GLEARINGHOUSE
POR PRDBERAL Y IENTIVIC AND
TECHNT(‘AL INTORNATION

Hiiorofioheu
s— 3360 | oot

R
A




THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



AFOSR 700-11l

AIR FORCE SCIENTIFIC RESEARCH
BIBLIOGRAPHY
1959

by

G. VERNON HOOKER
DOR!S C. YATES
HARVEY D. BROOKINS

AARON S. DANN

Special Biblicgraphies Section
Science and Technology Division
LIBRARY OF CONGRESS

supporied by the
Directorate of Information Sciences
Air Force Offi e of Scientific Research
Office of Aerospuce Research « United States Air Force
Wa:hingten, D.C. 20333
1965




FOREWORD

The Air Force Office of Scientific Research, a primary research capability of the
technology-dependent USAF, looks to the world of science with a view toward helping insure
the most timely impact of new discovery on the operating capability of the Air Force. To
this objective AFOSR brings i bear its specialived resources to assist the transfer of
concepts from basic research to those agencies and individuals equipped to translate these
concepts iato technology.

One of the most comprehensive efforts of AFOSR in this direction is the Air Force
Scientific Research Bibliography, a project des!gned and monitcred by the AFOSR Direc-
torate of Information Sciences. This series provides ready accesa to both the published
literature and unpublished technical reports resulting from the extramural support of basic
resdearch by the Air Force.

¥Four years ago AFOSR published volume one covering research published from
1850 to 1956. Volume two, published in 1964, covers 1957 and 1958. This volume spans
research published in 1959, Scbsequent volumes now in preparation will make the
biblicgraphy eifectively current,

The bibliography of this research stands as a unique publication among Federally
sponsored research agancies, inasmuch as it sets forth 2 comprehensive listing of research
results in one series. A large share of credit for the inclusiveness of the bibliography
goes to the principal investigators through whose conscieniious efforts the body of this
literature has been collected.

This series is prepared through the cooperation of the Special Bibliographies
Section of the Science and Technology Division, Library of Congress, which also prepared
the scientific abstracts.

R

William J. Price
Executive Director
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PREFACE

Epigraphs

“Another damned, thick, square hook! Always scribb’e, scribble, scribble!
Eh, Mr. Gibbon?" (1)

""We cannot think of scientific and technical informatioy as dead records to be
bundled up and stored away. It is perhaps a psychological error 1. neak in terms of
'storage’; if it can be stored, it is dead and its storage is a waste of time and effort.
What we are dealing with is live and growing; it must be added to, adjusted, and--dbove
all--kept where it can be reached, examined, used.

", ..Storage, then, of documents, and their retrieval--as documents--offers
no serious challenge to the librarians, the archivists, and the others concerned with
collecting records. The difficulties arise in two subsequent coucerns. One is Jetting
potential users know that the documents are there; the other--harder--is letting them
know what is in them. " (2)

"Prerequisite to a solution of the problem (of information handiing) is realistic
recognition of information dissemination as a blood brother of experimentation in the
R&D household. Acceptance and implementation of this principle will provide a logical,
solid, and relatively permanent foundation on which to base the muititude of specific
activities and studies that are essential to the eventual achievement of a sound, effective,
overall U. S, scientific information system. " (3)

Scope

This is the third volume of a continuing bibliographic series. The first volume,
issued in 1961, covered the period 1950 through 1956, The second volume, issued in
1964, covered the period 1957 and 1958,

This volume of the bibliographyv includes, within the limitations of the law of
diminishing returns, abstracts of all technical reporis, jourral articles, books, sympo-
sium proceedings, and monographs produced znd published by scientists supported in whole
or in part by the Air Force Office of Scientific Research during the calendar year 1959.

The Air Force Office of Scientific Research supports fundamental research in the
five major scientific disciplines: physics, chemistry, engineering sciences (snbsuming
mechanics and propulsion), life sciences (both biological and behavioral, but not medical),
and mathematics (including during the period of this bicliography, the information sci-
ences). Thus, these abstracts are multi-disciplinary, their common link being their
support by AFOSR.

Sources Searched

Referernces, reports, and clues to the existence of reperts were found by searching
the indexes and report collection of the Air Force Office of Scientific Research Technical
Library, and the collection of the Defense Documentation Center. Detailed searches were
made of each contract file in the several AFOSR Directorates. In addition cover-to-cover
searches were made of over 200 scientific journals issued mostly in the time period
1959-1962,

3 (1) Remark attributed to William Henry, Duke of Gloucester, upon presentation cf
the third volume of the 'Decline and Fall of the Roman Empire, "

(2) Study Numbe: IV. 'Documentation and Dissemination of Research and Develop-
ment Results' Report of the Select Commiitee on Government Rescarch of the House of
Representatives. Eighty-eighth Congress, Second Session. 20 November, 1964. Page 91

{8) Gray, Dwight E. Science, v. 137: 266, July 27, 1962,
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Fornd of Zntry and Arrangement

Inberent ir the organization of this beck is the concept of the reports within a con-
tract as an unanalyzsd monographic series. Reports are posted chronologically and/or
alphabetically under contrects, these in turn under laboratories, and these under contractors.
This does, in fact, provide a rough subject grmupirg, with the detailed subject index leading
into clusters of like reports.

Thatbdrmnmﬁexﬁﬂodby&cmmmbersmdmhﬂedmﬂertheaemmbers
in the indexes. The three letter mnemonic code, used in Volumes I and II, has been discon-
tinued in this volume. The form of entry is, in gerfbral, that being used fox DDC catalog
cards, i.e,; source of the document; title; personal . ior, if any; date; pagination; report
mmber contract namber; and acceasion naumber. The cnief exception is that the primary
edryilbythepreuorguunﬁonbnhwedbythemmeoithelpecuiclxhoratoryori.m-
portant subdivision, if necessary, e.g. Princeton U, Frick Chemical Lab., rather than
Frick Chemical Lab., Princeton U,

Availabilty of Reports
The principal accession or control mimbers, wbich indicate the locations of reports

.in collectione are:

AD ASTIA Document, or Accessioned Document: available at DDC
Defense EE—;eMbn Center), Cameron Sation,
Alexandria, Virginia 22314

PB Publication Board: for sale by the Clearinghouse for Federal
Bclertt{ic and Technical information (CFSTL, Sills Building,
5285 Port Royal Road, Springfield, Virginia 22151

The fact that a report is abstracted in this bookx means that 2 copy of this report
existed at the time the abstract was written; it should not be construed to imply that AFOSR
or the Library of Ccngresa necessarily has a copy available for distribution. Those week-
ing reports should do so from the cited agencies, not from AFOSR.

Indices

A detailed subject index, arranged alphabetically, and special subject classification
for mathematics, have been provided. In addition, there are a contract index, an AFOSR
control number index, and a persoaal author index,
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devise new and better ways of handling scientific and technical information.

g/,iw%-—f
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Director
hformation Sciences

Washington, D. C.
August 1965

X0 I

5 : .:' T £ )
e " III!" !Ili}'.f_l!\ J
L S/




TABLE OF CONTENTS

Foreword.................. oliolc) O¥8 68 6 0 oS & o Aol ISYEro]ol S dia o o Jo 8o B¥8 o 0B o o0 o i
PEETICEN G el el olfs) Siepiehel ol ohel el o sl o1 o' S Broaor0 oo 50 g Caolo?o 5.0 0 0.0 00 o0 0 O | 0gORT, Cx0 5 Ol 5D O v
Abstracts
Aarhus U, (Denmark) . . . . .0t v ot v it ittt einnannenns =001 O A O 0 0K Gu0K0 210,10 1
AeroChem Research Labs., Inc., Princeton, N. J. . ........ i inieierrnnnn 1
Aerojet-General Corp., Azusa, Calif. ............ SO 101030110 00 0. 0 0 0 0 0 Ol olo o 2
] Aeronautical Research Inst, of Sweden, Stockholm ........... .. o0t eonn T
Aeronutronic, Newport Beach, Calif. . ...........c00.0t 0 o o 5% e e wriel s e e 7
Aeronutronic Systems, Inc., Glendale, Calif. . ... ... 'vvtvioneernenneennns . 8
Air Force Office of Scientific Research, Washington, D.C. ............ R 8
Alabama U.. University .. ... vvv ittt iennnnnns Bl do B off B 0B ooood 9
| Alfred U.,, New York ....... AT o I R NN R e ntel ', oo, 6] T EeL PN B0 oo, i o 9
Allied Research Associates, Inc., Boston, Mass., ... ..... it evneconononsonns 10
American Mathematical Soc., Providence, R. L. ......... 510 60 00 O s -cERAAEEE S 10
Antioch Coll., Yellow Springs, Ohio ..... 0 00 0 0 O AICICKMCIC DIC0PR Ao R 5 B O SIOISE Gab Hal 11
Arkaosas U., Fayetteville........ S e [ oM 0B 0o ocoooolfoosn s el e e 12
Athens U, (Greece) .. .....ooevevnunsen A¥o0 O O o GI¥E R Y AR LS & 5 0 vewsea. 18
Atlantic Research Corp., Alexandria, Va. ......... oI i ofolo "G P¥EAGscliololio oid 5 o B
Aveo Corp., Bverett, Mass, .. .......... SIGIE & & PR O 5 N0 o100 O MoMIAERoIo ol o o 14
Battelle Memorial Inst,, Coiumbus, Ohio. . . ............. OR ol ol DIOIN0 0 0 00 0 g .. 19
] Baylor U., Houston, Tex. ......... SO G40 NG IOCHOACHC | OHO 1D OO Qoo Mo I0M0 Lod OLIoN0 0 016 . 19
‘_ Bel] Aircraft Corp.,, Buffalo, N. Y. ... ..ttt ii et nnvnncncans-ns o 20
' Birmingham U. {Ct. Brit.). . o vt v ittt it ine ittt tnnnrsesnninnassaass 21
Boston U.,, MaS88., .. .:setenuovccnassonannsnsons 3 PIGToASToATBG i 58 o o o el emehia N 22
Boulet, Georges, Toulouse (France) ..... 0 o a5 Bl S B cliglo Ololc i A ol Tl SR Rele 23
Brandeis U., Waltham, Mass. 0 biOIHOI o Folo ™o i ool ol ololGilo 0k#0l 0 OATGIgricYolctololiol e m 24
Brigham Young U,, Provo, Utah ............. H ollol Oid o 0 oM ONETEE S OIOROIGR A Ciolo lolol 25
British Columbiz U., Vancouver (Canada) ....... 5101 01l olblGio bl Oid 0 610 Sl o100 ¢ s ds5a 128
Brown U., Providence, R. L. ... 00t ittt nnnnns 0 Ogo 0 0 o 26
Burden Neurological Inst., Bristol (Gt. Brit.) .. ... ... ..ttt rnnnn 34
Bureau of Mines, Bartlesville, Okla. ...... I ] So)o Mo 000000 e ol o Rl 35
Bureau of Mines, Pittsburgh, Pa. % 080,508 500k o LU ) Gl sule NN R et Rl et G Bo e e 36
California Inst. of Tech,, Pasadena ........ccc0eeuveeceesns ool ooolo B0 37
California U., Berkeley DIGM Bik) ORoTok: Sio lollolg OIYoXoblo O 0 O 020 Ol ol Ol M0 ORIk o oG I 44
California U., Los Angeles . ........... 51061 ool oG ololg I JIOKAN0 010 O biG HEOHOND s e 04
Cambridge U. (Gt. Brit.) ............. S 0E e E e D 5J0IOICIO 0 0 0. 0 0 ok wama 89
Cambridge U. Press, New York ........ 013010 0 OIOI0 & PEoNn o 1o sals) TS (775 (01 o 0 0 00 CIODIC K}

Carnegie Inst, of Tech., Pittsburgh, Pa. ... ... ..ttt ittt ttnenreeeeennns 71

ia
e A A ST o Rt =
1
¥
)
'
3
1




L e g,

Catholic U. of America, Washington, D. C. .......c.c.ctiiieeeonenns b o T4
Chicagc Development Corp., Riverdale, Md. ...........cccieeecennnnns (4
Chicago U, L. .......... 0000000000 500000000 0000080000600a0 7%
Cincinoati U,, Qb0 . ... e encceccessons nooaocoooobloooodoood 33
Colorado U., Boulder ...... 00000000000 50000 00 0 OO 040 GG T &R0 O g0 89
Colur-*da U.,, New York ............ m——— T T . e 00000 ¥
Combustion and Explosivea Research, Inc., Pittsburgh, Pa. ................ $8
Combustion Inst,, Pittsburgh, Pa. ........ 800000000008 000D0000000K0 98
Compagnie Generale de Telegraphie Sans Fil, Paris (France) ........... 98
Copenhagen U. (Denmazk) ............. 0 00 Q.00 00 DEM.0 000 GO 0000CC 08
Cork U. Coll, (freland) .......... TS0 ohT Y ¥ L 000000000 99
Cornell Aeronautical Lab,, Inc.,, Buffslo, M. Y. .......ccecvvvecocenn oTe 101
CormsliU, Tthaca, N. Y. .......cc000sn 50 0000000000000 0000CEC 00 106
Delaware U.,, Newark . .........cs00000tseocessccnsacnnsncsnccs 118
Detroit U, Mick, ......... O G 0 0 040 0 040 048 0 0 0,040,0,0,0,0:% GG 00000000 T . 118
Documentation, Inc,, Washington, D. C. .........cc00cee0ue b ooo0oQ00o il9
Dublin Inst. for Advanced Studies (Ireland) . . . . ... ......ccvrvrennnanns 119
Dvke U, Durham, N.C. ,......... 00000000000 9000CoB 000000000 eos 119
Experiment, Inc., Richmoad, Va. . ......ccec00vueenes b 00 0 odio ceeess 129
Fairchild Engine and Airplane Corp.,, Deer Park, N. Y. .............. 130
Florida State U.,, Tallahas®es ............cco0ceeovsnacoconnse ] 131
Florida U.,Galnesville ..,.........cc0000. 500000 3000000000 g 132
Fordham U, NewYork ........... 30000000 G0000000l  ©oo000 133
Franklin Inst,, Philadelphia, Pa. ... ...... 000 cHACEC T3lc oo 0o 0o ceess 134
Free U. of Brussels (Belgium) ........... 5600 0000000000000C Ceeeen 138
Fribourg U. (Switzerland) .............cc00tennn R e a et o 141
Gaustad Mental Hospital, Oslo (NOFrWay) .. .......cc000eeeenreannnnn 5 142
General Applied Science Labs., Inc., Westbury, N. Y. St ooooooblooeeoos 142
General Dynamics Corp., San Dlego, Callf. ... ...........c0000eus ' 143
General Electric Co,, Cincinnati, Oklo ., ............ 000000 0 coe 145
General Electric Co., Schenectady, N. Y. ....... LT A e s ceee. 145
Georgetown U., Washington, D.C.  ........ e, cee.. 145
Gottingen U, (Germany) ............... T 00 0/ o - eee. 146
Harvard U, Cambridge, Mass. ., ...........,.... e ceeeees 148
Hebrew U., Jerusslem (lsrael) . ....... SHEWONe ol o] o o] o) o] e e o[ oo  AFSWWTWENST o) o] o] oWeE 158
Heidelberg U. (Germany) ....... 0 95 5000 050 0 6 BH T i ol 3do dbhbD o 162
Henri-Roussello Hosplital, Paris (France) ........ Ceee e et eee e eaeas 182
Herner and Co., Waskington, D. C. ......... 000000C o o®ooc pO0BoOOOEC . 163
Horizons, Inc., Cleveland, Ohio , .. ..... cessre e e e . ceeene e 163
Human Sciences Research, Inc., Arlington, VA, .. ... ......c0000vvvuen. 5 163
Nlinois Inst. of Tech., Chicage ................ LK 0 0 6 6 olHiHb ¢ Aol 0.0 164
Dlinois State Geological Survey, Urbanz . ..... no0OoC Creeeeeaes ceeeea. 167
DNlinois U,, Urbema ......... 5000000008000 5000000000 500000 . 168
X
oo — - T T T S A BT e e




Indlana U., Bloomington . .............. 51000 00 o com— 180

Institut de Recherches Scieutifiques ot Techniques du Ceatze-Oaest, Poltiers (France; 181

Instituts for Advanced Study, Princeton, N. J. .......... ... eennerne 181

3 b Instituto de irvestigacion de Clencias Biologicas, Montevideo (Uraguay) ... ... .. 184

. Institutn de Quimicy Pigica, Madrid(Spaln) .......... 00000000 000000 185

Instituto Nacional de Tecnica Aeronautica Esteban Terradas, Madrid (M ..... 188

towa State U. of Science and Tech,, Ames ............. coodlo 0000000000 188

Istituto Eisttrotecaico Nazionale "Calileo Ferraris”, Turin (Italy) . ........... 189

Istituto Nasionale it Otiica, Florance (Ttaly) . ........ BB00000 coooo B8 od 101

Johns Hopkins U., Baltimore, Md. ....... ...ttt eresccscsccscocs 108

Karolina¥s Inst., Stockholm (Sweden) . .........ccc00une soae 0000000 208

Kent State U., OBIO .. ..0vvvenreneenococenonnnnns s e s 208

Keantucky U, Lexington .........ccc00et00crecocccs 00 0000G 000000 208

Laval U, Quebec {Canada) ..........cc0004 bldldls dlo o o 0obbooooodNoo 210

Lobigh U,, Bethlebem, P2, ............ G O R B BB A 0G0 0C o000 210

Leyden U. (Netherlands) ........ccccvrteenncnnanss oo ooeEL o oo 211

Library o? Coagress, Washington, D. C. ........coeeenieneneneaanncnns 211

Lidgge U. (Belglum) ..........c000u0.n e i d S hiosoeneos ce 212

Little, Arthur D., Inc.,, Cambridge, Mass. ............. o & dlo o o o bbblo o o o 213

Litton Industries, Beverly Rills, Calif. ................ 500 0,000 00,0000 214

Lockheed Aircraft Corp., Palo Alto, Calif, ......... 0088000000 TONE . 214

London U, (GLBrit) . ....ccciviivvocnnnns 5 Qeogodd 000 0 000 00 0 oPHIFIAS 215

Louvain U, (Belgum) ........ 00000000 0000000000 0000 000000 0 216

Jand U. (Sweden) .. ...... . 0000 0ol o oMl 5 sooodbdloooooooo old 218

Lyons U, (France) .......o.... 50Q000000 0000000GQ0Qo o0 C 5000000 219

McMaster U. ,Out. (Conada) ............. 0000000000000 NI ET o0 e 231

Madi . dU. (Spain). . oo e vvvvnnrnenvannns a5 00000 a00 0400 000K 221

Marey Inst,, Paris (France). . . ... ..c.cceoeuecnn 900000 e o000 o 221

Maryland U, College Park ...... 00000000000 ddoddeocoobbldlcbloocoao 223

Massachusetts Creneral Hospitai, Boston .......... 000000 00000000 5 3 247

Massachusetta Inst. ¢f Tech,, Cambridge ......... Dooo0o0ocOO0O0c0oO00D000b 247

Massachusetts U, Amherst. ............. S 000 202

Materials Regearch Corp., Yonkers, N. Y. ............. oo SELETS 0T oo 2038

Maudsley Hospital, London (Gt Brit.) .. ... .. .. .00 0etennceccsensoss g 293

Max-Planck-Institut flir Strdmungsforschung, Gottingen (Germany) .......... 294

Méditeranfen de Recherches Thermodynamiques, Nice (France) . ...... ool 204

3 B Mellon Inst., Pittsburgh, Pa. ............... oellolollo] sReReNoNoRe N [oToRs ]l el Aol 205

-i % Mlami U., Coral Gables, Fla. . ........ B i T T c.. 208

: Michigan State U, East Lansfdg . . . . . .o e v e ieceneocnnne 50 db 0 208

Michigan U,, AN ATDOF . ..o cesvonenccoccnsossccsssnsnncooss . 29

Midweat RessarchInst., Kansas City, Mo. ... ..o c0eievecennncacesansns 309

Milan U. (Italy) .. ..c.ieteneeoenoseenarossnoscsnssessasnsoensnnscs 310

Minnesota U., Minneapolis ........... .. ccceeeececcn 80000 a0 . 14

x
£
;
%
3
1
R il A . e — T——— T i




Missouri U., COMUMBIR - o v v et te e et ettt e e e ettt e
Modera U. (ftaly) . . .............
Naples U. (Italy) ... .. i i iiit im ittt it eisannnroomennsonneenceas
National Bureau cf Standards, Washingtoa, D. C. ... ...... ...
Nationai Research Council, Washington, D. C. .. ... ... .00t ieveeenan

New Hampshire U., Durham ......... . oo 0o0oo0ao A P —
New Mexico U.,, Albuquerque .. .. ....cco v 5 SIS | ogn B -dlo 0 0 0 |
New York U, N. Y. ... i ittt ittt ittt tnaetnoneeatanoroneeronaes
Rorth American Avialtion, Inc., Canoga Park, Calif. .....................
North Corolina U, Chapel HIll . . . . . ... .. i i i it
Northwestern U, Fvanston, I1L. . . . ... .. 00 ittt ittt iiiv e ananns
Norway Technical U.,, Trondheim . . . ... ... .. 0 ittt ittt
Ohio State U, Columbus . . . .....ovv v 000000000 RON0000000000.a
Oklahoma State U, Stillwater . ... ... ...ttt innesnsoseennnens
Oklahoma U, NOImAn . .0t vttt ittt i ot et oncaesesueteeesnsosssan
Oregen State U, Corvallls . .. ... ii i ittt it ittt intncenonnenaanas
Cregon U, Eugene ........ o 0 000000000 ddicidic Adddo oo oo o aploflblo o o
Oslo U, (Norway) . ....... 000 0000000000000 0800000c00030000000600.0
Oxford U. (Gt. Brit.). . ......covvv v 0000000000000 0a00 0000 0okl
Palermo 1. (Italy) . .. s et i v moaennveconoroneosvasscosnasesennns
Paria U. (France). . .« « . v v v ve v v tovotnanns o AF=FFA5 ¢ 0o 0 o ETELRERY
Pennsylvania State U., University Park . .. ... oot i it ittt i ot e vnnennnns
Pennsylvania U.,, Philadelphia ... ...... ... 00t
Phillips Petroleum Co., Bartlesville, Okla. ................. 0000000000
Piga U. (taly) ... i it ittt it iit it ntantonennae innnanas 3o 8 o B0
PAtts b ghiU, JBay B e e ma el e el e e St oot ol el el e Namon sk ol budail's
Plasmadyne Corp., Santa Ana, Calif. ......... ... it icrennn
Politecnico di Torino (Italy). ....... 000030000000 0080000000000000¢
Pelytechnic Inst. of Brooklyn, N. Y. .. . . ... ittt ittt nonnnans
Pormona Coll., Claremont, Calif. . . ... ... ittt iiineeaas
Princeton U, N. J. ............. 000000 codl¥ FF ™ 00000 e oo
Puerto Rico U., MayagUeZ . . . .. ... ... .tentnnuennnetcensncnnsnsas
Puget Sound Coll., Tacoma, Wash, ... ... ...ttt ittt enecncnnas
Purdue Research Foundation, Lafayette, Ind. .. . .......................
Puriiie U, Lafayette, Ind. . .. . ... ... it i ii e ineanne
Radio Corp. of America, Princeton, N. J. ... ... it nnnns
Rand Corp., Santa Monica, Callf. . . ... .. .. . ittt i tneneennns
Rensselaer Polytechiuc Inst., Troy, N. Y. . . ... it ittt nnenenns
Republic Aviation Ccrp., Farmingdale, N. Y, . .. ........ ... v...
RIAS, Irc., Baltfmore, Md. . ... ...ttt ittt tne vt tnneonnseonnas
Rice Inst.,, Houeton, TeX. . .. ... . i ittt ittt neonanas
Rochester U.,, N. Y. . ..... ... 00000000000 00000A00000D00a
Rome U. (Italy) . ... ittt it i ittt ittt ettt en st aaasaeneens
xii
e e e

N et i

319
320
322
323
325
326
326
328
336
339
349
354
354
359
361
362
363
363
367
372
372

390
393
395
403
407
412
412
424
424
435
436
436
423
446
446
446
450
451
157
457
462

e - oy

FE TS PRUEENN » TS




Sk RN

e

Royal Coll. of Science and Tech., Glasgow (Scetiand) .. ....... ... o0 463
Royal Inst. of Tech., Stockholm (Sweden) . .. ... ... ..ottt cnnnrans 463
Ruigers U., New Brunswick, N. J. ... ... ... . ittt tnnnennn 465
St. LOWIS TS ME. | (0 ol el o o ele 2 5 o oo sl o ol s ololel sl ololie s slslslal e ololelolol s ololoo 4617
San Andres U., La Paz (BoHvia) . .. . v o vttt vt ittt eiennneenenennonons 467
Smith Coll., Northampton, Mass. . .. ..t ivitittvennceroosssssosons 468
South Carolina U, Columbia .............. ool al ol ool ol o] P eRaT e =l ol ol o) el - 5 46¢
Southern California U.,, Los Angeles . ................ 50000000000000 0 469
Stanford Research Inst., Menlo Park, Calif. . ........ ...ttt onnnnn 473
Staniord T., GaAlE. . . oo ot e v e a0 o oo s o sionions os oot as o is sies i ansoese 417
Stevens Inst. of Tech.,, Hoboken, N. J. . ... ...ttt iennennnonn- 498
Sundstrand Machine Tool Co., Pacolma, Calif. ....... ... ... ... ... ... 302
Syracasells NSRRI A owacmamats R R i R R e e o e R el R ewem e N 502
Technical Research Group, New York .. .... ...ttt nnencens 507
Technion - Israel Inst, of Tech,, Halfa . ........ .00ttt enencenns 507
Technische dochschule, Bachen (GEITmMany) ... ..coeeeeereeeeeeioeonos 510
Technische Hochschule, Braunschweig (Germany) . .. ... .. ... ... vevueeons 510
Technische Hochschule, Hannover (Germany) . ... ... ... oo voe v osronnens 510
Technische Hochschule, Karlsruhe (Germany) . ..... ...t eenenennns 511
Technische Hochgchule, Munich (Germany) ............. o o el ool ol S| apoeegs 511
Technische Hochschule, Stuttgart (Germany) 5000000000 d oS 6 dolb olb 512
Technische Hochschule, Vienna (Austria) . . ... ..... . i0v i vens v vnn. 512
Temple U., Philadelphia, Pa. .. . ... ... ....c0c00.o.. = c00000d Lo oo 512
Texas A. and M. Coll,, Coliege Station ............... S0t D 0tos ) 50 0 o8 od 513
Texas U, Austin .. . ...... ... 1000000000000 06000000000 515
Thiokol Chemical Corp., Denville, N. J. . ... ...ttt innnens 518
Toronto U. (Canada) . o v v v vt vt ittt ot o oo eosonneeenenenenenesn 518
Training Center for Experimental Aerodynamics, Brussels (Belglum) ......... 320
Trinity Coll., Hartford, Conn. .......... o et 520
Tufts U.. Medford, MaBs. .. ... vttt vt iitineeroesesonsssssssssnns 520
Uppsala U. (Sweden) . . .. .. v i it it i inenoonnn olicflo 0 0 c 0000 000G e 521
Utah U., Salt LakeCity . . . . ............... 0 0.0000000000000000000 526
Virginia Inst. for Sclentific Research, Richmond ............. N N 530
Virginia U,, Charlottesville. . ... ............ 0000g0 00000000000 GO 530
Vitre Corp. of America, West Crange, N. J. ........ HO0O000000C boo0oaboa 533
Washington U., St. Louis, Mo. ............... bkl 0 dd o 0 d 80000088 ne 534
Washington U,, Seattle . ... ...... .00ttt nnrnnsnaes 0000800000 539
Wayne State U., Detroit, Mich. ............. tcooooodicboooood 000000 542
Welzmann Inst. of Science, Rehovot (Israel) ... .. 000000000000 000000000G 543
Western Reserve U,, Cleveland, Ohlo . ... ... .0 ettt ittt it erteenns 544
Westinghouse Electric Corp., Baltimore, Md. .......... ..., 546
Westinghouse Electric Corp., Pittsburgh, Pa. ............. ... ... ..., 546
Wisconsin U,, Madison ... ..... ...ttt it ettt 547
xiii
e Bhanaori s S —




Yale U, NewHaven, Coml. . ... ...cccceeeeeenosssssscanecacaaccscs 550
Yeshiva U, New York .........c.ceiiinceenneucennccnssnnsanasns 557
Zstor Co., Cambiidge, Mass. ......... 0oBdBoocogald B WL TS o T T B 0B o 558
Contract Indox 0l Olo" o DIIPT 0 A Ol oI IAGIoIG o [OIIo oy 0 k% alolalcko oo IO dlo "o 6 O 561
OSR Control Number Index ............. oloiglomolololc 8 o IoIo| 0 GIoko o ok Iio o Glo 0 587
AARor IS | ol 2 Sel elals (ol ssl el s] sl s (o o ehehiel Sl #)(e = o [olale =lal o) o) = o= = = o (FOIEIe Clle o o) 601
SubjectIndex ...... QK010 0 0 G G 0 O OIQ OI0 OG0 0 0 0 0 0 00 0 0| CudiC 0010 O 0 A P10 Q 635
Mathematical Subject Classification .............. 00wl O3 CIOI0 LRtk By Chd0aGd 40 O 689

}':. W e T ———————————" [__.__.. ot g e s e s - = S AP C—




AIR FGRCE SCIENTIFIC RESEARCH

1
Arrhus U. [Mathematica) Inst.] (Denmark).

ON THE DISTRIBUTION OF THE RANDOM VARIA-
BLE Hu, by E. 8. Andersen. Feb, 27, 1959 [15]p. incl.

diagr. (Technical scientific note no. 1) (AFOSR-TN-
59-671) (AF 61(052)42) AD 218383 Urclassified

Treatment i8 made of the distribution of the random
variable Hn. Civen a sequence xl, xz, ... of random

variables we define % = x1 + ...+ Xk and the new

(0) (n)
L e Ty

minorant sequence to the sequence So =0, Sl, e Sn.

The raadom variable Bn we define as the number of
values k(k = 1, ...,n) for which 'r’f") ~ 8. Itis assumed
that the random variables xl, xz, ... are independent

and identically distributed. In the case, where the com-
mon distribution function F(x) of the random variables
Xn is continuous the distribution of En is known. The

condition that F(x) be continuous i omitted. The main
result is a formula for the dcuble-generating function

I
sequence T(;n), T as the largest convex

P n
BHey - Z p@E ~mst".
n=0 m=0

(Contractor's abstract)

2

Aarhus U. [Mathematical inst.] (Denmark).
ON THE DISTRIBUTION OF THE RANDOM VARIABLE
Hn’ by E. S. Andersen. Technical summary rept, Feb.
27, 1959 [4]p. (AFOSR-TN-59-672) (AF 61(052)42)
AD 218384 Unclassified
Definition of the random variable Hn is presented.
Given a saquence of random variables Xl, Xz, -

Sk = xl .+ )ﬁ( and a new sequence

\
T (n), T(n’ Bon T(n) is defined as the largest convex
(o} 1 n
minorant sequence to the sequence So =0, Sl’ very Sn.

The random variable Hn is defined as the number of
values k (k = 1,...,n) for which ’T‘én) = Sk The distri-
bution of Hn was investigated under the assumption
that the random variables Xl, Xz,
and identically distributed. If the common cistribution
function F(x) of the random variables )H( is continuous,

then the distribution of Hn is known, In the investiga-
tions reported the condition that F(x) be continuous was

... are independent

>1<

dropped. The main result is a formula for tke double-

generating function
- n
Hst)=L I P = m)st",
n=0 m=0

(Contractor's abstract)

AeroChem Research Labs., Inc., Princeton, N. J.

SIMILITUDE TREATMENT OF HYPERSQNIC 3TAGNA-
TION HEAT TRANSFER, by D. E. Rosner. [1959] [2]p.
[Rept. no. TP-10] (AFOSR-TN-59-288) (AF 49(638)-
300) AD 212920 Unclassified

Also published in ARS Jour., v. 29: 215-216, Mar. 1959.

Using the similarity between heat anc’ mass tranaport
an expression for the convective heat tiansfer rate at
the nose of a blunt body is developed for dissociated

but chemically frozen laminar flow with arbitrary sur-
face catalytic activity. The result is shown to be identi-
cal in structure with recent solutions to the boundary
layer equations.

AeroChem Research Labs., Inc., Princeton, N. J.

REACTION RATE DISTRIBUTIONS ON CATALYTIC
SURFACES, by D. E. Rosner. Dec. 26, 1958 (7]p. incl.
dlagrs. (Rept. no. TM-12) (AFOSR-TN-59-432)

(AF 49(638)300") AD 2147904; PB 140809 Unclassified

Ambrok’'s (Soviet Phys. Technical Phys., v, 2: 1979-
1986, Sept. 1957) nonsimilarity correction to the
Nusselt number is applied to the diffusion boundary
layer with catalytic surface reaction. For the laminar
boundary layer on a catalytic flat plate closed form re-
sults are obtained for the steady state reactant concen-
tration along the surface and hence the reaction rate
distribution, for a:bitrary values of the reaction order.
(Contractor's abstract)

AeroChem Research Labs,, Inc., Princeton, N. J.

ON THE EFFECTS OF DIFFUSIOM AND CHEMICAL
REACTION IN CONVECTIVE HEAT TRANSFER, by D.
E. Rosner. (Rept. no. TM-13) (AFOSR-TN-59-920)
(Sponsored jointly by Air Force Office of Scientific
Research under AF 49(638)300 and Wright Air Develop-
ment Center under AF 33(616)6216) Unclassified

Also published in ARS Jour., v. 30: 114-115, Jan, 1960.

The notion of an "effactive’ thermal conductivity for
veacting gaseous mixiures is applied to the prediction
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of convective hea! transfer rates when dissociation.
diffusion and atom recomblnzation take piace wlthln a
laminar boundary layer in quasi-equilibrium. The re-
sult for the forward stagnation region of a cool blunt
nosed body is compared to recent solutions of the
poundary layer equatlons with particular regard to the
explicit dependence on the Lewis number. (Contrac-
tor’s abstract)

AeroChem Research Labs., inc., Frinceton, N. J.

CHEMICALLY FROZEN BOUNDARY LAYERS WITH

CATALYTIC SURFACE REACTION, by D. E. Rosner.

[1959] [6]p. incl. diagrs. refs. (AF 49(538)300)
Unclasslfied

Pubiished in Jour. Aero/Space Sci., v. 26: 281-286,
May 1959.

When a fluid boundary layer containirg a single react-
ant develops along a solid surface wrich acts chemi-
cally as a sink distribution for this species, its steady-
state concentration along the surface, and, hence, the
reaction rate distributlon depends both upon the true
surface chemical kineties and a2 combination of convec-
tive and diffusive mass transport through the fluld. A
simple approx method for studylng thls streamwise dis-
tribution of reactlon rate in terms of the shear and
temperature distributions along the surface. The
method is based upon a treatment of the concentration
integral equation which initlally parallels Liepmann’s
recent treatment of the energy Integral equation but
which ultimately leads to a differential equation for the
concentration distribution of reactant along the surface.
This approach to "mass transfer” problems is com-
pared with the techniques of Chambré and Acrivos., The
reactant conceniration is consldered to be 8o small that
constant diffusion coefficient, D, viscosity coefficient,
4, Prandtl Number for diffusion (Schmidt Number),
PrD = u/(pD), can be assumed, and the fluid is taken

to be Incompressible, with catalyzed reaction taking
place only at the wall. Thus, the hydrodynamic field

is unuitered by the surface reaction/ and only the effect
of small surface temperature diiferences on the ki-
netics of the wali reaction — i.e., the effective "sink"
strength — are taken into account. Extension to the
case of several reactants 18 discussed, and an interpre-
tation of the governing catalytic pararieter as a ratio

of characteristics timea is given, (Contractor's
abstract, modificd)

AeroChen: Research Labs., Inc,, Princeton, N, J.

LOW TEMPERATURF PLASMA JET AS A FREE
RADICAL SOURCE {Abstract), by D. E. Rosner, H.
Burwasser, and H. F. Calcote. [1958] [1]p. (Bound

>2 <

yith its AFOSR-TN-59-770; AD 241053} (AF 49(638)-
300) Unclassified

Presented at Second AFOSR Contractors meeting on
Ion and Plasma Propulsion, North Amerlcan Aviation,
Inc., Rocketdyne Div., Canoga Park, Calif., July 8-9,
1959.

Nitrogen at presgures between 30-100 mm Hg has been
partially dissociated in a dc discharge and expanded
through a split brass/lava nozzle-shaped cathode into a
low pressure (1-10 mm) test section. Power balance
and discharge characteristics have been obtained over a
current range from 0.25-0.50 amp at fixed electrode
separation, In addition to an over-all puwer balance
technique, 2 methods are described for determining the
atom concentration In the emerging supersonic jet of
active nitrogen. The 1st is a differential thermoelectric
catalytic probe technigue relying on the difference in the
catalytic activity of 2 small cylinders in cross flow to
the exothermic surface recombination of atoms. The
theory of such probes in low density supersonic flows is
discussed with regard to corrections for arbitrary cata-
Istic actlvity, diffusion and radiation. In practice, pla-
tinized quartz and bare quartz have been used as the
catalytic and "noncatalytic” members, with both elements
operating in the slip flow regime. The 2nd method con-
sists of a chemical titration in which propylene is used
as the titrant, and the amount of hydrogen cyanide pro-
duced by the reaction with nitrogen atoms is determined
by means of mass spectrometric analysis. Based on the
measurements made to date, the over-all energy
efficiency for the production of atoms by the device de-
scrited compares favorably with high intensity arc
plasma jets operating at stagnaticn temperatures in ex-
cess of 6000°K.

Aerojet-General Corp., Azusa, Calif.

KINETICS OF THE SURFACE DEGRADATION OF
POLYMETHYLMETHACRYLATE, by R. F. Chaiken,
W. H. Andersen and others. Aug. 1959 [15]p. incl.
diagrs, tables, refs. (Rept. nn. TN-29) (AFOSR-TN-
59-610; (AF 18(603)74) AD 217397 Unclassified

Also published in Jour, Chem, Phys., v. 32: 141-146,
Jan. 1960,

The surface degradation of both linear and crosslinked
polymethylmethacrylate (PMM) has been studied over
the surface temperature range from 550 to 910°K by
means of a hot-plate pyrolysis technique. It was dem-
onstrated that surface gasification due to the high heat
flux at the decomposing PMM surface involves a de-
polymerizatlon process and surface desorption of meth-
ylmethacrylate monomer, The apparent activation en-
ergy for the linear rate of regression of the solid PMM
surface (linear pyrolysis rate) was found to decrease
with increasing surface temperature, approaching a lim-
Iting constant value of 11,2 ¢ 0.6 kcal/mo! at ~ 650°K
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for linear PMM, and at ~ 770°K for crosslinked PMM.
The mechanism for th» surface degradatlon is depicted
ag (1) formation of monomer in the surface substrate,
(2) diffusion of monomer to the surface, and (3) desorp-
tion of monomer from the surface. The linear-pyro-
lysis-rate data is correlated by means of ar absolute-
rate-theory treatment of surface decomposition. The
experimental results are in goed agreement with the
theory. (Contrar~tor's abstract)

the oxidizer and binder in the burning propellant by
means of linear pyroclysls-rate data. Unique experi-
ments demonstrate that the binder-oxidizer gas reac-
tions often take place at a relatively large distance from
the surface in a region of relatively high temperature,
The heat produced by these exothermic binder-oxidizer
gas reactions (diffusion flame) must therefore contribute
very little to the determination of the effective temper-
ature at the surface with many typical AN propellants.
The theory predicts a lower limit of about 9.04 ¢cm/sec
to the burning rate of AN propellants, (Contractor’s

9 abstract)

Aerojet-General Corp., Azusa, Calif.
11
STUDY OF THE KINETICS OF SOLID PHASE REAC-

TIONS, by R. F. Chaiken. Nov, 1959, 6p. incl. refs, Aerojet-General Coerp., Azusa, Calif,

]
A}

{Rept. no. 1706) (AFOSR-TR-59-180) (AF 18(603)74)
AD 229120 Unclassifled

A theoretical concept of the mechanism of the thermal
decomposition of solids propcsed by Schultz and Dekker
was tested cn various pure compounds. Mechanisms
are postulated for the degradation of polymethylmetha-
crylate and the decomposition of ammonium nitrate,
Important differences were found between bulk and sur-
face decemposition data which could be explained on

the basis of the processes involved. An improved
linear pyrolysis apparatus was constructed which per-
mitted the re-evaluation of kinetic data, A careful study
of the data revealed the limitations of the instrument,
and resulted in the use of supplementary methods for
obtaining kinetic decomposltion data. (Contractor's
abstract)

Aerojet-General Corp., Azusa, Calif.

A MODE L. DESCRIBING COMBUSTION OF SOLID
COMFOSITE PROPELLANTS CONTAINING AMMONTI-
UM NITRATE, by W. H. Andersen, K. W, Bills and
others. [1959] [i7]p. incl. diagrs. tables. (AF 18(803)-
1) Unclassified

Published in Combustion and Flame, v, 3: 301-317,
Sept. 1959.

A'two-temperature’ model describing the burning of
ammonium nitrate, AN, composite propellants is pre-
sented. This theory postulates that in an AN propel-
lant. the oxidizer gasifies first at about 300° to 350°C

by a highly endothermic surface process to give pre-
mixed amnionia and nitric acid, The oxidation-reduc-
tion reactions of these 2 gases establish a flame with a
maximum temperature of about 1000°C. Burning cata-
lysts influence burning characteristics cf AN propellants
mainiv through 2 heterogeneous catalysis of these gis-
phase reac'ions, Particles of binder protrude from the
bucning oxidizer surface and pyrolyse in this hot flame-
zone, Since the pyrolysis cf solid oxidizer and of solid
binder are independent processes it is possible with this
theory to estimate average surface temperatures of both

>3 <

A THERMAL LAYER MECHANISM OF COMBUSTION
OF SOLID COMPOSITE PROPELLANTS: APPLICA-
TION TO AMMONIUM NITRATE PROPELLANTS, by
R. F. Chaiken. [1959] {16lp. incl. diagrs. refs. |AF 18-
(603)74] Unclassified

Published i Combustion and Flame, v. 3: 285-300,
Sept. 1959,

A niechanism for the combustion of ammonium nitrate
solid compoesite propellants is present, utlllzing the
recent 'two-temperature' theory of propellant burning.
According to the theory, the rate-controlling reactions
associated with the gasificatlon (pyrolysis) of the sclid
oxidizer and of the solid binder in a composite propel-
lant are essentially independent of each cther. A model
of steady-state combustirn is set up which considers
the pyrolysis of oxidizer separately from the blnder, It
is assumed that the surface pyrolysis is the result of
the transfer of heat from a flame zone surrounding the
oxidizer particle, and that this flame zone 1s the result
of the gas-phase redox reactions between the oxidizer
pyrolysis products. It is assumed that a thermal layer
exists about an oxidizer particle; the thickness of this
layer (distance between the oxidizer surface and the
flame zone) is related to the velocity at which gas ex-
pands away from the surface, and the rate of the gas-
pnase reaction, From heat transfer considerations, an
analytical expression for the thickness of the thermai
layer is obtained in terms of the pressure, oxidizer
particle size, and the kinetics cf the solld and gas-phase
reactions. The agreement between the theory and the
availal-le data on ammonium nitrate propellants is
reason.ble, (Contractor's abstract)

Aerojet-General Corp., Azusa, Calif,

A THERMOCQUPLE JUNCTION FOR A HOT-PLATE
LINEAR? PYROLYSIS APFARATUS, by R. F, Chaiken
and D, . Van de Mark. [1959] [4]p. incl. diagr.

(AF 18(¢0%)T1H Uaclassified
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Published in Rev, Scient. Instr., v, 30: 3756-376, May
1980.

As a supplement to a previous report (AER.06:001,

Vol. I) it ie pointed out that the surface temperature
measurements given could be in error, particularly at
high heat flux. The finite thickness of the thermocouple
junction is believed to be the cause of the error. At
lower temperatures the temperature drop across the
plate is small and negligible, but al higher tempera-
tures the drop is quite noticeable. Surface temperature
measurements which are in error by @s much as 30°C
huve been found.

12
Aerojet-General Corp.,Azusa, Calif.

FREE RADICAL FUELS - A TOUGH PROBLEM, by
J. M. Flournoy. Sept. 1959 [6]p. incl. illus. diagr.
{Rept. no, 7N-32) (AFOSR-TN-59-821) (AF 18(603)-
110) AD 226541 Unclassified

Also published in Astronautics, v. 4: 44, 106, 1659.

The problems involved in the use of stabilized ener-

getic free radicals for propulsion purposes are sum-
marized and discussed briefly in terms of 4 problem
areas: gelection of systems, production, storage, and
combustion. (Contractor's abstract)

14
Aerojet-General Corp., Azusa, Calif,

CHEMICAL FRAGMENTS AS ULTRA-ENERGY PRO-
PELLANTS, by D. L.. Wulff, 1. H. Baum, and J. M.
Flournoy. Nov, 1959, 56p. incl. refs, (Abstracts
Bull. no. 4; rept. no. TN-33) (AFOSR-TN-59-1249)
(AF 18(603)110) AD 230736; FB 14564¢%

Unclassified

The 4th in a series of Abstracts Bulletins continuing
the work of the 1st 3 (AER.08:001, 002, 004, Vol, I}}

surveys the time period from 1956 through part of 1958,

This bulletin is expected to terminate the service since
wide-spread interest in this field has been generated.
The investigations cover certain high-energy chemical
systems as potential propellants for rocket propulsion
which has necessitat>d an extensive review of the liter-
ature concerned with chemical fragments, products,
identification, stabilization, and determination of prop-
erties.

15
Aerojet-General Corp., Azusa, Calif.

RESEARCH ON ULTRA ENERGY FUELS FOR
ROCKET PROPULSION, by J. M. Flournoy, L. H.

Baum and others, Oct. 1959, 1v, incl. illus. diagrs.
tables, refs. (Rept. no. 1690) (AFOSR-TR-59-169)
(AF 18(603)110) AD 229132 Unclassified

Trie results of 3 yr of research on the stabilization of
erergetic {ree radicaiz are summarized. Hydrogen
atoms, hydroxyl radicals, a;id other norraaliy unstable
chemical species, produced by ionizing radiation and
by electric discharges, were stabilized at low tempera-
tures. The rate of disappearance of some of these
radicals were studied over a range of temperatures,
using electron-paramagnetic-resgonance technigues,
The heat released by the recombination of hydroxyl
radicals in ice near 100°K was measured. The adsorp-
tion of hydrogen atoms on glassy materials at norraal
temperatures was jnvestigated and found to involve a
variety of difierent adsorption sites. The general prob-
lems involved in the production, storage, and utiliza-
tion of high concentrations of free radicals are briefly
summarized in the light of the results of research in
the field over the last several years. (Contractor's
abstract)

16
Aerojet-General Corp., Azusa, Calif.

RESEARCH ON FREE RADICALS AS ROCKET PRO-

PELLANTS, by G. Moe and D. L. Armstrong. [1959]

[14]p. incl. diagrs. tables, refs. [AF 18(603)110]
Unclassified

Published in Proc. Symposium on Advanced Propulsion
Systems, Los Angeles, Calif. (Dec, 11-13, 1857), New
York, Pergamon Press, v. 2: 213-226, 1659,

One of the problems encountered in the development of
airborne vehicles capable of traveling longer distances
and of attaining increased altitudes is the need for fuels
of higher specific impulse than is currently attainable

with conventional chemical fuels. Calculations have been

made to indicate that significant increases in the per-
formance of rocket propellants are possible if certain
tvpes of free radicals and atoms can be utilized, The
radicals and/or atoms might be introduced into a suit-
able wnrking fluid, such as hydrogen. The reaction of
the radicals would heat the working fluid to the desired
operating temperature, Whereas the maximum specific
impulse that can be expected from ordinary ~hemical
propellani systems is in the range from 350 t» 400
1b-sec/lb, the utilization of the heat of reaction of free
radicals, such as NH, CH, or of atomic H cculd result
in specific impulses in excess of 400 lb-sec/lb. The

method of calculation of the performance characteristics
of free radical propellant systems is discussed in detail,

The results of an experimental study on the production
and stabilization of the imine radical, NH indicate that
the biue material which is condensed at -196 C when
hydrazoic acid, HNS’ is passed through a furnace at

1000°C or an electric discharge is a form of undissoci-
ated nydrazoic acid. (Contractor's abstract)

>4 <

Ry = g R A RO SR Y 4 5o o

1




AIR FORCE SCIENTIFIC RESEARCH

i7

Aerojet-General Corp., Azusa, Callf,

ik
ii‘" EPR STUDIES OF ELECTRON IRRADIATED ICE AN
f SOLID HYDROGEN, by J. M. Flournoy, L. H, Piette
and others. [1959] [2]p. incl. diagrs. [AF 49(638)110j
Unclassified

Published in Jour. Chem. Fhys., v. 30: 1623-1624, June
1959,

The results are given of a group of electron irradiation
experinients employing the Stanford U. mark II 40-mev
linear acceleratcr and a V-4500 EPR spectrometer

with liquid helium accessory. Irradiations were carried
out on ice and on solid hydrogen. Resonance values
were obtained at 4.2°K at different dosages and re-
ported. 1t is felt that increased concentration of the
hydrogen atom could be achieved through improved
thermal contact o7 the sample to the helium bath and
through the use of considerably lower irradiation rates.

18
Aerojet-General Corp., Azusa, Calif,

UTILIZATION OF UPPER-ATMOSPRERE ATOMIC-
OXYGEN RECOMBINATION FOR PROPULSION, by A.
Zukerman and C. B, Kretschmer. Apr. 10, 1%59, lv,
incl. diagrs. tables, refs. (Rept. no. TN-28) (AFOSR-
TN-59-517) (AF 40{838)111) AD 216292; PB 152055
Unclassified

The report presentse a preliminary investigation of
several methods for the utilization of the upper-atmos-
phere atomic-oxygen recombination energy for propul-
sion purposes, The following systems were studied:
(1) the fuelless ramjat, (2) a ramjet with fuel addition,
and (3) a catalytic ram rocket (a power plant of the
ramjet type in which the chemical reaction takes

plac2 primarily or. the catalytic surfaces of the reac-
tion chamber). The fuelless ramjet cycle was pre=.-
cusly investigated using ideal conditions (AER.11:004,
Vol. 1]). In this investigation, logses were taken into
account and the latest available values for the reac-
tion-rate constant were used. This investigation shows
that the fuelless ramjet cannot provide enough thrust
tc sustain a satellite in the atomic-oxygen layer. The
investigation of the ramjet with mass addition skows
that with fuels similar to NO2 (in molecular weight

and heat - elease) enough thrust can be derived to
overcon:e the external drag, but not the total drag.
Certain configurations of the catalytic ram rocket
show promise for sustaining a satellite for a consider-
able length of time at a high expense of coolant fluid.
(Contractor’s abstract)

>§ <
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Aerojet-Gereral Corp., Azusa, Calif.

A STUDY OF THE FEASIBILITY OF AN ATOMIC
OXYGEN RAMJET, by A. Zukerman and C. B.
Kretachmer. [1950] [17]p. incl. Hagre. tables. [AFOSR-
TN-59-820] [AF 49(638)111] Unclz<sified

Presented 2t Fourth AFBMD/STL Symposium on Ad-
vances in Ballistic Missile and Space Technology, Loa
Angeles, Calif., Aug, 24-27, 1959.

Also published in Planetary and 8Space Sci., v. 4: 60-76,
Jan, 1961,

The utilization of the upper-atmosphere, atomic-oxygen-
recombination energy for propulsion purposes through
the use of different ramjet types of engine was investi-
gated. The fuelless ramjet, the ramjet with fuel addition,
and a catalytic-ramjet-rocket (ram-rocket) were inves-
tigated as possible satellite sustainers in the 2tumic-
oxygen layer, Optimum configurations of the different
types were determined, and the performance was com-
pared with satellite sustaining requirements. (Con-
tractor's abstract)

Aerojet-General Corp., Azusa, Calif.

INVESTIGATION OF ATOMIC-OXYGEN RECOMBINA-
TION RATES, by C. B. Kreteschmer, Final rept. May
1058 [35]p. incl. diagrs. table, refs. (Rept. no. 1611)
(AFOSR-TR-59-82) (AF 49(638)111) AD 217008
Unclassified

The following values of rate constants were determined
at 350°K: 15

n
0+0+M-Cy+ Mk =(25%1.0)x10 cme/mol" sec

=1.1 x 1014 cme/molz gec
17

Q+0 +M-03+M;k

2 2

O + OH + M~HO, + M; k, = 1.2 X 10 cmG/molzsec

28
These values are for M = 02 or A, When M ~O, kl is

4 to 20 times as large as the value stated. A comparison
of the value »f kl found here with values obtained from

shoc..-tube experiments gives ‘he following equation for
the temperature dependence of 3% kl =

- 4 2

10" (1/4500) 122 £ 016) ;5 2 50!2 em®/mor? sec.
An investigation of the feasibility of the atomic-oxygen
ramjet led to the conclusion that flight at orbital velocity
is impossgible because of diffuser losses. Flight »* M =
2 is marginally feasible, but at any velocity less than
orbital, the payload capacity is essentially zero.

i
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Aeropjet-General Curp., Azusa, Calif.

POSITIVE-ION EMISSION FROM SURFACES (Abstract),
by R. J. Sunderland. [1958] [1]p. (Bound with its
AFOSR-TR-58-125; AD 162274; also bound with its
AFOSR-TN-58-770, AD 241053) (AF 49(638)214)
Unclassified

Presented at Conf. or: Ion and Plasma Research,
Maryland U., College Park, Sept. 30-Cct. 2, 1958.

Presented at Second AFOSR Contractors meeting on
Ion and Plasma Fropulsicn, North American Aviation,
Inc., Rocketdyne Div., Canoga Park, Calif,, July 8-9,
1959,

At the present time there does not exist a source capa-
ble of producing a copious quantity of ions cn a surface
and which also has the feature of continuously replen-
ishing the ionizing material. The research being con-
ducted under this contract is directed toward the inves-
tigation of several systems which show promise of pro-
viding the desired emissions. These include: (1) the
ionization of gases on diffusion through heated metal
foils, (2) the electrolysis of alkali metal ions through
glass membranes, and (3) the diffusion of alkali metal
vapor through porous tantalum or tungsten metals at
elevated temperatures. The sodium through glass ex-
periment is the most advanced, and there is some indi-
cation of an emission from the vacuum side of a glass
membrane whose outer surface is immersed in a
molten sodium nitrate bath. The emitted material is
collected on a water cooled surface maintained at a
high negative potential with respect to the molten salt.
Apparatus for the detection and identification of the
ions emitted from a heated palladium foil through
which hydrogen is diffusing has been decigned and is
being assembled, and a device to study the transmis-
sion of cesium vapor through a porous tungsten sheet
maintained at 1200-1400°K is being fabricated.

Aerojet-General Corp., Azusa, Calif,

THEQORETICAL AND EXPERIMENTAL STUDIES CF
GAS DYNAMICS, by K. Sato. Final rept. June 1959
[26]p. incl. illus. diagrs. (Rept. no. 1604) (AFOSR-
TR-59-65) (AF 49(638)252) AD 264247 Unclassified

The primary objective of the program was to deter-
mine the conditions necessary to obtain a rapid chemi-
cal reaction ir the immediate vicinity of a shock wave,
The initial shock wave, generated in the gaseous oxi-
dizer, was allowed to disperse the injected fuel droplets
and to raise the temperature and pressure of the {uel-
oxidizer mixture, It was then reflected from the end of
the shock *ube ard allowed to pass through the dis-
persed fuel droplets and oxidizer. The course of the
reflected shock wave <28 followed photographically to
determine the degree of chemical reaction of the
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fuel-oxidizer mixture. Results showed that the chemi-
czl reaction between the fuel and oxidizer was oshserved
only after the passage of the reflected shock wave.
{Contractor's abstract)

Aerojet-General Corp., A7usa, Calif.

THE ROLE OF BINDER IN COMPOSITE PROPEL-
LANT COMBUSTION, by R. F, Chaiken and W. H.
Andersen, July 1959 [24]p. incl. diagrs. tables, refs.
{Rept. no. TN-30) (AFOSR-TN-59-540) (AF 49(638)-
566) AD 216557; PB 149772 Unclassified

Presented at meeting of the Paint, Plastics, and Print-
ing Ink Chem. Div. of the Amer. Chem. Soc., Atlantic
City, N. J., Sept. 13-18, 195¢, p. 15-Q.

Abstract published in 136th meeting of the Amer., Chem.
Soc. Abstracts of Papers, 1959, p. 15-Q.

Also published in Prog. in Asironaut, and Rocketry,

v. 1: 227-249, 19%0.

The interrelation of binder (fuel) and oxidizer during
burning of conventional types of solid composite pro-
pellants is discucsed in terms of the mechanism of the
combustion process. A major feature of most contem-
porary theories of composite propellant combustion

is that diffusion processes are involved in the chemical
reactions between the gaseous pyrclysis products of the
oxidizer and binder. However, the importance of these
diffusion processes in affecting the propellant-burning
characteristics depends upon the relative rates of re-
action between the oxidizer-binder pyrolysis products
and the oxidizer pyrolysis products alone, Utilizing
the recently developed ""Two-Temperature™ and
"Thermal Layer" theories of combustion, it is possible
to delineate the various effects of these gaseocus reac-
tions on the propellant burning rate, These theories
have been extended semni-quantitatively to include the
effects of dilution, diffusion, and fast chemical reacticn
of the gasified binder. The combustion of ammonium
nitrate and ammonium perchlorate propellants is dis-
cussed in terms of the described concepts, and com-
pared with 2xperimental data where possible. Evidence
is presented which suggests that the "order-of-magni-
tude' burning rates of most ammonium-nitrate-based
propellants should be aetermined largely by the chemi-
cal decomposition behavior of the oxidizer, with the
binder decomposition playing a secondary role. 1t is
not clear that the sanie situation holds for ammonium-
perchlorate-based propellants. The physical influence
of th.e binder on the combustion process is also dis-
cussed briefly. (Contractor's abstract)

Aerojet-General Corp., Azusa, Calif,

THE COLLOID ROCKET: PROGRESS TOWARD A
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CHARGED-LIQUID-COLLOID PROPULSION SYSTEM,
by R. D. Schultz and L. K. Branson. [1959) [31]p incl.
illus, diagrs. tables, refs. (AFOSR-TN-58-1334)

(AF 49(638)656) AD 241055 Unclassified

Also published in Proc, Second Symposium on Advanced
Propulsion Concepts, Boston, Mass., (Oct, 7-8, 1959),
Boston, v. 1: 53-72, 1959, (AFOSR-637)

Theoretical and experimental research is described
leading toward a space propulsion system ‘n which mi-
croscopic oil droplets are produced with a high posi-
tive charge and accelerated electrostatically to exhaust
velocities of over 50,000 mph with a specific impulse of
over 2200 sec, This type of rocket system: may prove
tc be of considerable value for conirolling the orbit of
an earth satellite, for earth-moon missions, and pos-
sibly for deep-space exploration such as a Mars or
Venus probe. (Contractor's abstract)

25
Aerojet-General Corp,, Azusa, Calif.

INVESTIGATION OF A CHARGED-COLLQID PROPUL-
SION SYSTEM (Abstract), by R, D. Schultz, [1959]
(1]p. (Bound with its AFOSR-TN-59-770; AD 241053)
(AF 49(638)656) Unclassified

Presented at Second AFOSR Contrac rs meeting on
Ion and Plasma Propulsion, North American Aviation,
Inc., Rocketdyne Div,, Canoga Park, Calif., July 8-9,
1859.

Preliminary measurements have been made of the ini-
tial charge-to-mass-ratio of liquid colloidal droplets
procuced by electrical dispersion from sharp needle
tips maintained at high positive potentials., The needle
tip is continuously wetted with liquid. Liquids tested in-
clude octoil, didecyl adipate, and polyalkylene glycol
derivative ("'flexol’ plasticizer B-400, Union Carbide
Chemicals Co.). Initial charge-to-mass-ratio for col-

loidal droplets of each liquid was approx 5 x 108 esi/g.
Apraratus has been designed and a system is being
constructed in which charge-to-mass-ratio of collpidal
droplets and the momentum beam of charged colloids
can be measured in high vacuum. Pressures as low as

5 x 10-7 mm Hg have been obtained and acceleratiag
voltages, as high a8 200 kv.

26
Aeronautical Research Inst. of Sweden, Stockholm,

A THEORETICAL INVESTIGATION OF SECOND-CR-~
DER SUPERSONIC INTERFERENCE EFFECTS, by
B. . Beane and M. T, Landahl. Apr. 1959 (17]p. incl,
Ziagrs. (Technical note ro. 1} (ATGSR-TN-5€-062)
(AF $1(052)75) AD 2.5857; PB 144305  Unclassified

An approximate solution, valid for high Mach numbers,

>0 <

for the 2rd-order supersonic flow problem of 2 inier-
fering {lcw fields is gziven. The approximate solution
recuires that the spanwise curvature of the body flow
field is small. A further approximation is made which
leads to a very simple formula for the interference
pressur2, This formula is fcund to give relatively
small errors in the cases investigated, It s found that
2nd-ord:r interference effects may be large at Mach
numbers above 3. It is demonstrzted that large gains
in control surface efficiency may be obtained by plac-
ing the control surface in a region of high prs3sure
from the body. (Contractor's abstract)

Aeronutronic, Newport Beach, Calif.

ENHANCEMENT OF GAS PHASE CHEMICAL REAC-
TION RATE DUE TO SIMULTANEQUS PERIODIC
TEMPERATURE AND VOLUME PERTURBATIONS, by
H. M. Wight. Apr. 1952, 27p. incl, diagrs, tables.
(Technical note no. U-489) (AFOSR-TN-59-513)

(AF 49(633)311) AD 264246 Unclassified

A research study was made of the effect of simultane-
vus temperature and volume variaticns on gas phase
chemical systems having well established kinetics.
The specific systems selected for study were: (1) the
decomposition of HI; and (2) the direct synthesis of
HBr, A theoretical analysis was made which predicts
reaction rate enhancements should occur for systems
subjected to periodic perturbations in volume and tem-
perature. The enhancement arises essentially from the
non-linear temperature dependence of the rate con-
stants. For a chain reaction such ag HBr synthesis,
the predicted rate enhancement falls off mildly with an
increase in the perturbation frequency. (Contractor's
abstract)

Aeronutronic { Newport Bezch, Calif.].

ON STUDY OF METHODS OF PRODUCING HIGH-
SPEED PARTICLES, by T. Bergstralh, D, Krucoff
and others. Final rept. Nov. 1859, 65p. incl, illus.
diagrs. tables, refs. (Rept. no, U-688) (AFOSR-TR-
59-181) (AF 49(638)36€) AD 229718; PB 144731
Unclagsified

Me ‘hods were investigated for accelerating, measuring
the size and velocity, and effects of impacts, of small
particles with diameters in the range of 1 to 10004 to
velocities of 5 to 10 km/sec. The primary interest in
meteoritic impact effect i8 vn missiles, sateilites, and
space vehicles, The experimental eiforts were limited
to electromagnetic and light gas gun techniques since
the particles involved in meteoritic impact have diame-
tere gm2ater dian 1 micron. Two mclieds of elcctro-
magnetic acceleration were studied: (1) the single coil,
repulsion solenoid, employing a thin disc as the sabot;
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and (2) & variant of the exploding wire technique. An
adapatiun of the single-chamber, directly bheated, light
gas was undertaken. (ASTIA abstract)

29
Aeronutronic, Newport Bexch, Calit.

MAGNETOHYDRODYNAMIC WAVES (Abstract), by

T. A. Bergstralh. [1959] {1]p. (Bound with itz

AFOSR-TN-59-770; AD 241058) (AF 40{638)6%0)
Unclassified

Presented at Second AFOSR Contractors meeting on
Ion and Plasma Propulsion, North American Aviation,
inc., Rocketdyne Div,, Canoga Park, Calif., July 8-9,
1959,

Aeronutronic is undertaking an experimentzl study of
magneticuily driven ahock waves in jonized raedia, It
is intended ts drive shocks through an already ionized
medium of sufficient conductivity to insure that the
magnetic flux remuins with the plasma. The diffusion
of the magnetic flux with respect to the plasma will be
measured. The motion in these magnetohydrodynamic
waves will be studied by means of voltage induced in
wire loops and by optical methods. The program is in-
tended to experimentally determine the equation of
state of the shocked gas and the instabilities at the in-
terface between the plasma and the propeiling magnetic
field. T ., program is just being started. The planned
ezperiments are outlined.

30
Aeronutronic Systems, Inc., Glendale, Calif.

PROJECT FARSIDE (Unclaassified title), by R. G.
Taylor (Thiokol Chemtcal Corp., Elkton, Md.). [1959]
1v. inc¢l. illus, diagrs. tables. (Taiokol Chemical Corp.
Elkton Div, rept. no, E 80-57) (AFOSR-TR-59-18)

(AF 49(638)55) AD 314403L Confiduntial

3
Air Force Office of Scientific Research, Washington, D. C,

PERFORMANCE OF CLOSED-LOQP FLIP-FLOP
CONTROL SYSTEM IN MISSILES AND ROCKETS, by 21,
Rogers and G, Shapiro. [Apr. 15, 1959] 1v. incl. diagrs.
(AFOSR-TN-59-349) (In cooperation with Westinghouse
Electric Corp., Baltimore, Md.) AD 213677; PB 143593
Unclassified

Also published in Jour, Aexn/Space Sci., v. 27: 841-853,
Nov. 1960.

The basic concepts underlying the synthesis and analy-

sis of closed-loop, flip-flop control systems of the slec-

tromechanical type are devaioped. Generaiized design
and analysis charts are presented ic aid the engineer in

quckly gaining an understanding of the relative in.por-
tince of various elements in the system to the gystein's
performance and stability. The importance of consider-
ing nct only control-system dynmamics, but also the damp-
ing provided by the airframe in developing practical flip-
flop control systems is forcefully demonstrated to the
engineer and acientist. Analog computer data, obtained
a8 part of the prasent study, are used to substantizte
analytic approaches and to advance the understanding of
such sysiems. (Contractor's abstract)

A’r Force Office of Scientific Research, Washington, D. C.

POSSIBLE. EFFECTS OF CURRENT RESEARCH IN
AUTOMATIC INFORMATION HANDLING ON TECHNI-
CAL WRITING AND PUBLISEING, by H. Wooster.
{1959] 18p. incl. refs. (AFOSR-TN-59-484) (Sponaored
jointly by Air Force Cambridge Research Center, Air
Force Office of Sclentific Research, Council on Li-
brary Resources, Office of Naval Research, Rome Air
Development Center, and National Science Foundation)
Unclassified

Presented at meeting of the Tech. Publishirg Soc.,
San Diego, Calif., May 22, 1959.

The possible effects of current res~arch an develop-
ment in fields of mechanical transl. .on, character
reading, automatic abstracting, information storage,
retrieval, and pattern recognition are reported, A drief
explanation of each of these is given. Some uf the prob-
lems of information distribution are discussod including
the dissemination problem. The role of automatic in-
formation handling within the context of these problems
is examined, It is concluded that there are many things
in this field that machines can do as well as people;
applications may save the efforts of people for things
that machines cannot do.

Air Force Office of Scientific Research, Washington, D. C.

VISTAS IN ASTRONAUTICS, VOLUME Il. PROCEED-
INGS OF THE SECOND ANNUAL AIR FORCE CFFICE
OF SCIENTIFIC RESEARCH ASTRONAUTICS SYM-
POSIUM, Denver Colo., Apr, 28-30, 1958, ed, by M.
Alperin and H, F. Gregery. New York, Pergamon
Press, 1959, 318p. incl. iilus, diagrs. tables, refs. (In-
ternat'l. Series of Monographs on Aeronaut. Sci. and
Space Flight) (AFOSR-TR-59-94) (Sponsored jointly
by Air Force Office of Scientific Research and Insti-
tute of Aeronautical Sctences) Unclassitied

At the 2nd Astronautics Symposium, papers were pre-
soated dea.ing with space envirsnment and v&idum re-
search, control and propulsion of vehicles outside the
atmosphere, departure and space navigation and re-
entry problems, and the earth's moon, It was noted that
unmanned vehicles could achieve better scientific
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information in some instances, but that man wouid
eventually ventura out into space. Bafore that time,
however, much more information must be acquired.

Air Force Office of S_ientific Research, Washington, D. C.

PROCEEDINGS OF A SYMPOSIUM ON ADVANCED
PROPULSION SYSTEMS, l.os Angeles, Calif., Dec. il-
13, 1959, ed. by M. Alperin and G. P. Sutton. New York,
Pergamon Press, 1959, 237p, incl, illus. diagrs. tables,
refs. (AFOSR-TR-59-166) (Sponsored fointly by Air
Foice Oftice of Scientific Research and North American
Aviation, Inc., Rocketdyne Div., Canoga Park, Calif.)
Unclassified

This symposium was aimed at bringing together
American scientists and engineers engaged in the estab-
lishment of the fundamental principles of propulsion for
space vehicles. It wzs realized that the conventional
rocket propulsion based solely on chemical prapeilants
had limitations that were fast being approache< and

that a new type propulsion system was needed. The
symposium included reporis on all phas2s of rocket
propulsion plus a test firing of the power plant for the
Atlas missile, Its publication was delayed because of
the classified status of the reports, but a slackening of
security and requests for publication led to the volume.

value but u’usually zero; and {3) the equilibrium
FH-=F <+ H . The constancy of the pH is thought to
be explained by the presence of the buffer, alkali
fluoride, and hydrofluoric acid. A sharp increase in
equivzlent conductance at low concentrations was at-
tributed to the contribution of the fast moving hydroni-
um ion. (ASTIA abstract)

Aiabama U., University.

A STUDY OF THE GALLIC ACID COMPLEXES OF
NIOBIUM, TANTALUM, TITANIUM, AND IRON, by
E. L. Grove, L. Maddox, and W. 3. Jeffrey. July 26,
1960, 11p. incl. diagrs. table. (AFOSR-TN-59-1183)
(AF 18(800)1567) AD 248631 Unclassified

Preseated at Chem. Sect. of the Thirty-fifth anmal
meeting of the Alabama Acad. Sci., Howard College,
Birmingham, Ala., Mar, 31-Apr, 2, 1858,

Abstract published in Jour. Alabama Acad, Sci., v. 30:
13, Oct. 1958.

The use of gallic acid as a spectrophotometric proce-
dure for both tantalum, and niobjum was investigated.
The optical properties of several other metal chelates
were also explored. The pH effects on the absorption
of niobium, tantalum, and vanadium-gallate chelates is
summarized. It is pointed out that it should be pogsi-

35 ble to develop a colorimetric procedure for tantanium
and rhenium without prior separation.

Alabama U., University.

CONDUCTANCE OF THE HEXAFLUOCCOMPLEXES 37
OF THE FOURTH GRGUP, by E. L. Grove and R.

Schmitt. July 25, 1959, 54p. incl. diagrs. tables, refs, Alfred U, New York State U, Coll. of Ceramics. N. Y.

{AFOSR-TN-59-816) (AF 18(600)1567) AD 230708;
PB 145639 Unclassified

An investigation wzs made of the variation of equiva-
lent conductance with concentration for 18 alkali-
hexafluocorplex solutions. The electrolytes included
the K, Rb, and Cs hexafluccomplexes formed with Si,
Ge, Sn, Ti, Zr, and Hf. Plots of the eq=ival~nt con-
ductance v8s the square roct of the concentration of the
compounds yielded {ypically weak electrolyte curves.
Cryoscopic determiwtions carried out with 0.03, 0.02,
and 0.01 . 'ar solutions indicated that 3 ions are
{ormed for each molecule of salt. The pH of 21l solu-
tions was almost constant for concentrations ranging

trom 10 to 107 equivalents per liter, It was sug-
gested that these properties ure caused by the iollow-
ing 3 reactions which occur when a hexafluccomplex is
diasolved: (1) the salt ionizes by the mechanisms

K, MF, -2K* + ME, ", where M 18 a Group IV element;

(2) the hydroxy! ions comp.:te with the fluoride ions an
substituents in the coordination sphere of the hexafluo-
complex ion as shown by Ml-‘6 + anizo 3

O+, where n has no exact

MFG-n(OH)n +nF + nﬂs

»9<

DIFFUSION IN ALKALI HALIDES AT LOW TEMPERA-

TURES, by T. J. Gray and P. G. Harrison. [i959)

[11]p. incl. illus, diagrs. (AF 18(600}1448)
Unclassified

Published in Faraday Soc. Discugsions, No. 28: 81-85,
1059.

The results of diffusion situdies made on alkali halide
crystals grown from solution are presented and con-
trasted with those grown from the melt. Confirmation
is made that the predomainant feature is the initial dis-
tribution of impurities achieved during growth frum
solution. However, heating the crystals to a tempera-
fure corresponding to the "knee' in the classic diffusion
relationship reveals that the relationship is contiguous
with the classical curve for high tempcratures. From
this and other evidence, it seems certain that the low-
temperature process is definitely associated with the
aggregation of impuritien a.d varansiae at dislncations,
It is also pointed out thst the solution-grown crystals
contain 2 orders of magnitude less hydroxyl ion than do
typical melt-grown crystals. In addition, no dielectrie
relaxation phenomena have been observed in any
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soluton-grown crystals until aiter heating to above the
"knee'' tersperature; and after heat treatment has occa-
sioncil aggregation, the rate of F-center formation in-
creas:s by 30 to 50%. It is believed that this evidence
precludes the acceptance of any oversimplified theo-
retical treatment which ignores the complexity intro-

duced by aggregat.on at disiocations.

longer for a complete body :an they do near the stag-
nation point. Conseguently, it may he necessary to ac-
count for these unsteady effects in re-entry vehicles
even though an anzlysis based on behavios near the
stagnation point indicates that they can be ignored,
(Contractor’s abstract)

40
38
American Mathematical Soe., Providence, R. I,

Alfred U. New York State U. Coll. of Ceramics, N. Y.

THE KINETICS OF F-CENTER FORMATION IN AL-
KALI HALIDES AS A FUNCTION OF PRECIPITATION
AT DISLOCATIONS (Abstract), by T. J. Gray and P. G.
Harrison. [1959] [3]p. (AF 18(600)1448)

Unclassi®r |

Published in Proc. 1955 Internat’'l, Symposium on Color
Centers, Oregon State Coll., Corvallis (Sept. 8-11,
1959) [Salem] Oregon State Board of Higher Education,
1959, p. 25-26.

A report on a technique by which the phenomena of F-
center development can be studied is presented. An ap-
paratus was designed by which specimens are auto-
matically irradiated for constant periods of time and
then moved by linear actuator to a position where they
are illuminated at extremely low light intensity from

a monochromator and the optical adsorption measured
automatically, The time of exposure is substartially
less than 1 sec after which the crystal is returned to
the x-ray beam. By suitable coupling to a recorder, an
intermittent trace is obtained by giving direct dispiay
of the developinent of the adsorption due to F-centers
against time for the selected temperature, From these
curves, the kinetic relationships for the process can be
developed and comparison for several temperatures en-
ables the activation energy for the process to be deter-
mined directly.

Allied Resenicin Associates, Inc., Boston, Mass,

STAGNATION POINT MELTING AND ABLATION, by
T. K. Goodman and C. Chin. Mar. 30, 1959, 18p. incl.
diagrs. (AFOSR-TN-59-390) (AF 49(638)347)

AD 213894; PB 140523 Unclassified

An investigation of melting and aerodynamic ablation
in the vicinity of the stagnation point of blunt bodies is
presented. Numerical results for an axialiy syaiaet-
ric uluminum body are included. The results show that
the quasi-steady solution is in excellent agreement
with the complete solution except at the start of the
ablation process. A numerical comparison has been
made between ablaticn at the stagnation point of a blunt
body and ablation of a flat plate (from an analysis given
in an earlier report) both in the same environment and
having comparable diniensions. Tins shows that un-
steacy cffects may persist an order of magnitude

>10 <

MATHEMATICS ADVISORY AND EVALUATION SER-
VICES. Jan, 1959-Dec. 1959, (AF 49(536)204)
Unciassified

This contract provides for an evaluation se1vice to the
Mathematics and Applied Mathematics Divisions of the
Matiiematical Sciences Directorate. T/pon request, dis-
tinguished mathematicians review and evaluate pro -
posed new directions for mathematical research, new
mathematica! idess, and the importance of contempoerary
mathematical results, The contract also provides for
an AFOSR Mathematics Advisory Committee which
weighs the general direction of math~-iatical research,
in particular of research supported by the Mathematics
and Applied Mathematics Divisions of the Mathematical
Sciences Directorate,

American Mathematical Soc., Providence, R. 1.

CURRENT MATHFMATICAL DEVELOPMENTS. Feb.
1958-Dec, 1959. (AF 49(638)291) Unclassified

This contract provides for the preparation of a series
of reports or books un selected topics in modern mathe-
matics, These reperts are prepared by experts ;n their
prospective fields and are written in an expository
style. The exposition is pitched at a level accessible to
1st or 2nd year graduate students of science and engi-
neering, and the authors are encouraged to emphasize
puint of contact with other areas of science. Thus the
books should be both interesting and intelligible to pro-
fessionals in other areas of science and engineering.

1t is planned that each book be systematic and as far as
possible self-contained so that a qualified reader could
hope nct only to begin the reading of such a book, but to
work through it and in doing so to acquaint himself with
the principal methods and results in the area covered by
the book. One of the main features of these books is thc
emphasis placed on rezent developments and their rela-
tionship to other areas of mathematics and science.

American Soc. of Mechanical Engineers, New York,

APPLIED MECHANICS REVIEWS, ed. by M. Goland,
1959. (M1PR-680-59-11 and Nour-275700)
Unclassified




AIR FORCE SCIENTIFIC RESEARCH

This project is for the production ¢f a monthly journal,
eviewing current literature In the field of theoretical
and apvlied :nechanics.

43
Antioch Coll. Dept. of Chemistry, Yellow Springs, Ohlo.

THE PHYSICAL CHEMISTRY OF WATER SOLUTIONS
AT HIGH TEMPERATURES AND PRESSURES. Final
rept. July 1, 1655-June 30, 1959, 1v. incl. diagrs.
tables, refs. (AFOSR-TR-59-74) (AF 18(600)14980)
AD 220103 Unclassified

The work of this project has been divided into 2 main
sections: (1) the investigation of chemical reactions
that take place ln water solutions at high temperatures
and pressures, and (2j the measurement of the con-
ductlvity of salt solutions under supercritical condi-
tions. Tue chemical reactions investigated include the
silicon dioxide water system, the germanium dioxide
water system, th2 aluminum dioxide water system, and
the effect of fluorlde i1on on the equillbrium involved in
the silicon dioxide and aluminum oxide system. The
occurrence of a conductivity difference between the top
and hottom of a platinum lined spark plug autoclave
containing NaCl and KC1 has been confirmed and meas-
ured. The conductivity varies with concentration and
solution density in the same manner as that reported
in the literaturc for homogeneous systems. The follow-
ing reports and publications are appended to thls re-
port: item nos. ANT.03:001, 009-011, Vol. II, and ltem
nos. 44-49, this volume,

44
Antioch Coll. Dept. of Chemistry, Yellow Springs, Ohlo.

TETRASODIUM ENNEAGERMANATE, Na4Ge9020,

TETRAGONAL FORM, by J. F. White E. R. Shaw and
others. [1959] [2]p. incl. i1lus. table. (in cooperation
wlth California U., Berkeley, Calif.) (Sponsored jointly
by Air Force Office of Scientific Research under

AF 18(600)1490 and Signal Corps uader DA 36-039-sc-
73211) Unclassified

Published in Anal. Chen:.,, v. 31: 315-316, Feb, 1959,

Euhedral crystals of previously undescrlbed

1\Ia4Ge9020 were prepared hydrothermally by the reac-

tion of germanium dioxide-sondium hydroxide mixtures
and water at 200°C and 12 atm. Crystallographic data
are given.

45

Antioch Coll. Dept. of Chemistry, Yellow £ rings, Ohio.

THI. EFFECT OF pH ON THE FORMATION CF
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DIASPCRE AND CORUNDUM, br R, G. Yalman, E. R,
Shaw, and J. F. Corwin. {1959} {17]p. incl, diagr.
tables. (Bound with its AFOSR-TR-59-74; AD 220103)

[AF 18(600)1390| Unclaasified

Presented at meeting of the Inorg. Chem. Div. cf the
Amer. Chem. Soc., Boston, Mass., Apr. 5-10, 1959.

Abstract pubiished in 135th meeting of the Amer, Chem.
Soc. Abstracts of Papers, 1959, p. 36-M - 37-M. (Titie
varies)

The conversion of gibbsite to boehmlte and diaspore was
investigated In 30-day runs at 350° and 5000 psi in alu-
minem sulfate and sodium aluminate solutions. No dia-
spore was observed in the absence of a seed nor in zcid
solutions. In alkaline solutions the rate of diaspore for-
mation increased with increasing sodium aluminate con-
centration. A similar study at 400° and 6200 psl showed
that the converslon of gibbsite to boehmite and corundum
was also pH-dependent, and that the converslon of gibb-
site to corundum in situ nccurs more readily In the pres-
ence of a sapphlre_sm. No corundum was formed in
acid solutlons. The transfer of alumina frcm glbbsite

to a sapphlre seed occurs in potassium fluoride solu-
ticns, the rate of transfer increasing with increasin,’
potassium fluoride concentratlons. At the same time

potassium cryolite, K3A1F6, 18 formed. In concentrated

solutlons crystale of potassium cryolite wlll grow at
the expense of the sapphire seed. The effect of fluoride
upon the hydrothermal growth of quartz crystals in the
presence of aluminum and the equilibrium between
tetracoordinated and hexacoordinated aluminate ions is
discussed.

Antioch Coll. Dept. of Chemistry, Yellow Springs, Ohlo.

HYDROTHERMAL REACTIONS IN THE NaZO—GeOZ-

HZO SYSTEM. II. INFRARED STUDIES OF GERMANI-

UM DIOXIDE, by E. R, Shaw, J. F. Corwln, and K. V,
Knorr., [1959] [9]p. incl, diagr. table, refs. (Bound
wlith its AFOSR-TR-59-74; AD 220103) (AF 18(600)-
1490) Unclasslfied

Also published in Jour. Phys. Chem., v. 64: 174-175,
Jan. 1960.

The infrared patterns of the 3 forms of germanium di-
o.iide obtained by various methods have keen prepared
and the princlpl¢ bands In the 2-15 u# reglon are reported
at: amorphous - 11.25 u: hexagonal - 10.43 u, 11.45 i;
tetragonal - 12,90 &, 13.20 u4 . It is shown that the ap-
pearance of the broad strong band of the "hydrolysed"
form at 11.35 4 18 a result of ircomplete Inversion and
is thus due to the presence of minute centers of the
amorphous form. (Contractor's abstract)
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Antioch Coll, Dept. of Chemistry, Yellow Springs, Chio.

HYDROTHERMAL REACTICNS IN THE N120~Geoz-

BzO SYSTEM. II. INFRARED S8TUDIES OF THE AL~

KAL! GERMANATES, by E. R. Shaw, J. F. Corwin, and
H. V. Knorr. [19590] [16]p. incl. dizgrs. tables, refs.

ieonnd with its AFOSR- TR-59-T4; AD 220103) (AF 18-
1480 Unclassified

Infrared spectroacopic studies were made of the alks'i
germanates, including lithium, Aodium, potassium, ru-
bidtum, and cestum. The methed of proparation of the
crystals was the same as that used previously (see
item no. ANT.03:009, Vol. II), but with varying reaction
tempersturea. The preparation temperatures and ob-
served indices of refraction are given. It was found
that considerable variation in spectra results from
change in crystalline form, while slight variaticns,
fourd with change in crystalline kabit, disappear with
proper grinding, As the crystals which separated as
single phases were sometimes homogeneous in size
and habit it wae also possible to show the effects on the
infrared pstterns of using whole crystals of near the

5 u particl» size reported as the maximum in the litera-
ture for in rganic infrared spectroscopy.

{Antioch Coll. Dept. of Chemistry, Yellow Springs, (‘o]

STUDY OF THE EFFECT OF pH AND FLUORIDE ION
ON HYDROTHERMAL REACTIONS OF SILICA AND
ALUMINA, by R. [G.] Yalman, [1958] 21p. incl. tabivs,
refs. (Bound with its 4 FOSR-TR-~58-74; AD 220103;
[AF 18(800)1490] Unclassified

A study of the hydrothermal reactions of silica and
alumina in the presence of fluorides is presented by
reviewing the 3 major parts of this research. The 1st
(ANT.03:011, Vol. II) dezling with the effect of fiuoride
on the hydrothermal formation of quartz, shows that the
“mineralizing" action of fluoride ion is due to the hy-
drolysis of the fluoride ion, and that the concentration
of the hydroxide fon formed determines the kind of crys-
talline silicon dioxide produced. The 2nd, concerned
with the effect of fluoride on the hydrothermal formation
of corundum, shows that potasaium cryolite, KSMFS’

forms increasingly with the length of run and increasing
potassium fluoride concentration, A correlation was at-
tempted for the alumimum system to ascertain the rela-
tionship between corundum formation rate and basicity
of the sclution. The resuits show that corundum is
formed only in very weaklv acid solutions and that
growth occurs in alkaline solutions. Similar results
were obtained for the formation of diaspore, The 3rd
part, formation constants of fluoro complexes, arrives
at its resuilts by utilizing the fact that the thiocyanate
complexes of ferric lon have a very large molar ex-
tinction coetficient at 460 mu, while the fluoro com-
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plexes of iror do not absorb light in the visible or near
ultra-violet reglon. The results are presented in table
form with their respective molar coefficients and are
of the order of 138 at 26.1°C, varying slightly with tem-
perature, Formation constants of the iron complexes
formed with aluminum, boron, silicon and molybdenum
are also given,

49
Antioch Coll. Dept. of Chemistry, Yellow Springs, Ohio.

THEZ CONDUCTIVITY OF DILUTE SODIUM CHLORIDE
SOLUTIONS UNDER SUPERCRITICAL CONDITIONS, by
J. F. Corwin and R. G. Bayless, [1959] [26]p. incl.
diagrs, tables, refs. (Bound with its AFOSR-TR-50-
T4; AD 220103) (Sponsored jointly by Air Force Office
of Scientific Research under AF 18(600)1490 and Signal
Corps under DA 38-039-8c-64605) Unclassified

Also published in Jour, Phys. Chem., v. 64: 641-648,
May 1960,

The conductivity of aqueous sodium chloride solutions
above the critical temperature for the solution differs
by a considerable amount when the electrode system is
located at the top of the container from that when the
electrodes are at the bottom. The difference is a func-
tion of the degree of filling (steam density) and is mini-
mized by increaaing the amount of solution in the con-
tainer, A concentiation gradient in the solution i3 pro-
posed to explain the difference and comparisons are
made with existing data which were made under condi-
tions where homogeneity was artificially maintained or
ignored by equipment design. (Contractor's abstract)

50
Arkansas U. [Dept. of Physics] Fayetteville.

ISOTOPE SHIFTS IN THE Rul SPECTRUM (Abstract),
by R. K. Hughes. [1958] {1]p. [AF 18(603)26]
Unclassified

Presented at meeting of the Amer. Phys. Soc.,
Washington, D. C., Apr. 30-May 2, 1959.

Published in Bull. Amer. Phys. Soc., Series II, v. 4:
262, Apr. 50, 1659,

The hollow cathode spectra from isotopically enriched
samples of ruthenium (Z = 44) have been studied with
the use of a Fabry-Perot interferometer. The following
shifts in mK were measured for the A 4449-A line. The
minus sign indicates a shiftin the field effect direrction.

98-96 100-88 102-100 104 -102
~-36.2 ~-15.2 -22.1 -25.1

99 -99 101 -100 104 -96
~+1.68 -43 -09.5
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The uncertainty in the shifts relative to Ru-98 is
brought aboat only by the isotopic imypurity of the 98
sample. The estimated limit error ¢:. the other meas-
urements is about ¢+ 1.8 mK. Althcugh the minimum

in the shifts between neuatron numbers 58-54 might
possibly be exaggerated a small amcunt (say 4 mK),
there is iitile doubt that it exists. A similar minimum

kas beex found in molybdenum at these neutron numbers.

The comparison of the 99-98 shift with a strong even-
odd staggering efiect found in molybdenum which pro-
duces 2 change in the sign of the akifts betweer neutron
numbers 55-54 might supjiort a contention that the Ru-
98 position has not been choaen to exaggerate the 100-
98 minimum. The presence of this minimu:n was pre-
dicted from nuclear deformation data ags measured by
Coulomb excitation experiments.

Arn:our Research Foundation, Chicagc, Ill. see Dlinois

Inst, of Tech, Armour Research Foundation, Chicagc.

Athens U. Dept. of Physics (Greece).

THE CHARACTERISTIC TEMPERATURE OF SILVER
FROM X-RAY REFLECTIONS, by J. Boskovits, M.
Roilos and others. [1958] [3]p. incl. diagr. tables.
(AFOSR-TN-59-294) (AF 61(514)1248) AD 213034
Unclassified

Also published In Acta Cryst., v. 11: 845-847, Dec.
1958.

The present paper describes experiments carried out
in order to determine the characteristic temperature

6 of silver, The method consists in scattering a pencil
of x-rays on « silver wire and measuring the intensity
of the diffracted rays at different temperatures. The
changes of intensity then give the value of 8 according
to the usual Debye theory. In the light of modern theory
of solids, the characteristic temperature 1s not a con-
stant but can show a considerable change with tempera-
ture. The integrated intensity of diffraction lines (111)
and (422) was measured at 6 ditferent temperatures
between 81°K and 774°K. The scattering sample was
heated above room temperature by blowing a vertical
stream of hot air onto the wire. The cooling below
room {emperature was obtained with a suitable vacuum
cryostat, The temperature of each measurement was
determined from the angular saift of diffraction line
(422). By applying the lormula of the usual Debye
theory to each neighboring pair of temperatures, a
value of 6 was obtained. Each value of 6 corresponds
to a temperature which lles at the middle of the tem-
perature interval. The following results were obtained:

Temperature °K 138 243 405 592 726

Characteristic
temperature 203 233 200 178 121

The error in each value of 6 wae of the order of 3 to
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20°. The resclts give a fall of 6 with increasing tem-
perature. The results at temperature above ronm tem-
perature do not coincide with th2 results found by
Andriesen. His measurement gave a coastant valve of
6 = 218 up to tewperature of 670°K. A discussion of the
possible reascas ior such a disagreerment does not lead
to any explanation. Neither extinction nor oxidation
would give suzh low values a8 found in the present
measurementz. (Contractor's abstract)

Atlantic Research Corp., Alexandria, Va,

THE MECHANISM OF DEFLAGRATION OF PURE
AMMONIUM PERCHLORATE, by R. Friedman, J. B.
Levy, and K. E. Rumbel. Feb. 5, 158 [34]p. incl.
dagrs. tables, refs, (AFOSR-TN-59-173) (AF 18(600)-
1502) AD 211313; PB 139991 Unclassified

Results of new deflagration experiments with ammoni-
um perchlorate, both pure and crystalyzed are pre-
sented. These include studies of rates of defiagration,
pressure limits of deflagration, surfsce temperature,
and effects of incident radiation on defiagration. These
and previous results are interpreted in terms of a tenta-
tive qualitztive model of the deflagration process.

Atlantic Research Corp., Alexandria, Va.

RESEARCH ON SOLID-PROPELLANT COMBUSTION,
by R. Friedman, J. B. Levy, and K. E. Rumbel. Final
technical rept. July 1855-Oct. 1959, Nov. 30, 1059,
18p. incl, diagrs. tables, refs. (AFOSR-TR-59-162)
(AF 18(600)1502) AD 230724; PB 145634

Unclassified

The results and progress of this 1 ~ogram hava been de-
scribed in 3 technical notes (see item nos. ATL.01:00:,
002, Vol. NI, and item no. 52, this volume). Two other
lines of investigation which havs not been previously
reported because of incomplete resuits, are described,
The Chemical Nature of the Products of Deflagration of
Ammonjum Perchlorate: Measurements were macie on
pressed strands of ammonium perchlorate at pressures
ranging from atmospheric to 2000 psi, both in the pres-
ence and abaence of copper chromite catalyst. At high
pressures and atm pressure the gaseous products
iormed were nitrogen, nitrous oxide and oxygen. The
nitrogen in the products was present as molecuiar nitro-
gen, nitrous oxide, and nitrate ion. The effect of the
catalyst was to bring sbout a very sharp decrease in
nitrous oxide yield. Both the eifect of strand cross-
sectional area and the effect of the catalyst suggest

that nitric oxide is the primary product and that it can
react further to give nitrous oxdde or nitrogen. Tho
roaction of nitric oxide appearec| to be favored by higher
pressures; the nitrous nxide yield was independent of
pressure up to 1060 psi. Studes of the Kinetics and
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Mechanism of the Thermal Decomposition of Anhydrous
Perchloric Acid: Preliminary experiments were car-
ried out on measured amounts of arhydrous perchloric
acid, which were sealed in ampules, heated for various
lengths of time in a constant-ten:perature bath, and the
contents then analyzed. The reaction prcducts were
chlorine, water and oxygen. The results indicated that
the reaction is at least partly heterogeneous below
400°C and that the half-life of anhydroua perchloric
acid vapor at 400°C is of the order of i min,

A nuclear-electric propulsion system is described

which avoids the necessity for a low temperature heat
sink. The system is an open thermodynainic cyele

which in effect re-uses the working fluid several times
withsut recirculating it. Althougnh a very large specific
impulse cannot be produced in this manner it does seem
possible to get a substantial improvement in the impuilse
obtainable for a given nuclear pile temperature, In ad-
dition, the elimination of the heat sink increases the pos-
gibility of imaking nuclear-electric systems having a

high thrust to weight ratio and an ability to function with-
in the atmosphere, Contractor's abstract)
54

Atlantic Research Corp., Alexardria, Va, 56

HIGH PRESSURE PLASMA ¢RODUCTION TECHNIQUE
(Abstract), by R. Friedman and L, W, Fagg. [1959}[1]p.
Boun wn.h its AFOS®t-TN-58-770; AD 241053) [AF 49-
638)6 Unclassified

Presented at Second AFOSR Contractors meeting on
Ion and Plasma Propulsion, North American Aviation,
Inc., Recketdyne Div., Cancga Park, Calif., July 8-9,
1959,

This program was initiated to study the feasibility of a
novel and potentially convenient means for procucing a
concentrated high-vressure piasma and to explore the
properties of such a plazma. The basic idea is that a
powdered oxidizer such as cesium perchlorate or cesium
rdtrate might be mixed with 2 metal having a high heat
of combustion (aluminum, beryllium, zirconivm) and
pressed together to form a brittle stick, or strand,
which would burn like a propellant when suitably ignited,
particulavly at high ambient pressure. The combustion
products would be sufficiently hot (about 4000°K) so

that very high concentrations of Cs* and free electrons
will be present, thus providing = convenient high-pres-
sure plasma source for experimental purposes. Cesium
perchlorate has peen synthesized, and it has been found
that a stoichiometric mixture with aluminum can be
formed into strong strands with less than 1% voids bv
pressing at 1€0,000 psi, and these strands will burn
snioothly under nitrogen pressures in the range 400-
2000 psi, and presurnably higher pressures, with a
burning rate of the order of 5 cm/sec. Thermodynamic
calculations for this and other systems are being pro-
grammed, and experiments for ineasuring electron con-
centrations from the Q-factor ot a4 high-frequency
resonant circuii whose coil surrounds the plasma are
being cunsidered.

Avce Corp. Avco-Everett Research Lab,, Everett, Mass.

AN ELECTROMAGNETIC ROCKET SYSTEM OF H.GH
SPECIFIC THRUST, by R. J. Rosa. Apr. 19538, 10p. incl,
diagrs. (Research rept. no. 103) (AFOSR-461)

(AF 49(638)61) AD 256792 Unclassified

>14 -

Aveo Corp. [Avco-Everett Research Lab.] Everett, Mass.

TABLES OF RADIATION FROM HIGH TEMPERATURE
AIR, by B. Kivel and K, Bailey. Dec. 1857, 29p. incl.
diagrs. tables, refs. (Research rept. no. 21) (AFOSR-
TN-59-289) {Sponsored jointly by Air Force Ballistic
Missile Div, under AF 04(645)18) and Air Force Office
of Scientific Research under AF 49(638)61) AD 212021
Unclassified

Tables of radiative emissivity of hot air ‘n the range
of temperature from 1000°K to 18,000°K and density

from 10 to 10-6 of a normal atmosphere are presented.
The radiative intensities are presented in graphical
form,

57
Avco Corp. [Avco-Everett Research Lao | Everett, Mass.

SUPERSONIC TWO-DIMENSIONAL MAGNE TOHYDRO-
DYNAMIC FLOW, by F. Fishman, J. W, Lothrop and
others. Feb. 1959, 49p. incl, illus. diagrs. (Research
rept, no. 39) (AFOSR-TN-59-290) (Sponsored jointly
by Air Force Ballistic Missile Div. under AF 04(647)278
and Air Force Office of Scientific Research under A¥ 46-
(638)61) AD 212922; AD 211723; PB 147199
Unclassified

Also publishe< in Proc, Third Symposiurr ~» Magneto-
hydrodynamics, Lorkheed Research Lab., Palo Alto,
Calif. (Nov. 21-22, 1958), Stanford, Stanford U. Press,
1959, p. 90-119.

A perturbation theory was applied to the supersonic ilow
of a condurting fluid through the magnetic field of a cir-
cular solenoid. Calibrated view caniera pictures f the
light emritted by the gas are in agreement with predic-
tions based on the perturkation theory. Experimental
verification of the prediction that 1ift forces can be
achieved with geometrically synimetric bodies by utiliz-
ing the Hn1l effect has been given. Estimates of the ex-
perimental lift forces indicate a lift coefficient of about
0.4 and a lift-drag ratio of approximately unity, For
very strong magnet.c fields the experimental flow pattern
becomes gimilar to the fiow pattern around a solid
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cylinder. The possibility of using magnetohydrodynam-
ic forces in flight depends upen the fact that the gas be-
hind a normal shock at hypersonic velocities is heated
sufficiently to become a gnod conductor. Such a normal
ghock could be supported by magnetic field. In order to
aci.ieve MHD forces in flight the interaction parameter
based on conditions behind the shock wave must be large
enough to support the shock. This occurs for drag co-
efficients near unity. (Contractor's abstract)

no. 53) (AFOSR-TN-59-445) (AF 49(538)61)
AD 214807, PR 142152 Unclassified

Jeveral notations are made related to a former paper
(AVC.01:001, Vol, II) by the author. Included are cor-
rections of numerical solutions of the inviscid vorticity
equation, solutions oi viscous boundary layer problems
for an axisymmetric stagnation point with magnetic
field, and some implications of these solutions for re-
ducing the stagnation point heat transfer rate and shear
stress.

58
Avco Corp. Avco-Everett Research Lab,, Everett, Mass. 60

PLASMA PROPULSION DEVICES FOR SPACE FLIGHT, Avco Corp. Avco-Everett Research Lab., Everett, Mass,

by M, Camac, A. Kantrowitz, and H. E. Detschek. Feb.

1959, 40p. incl. diagrs. table. (Research rept. no. 45)

(AFOSR-TN-59-385) (AF 49(638)61) AD 213885
Unclassified

Also published in LLR.E. Trans. on Military Electronics,
v. MIL-3: 33-31, Apr. 1959.

An analysis was made of the more immediate space
missions to specify whether a large increase in pay-
load can he achieved when electrical propulsion is used
instead of chemical propulsion. For military missions
such as the stationary communication sateliite and
moon missions, the desirable specific impulse range
is from 1500 to 5000 sec. For these missions electri-
cal propuision can effect a reduction in initial ground
level launch weight requirements by a factor of 2 or 3.
Conversely, for the same ground rockets, a 2 or 3
timies larger payload can be delivered to the final or-
bit when electrical propulsion is used, Electrical pro-
pulsion with neutral plasma devices operate well in
this specific impulse range (1500 to 5000 sec) as well
4s at higher specific impulses. Three different cham-
bers are described as examples of devices using neutral
plasmas. Some of the factors which limit the range of
efficient operation of such devices are discussed. In
the section entitled "Supplementary Information on
Lunar and 24-Hour Orbit Missions," the following top-
ics are discussed: (1) propulsion reguirements for
placing a 24-hr communication satellite in orbit start-
ing from a 150 min altitude orbit, (2) thrust require-
ments for rotation of the orbit plane and the application
to 24-hr orbit transfer mission, (3) thrust requirements
to maintain a 24-hr communication satellite satellite at
a given position for 10 yr., and (4) propulsion require-
ments for round trip moon missions from 2 150 mi al-
titude orbit above the earth to a low altitude circular
orbit above the moon.

Avco Corp. Avco-Everett Research Lab., Everett, Mass.

A FURTHER NOTE ON HYPERSONIC STAGNATION
POINT FLOW WITH A MAGNETIC FIELD, by N. H.,
Kemp. Apr. 1959, 15p. incl. diagrs. (Research rept.

15 <

HIGH SPEED SHCCK WAVES IN A MAGNETIC ANNU-
LAR SHOCK TUBE, by R. M. Patrick. July 1959, 36p.
incl. illus, diagrs. refs. (Research rept. no. 59)
(AFOSR-TN-58-845) (AF 49(638)61) AD 225202,
PB 143135 Unclassified

Also published in Proc. Second Symposium on Advanced
Propulsion Concepts, Boston, Mass., (Oct. 7-8, 195%9),
Boston, v. 1: 151-168, 1659. (AFOSR-637)

Also published in Phys. Fluids, v. 2: 589-598, Nov.-
Dec. 1959.

A magnetic annular shock tube was used to produce
magnetically driven shock waves with very high veloci-~
ties, Experiments were carried out with this device with
2 magnetic field configuraticng ahead of the shock front.
The first configuration had a magnetic field ahead of the
shock front in the direction of motion of the shock, In
the second configuration the magnetic field ahead of the
shock had its principal component in the plane of the
shock frent and a sinall component in the direction of
motion of the shock. The continuum radiation emitted by
the shock-heated plasma was mecasured with photomulti-
pliers. The use of probes to measure the change in the
local magnetic field in the shock front was investigated.
With the second configuration shock velocities in excess

of 4 x 107 cm/sec were measured in hydrogen. For
these high speed shock waves, a shock thickness was ob-
tained from measured rise times of the emitted visible
radiation, These shock thicknesges are thinner than the
mean free path in the shcck-heated plasma, an observa-
tion which agrees with a theoretical prediction. (Con-
tractor's ahstract)

6!
Aveo Cnrp. Avco-Everett Research Lab., Everstt, Mass,

THEORY OF THE FLOW IN THE MAGNETIC ANNU-
LAR SHOCK TUBE, by N. H. Kemp and H. E. Petschek.
July 1959, 35p. incl. diagrs. (Research rept. no. 60)
(AFOSR-TN-59-846) (AF 49(653)61) AD 225774;

PB 143521 Unclassified
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Also E&“’heﬂ in Phys, Fluids, v, 2: §99-608, Nov.-
Dec. 1959,

A theoretical description is given of the properties of
the gas flow in the magnetic annular shock tube, This
sixock tube uses a magnetic fleld to drive a shock wave
through an annular region, producing a very high tem-
perature piasma. It is shown that this particular con-
figuration allows a fairly precise calculation of the

flow parameters. Numerical calculations of the 3ig-
nificant flow properties for a complete range of the ini-
tial field strength and orientation have been made and
are presented graphically.

Avco Corp. [Avco-Everett Research Lab.] Everett, Mass.

FLIGHT MAGNETOHYDRODYNAMICS, by A. R.

Kantrowitz, Mar, 1959, 16p. incl, illus, diagrs. (Re-

search rept. no. 51) (AFGSR-TN-59-882) (Sponsored

jointly by Air Force Ballistic Missile Div, under

AF 04(067)278 and Air Force Office cf Scientific Re-

search under AF 49(638)61) AD 230023; PB 144785
Unclassified

A brief discussion is given of the possible flight applica-
tions of magnetohydrodynamics and the conditions under
which they might be practical. (Contractor’s abstract)

Avco Corp. Avco-Everett Research Lab., Everett, Mass,

NUMERICAL CALCULATION OF ABSOLUTE BREMS-
STRAHLUNG INTENSITY FOR A FULLY ICNIZED
FULLY DISSOCIATED HYDROGEZNIC GAS, b7 G. S.
Janes and H. F_ Koritz. Sept. 1859, 13p. ixcl. diagrs.
table. (Research rept, no. 70) (AFOSR-TN-59-1078)
(AF 49(638)61) AD 228740; P 144345 Unclassified

Also publighed in Jour. Appl. Phys., v. 31: 525-528,
Mar. 1680,

Using the approximate relationships of Kirkpatrick and
Weidmann (Phys. Rev., v. 67: 321, 1945) for brems-
strahlung intensities numerical calculations were made
on the IBM 650 for a fully ionized, fully dissociated hy-
drogenic gas. The intensities are given in terms of a
quantity having the units ergs/sec/unit frequency inter-
val/steradian/cc as a function of hv, (from 0.5 to 4.0
electron v) and kT (from 4 to 200 electron v), A cali-
bration methcd was devised for measurement of abso-
lute bremsstrahlung intersities, which continuaily com-
pensates for the errora present in most calibration
procedures. (Contractor’s abstract)
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Avco Corp. Avco-Everett Research Lab., Evorett, Mass,

COLLISION FREE MAGNETOHYDRODYNAMIC SHOCK
WAVE, by A. Kantrowitz, R. M. Patrick, and H. E,
Petschek. Aug. 1959, 12p. incl. diagrs. (Research

rept, no. 6%) (AFOSR-TN-59-1190) (Sponscred jointly
by Air Force Office of Scientific Research under AF 49-
(638)61 aud Office of Naval Research under Nonr-252400)
AD 228384; PB 148187 Unclassified

Also published in Fourth Internat’l. Conf. on Ionization
Phenomena in Gases, Uppsala, Sweden (Aug. 17-21,
1659), Amsterdam, North-Holland Publishing Co., 1860,
p. 1086-1091.

it is assumed that the dissipation in a collision free
shock produces a random distribution of magnetohydro-
dynamic waves.. These waves are then treated as the
fundamental psrticles of the plasma. A rough kinetic
theory is developed which estimates the heat conduction
coefficient due to the waves., Using this heat conduction
coefficient, the shock thickness is estimated to be about
4 i'nes the characteristic ion Larmour radius, This
prediction is in rough agreement with experimental re-
sults obtained in a MAST device, (Contractor’s
abstract)

Avco Corp. Avco-Everett Research Lab,, Everett, Mass,

ON THE FLOW QF A VISCOU3 ELECTRICALLY CON-
DUCTING FLUID, by H. P. Greenspan. Oct. 1959, 32p.
incl. diagrs. (Research rept. no. 73) (AFOSR-TN-59-
1221) (AF 49(838)61) AD 231877; I'B 145772
Unclassified

Also published in Quart. Appl. Math,, v. 18: 408-411,
1960/1961.

The magnetohydrodynamic flow of a viscous incompres-
sible fluid of constant properties past a flat plaie is
considered. The applied magnetic fieid is parallel to
the free stream direction and the plate is at zero angle
of attack. A number of explicit solutions of the linear-
ized theory are presented for the flow past a semi-
infinite plate which i3 either sucking or injecting a con-
ducting fluid into the main “tream. Unlike the case of
super-Alfvén flow (where the free stream velocity is
greater than the Alfvén wave speed) no solution exists
in the problem of sub-Alfvén flow past a semi-infinite
flzt plate which is either impermeable or injecting
fluid. Special solutions do exist for certain values of
the auction velocity. The sub-Altvén flow past a long
finite impermeable plate is studied in some detail and
the magnitude ofi the viscous wake is compared to the
similar type upstream digturbance produced by the for-
ward propagation of Alfvén waves. In the case of infi-
nite conductivity, it is found that the upstream disturb-
ance is approxiinately 1 plate length long measured

e
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from the leading edge. The inadequacies and failures
of the linearized theory of the super-Alfvén are dis-
cussed, (Contractor’s abstract)

energy corresponds to a temperzture behind the shock

of 1.2 x 1()6 °K, density 5 x 1015 ions/cc, mean free
path 20 cm, and an ion cyciotron radius of .2 cmn, Shock
thickness obtained by measuring the time required for
the contimium radiation to reach a steady value behind
the shock was 2 cm. Shocke thinner than 2 mean free
path could not be produced without a magretic field in

[Avco Corp.] Awves-Everett Research Lab,, Everett, M- s, the plane of the shuck. The observation of "thin” shocks

confirms previous theoretical predictions ind provides
a powerful tool for the study of diesipative mechanising
in collision free plasmas,

PRODUC TION OF VERY HIGH SPEED SHOCK WAV. ;
(Abstract), by R. M. Patrick. [1959] [2lp. [AF 49-
(63861} Unclaszified

Presented at meeting of the Amer. Phys. Soc.,

Washington, D C., Apr. 30-May 2, 1959, 68
Published in Bull. Amer. Phys. Soc., Series 1, v. 4: Avco Corp. Avco-Everett Research Lab., Everett, Mass,
283, Apr. 30, 1959.

PROCEEDINGS OF THE SECOND SYMPOSIUM ON AD-
VANCED FROPULSION CONCEPTS (Unclassified title).

A magnetically driven coaxial shock tube has been

used to produce shock waves with very high velocities.
In this device there is a2 magnetic field anead of the
sheck front with its principal component in the plane of
the shock frent. The continuum radiation emitted by
the shiock-heated gas has been measured with photomul-
tipliers. The use of probes to measure the change in
the local magnetic field at the shock iront has been in-
vestigated. Time integrated spectra have been taken

of the light emitted from the shock tube. Shock veloci-

ties in excess of 3 x 107 cm/sec have been measured
in hydrogen. For these high-speed shock waves, the
shock thickness has been obtained from the measured
rise times of the emitted visible radiation. These
shock thicknesses are thinner than a mean free path

for the conditions in the shock-heated gas, which agrees
with a theoretical prediction.

VOL. I (Unclassified}, VOL. II (Conddential), VOL. II
(Secret-Restricted Data), Boston, Mass., Gzt 7-8,
1959, Washington, Government Printing Office, 1860, 3v.
incl. illus. diagrs. tables, refs. (AFOSR-637)
[AF 49(638)61] AD 255830

The Second Symposium on Advanced Propulsion Con-
cepts was held at the Statler Hilton hotel, Boston, Mass.,
Oct, 7-8, 1959. Co-sponsors were the Air Force Office
of Scientific Research and the Avco Corp., Avce-
Everett Research Lab, The program was made up of 7
technical sessions which included a wide range of sub-
jects related to advanced propulsion systems, and an
8th session devoted to a panel discussion of ''Progress
in Propulsion.''
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MAGNETOHYDRCDYNAMIC ACCELERATION OF
SLIGHTLY IONIZED, VISCOUSLY CONTAINED GASES,

Avco Corp. Avco-Everett Research Lab,, Everett, Mass.

Ve

BASIC STUDIES IN MAGNETOHYDRODYNAMICS
(Abstract). [1959] [1]p. {A?ound with its AFOSR-TN-
59-T70; AD 241053) (AF 49 61 Unclassified

Presented at Second AFOSR Contractors meeting cn
Ion and Flasma Propulsion, North American Aviation,
Inc., Rocketdyne Div., Canoga Park, Calif., July 8-9,
1959.

A shock wave propagating in a plasmia where the cycio-
tron radius is much smaller than the mean free path
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