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Design and Fabrication of Cosipact
Portable Vacuum Systems for Field Use

1.0 INTPC)DI~~TION

During this period~ ”jupport was given in the design and fabri-
~I .

cation of components, assemblies , and special equipment, particularly

compact , portable vacuum systems, used in th~ study of atmospheric contpo-

sition. ~~This support includes conducting engineering liaison with the

composition branch , Air Force Geophysics Laboratory (APGL) , for the

purpose of establishing design parameters and requirements of equipment

and/or instruments; designing mechanical components and assemblies ;

t ~

. 
- fabricating items resulting from these designs; determining needs for

possible re-design; and making recommendations for further modifications.

- 2.0 DESCRIPTION -

F The whole air sampling program, which had recently been initiated ,

required some special equipment to be used in the laboratory as well as

-
~~ associated portable field apparatus. The first requirement was to design

suitable movable stands capable of supporting heavy analysis equipment

within the confines of the laboratory (see figure 1). Accordingly, the

necessary drawings were generated, and the required materials purchased

~ 4 for the fabric ation of two movable laboratory stands. The stands were

fabricated from heavy gage aluminum angle , using all welded construction ,

supported and braced in a manner to insure a durable rigid frame. The top

t was of 1” thick plywood bolted to the angle frame . Cemented to the ply—
• wood was a formica laminate 1/8” thick and extending 2” down all four

k - sides of the stand. The stand frame was mounted on four roller bearing

- casters for ease of mobilit~y.
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2.1 Portable Field Station

A portable vacuum field station is illustrated in figure 2. The

primary criteria for its design was to produce as clean a system as

possible to minimize effects on parts per million ana lysis methods. The

necessary layout s and detail drawings were made to accomplish thi s end.

The metal fra me was fabricated from heavy gage aluminum angle. Supported
S

within this frame by means of angle brace s and “U” bolts was a 4” diameter

316 SET vacuum manifold with a 1½” diameter cross mounted to the mani-

fold , and a number of Granville—P hillips “Gold Seal” valves. Two L N2

molecular sieve sorbion pumps were also supplied. Provision was made

to support a large LHe cryo-pump mounted to a six-inch gate valve.

Additional equipment supplied included a vacuum pump for roughing, mag-

netic ion pump for maintenance pumping and ion and thermo-couple pres-

sure gauges. This station was mounted on roller bearing castors for

mobility . The completed field station was shipped to AFGL where it under-

went vac uum tests and refineme nts prior to field use.

Because the portable field station was designed and built to be

used at field sites , a shipping container was also fabricated. It was

lined with shock absorbing material and supplied with supports and anchors

4 , to securely hold the unit during transit.

2.2  Portable Vacuum Pumping Stand

There was need of a small compac t , portable vacuum pumping stand

for mass spectrometers , figure 3. This could be used for either labora-

• tory or field work . Drawi ngs were made and such a stand was fabricated.

The aluminum frame was of all welde d construction of heavy aluminum angle.

a supporting members were added to accommodate the vacuum manifold , valves ,

T.?
~2 sorbion pumps , mechanical vacuum pumps and ion gua ges, etc. All

‘I’ t 
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- vacuum components were supported in such a manner as to provide maId—

mum support and mechanical integrity of the system during field service

and when being moved about . A shipping container , designated to absorb

shock and anchor the field unit in place during transit , was fabricated

and delivered to the laboratory.

2.3 Whole Air Cryogenic Gas Distillation Stand

A whole air system cryo—still stand was constructed as shown in

figure 4. Provision was made for mounting and supporting an existing

- - cryogenic gas still and LHe cryo-pump. Supported on this stand are six

sections of manifold piping and a six—inch Granville Phillips “Gold Seal”

vacuum valve, as well as 12 one-inch gold sealing right angle ultra-high

vacuum valves. To this basic system was added , as required , additional

- - pumps and gauges to meet the needs of the whole air sample tests. The

cryo stand was permanently mounted in the laboratory area and is used to

handle gas sample spheres.

2.4 Switched Ion/Neutral Housing

A special application for a switched ion/neutral instrument neces-

sitated a design modification to the existing front plate of the housing

containing a gas entrance orifice. In previous units the entire front

• 4 was a welded integral part of the cylindrical housing body. In the new

design, the front plate was to be removable and electrically isolated

from the housing body. The front plate was to be attached to the body

housing by means of machine screws electrically insulated from plate and

housing. A Viton “0” ring would provide a vacuum seal (see figure 5) .

The insulating material used under the screws was a machinable glass

ceramic. This ceramic material is readily machinable with standard metal

working. tools , using minimal precautions. However coolants must be used

-6—
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to dissipate tool heat and flush the powder that comes off during machin-

ing. Small insulating tubes for binder head screws and a large plate

washer were machined from this material . No problem was encountered in

maintaining dimensional tolerances.

2.5 Satellite Calibration Sys tem

Mechanical vacuum plumbing components were fabricated for a
‘5

- 4
satellite calibration leak system. A pictorial view of these items is

shown in figure 6. This system allows for more precise calibration of

mass spectrometers by using either gas leak , knowing their respective

gas flow rates.

2.6 Liaison Results

- 
- The engineering liaison with AFGL personnel has led to some design

modification of existing instruments, specifically in the weld joint area.

Electron beam welding was used to an increasing degree and it has been

found that its additional cost was offset by its high reliability, clean ,

oxide free surfaces, deep penetration and low distortion proper ties.
- 

3.0 CONCLUSI~~

This report has described some of the work done in the areas of

design , fabrication , test and analysis of components, assemblies and

associated equipment to be used in aerospace studies of atmospheric pheno-

- 
- f menon conducted by the composition branch of APGL.

4
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U S Energy Rich & Dsv Admin U. S. Bureau of Mines
Division of Headquarters Services p.o. Box 70
Library Branch G-043 Albany, OR 97321
Washington, DC 20545 O1CY Attn Eleanor Abshire

r O1CY Attn Dcc Con for Class Tech ~~~

Central Intelligence Agency
Argonne National Laboratory Attn : RD/SI Re 5G48 Hq Bldg

~ j Records Control Washington , DC 20505
11 9700 South Cass Avenue O1CY Attn NED/OSI - 2G48 HQS

• Argonne, IL 60439
Ol CY Attn Dcc Con for Gerald P Reedy
O1CY Attn Dcc Con for Len Leibowitz Department of Commeroe
O1CY- Attn Dcc Con for David V Green National Bureau of Standards
O1CY Attn Dcc Con- for S Gabelnick Washington , DC 20234

- I O1CY Attn Dcc Con for Lib Svcs ~~ts Sec (All Corres : Attn SFC Of f)
O1CY Attn Dcc Con for A C Wahl O1CY Attn K Kessler

- : O1CY Attn George A Sinnatt
O1CY Attn .7 Cooper

Division of Military Application O1CY Attn Stanley Abramowitz
- - U. S. Energy Rich & Dev Admin O1CY Attn N Krause

Washington, DC 20545 O1CY Attn Lewis B Gevanthan
O1CY Attn Doc Con for Maj U A Haycock

Department of Commerce
University of California Office of Telecommunications
Lawrence Livermore Laboratory Institute for Telecom Science
P.O. Box 808 Boulder , CO 80302
Livermore , CA 94550 O1CY Attn L A Berry

O1CY Attn U J Wuebbles L-l42 O1CY Attn William F Utlaut
O1CY Attn W H Duewer Gen L-404
O1CY Attn C R Haugen L-404
O1CY Attn Julius Chang L-71 Department of Transportation

Transportation Rich System Center
Kendall Square

Los Alamos Scientific Laboratory Cambridge , MA 02142
P .O. Box 1663 O1CY Attn E Maxmo

t Los Alamos, NM 87545
O1CY Attn Dcc Con for John S Malik
O1CY Attn Dcc Con for Groud CMR-T Department of Transportation
O1CY Attn Dcc Con for P Bieniewiki CMB—l Office of the Secretary
O1CY Attn Dcc Con for Herman Hoerlin TAD—44. l, Room 10402—B

— O1CY Attn Dcc Con for J Judd 400 7th Street S.W.
O1CY Attn Doc Con for John Zinn Washington, D.C. 20590

O1CY Attn Richard L Strambotne TST-8

—14—
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O1CY Attn R Underwood Aero-Chem Research Laboratories , Inc.
P.O. Box 12
Princeton, NJ 08540

NASA O1CY - Attn A Pontijn
L. 

- 
Goddard Space Flight Center O1CY Attn H Pergam.nt
Greenbelt , MD 20771 O1CY Attn Bartwell F Calcote

O1CY Attn A Tempkin
O1CY Attn S J Bauer
O1CY Attn Technical Library Aerodyne Research, Inc .

- 
- O1CY Attn A C Aiken Bedford Research Park

Crosby Drive
Bedford , MA 01730

NASA O1CY Attn B Bien
600 Independence Avenue S W O1CY Attn N Camac
Washington, DC 20546

O1CY Attn R Fellows
O1CY Attn D P Cauffman Aeronomy Corporation
0]CY Attn L’IV D B Hallenbeck Code SG 217 S Neil Street
O1CY Attn A Gessow Champaign, IL 61820

O1CY Attn S A Bowhill

NASA . -

Langley Research Center Aerospace Corporation
Langley Station P .O. Box 92957
Hampton , VA 23365 Los Angeles, CA 90009

O1CY Attn Charles Schexnayder MS-l68 O1CY Attn N Cohen
O1CY Attn R J McNeal
O1CY Attn Sidney N Kash

NASA O1CY Attn R Grove
Ames Research Center oic~ att n ~ Widhoph
Moffitt Field , CA 94035 O1CY Attn R U Rawcliffe

O1CY Attn N-254-3 Neil H Parlow O1CY Attn Julian Reinheimer
O1CY Attn N-254-4 Walter L Starr O1CY Attn Irving N Garfunkel
O1CY Attn M-254—4 B Whitt en Uncl Only O1CY Attn V Josephson
O1CY Attn N-245-4 Ilia G Poppoff oici~ Attn Bar ris Mayer

O1CY Attn P Taylor —J - 
National Oceanic & Atmospheri c Admin
Environmental Research Laboratories
Department of Commerce Avco-Everett Research Laboratory , Inc .
Boulder , CO 80302 

- 
2385 Revere Beach Parkway

O1CY Attn Fred Febsenfeld Everett, MA 02149
O1CY Attn Eldon Ferguson O1CY Attn George Sutton
O1CY Attn J W Pope O1CY Attn C W Von Rosenberg Jr.
O1CY Attn George C Reid Aeronosny Lab O1CY Attn Technical Libra ry

National Science Foundation Battelle Memorial Institute
- - - 

- 
1800 G Street, N.W. 505 King Avenue
Washington , DC 20556 Columbus, OH 43201

~~~ 
-

~ 
(No classified to this address ) O1CY Attn Richard K Tha tcher
O1CY Attn E P Todd O1CY Attn Stotac
O1CY Attn R S Zapolsky O1CY Attn Donald .7 Hassnan
O1CY Attn W D A d a m e
O1CY Attn Roif Sinclair -

O1CY Attn R Manka
-t O1CY Attn Fred U White

O1CY Attn N K Wilson

-_
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The Trustees of Calspan Corporation
Boston College P .O. Box 235
Chestnut Hill campus Buffalo , NY 14221
Chestnut Hill, W~ 02167 O1CY Attn Robert A Flusgge

O2CY Attn Chairman Dept of Chea O1CY Attn N C Dw~n
O1CY Attn W Wurater
O1CY Attn C B Treanor

Brown Engineering Company, Inc . O1CY Attn C C Valley
Cummings Research Park
Huntsville, AL 35807

O1CY Attn N Passino Colorado , University of
O1CY Attn Ronald Patrick Office of Contracts and Grants

380 Administrative Annex
Boulder , CO 80302

California at Riverside , Univ of O1CY Attn C Lineberger JILA
Riverside , CA 92502 0].CY Attn A Phelps JIU~

O1CY Attn Ja mes N Pitts Jr O1CY Attn C Beaty JILA
O1CY Attn Alan C Lloyd O1CY Attn Charles A Barth LAS?

- - California at San Diego, Univ of Columbia University , The Trustees
Bldg . 500 Matthews Campus in the City of New York
3175 Miramar Road 1k Mont Doherty Geological
1 A Jolla, CA 92037 Observatory - Torrey Cliff

O1CY Attn S C LIN Palisades , NY 10964
O1CY Attn B l~helan

California Institute of Technology
Jet Propulsion Laborato ry Columbia University, The Trustees of
4800 Oak Park Grove City of New York
Pasadena , CA 91103 116th Stree t & Broadway

O1CY Attn Joseph A~el1o New York , NY 10027
O1CY Attn Sec Officer H N Foley
O1CY Attn Richard N Zarf

California University of

~ I Berkeley , Campus, Room 8
4 2543 Channing Way Concord Sciences

Berkeley , CA 94720 P .O. Box 119
(Class Mail to: Attn Sec Off) Concord , Ilk 01742

O1CY Attn F Mozer O1CY Attn ~~~ett A Sutton
O1CY Attn Harold Johnston
O1CY Attn Dept of Chea W H Miller

Denver , University of
Colorado Seminary

California , State of Denver Research Institute
Air Resources Board P.O. Box 10127
9528 Telsta r Avenue Denver , CO 80210
El Monte , CA 91731 (Only 1 copy of class ~~ts)

OlCY Attn Leo Zafont e O1CY Attn Sec Officer for Mr Van Zyl
O1CY Attn Sec Officer for David Murcray
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Ecoinetrics General Research Corporation
718 Willow Glen Road p.o. Box 3587
Santa Barbara, CA 93105 Santa Bar bar a , CA 93105

O1CY Attn Nyle G Otterback O1CY Attn H H Lewis
O1CY Attn John Ise Jr

Epsilon Laboratories , Inc. General Research Corporation
Preston Court Washington Operations
Bedford , MA 01730 Westgate Research Park

O1CY Attn John Calchines 7655 Old Springhouse Road, Suite 700
- O1CY Attn Henry Miranda McLean , VA 22101

O1CY Attn Carl Accerdo O1CY Attn Thomas N Zakrzewski

FSL , Inc. - Geophysical Institut e
495 Java Drive University of Alaska
Sunnyvale , CA 94086 - Fairbanks , AX 99701

O1CY Attn James Mars hall (All Class Atth : Securi ty Officer )
O1CY Attn W B Bell O1CY Attn Henry Cole

O1CY Attn B Parthasarathy
— O1CY Attn Neal Brown (Unci only)

General Electri c Company O1CY Attn B . 7  Watkins
Space Division O1CY Attn I N Davis lUnd only)
Valley Forge Space Cente r O1CY Attn .7 S Wag ner Physics Dept
Goddard Blvd King of Prussia O1CY Attn D J  Henderson
P .O . Box 8555
Philadelphi a , PA 19101

O1CY Attn P Baurer 
- Govt Fiscal Relations & Patent Of f

~ I O1CY Attn Robe rt H Edsall 27: Adrnin Building AG-70
O1CY Attn P Zavitsanos Universi ty of Washington
O1CY Attn M H Borther Space Sci Lab Seattle , WA 98195

— 

O1CY Attn E Alyfa O1CY Attn Kenneth C Clark
O1CY Attn .7 Burns O1CY Attn R Geba lle
O1CY Attn N Linevsky

Harvard University
I — General Electri c Company Department of Atmospheric Sciences
4 Tempo-Center for Advanced Studies Pierce Hall

816 State Street (P .O . Drawer QQ) Cambridge , MA 02138
Santa Barbara , CA 93102 O1CY Attn Michael B McElroy

- 
- 

O1CY Attn Dasiac Art Peryok
OlCY Attn Tim Stephens
O1CY Attn Don Chandler Howard University
O1CY Attn Warren S Knapp Depar tment of Chemistry

- - 

O1CY Attn B Gambill Washington , DC 20059
- 

-
~ 

- 

OlCY Attn Dasiac OXCY Attn : William Jackson

~ --1 General Motors Corporation HSS, Inc.
Delco Electronics Division 2 Alfred Circle -

- Santa Barbara Operations Bedford , NA 01730
- 6767 Hollister Avenue O1CY Attn N Stewart

Goleta , CA 93107 O1CY Attn N P Shui er
- 

OlcY Attn Robin I Pri mich O1CY Attn Donald Hansen

I
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- - TI? Research Institute Lockheed Missiles and Space Company
10 West 35th Street 3251 Hanover Street
Chicago , IL 60616 Palo Alto , CA 94304

O1CY Attn Technical Library O1CY Attn Billy N McCoraac Dept 52-54
O1CY Attn Martin Walt Dept 52—10
O1CY Attn Richard C Johnson Dept 52—12

I Institute for Defense Analyse s O1CY Attn Tom James
I - 400 Army-Navy Drive O1CY Attn Robert C Gunton Dept 52-14 ,

- Arlington , VA 22202 O1CY Attn Robert D Sears Dept 52-14
O1CY Attn Ernest Bauer O1CY Attn 3 B Reagan D/52—l2
O1CY Attn Hans Wolfhard O1CY Attn John Kumer
O1CY Attn Joe l Bengston O1CY Attn John L Kuland er Dept 52-14
O1CY Attn Philip A Selwyn

Lowell , University of
IRT Corporation Center for Atmospheric Research
P.O. Box 81087 450 Aiken Street
San Diego , CA 92138 Lowell, MA 01854

- 

- O1CY Attn D A Vroom O1CY Attn G P Best
I O1CY Attn .7 A Rutherford

O1CY Attn R H Neyna ber

F Ma ryland , Universi ty of
- Administration Building

-. J aycor College Park , MD 21030
1401 Camino Del Mar O1CY Attn Dept of Physics B Grie m

- Del Mar , CA 92014 O1CY Attn .7 Vanders lice Chem Dept
O1CY Attn H B Levine O1CY Attn Robe rt 3 Munn Dept of Chea

O1CY Attn P 3  Rosenberg

Johns Hopkins University
• Applied Physics laboratory Maxwell Laboratories , Inc .

Johns Hopkins Road 9244 Balboa Avenue
Laurel, MD 20810 San Diego , CA 02123

O1CY Attn Document Librarian O1CY Attn Victor Fargo

John Hopkins University McDonnell Douglas Corporation
34th & Charles Streets 5301 Bolsa Avenue
Baltimore , MD 21218 Huntington Beach , CA 92647

O1CY Attn Joyce .7 Kaufman O1CY Attn A D Goedeke
O1CY Attn William Olsen
O1CY Attn 3 Ionic

I Kaman Sciences Corporation
P . O.  Box 7463

Colorado Springs , CO 80933 Midwest Research Institute
- - - 

- O1CY Attn Frank H Shelton 425 Volker Boulevard
- 

- 
~- - O1CY Attn B .7 Bittner Kansas City, IC) 64110

• - j  - O1CY Attn P J esson O1CY Attn Physics SFC Prank T Greene -
- 

-
- 

- -, OlCY Attn Physics Sec Thomas H Mim e -

II
- ~ Kent State Universi ty

Dept of Chemistry Minnesota , University of
Kent , OH 44242 2030 Universi ty Avenue , S. F.

O1CY Attn W C Fernelius Minneapolis , )I~ 55414
(No classified to this address )

- - O1CY Attn .7 R Winkler
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- - Minnesota , University of Phot ometrics , Inc.

Morri s Campus 442 Narrett Road
F Norris, ?5~ 56267 Lexington, MA 02173

O1CY Attn Merle Hirsch O1CY Attn Irving L Xofsky

Mission Research Corporation Physical Dynamics Inc.
735 State Street p.o. Box 1069
Santa Barbara, CA 93101 Berkeley, CA 94701
O1CY Attn Dave Sowle - O1CY Attn A Thompson
O1CY Attn Ralph Kim O1CY Attn Joseph B Iorkman
O1CY Attn W F Crevi er
O1CY Attn Conrad L Longmire
O1CY Attn Neal 3 Carron Physical Sciences, Inc.
O1CY Attn R Hendrick 30 Ccmme”ce Way
O1CY Attn R N Wilson Woburn , MA 01801
O1CY Attn R Bogusch O1CY Attn Kurt Wray
O1CY Attn M Scheibe O1CY Attn B L Taylor
O1CY Attn D Archer
OlCY Attn D Sappenfield
O1CY Attn P Fischer Physi cs International Company

2700 Merced Street
San Leandro, CA 94577

Mitre Corporation, The O1CY Attn Doc Con for Tech Lib
P.O. Box 208
Bedford, MA 01730

O1CY Attn S A Norm N/S Pittsburgh, University of —

O1CY Attn .7 N Freedman the Conun onwea ith System of Higher Educ
- I Cathedral of Learning

Pittsburgh, PA 15213- 
- Nation al Academy of Sciences O1CY Attn Wade L Fit s

Attn : National Materials Advisory O1CY Attn Man fred A Biondi
2101 Constitution Avenue oic~ Attn Frederick Kaufman
Washington , DC 20418 O1CY Attn Edward Gerju dy

O2CY Attn Edward B Dyer
O1CY Attn 3 R Ste v-erg - -

O1CY Attn William C Bartley Princeton Univ. , The Trustees of
- I Forresta l Campus Library

4 Box 7lO
New York at Buffalo , State Univ of Princeton University

- - - Buffalo , NY 14214 Princeton , NJ 08540
O1CY Attn Gilbert 0 Brink O1CY Attn Arnold .7 Kelly

(Use P.O. Box 36 for Unclass only)

Pacific-Sierra Research Corp.
1456 Clover field Blvd. R & D Associates
Santa Monica , CA 90404 P.O. Box 9695
O1CY Attn F C Field Jr Marina Del Rey , CA 90291

• OlCY Attn R P Turco
O1CY Attn Richard Lattert Pennsy lvania State University O1CY Attn Robert F Lelevier

Industrial Securi ty Office O1CY Attn D Dee
- I - Room 5, Old Main Building OlCY Attn R G Lindgren

• University Park , PA 16802 O1CY Attn Charles H Hwnphrey
O1CY Attn L Hale O1CY Attn Bryan Gabbard
O1CY Attn .7 S Nisret O1CY Attn H A Dry

O1CY Attn Forrest Gilmore
O1CY Attn Albert I Latter
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B & D Associates Southern California , Uiv of
1815 N. Pt. Myer Drive Univ.rsity Park
11th Floor Los Angeles , CA 90007
Arlington, VA 22209 O1CY Attn S W Benson

O1CY Attn Herbert .7 Mitchell
O1CY Attn J W Rosengren

Stanford Research Institute
333 Ravens~.ood Avenue

Rand Corporation , The Menlo Park , CA 94025
1700 Main Street O1CY Attn Felix T ~~~ ith (Uncl Only)
Santa Monica, CA 90406 O1CY Attn D . 7  Hildsnbrand

O1CY Attn Culien Cram O1CY Attn L E Cobb 6
O1CY Aftr G Black
O1CY Attn .7 T Mosel.y

Rice University O1CY Attn Burt R Gasten
Department of Space Science OlCY Attn .7 Lonax
Houston, TX 77058 O1CY Attn B D Hake Jr

O1CY Attn Ronald E Stebrings O2CY Attn Walter G Chestnut
O1CY Attn James R Peterson
O1CY Attn Arthur Lee Whitson

Rice University, William Marsh O1CY Attn Ray L Leadabrand
P.O. Box 2692 O1CY Attn Allen M Peterson

- . 
Houston, TX 77001 O1CY Attn P G Slanger

(All Corres -Attn : Industiral Sec Sup) O1CY Attn Ronald White
O1CY Attn .7 Chamberlain

Stanford Research Institute
Riverside Research Institute 1611 North Kent Street
80 West End Avenue Arlington, VA 22209
New York , NY 10023 O1CY Attn Warren W Berning

O1CY Attn .7 B Minkoff
O1CY Attn G Glaser
O1CY Attn Donald H Koppel Stanford Research Institute

- . - 306 Wynn Drive, N. W.
Huntsville, AL 35805

Science Applications , Inc. O1CY Attn Z4acPherson Morgan
P.O. Box 235] .

- 

~ La Julla , CA 92038
O1CY Attn Daniel A Hamlin Systems , Science and Software, Inc.

• O1CY Attn Robert W Lowen P.O. Box 1620
= 

— O1CY Attn Ben Myers La Jolla , CA 92038
- O1CY Attn Ralph C SKiarew

Science Applications, Inc.
Huntsville Division Technology International Corporation
2109 W. Clinton Avenue 75 Wiggins Avenue
Suite 700 Bedford , MA 01730
Huntsville, AL 35805 O1CY Attn W P Boquist

O1CY Attn Noel B Byrn
1

TRW Systems Group
Sechrist , Professor Chalmers F. ~-~e Space Park
155 Electrical Enginnering Bldg . Redondo Beach , CA 90278
University of Illionois O1CY Attn B Watson Rl/ 1096
Urbana, IL 61801 O1CY Attn .7 F Friitchtenich Rl—ll96
O1CY Attn C Sechrist OlCY Attn R K Plebuch

0]CY Attn Tech Info Center/S—1930

L I  
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Science Applications, Inc . Stan ford Research Institute
P .O. Box 2351 306 Wynn Drive , N.W.
La Jolla , CA 92038 Huntsville, AL 35805

O1CY Attn Daniel A Hamlin O1CY Attn MacPh erson Morgan
O1CY Attn Robert W Lowen
O1CY Attn Ben Myers

Systems, Science and Software, Inc .
P .O . Box 3 620

Science Applications, Inc. 1A Jolla , CA 92038
Huntsville Division O1CY Attn Ralph C Skiarew
2109 W . Clinton Avenue
Suite 700
Huntsville , AL 35805 Technology International Corporation

• O1CY Attn Noel B Byrn 75 Wiggins Avenue
Bedford , MA 01730

O1CY Attn W P Boquist
Sechrist , Professor Chalmers P. - 

•

155 Electrical Engineering Bldg.
University of Illionois TRW Systems Group
Urbana , IL 61801 One Space Park

-~ - O1CY Attn C Sechrist Redondo Beach, CA 90278
O1CY Attn B Watson R1/lO96

- 
O1CY Attn .7 F Friichtenicht Rl— 1l96

Southern California , Univ of O1CY Attn B K Pleruch - -

Universty Park O1CY Attn Tech Info Center /S-l930
Los Angeles, CA 90007

O1CY Attn S W Benson
United Technologies Corporation

- 
- 755 Main Street

Stanford Research Institute Hartford , CT 06103
333 Ravenswood Avenue O1.CY Attn Tobert H Bullis
Menlo Park , CA 94025 O1CY Attn H Michels

O1CY Attn Felix P Smith (Uncl only)
O1CY Attn D . 7  Hildenbrand
O1CY Attn L E Cobb Utah State University
O1CY Attn C Black Logan, UT 84321
O1CY Attn .7 T Moseley O1CY Attn William N More Chemistry Dept

J O1CY Attn Burt B Gasten O1CY Attn Kay Baker
• OlCY Attn J Lomax O1CY Attn C Wyatt

= O1CY Attn B D Hake Jr O1CY Attn D Burt
O1CY Attn Walter G Chestnut O1CY Attn Doran Baker
O1CY Attn James B Peterson
O1CY Attn Arthur Lee Whitson Visidyne , Inc.
O1CY Attn Ray L Leadabrand 19 Third Avenue
O1CY Attn Allen N Peterson North West Industira]. Park
O1CY Attn P C Slanger Burlington, MA 01803
O1CY Attn Ronald white O1CY Attn T C Degges

O1CY Attn .7 W Carpenter
O1CY Attn Oscar Manley

Stanford Research Institute O1CY Attn B Waltz
-j 1611 North Kent Street

Arlington, VA 222 C~C
O1CY Attn Warre~i W Berning Wayne State University

3.064 MacKenzie Hall
Detroit , MI 48202

O1CY Attn R H Kimtml er
O1CY Attn Pieter IC Rol Chem Engrg

& Mat Sci
—21-
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Unit.d Technologies Corporation
755 Main Street
Hartford , CT 06103

O1CY Attn Robert H Bullis
— O1CY Attn H Michels

Utah State University
Logan, UT 84321

O1CY Attn William M More
Chemistry Dept.

O1CY Attn Kay Baker
- - 

- 
O1CY Attn C Wyatt
03CY Attn D Burt
O1CY Attn Doran Baker

Visidyns, Inc.
19 Third Avenue
North West Industrial Park
B~w1ington, MA 01803

O1CY Attn T C Degges
O1CY Attn .7 W Carpenter
O1CY Attn Oscar Manley

• O1CY Attn B Waltz

Wayne State University
1064 MacKenzie Hall
Detroit, MI 4820-2

03.CY Attn B H Kumnler
O].CY Attn Pieter K Rol them Engrg

& Mat Sci

Wayne State University
-~~ I Dept. of Physics

Detroit , MI 48202
- 4 O1CY Attn Walter F Kauppila

I

Yale Universi ty
New Haven , CT 06520

O1CY Attn Engrg Dept George .7 Schultz
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