aerosystems...

In the technical community, what sort of programs warrant the designation “spectacular’”? Here are five that do,
and they’re typical of the many unusual engineering challenges at Bell Aerosystems. O O O the free-flight personal
Rocket Belt, making man's agelong dream of controlled individual flight a reality. Already successfully flight tested
for the military, the Rocket Belt is being considered for a variety of new applications. 0 0O O the Hydroskimmer,
SKMR-1, largest GEM ever built in the U.S,, is opening up a new mode of transportation. Designed and built for
BuShips, this vehicle skims 1 feet above water at speeds of more than 70 knots, as well as over land, marsh, and
other types of terrain. Navy Phase III operational test program is being conducted on Lake Erie. U U U LLRVY-Lunar
Landing Research Vehicles, which will permit astronauts in training to physically fly a simulated lunar flight. © O O
X-22A, Tri-Service VTOL Jet Transport, research aircraft in which the propulsion and control elements are utilized
during all phases of hovering, transition, and conventional flight. Two of the dual-tandem, ducted-propeller aircraft
are to be built to explore these concepts for flight characteristics and military potential. O O O Space Guidance &
Control Systems, for advanced Orbital & Re-entry vehicles with new requirements. These include all aspects of
manual and automatically controlled energy management. O O O If you are interested in applying your vision and
skill to outstanding innovations in engineering history, look into these opportunities with Bell Aerosystems:

SYSTEMS ENGINEERS For technical direction of systems
aspects of advanced R&D programs, including all aspects of
the dynamics, flisht control, and guidance of aerospace
vehicles, Prefer MS in Engineering and 7 to 10 vears appli-
cable experience. Salary to $18,800.

PROJECT ENGINEER—-GEM YEHICLES To assume tech-
nical direction of GEM R&D programs. Must be capable of
integrating analvtical data from all engineering and scien-
tific disciplines. BS AE degree and related project aircraft
experience required with GEM experience most desirable.
Salary to $15,400.

SPACE SYSTEMS DEVELOPMENT ENGINEERS To de-
termine requirements and advanced concepts for space
vehicles and space propulsion systems through company-
funded and contractual advanced design studies. Assign-
ments will include the coordination of activities in the
preparation of major proposals, being cognizant of technical
approach, scheduling and cost aspects. Successful proposals
offer the potential of appointment to technical direction or
project engineering responsibilities. BS in Engineering re-
quired with advanced degree preferred, and 8 to 15 years
experience in system engineering. Salary to $18,800.

J(

RAMIET AERODYNAMICIST Technical specialist to per-
form aero-thermodynamic analyses and plan and conduct
tests of ramjet engine systems. Should have experience in
complete engine test as well as component systems such as
controls. MS or equivalent in AE or ME plus 7 to 10 vears
applicable experience required. Salary to $15,400.

SENIOR STRUCTURES ENGINEER To direct the activi-
ties of a small group of structures engineers in design analy-
siz of complex structures, shells and pressure vessels. Work
will be oriented toward structural analysis of liquid propel-
lant rocket engines, turbine pumps, thrust chambers, valves
and components. Engineering degree with 5 to 10 years of
related experience required. Salary to $15,400.

PRELIMINARY DESIGN ENGINEER To conduct analyt-
ical and design studies in all areas of liquid propellant
rocket engines and injector systems. To be responsible for
conceptual design and supporting analysis for new rocket
propulsion systems. Requires an advanced engineering de-
gree plus 6 to 12 yvears related experience. Salary to $18,800,

Resumes are Invited from Engineers gualified for positions in one of the
areas listed above. Please address Mr. Thomas Fritschi, Dept. B-39.

BELL AEROSYSTEMS CO.

DIVISION OF BELL AEROSPACE CORPORATIOMN =A :trunl COMPANY

An Equal Opportunity Employer.
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TEGHNICAL
PERSONNEL

Currently expanding activities and newly created
positions present excellent opportunities for
senior technical parsonnal at all degree levels.

MARKETING ENGINEERS

BS or MS in a scientific discipline, 6-10 years'
experience in the asrospace field, with specific
responsibilities in space system marketing, pro-
posal engineering, systems engineering, sys-
tems planning, or a combination. Contacts in
professional societies, major government
agencies and aerospace contractors.

SYSTEMS ANALYSTS

MS or better preferred. Heavy experience in the
synthesis and evaluation of complex defense
and space systems, with background in areas
such as orbit mechanics, multibody problems,
mission analysis, and cost and performance
effectiveness. Positions also available for per-
sonnel with experience in strategy and gaming
for international military deployment.

All positions ara in Ann Arbor, Michigan, which
offers unusually fine cultural and recreational
opportunities for gracious family living.

Mew facilities adjacent to the University of
Michigan offer opportunity for daytime gradu-
ate study with financial assistance,

Respond with a complete resume, including
salary history, to:

Mervin |. Smith
Bendix Systems Division
Ann Arbor, Michigan

An equal oppartunily employér

Bendix Sysiems Division

Tmm;/

CORPORATION
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SEARCHLIGHT SECTION

(Classified Advertising)

BUSINESS OPPORTUNITIES

DISPLAYED RATE:
The advertising rote is $31.00 per inch for all
advertising oppearing on other thon o controct
baosis. Controet rates on reguest.

AM ADVERTISING INCH iy measured 75 inch verti-
eally an one column, 3 columns—30 inches—to @
page,

EQUIPMENT WANTED or FOR SALE ADVERTISE-
MENTS acceptable only in Disployed Style.

EQUIPMENT - USED or RESALE

UNDISPLAYED RATE:

32.70 a line, minimum 3 lines. To figure advance
payment count 5 averaoge words as a line.

PROPOSALS, 5270 a line an insertion.

BOX MNUMBERS count aos one line additienal in
undisplayed ods.

Send NEW Ads or Inquiries to Classified Adv. Div. of Avialion Week, P. O. Box 12, N. Y., N. Y. 10035

MARTIN 202 ......
DOUGLAS DC-4 .....

LOCKHEED 1049 H. ..

11319 Vanowen Strest

AIRCRAFT FOR LEASE

N Wk QP P %£1,000.00 per month

DOUGLAS DC-6B ...........
DOUGLASDC-T7 ............
LOCKHEED 749A ...........
LOCKHEED 1049 G. . ... SRR

ADNRESS BOX N, REPLIER T : lor Na.
Clanesified Adv, v, of dhis pblication,

) |‘JI'|I i'rp |_||':|:i'| Hl-'-'|.l'i'|l|! F|I|'r1|

NEW YORK.N. Y. itngati: P, 6}, Bor 12
CHICAGD, I, 6oGIT: 645 N. Michioan Avpe,

SAN FRANCISCD, Cal. pL1dI: 235 California 8¢,

POSITIONS VACANT

Heli:upter Pilots: If you are intere:.ted In
career emplovment, have minimum 400 hours
firat pilot helicopter time, weight lezs than
176 pounds, eontact: Petroleum Helicopters,
Lafavette. Louisinna,

Aecronautical and Avionic Consultants, Engi-
neers, Designers, Checkers, Draftsmen and
Detailers to work for leading firm of licensed
professional engineers, Write Lo United
Engineers, Ine, 150 Caouseway Streect, Boston
14, Mass,

POSITIONS WANTED

Corporation Pilot: Former Chief Pilot of
corporation aircrafl operations now on active
duty with USAF MaATS. Available Nov, 1,
16,000 hrs, ATR DC-4, DC-3, Lekd 18 A & E.
PW.-32886, Aviation Weeak/ST.

A.T.R. SMELA&S C-a46, DC-3. Experienced
forelgn and domestic. Age 30, college grad-
uate, 7000 plus hours. First Pilot present
corp,. five vears., Desire cehange for better
growth potential. PW-3266, Aviation Week /ST,

Somebody—

Somewbere,

needs your idle equipment

Reach that buyer quickly and

Ecnnﬂmicull}' thru the

“SEARCHLIGHT
SECTION”

The meeting place of Used
Equipment Buyers and Sellers

rates as low as

....... $4,000.00 per month
.%$6,000.00 per month

ce s e« 35,000.00 per month

,,,,, . .$4,000.00 per month

....... $5,500.00 per month

....... $7,000.00 per month
/or by the hour

INTERNATIONAL AERODYNE, INC.

North Hallyweod, Califernia
Telephone 877-7103

P. O. Box 3007

Cable: Interair

Mobile Office Trailers

Lease * Rent » Buy * Free estimates

W ToEE :-I"|l w MICHIOEN = EKLtYAS = GEDECAL = L& EFCEETA
MORILT STNTRLS R L AR LR

BEY MOMNTH OF YIAR l"'IE""".-"Il1-'-*'5"':I 10" & 38" 309500

AlE0 B =10 = T2 =« o < Jd° WD EORIEN WO «~ BERAOS I T = ‘.-_ru:;l

MOBILE FACILITY ENGINIERING
Telephone (&14&] 443-2119%
Box B85 — Cossopolis, Mich., 49031

Humidlty Cham-
bers; Vibration Units: Hyd. Test Stands; Hi-Pres.
sure Dennisan & Yickers Radial Piston Pumps:
Ovens; Flowmeters; Dynamometers: Balaneers:
Maotor Genarmtors: Reeliflars Tenslle & Compres-
sion Testers, ""Bought, Sold, Trade-ins"’.

A & J MACHY. CORP.

130-32 JACKSON 57., BROOKLYN 11, N. Y.
EV 8-3277

Environmeéntal Test Eguipment:

Designed h:rr P| lm
*GV-60: ‘Mﬂ?“- -

Piew you oun oen e same high qual-
Iy wabclamics curivnlly beisg Fasdies]
o 01, % Ay Peares ilots Besitral prey
'I'H'I-l[mﬂﬂ' lena) |.'||.I- 12 Eamid gold
Bllel lrame Deluse lemiber s B
clustesd at mu entrn et Mig by THE
ARERECAN FTREAL OO, Fer olrmadl
il D, Barrye—an CO 'y,

IPILOTS SUPPLY cuupmr

P 0. BOX 42 « CORAQPOLIS 43, PEHHETL'H‘FIHI-I

FOR SAIE
H-:!II 41‘53 Turbo iupnrcharged,, 3-1860 mnd=
elz to choosge from. Zero time airframe and
engine, Nite lights., VHF radio, lots of ex-
trax., Excellently maintained. %25, 4000.00.
Mercury Helicopter Serviee, Ine.. Torrance,
Californin. 213: DA 5-1252,

When Answering
BOX NUMBERS

to expedite the handling of your
| correspondence and avoid confu-
sion, please do not address a single

reply to more than one individual
box number. Be sure to address
separate replies for each adver-

tisement.
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LIFE IN
GEORGIA

Ceiling Is
Unlimited
For Garretts

By Doris Lockerman
Atlanta Constitution Columnist

When Lockheed flew Jeanne
Garrett and her two tall sons,
David and Dennis, over Metro-

politan Atlanta on a sky-high
survey of their prospective new
region, they could not believe
the lushness of the land beneath
them. The boys kept looking
down and exclaiming, "“Trees!
Look at those trees.” But the
thing that really shook them all
was something native Georgians
take for granted: the clear, sun-
ny, limitless ceiling.

“We hadn't seen such blue sky
for years.”

That was more than a year ago.
Since then all hori-
zons have opened
wide for the Garretts,
who have seen a
gorgeous, exuberant
spring, and an unbe-
lievable autumn and
find themselves try-
ing to live outside
every minute, They
have a handsome, |
spacious new music-
filled home in the _“

Amber Glades section it

of Sandy Springs, 10  packerman
miles from the Lock-

heed-{}enrgla plant where Mr. Gar-
rett is Assistant Project Engineer
for the C-141 jet transport.

“My life has changed cumpletely
I had pgotten in a rut in California.”
Mrs., Garrett is a lithe, dark-eyed
honey blonde, who looks more like
a sister to her sons than their mother.
It is incredible to envision her in any
rut, but she is certainly cutting new
swaths in Georgia. She golfs., She
bowls. She and her husband have
taken up bridge. She's been knitting
like crazy and a new, mad interest
In a tea-cu cﬂliectmn has sent her
exploring the antique shops In the
region. She has become a volunteer
worker in a local political party
headquarters.

The Garretts are a confirmed
Lockheed family. Doyle Garrett re-
cently won his 25-year pin. He met
Jeanne in the engineering depart-
ment at Lockheed, Burbank ("I
stayed two years, just long enough
to catch my husband”), and his
father and mother-in-law both work
for Lockheed in California. Together
they have about 63-years service,
which is something of a record in
an industry as young as the aircraft
business.

If yours is an engineering or scientific
{_:I'.r'rv'.n:m'J join the swing in Atlanta. Write
ockheed-Georgia Company, §34 West
Peachtree, Atlanta 8, Georgia, an equal
apportunity emplover.
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LETTERS

Management Maze

Recent articles have indicated increasing
DOD concern with contractors with regard
to actual job performance as opposed to the
magnificence to their management schemes,
i.e., Pert, Smart, ULP, ad nauscaum. It
would almost appear that the realization has
struck that in the limit, people or a single
person must tun a job. The concept that a
serics of arrows and ellipses could take the

lace of management ability, however, is
one that DOD itself has helped to foster.

With the successful application of Pert to
Polaris, a veritable plague of perting spread
throughout the industry. Projects ranging
in size from million dollar svstems to the
production of model airplanes were required
to be perted, ULPed or whatever.

Proposals are required to contain excru-
tiatingly detailed descriptions of how a job
would be managed. Once the job is awarded,
the charts are reduced to break down smaller
and smaller sub-tasks almost with the idea
that the total of ellipses and length of inter-
connecting lines is some measure of proper
management.,

[ have found that the best basis for suc-
cess lies in having:

(a) Good, dependable people working for
you, and

(b) Some measure of confidence that you
can truly manage the job.

[ have been extremely fortunate in ob-
taining (a) and in having the c¢go, and some
training, to permit a yes to (b).

Management by exception, awaiting for
troubles on the cntical path, implies no true
activity on the part of management beyond
that produced by a transient in the system.
It is based upon having the resonrces to
switch to the trouble area—it implies con-
scientions personnel at every level in the
project—it 15 a dream.

I have Pert charts for projects with 15
people. If competent, 1 know which tasks
are the longest and most troublesome, what
operations are the most critical. I am only
permitted enough people to do the basic
job, If trouble arises, the schedule slips be-
cause I have no resources to dip into. If
people are tuken off one phase of the job, it
becomes cnibical.

This technique will only work successfully
when dealing with huge efforts, large sums
of money and competent management in
the first place.

My only summary is sort of a sad fecling
that DOD 15 in the same state as evervone
else; wanting to do a better job, but not
quite knowing how—and a willingness to
substitute computerese and “advanced pro-
cedures” for sound engineering management.

Staxrtey Fiemston
Swampscott, Nass,

Comanche Critic

The Piper Corp. officials who describe
their perpetually forthcoming 400 horse-
power Comanche as a “four-place P-517
(AW Qct. 28, p. 99) are exhibiting maore
enthusiasm than the facts would appear to
justify. The 400 hp. Comanche will un-
doubtedly be a lively airplane, but estimates
indicate that its performance fgures (maxi-
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Aviation Week welcomes the opinions
of its readers on the issues raised in the
magaszine's editorial columns, Address
letters to the Editor, Aviation Week,
330 W. 42nd Si., New York 36, N. Y.
Try to keep letters under 500 words and
give a genuine identification. We will
not print anonymous letters, but names
of writers will be withheld on reqguesi.

mum cruise speed, maximum level fight
speed, airframe limiting speed, rate of climb,
and service ceiling) will typically run a httle
over half those obtainable with civilian 51
conversions. In addition, the structural in-
tegrity and quality of construction of the
Mustang (which cost, in quantity, about
75,000 1942 dollars, without electronics or
armament ) place it in a category altogether
distinet from any hight civilian mircraft.

[t would seem that Piper officials should
emphasize such features of their line as oper-
ating economy, ease of maintenance, and
fool-proof handling properties, rather than
indulging in grandiose metaphors which
might lure Comanche owners beyond their,
or their aircraft’s, capabilities. The Mustang
is neither inexpensive nor particularly easy
to fly, but its performance and the attendant
fun, render comparison with any of the Lock
Haven products absurd. When, and not
before, Piper begins tuming out an aircraft
in which a competent pilot can perform a
few atleron rolls on take-off, climb through
severe turbulence and icing, break out at
25,000 ft. about 8 min. after lift-off, cruise
at flight level 370 at 350 mph,, and descend
in a Gz spiral at a TAS of 500 mph. (all
of which the Mustang can readily do), the
officials’ claim will take on a degree of
validity. ARTHUR STASNEY

i Corona del Mar, Calif.

Signal Gain

We were tickled to sce your report on
our new cvclotron wave amplifier (called
the DIFTRON) described in your Nov. 4
issue (p. 91), but we were a little sad that
vou credit this device with only 3 dh. of
signal gain. The press note from which
your paragraph was taken said 15 db., so
this was probably a misprint, but a sad one.
Actually, we have 20 db. by now.

| RoserT ADLER
Vice President
Director of Research
Zenith Radio Corp.
6001 Dickens Ave.
Chicago, 111

TFX Issue

[ saw in the Letters section of your Oct.
2§ issue (p. 110) a letter from a Mr. Fripps
regarding the TFX (F-111) conflict. I think
it would be wise for Nr. Pripps to start
thinking “positive” for a change. 1

Naturally, hindsight shows up errors in
judgment. This may or may not hold true
m the case of previous plane contracts in
which Mr. Pripps scems to think the Boeing
Co. miraculously received the B-47 and
B-52 contracts. Most likely Boecing would
not have been chosen if the designs it sub-
mitted were inferior to any others, This is

not the case of the TFX contract award. It
is simply a political issue, Texas will do more
for the Democrats, so Texas gets the con-
tract, unfair as it is. What should worry
Mr. Pripps is the fact that our Pentagon
heads are not selecting the plane that s
SUPLTIOT.

Mr. Pripps did a little toe-trodding him-
self on Boeing, and shouldn’t worry about
the past but the present and future. Boeing
has every right to be funious at the Pentagon
for giving the award to General Dynamics/
Ft. Worth for an inferior plane. The Boeing
design is less expensive and has an edge on
the Convair design in almost every classifica-
tion. The Navy and Air Force heads both
agreed it was the design worthy of winning.
By expressing their views Admiral Ander-
son 15 out ﬂfg a job, and General LeMay is
only assured of a job until next year.

The fact of the matter is that the United
States is now gtttin%a “second rate” plane.
Come on now Mr. Pripps, let's be realistic!

Tuonas CHAMBERLIN
Prninceton, N.J.

Mr, Robert Pripps, in his letter on the
TFX conflict (AW Oct. 28, p. 110), stated
that perhaps the controversy should be
stirred up again. Well, just for the sake of
correcting his error he will get his wish.

The Martin B-51 was not in competition
with the B-47. In 1944 the Air Force let
three separate contracts for a jet bomber
evaluation. They were as follows:

Convair XB-46 Top speed 545 mph.
Service ceilimg 43,000 ft.
First flew on Apr. 2, 1947

Boeing XB-47 Top speed 600 mph. plus
First flew on Dec. 17,
1947

Martin XB-48 Top speed 495 mph. Serv-
ice ceiling 43,000 fe. First
fAew June 22, 1947

Two vears later in October of 1949 Mar-
tin flew its XB-51 which was originally desig-
nated the XA-45, a lugh speed ground attack
aircraft. Top speed was 645 mph. with a
service ceiling of 40,500 ft. Only two of
these aircraft were built.

Convair at this time was working on an-
other high speed attack aircraft, the XB-53
which was cancelled before completion.

On Apr. 15, 1951, the Eutiﬂﬁ YB-52
took off. Its top speed exceeded GO0 mph.,
service ceiling 50,000 ft. and r:mér: wits
7.000 mi. Three days later the Convair
YB-60 flew. Top speed was 520 mph., serv-
ice ceiling approximately 45,000 ft. and
range was 8,000 mu.

I'm not attempting to say which 15 the
better plane, or the best one won or lost;
speed, altitude and range are only a part of
the facts needed to do this. Too manyv of us
are trying to judge which is best, without
anv—much less all—the information,

I think the main thing this points out
though, is that prototypes were built, flown
and tested in competition, and no other
country in the world had anything at the
time to compare to SAC's B-47s and B-51s.

Doxarn F. Gexco
La Puente, Calif.
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NULL BIAS STABILITY TEST (TURN ON TO TURN ON)
LINEARITY
il BN 1 The Bell 11l B-11 is a rugged (100g) high performance (5x10%  __________ BN L e o
null stability from turn on to turn on and .01%9%; linearity) force Aok = ERROR

balance accelerometer which has proven itself in critical applica-
tions, It features a D.C. force rebalance constrainment, spring
suspended proof mass, capacitance pickoff and associated
pickoff electronics.

Bell accelerometers have been competitively selected for

Mariner-Venus, Ranger-moon, Agena, Skybolt and Sergeant. Over
1,000 have already been delivered.,

Model 11l B-11 is one of seven different Bell accelerometers
immediately available for analog or digital applications. Digital
electronics 1s available providing pulse rate proportional to
acceleration without degrading the intrinsic accuracy of the

accelerometer.
& a,

Eﬁ ! +10 +15
=15 =40 =5 il 5 ﬁ

STEADY STATE _ u.ﬂi:m'nall

Test Results

Range variable up to 100 g's

Threshold < 10-6g

Linearity 3 x 10-3g or .019; above .3g

Null Uncertainty 5 x 10-5g

Scale Factor Stability 5 x 10-5g
{+10°F range)

Operating Environment —-80°F to 200°F

Cross Coupling 1 x 10-5g/p2

BELL AEROSYSTEMS compPaNy

DIVISION OF BELL AEROSPACE CORPORATION -A [Xironl comrPAmNY
Please address inquiries to BELL AEROSYSTEMS COMPANY, 4515 SUPERIOR AVENUE, CLEVYELAND 3, OHIO



LIFTING-~BALLISTIC REENTRY

Gemini, America’'s two-man rendezvous spacecraft,

will utilize a reentry technique involving

a combination of lifting and ballistic trajectories.

After retrograde firing, the crew will position Gemini’'s

off-set center of gravity with attitude control jets to reorient
the drag vector and create a component of hift.

This lift will enable the crew to precisely maneuver Gemint to any point
in a landing area encompassing 28,000 square miles

(more than three times the area of the state of Massachusetts).
A paraglider will be deployed in later flights,

enabling the astronauts to control their glide

to a prepared landing field.

Oemini, Assel and Aeroballistic Spaceerafl +
Phantom i Fighter, Attack and Reconnalssance Alrcrait « Electronic Systema and Equipment »
Talos Misslle Airframes and Enginea « Automation

ST. LOUIS

: T e T 'ﬁ"# L RN it i R s
GEMINI 1s under the technical direction of NASA’'s Manned Spacecraft Center




