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I INTRDUCTIO 

Wachter, Gibson, and Burros (i) have recently published experimental 

data on the high-energy neutron and proton spectra from thin and thick 

targets bo1urded by 2 
50-MeV protons These thick target data cover a wide 

variety of angles and target mterials and are therefore very suitable for 

testing the validity of high-energy nucleon transport caiculations In 

this paper, comparisons between calculations carried cut with the nucleon-

meson transport code written by Colemanb (1,3) and the thick-target experi­

OR-D 60-13Ma 

montal data are presented 

In Section I the calculationaj details are 

tion III the results are presented and discussed 

described, and in See-

II CALCULATIONAL DETAILS 

The calculations preented here were obtained using the noclon-mCson 

transport code written by Coleman (2.3) The physical processes incorpora-

ted Into the code and the data used have been described in detail by Coleman 

end will1 therefore plot be discusseed here 

In the experiment, a narrow been of 450-MeV protons was incident on 

the face of a cylindrical tarset 20 cm in diameter, and the neutron or pro­

ton current per unit cnrgy which crossed a specified area A (see Pis 1) 

was measured Area A is at right angles to the line R The results given 

in t 1 a.r.expressed as the number of partioles per HeV per steredian 

about a "midpoinVt" c in the target The radius R is different for each 

450- MOW 
PRO-NSV 

K 
Fig 1 

-
Scheatic of Experimental Geometry 

target 



6 7 

The calculations were carried out to correspond very nearly to the 

experimental geometry The lateral dimensions of the target in the calcu­

lations were taken to be infinite, but this should have no appreciable 10-3 
r= 23Og/cm2 oFC 

ORNL-DWG 68-13782 

effect on the comparisons In the calculations, the target thickness and -. 20* -

the distance. R and Re in all cases were taken to have the values given in 15W-25 -- .. • 

Ref .. The area A ued in the calculations is only approximately that L 4 _____­

used in the xeersnt, but, sinoe the comparisons are presented on the 2 

basis of an average over A, this should have no appreciable effect on the 

comparisons Finally, to make the comparison between the experimental 

values and the calculations as meaningful as possible, the calculations T- = 

have been performed using a Gauian energy resolution corresponding to the 7 

resolution of the experimental spectrometer M 7n67 7 
-10 ° 

/cm 2 OFC 

III RESULTS AND DISCUSSION 10 
­3 75'-125' 

Calculations have been carried out and compared with all of the thick-9 

target neutron data given in Ref 1 anwdwith a representative portion of 

the thick-target proton data The comparisons are shown in Figs 2 through 7 
9 to-a4X _0"4 

311 

All of the results for a given type of emergent particle and a given element 2 

are shown in a single figure Thus , Figs 2-4 show the neutron yields from 

the elements C, Al, and Co, respectively, and Figs 5-7 show the proton 0-5 
0 100 200 300 400 

yields from the elements C, Al, and Cu, respectively In the figures, the 
C (MeV) 

two solid curves with each set of data represent the 67% confidence limits Fig 2. * eutron Yields from 450-NeY Protons on Carbon Targets 

of the experimental data The calculated results are shown as plotted 

points with error bars that represent one standard deviation Each point 

represents a 15l-eV histogram interval in the calculation and Is plotted 

at the center of the interval The calculations, of course, predict the 
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Fig 3 Neutron Yields from 450-14eV Protons on Altvninum Targets. 	 Fig 4. Neutron Yields from h50-MeV Protons On Cobalt Targts 
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200 

from 450-24eV Protons 

300 400 

on Aluinum~ Targets 

Fig, 5 
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Proton Yields from l.O-1eV Protons 

300 400 

on Carbon Target. 
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particle-emission spectra at all energies, but only the higher energy

ORNL.OWO68 13753 

1-T565WOFC. WG68spectra 
 are shown in the figures The target thickness, the experimental
:-30. _ _
 
angle 0 (see Fig 1), and the angular interval over which the calculations 

t i t have been averaged are given in the figures for each comparison 

--r-565g/ OFC. 'In considering the results, it should be noted that all comparisons 
:-45' ­

_:-4-0a f are made on an absolute basis In all of the neutron comparisons, Figs 2-4, 

1 =5 ! ,the calculated values are larger than the experimental values at high energy 

In most cases, the discrepancy becomes progressively larger as the neutron 

energy increases In the one case of a measurement at 00 (Fig 4). the 

5--3" 


t.5g/,,oC,7 agreement at the higher energies is somewhat better than at the larger 

--so.angles At the lower measured energies, the calculated values tend to beS .55"-6o.-0- V 

11 NK Islightly larger than the experimental values at large angles and slightly 

j10-rF-V6 less than the experimental values at the small angles Roughly speaking, 

the degree of agreement between the calculated and experimental results is 

,-independent of target thickness and material Qualitatively, the disagree-

Z ment between the thick-target calculated and the experimental values seem 

to be consistent with the disagreement between the thin-target calculated 

10's 'and the experimental values ( ) 

In all of the proton comparisons, the target thicknesses considered 

I are small and therefore the comparisons test primarily the differential 

10-9cross section for proton production 0That is,for such thin targets neither 

the incident protons nor the secondary protons lose appreciable energy in 

the target, so the measured and calculated results are representative of 

$rtoe0 MO 200 300 400 aenryadMureneg and sngula stit from a 450-SeV proton-nucleusdistribution of protons 

E (MV) collision In the case of carbon and aluminum, Figs 5 and 6, and the 300 

Fig 7 Proton Yields from 4 o-xev Protons on Copper Targets and 450 data in Fig 7, the proton comparisons are similar to those obtained 
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with neutrons At all angles the calculated values are larger than the 

experimental values at high energies, and at small angles the calculated FOOTNOTES 
values 
Figure 

are smaller than the experimental values at the lower energies
7 also contains proton data measured at 600 This comparison seems 

a This work partially funded by the National Aeronautics and Space 

noteworthy because this is the largest angle considered here and because Administration, Order H-38280A, under Union Carbide Corporation's 

it is the only case in which the calculated values are smaller than the contract with the U S Atomic Energy Commission 

measured values at the higher energies b A paper comparing the particle-production cross sections used in the 

In general, the agreement between the calculated and experimental re- transport calculations with the thin-target data of Wachter et al 

sults is rather poor, particularly at the higher energies If one assumes and with the thin-target data at other energies is in preparation By 
that the experimental data are correct, then the discrepancies shown in Bertini A few of the thin-target comparisons with the Wachter et al. 

the figures must be taken to represent the state of the calculational art data are given in Ref 

at this time The comparisons presented here are very detailed, that is, c The proton spectrum at 00from a very thick (165 g/cm 2 ) cobalt target 

absolute comparisons of energy spectra at specific angles, and it is very is given in Ref 1 It has not been possible to obtain sufficient 

difficult to determine how much effect discrepancies such as those shown statistical accuracy in the calculations to obtain a meaningful a-

In the figures will have on space-vehicle and high-energy-accelerator shield- parison with these data 

Ing calculations where one is primarily concerned with integral quantities 

such as dose In this regard, it should be noted that calculations carried 

out with the nucleon-meson transport code are in reasonable agreement with 

several different kinds of experimental data (3.5,6) 



16 

REFERENCES 

I J W Wachter, W A Gibson, and W R Burrus, "Neutron a id Proton 

Spectra from Targets Bombarded by 450-MeV Protons," ORL-TM-1781 (also 

stbmitted to Physical Review) 

2 

3 

4 

W A Coleman, "Thermal-Neutron Flux Generation by High-Energy Protons," 

ORRL-TM-2206 (1968) 

V A Coleman and H G Alsiller, Jr , "Thermal Neutron Flux Genera-

tioes by High-Energy Protons ," Nuel Sci Eng a4, 104 (1968) 

H W Bertini and J W Wachter, Neutron Phys Div Ann Progr Rept 

5 
May 31, 1968, ORNL-4280, p 148 
T W Armstrong and R G Alsmiller, Jr , "Monte Carlo Calculations 

of the Nucleon-Meson Cascade in Iron Initiated by I- and 3-GeV Protons 

and Comparison with Experiment," Nuel Sct eg 33, 291 (U968) 

6 T W Armstrong, "Monte Carlo Calculations of Residual Nuclei Produc-

tion in Thick Iron Targets Bombarded by i- and 3-GeV Protons and Corn-

parison with Experiment," ORL-TM-228T (1968) (also submitted to J 

Geophys Bes 

17 

NASA-High Energy Distribution List
 

R M Ahrens, Advanced Research Corporation, 715 Miami Circle, N E 

Atlanta, Georgia 303 4
 

Donald W Aitken, Research Physicist, Stanford University, Department of 
Physics, Stanford, California 

Argonne National Laboratory, Library Services Department 203-CE125, 9700 

South Cas Avenue, Argonne, Illinois 60439 

Armed Forces Radiobiology Research Institute, Defense Atomic Support

Agency, National Naval Medical Center, Bethesda, Maryland 20014
 

Army Materials and Mechanics Research Center, ATTN Technical Information
 

Branch, Watertown, Massachusetts 021t2
 

Louis Avrami, Radiation Effects and Support Branch, Explosives Laboratory, 
SMUPA-VE3, Bldg 407, Picatinny Arsenal, Dover, New Jersey 07801 

Miguel Aschalom, National Accelerator Laboratory, P 0 Box 500, Batavia, 
Illinois 60510 

Col E B Ballinger, USAF, MC, USAF School of Aerospace Medicine, P C 
Box 4013, Brooks AFB, Texas 70235 

M Barbier, CERN, Geneva, Switzerland 

N Barr, Radiological Physics Branch, Division of Biology and Medicine, 

U S Atomic Energy Comwmssion, Washington, D C 20545 (5 copies) 

C K) Rlauer, Dept 72-34, 2-26 Lockheed-Georgia Company, Marietta, 
Georgia 30060
 

Sherwin M Beck, NASA/Langley Research Center, Mail Stop 4OO, Hampton, 
Virginia 23365 

P R Bell, Code TH, NASA/Manned Spacecraft Center, Houston, Texas 77058 

J R Beyster, 9321 laJolla Farms Road, LaJolla, California 92112 

Frank L Bouquet, Dept 72-71, 311, B-6, Lockheed California Co , Burbank,
 
California 91503
 

S Bresticker, Grumman Aircraft Engineering Corp., Space Sciences Group, 
Plant 5, Bethpage, L I , New York 11714
 

Charles J Bridgman, Physics Department, School of Engineering, Air Force 
Institute of Technology, Wright-Patterson APB, Ohio k5433 



1918 

Charle. A Dempsey, 6570 AMRL (MRT), Wright-Patterson AFB, Ohio 45433 
Brookhaven National Laboratory, ATTN Research Library, Upton, New York 

11973 Herbert DeStaebler, SLAC, Stanford University, Stanford, California 94305 

Brooks Air Force Base, Radiobiology Department, Chief, San Antonio, Director, Defense Atomic Support Agocy, AfTN APTL, Washington, D C 

Texas 78325 20305 

M 	 0 Burrell, M.RP-NTP, National Aeronautics and Space Ada , Marshall Herman i Donnert, U S Army Nuclear Defense Laboratory, AMXND-C, 
Space Flight Center, Huntsville, Alabama 35812 Edgewood Arsenal, Maryland 21010 

Walter R Burrms, Tennecomp, Inc , P 0 Box J, Oak Ridge, Tennessee Trael Dostrowky, Weizmann Institute for Science, Behovath, Israel 
37830 D W Drawbaugh, Westinghouse Astronuclear Laboratory, P 0 Box 10864, 

D 	 K Btlor, Argonne National Laboratory) 9700 South Cass Avenue, Pittsburgh, Pennsylvania 15236 

Argonne, lllnozs 60439 John E Duberg, National Aeronautics and Space Aim , Langley Research 

Richard L Childers, Physics Department, University of South Carolina, Center, Langley Field, Virginia 23365 

Oolunbia, South Carolina 25205 D 	 L Dye, The Boeing Company, Mail Stop S3-72, Seattle, Washington 98124 

Maj Anthony J Chiota, HQ AFSC (SCTSW), Andrews AFB, Washington, D C 
20331 R D Edge, Physics Department, University of South Carolina, Columbia, 

South Carolina 292C8 
* 	G Cochran, Departmnt of Nuclear Engineering, A and 11College OTTexas, College Station, Texas Nat Edmunson, Code N-NP-N, National Aeronautics and Space Adm , Marshall 

Space Flight Center, Huntsville, Alabama 35812 
'4 A Coleman, Box 856, Edgewood, Maryland 21040 

E M Finkelman, Grumnan Aircraft Engineering Corp LEM Project, Plant 

Ted Colvin, Bendix Systems Division, 3300 Pljmouth Road, Ann Arbor, 	 25, Bethpage, L I , New York 11714 

Michigan 48105 
 Truts Foelsche, National Aeronautics and Space Ada , Langley Research 
Consultant, Nuclear Medicine, Office of the Surgeon General, Washington, Center, Mail Stop 304, Langley Field, Virginia 23365 

D C 20315 R E Fortney, Northrop Space Laboratories, 3401 West Broadway, Hawthorne, 

E 	 A Cosbie, Argonne National Laboratory, Argonne, Illinois 60440 California 90250 

Frederick P Cowan, Head, Health Physics Division, Brookhaven National Leo Fox, Code ER, Biotechnology and Human Research Division, National 

Laboratory, Upton, L I , New York 11973 	 Aeronautics and Space Adm , Washington, D C 20546 

Richard B Curtis, Office of Research and Advanced Studies, Indiana 	 J Y Freeman, Division MPS, CERN, Geneva 23, Switzerland 
Univara Sty, Bloomington, Indiana 47401 

Takaywhi Fse, Ship Research Institute, Shinkawa, Mitaka, Tokyo, Japan 
Stanley B Curtis, Bldg 29, oos 213, Lawrence Radiation Laboratory,
 

Berkeley, California 94720 Russell N alasso, Headquarters, USA Test and Evaluation Comand, Aber­
deen Proving Ground, Maryland 21005
 

Raymond Davis, Jr , Chemistry Department, Brookhaven National Laboratory, 
Upton, L I , New York 11973 a 	 Gestel, CEN, Geneva, Switzerland 

J 	 DeJuren, 3401 W Broadway Avenue, Hawthorne, California 90250 General Dynamics/Fort Worth, ATWN B S Fain and K G Brown, P 0 Box 
746, Fort Worth, Texas 76101
 

Director, Defense Atomic Support Agency, Pentagon, Washington, D C 
20301
 



20 

R C Good, Jr , General Electric Company, Room 0500-VFSTC, P 0 Box W C Hulten, NASA/Langley Research Center, Mail Stop 231, Hampton,855 Philadelphia, Pennsylvania 19101 Virginia 23365
 
Frederick Gordon, Jr , NASA/Goddard Space Flight Center, Code 716A. Green-
 H E Hungerford, 101 Michael Golden Laboratory, Purdue University,belt, Maryland 20771 Lafayette, Indiana 47907
Elie Gradstajan, Institut de Physique Nucleaire, B P 1, 91-Orsay, 
 T Inada, National Institute Radiological Sciences, Anagava, Chiba-Shi,
France 


Japan
 
Raymond M Hansen, Mail Stop 235, NASA/Langley Research Center, Hampton, 

Virginia 23365 
Harvey I Israel, H-nDO, Los Alamos Scientific Laboratory, P 0 Box 1663, 

Los Alam~os, New Mexico 87544 
Harry Harrison, Code RuE, National Aeronautics and Space Adm , Hdqts , 

Washington, D C 2o5246 
Lt Joseph F Janni, WLBB, Air Force Weapons Laboratory, Kirtland AFB, 

New Mexico 87117
 
Russellheath, Phillips Fetroleua Company, 
 P 0 Box 2067, Idaho Falls, Philippe Tardy-Joubert, S P R , Centre d'Etudes Nucleaire de Saclay,Idaho 83401 

B P 2, 9l-Gif-Sur..Yvette, France
Phillip B Hemmig, Division of Reactor Development, U S Atomic Energy Clyde Jupiter,Commission, Washington, D C Gulf General Atomic, P 0 Box 608, San Diego, Califorria 

92112 
Herbert D Hendricks, NASA/angley, Mail Stop 499, Hampton, Virginia Irving M Karp, NASA/Lewis Research Center, 21000 Brookpark Road, Mail23365 

Stop 49-2, Cleveland, Ohio 44135
high-Energy Preprint Library, Department of Physics, University of Toronto, L Katz, Director, AcceleratorToronto 5, Ontario, Canada Laboratory, University of Saskatchewan,

Saskatoon, Sesk , Canada 
Doris M High, Librarian, Commnding Officer, U S Army Nuclear Defense Glenn Keister, Boeing Airplane Company, Aerospace Division,Laboratory, Bldg 5695, ATTN Library, Edgewood P 0 Box 3707,Arsenal, Maryland Seattle, Washington 98124

21010 


R H Hilberg, J Warren Keller, NASA Headquarters, Code RV-l,Bellconm, Inc , 1100 17th Street, N W , Washington, B C D Aliaga-elly Nuclear Enterprises Washington, D C 20546Ltd , Sighthll Edinburgh ii, 
Scotland


Charles i Hill, Dept 73-69, Zone 174, Lockheed-Georgia Company,Marietta, Georgia 30060 

James F Kenny, 
 Boeing Scientific Research Laboratory, P 0 BoxSeattle, Washington 3981,98124John R Hofftma, Kanan Nuclear, 1710 GardenSprings, Colorado 80907 of the Gods Road, Colorado
 

Sprins, Colrado 80907Sw48, E C Kidd, Zone 871, Dept 61-2, 
 General Dynamics/Fort Worth, P 0 BoxFort Worth, Texas 76101 
L Hoffman, CERN, Geneva, Switzerland F T Kieltyka, Capt, USAF, Hq OAR(RROsp), 1400 Wilson Blvd , Arlington,George R Holeman, Health Physicist,is ion, 1136 Kline Biology Tower,Yale University, Health Physics219 Prospect Street, VirginiaNew Haven, 22209

Connecticut 06520 

E M Kinderman, Radiation Physics Division, 
 Stanford Research Institute,Menlo Park, California

J T Hollovaj, Grants and Research Contracts, 94025 
National Office of Space Sciences,Aeronautics and Space Adm , Washington, D C 20546 Robert L Kloster, McDonnell Aircraft Corp , P 0 Box 516, St Louis, 

Missouri
Holmes and Eerver, Inc , 828 South Figueroa Street, Los Angeles, Cali- 63166 
fornia 90017 



22 


Eugene B Konecci, Department of Maaement BEOB-200, University of 


Tcxas, Austin, Texas 7871, 

W E Kreger, Head, Physical Sciences Division, U S Naval Radiological
Defense laboratory, San Francisco, California 94.135 

Ed hn, lear Technology Corporation, 6 Main Street, Whte Plains,Ohio 
New Yor I0601
 

Pierre Laford, Centre d'Etudes Muleotres do Pontenay Aux Hoses, 92 

Fontenay Aux Roses, France 

B Larsson, The oustaf Werner Institute, University of Uppsala, Box 531, 
751'1 Uppsala, Sieden 

J 	 M Livia, Centre d'Etudes Nuclesires, Do Secley, S E C R - B P 
No 2, 91-Gii-Sur-Yvette, France 

Lawrence Radiation Laboratory) Technical Information Department, P 0 

Box 808, Livermore, California 94550 
Martin eimdorfer, Industri-Matematik AB, De Geersgatan 8, 11529 Stockholm, 

Sweaen 


S 	 H Levine, Northrop Space Laboratories, 3401 West Broadway, 2452/61, 
Hawthorne, California 90250 


Library, Cambridge Electron Accelerator, Harvard University, 42 Oxford 
Street, Cwrbridge, Massachusetts 02138 

Library, Heman Nuclear, 1700 Garden of the Gods Road, Colorado Springs, 

Colorado 80907 

John R Lilley, A-830-BBFO-78, Missile Space Systems Division, Douglas
Aircraft Co , Inc , Santa Monica, California 

S J Lindenbaum, Brookhaven National Laboratory, Upton, L I , New York 
11973 

Major Russell E Linkous, Air Force Systems Command (SCTR), Andrews AFB,
Maryland 20331 

M 	Stanley Livingston, Cambridge Electron Accelerator, 42 Oxford Street,
Cambridge, Massachusetts 02139 

Lockheed %'issiles and Space Co , Technical Information Center, 32514urover Street, Palo Alto, California 94304 

Robert MacPlin, Jet Propulsion Laboratory, Pasadena, California 91103 

23
 

A 	Manning, Department oi Physics, Valparaiso University, Valparaiso, 
Indian. 6383 

Brian Mar, Boeing Airplane Co ,MS 23-82, Aerospace Division, P 0 Box 
3707, Seattle, Washington 9812 4 

Thomas J McGuire, ASD (ASBED-50/T J McGuire), Wright-Patterson APB,
45433 

E 	 J McLaughlin, Space Medicine, NASA ­20546	 Code MM,Washington, D C 

James E McLaughlin, Director, Radiation Physics, U S Atomic Energy
Commission, 376 Hudson Street, New York, New York 10014 

R 	 V Meghreblain, Jet Propulsion Laboratory, 4800 Oak Grove Drive, 
Pasadena, California 91103
 

Albert Metzger, Jet Propulsion Laboratory, 41800 Oak Grove Drive, Pasadena, 
California 91103 

J M Miller, Chemistry Department, Columbia University, New York, New 
York 10027 

R A Miller, Zone S71, Dept 61-2, General Dynamics/Port Worth, P 0. 
oil48, Port 71 Worth, 
Bo'748, Fort Worth, Texas 76101
 

Phillip S Mittelman, 180 South Broadway, White Plains, New York 10l05 
Jerry L Modsette, National Aeronautics and Space Adm , Manned Space-

Craft Center, Houston, Texas 77001 
Robert B Moler, IIT Research Institute, 10 West 35th Street, Chicago, 

Illinois 6o616 
Winnie M Morgan, Technical Reports, Grants and Research Contracts, 

Office of Space Sciences, NASA, Washington, D C 20546 (25 copies) 
B J Moyer, University of California, Lawrence Radiation laboratory, 

6141 Building 50A, Berkeley, California 94720 
R r Mozley, SLAC, Stanford University, Stanford, California 94305 

Frank J Mauna, Department of Chemical Engineering, University of
Maryland, College Park, Maryland 20740 

NASA Scientific and Technical Information Facility, ATIN 
Branch, P 0 Box 33, College Park, Maryland 20740 

Acquisitions 

1 R Nash, Code RPN, National Aeronautics and Space Adm , Washington, 
D C 20546 



24 


R Nelson, Stanford Linear Accelerator Center, P 0 Box 4349, Stanford 
University, Stanford, California 

Keran O'Brien, U S Atomic Energy Commission, Health and Safety labora-
tory, 376 Hudson Street, New York, New York 1l14 

O1D Library, Research Triangle Institute, p 0 Box 12194, Research 

Triangle Park, North Carolina 27709 


W. K R Penofaky, Stanford Linema Accelerator Center, Stanford University,
Stanford, California 94305 

C. PassoV, Institute for Experimentelle Kernphysic,c der Techniachen
Ho e hule Karsruhe, Auf dem Kernfo Schungs zentrum Karlaruhe, 75 
)Crlsruhe..Postf5aj, 947, Germany 

Wade Patterson, University of California, Lawrence Radiation Laboratory,
Berkeley, California 9472oBayardeareC 9, 

Maynard Pearson, Boeing Airplane Company, erospace Division, P 0 Box 

3707, Seattle, Washington 96124
 

James A Phillips, Los Alamos Scientific laboratory, P o Box 1663,

Los Alamos, New Mexico 87544
 

John E Pickering, Cal, USAF, NASA Headquarters, Space Medicine - Code 
M, Manned Space Flight, Washington, D C 2546 


G F Pieper, Code 600, National Aeronautics and Space Adat , Goddard 

Space Flight Center, Greenbelt, Maryland io00 


Robert Pruett, P 0 Box 950B5, Los Angeles, California 90045 

Radiation Effects Information Center, Battelle Memorial Institute, 


Columbus laboratories, 505 King Avenue, Columbus, Ohio 43201 


Arthur Reet , Jr , NASA Headquarters, RV-I, Washington, D 0 20546 

0 	 Reynolds, Director, Eio-Science Programs, Office of Space Sciences, 
National Aeronautics and Space Ado , Wahlngton, B C 20546 
(5 copies) 

Robert Riedesel, McConnell Douglas Astronautics Company - Western Divi-
Ridn,5301 Blsa Avenue (mail Sta 5), Huntington Beach, California 

David L Rigotti, U S Army Nuclear Defense laboratory, Edgevood Arsenal,
Maryland 21010 

Don Robbins, ET32, National Aeronautics and Space Adm , Manned Spacecraft 
Center, Houston, Texas 77058 

25 

Kelvin Rooney, Atomics International, 8900 DeSoto Avenue, Canoga Park, 
California 91304 

H 	 A Sandmeier, University of California, Los Alamos Scientific Labora­
tory, P 0 Box 1663, Los Alamos, New Mexico 87544 

J 	 Scanlon, Research Department, Grumman Aircraft Engineering Corp 
Bethpage, New York 11714 

H 	 J Schacfer, U S Naval School of Aviation Medicine, U S Naval 
Aviation Medical Center-54, Pensacola, Florida 32512
 

W 	Wayne Scott, Chattanooga State Technical Institute, 4501 Amnico High­
way, Chattanooga, Tennessee 37401 

Robert B Scale, Department of Nuclear Engineering, University of Arizona, 
Tucson, Arizona 85721 

Selph, LINAC, Gulf General Atomic, P C Box 608, San Diego, 

California 92112 
3 S P Shen, Department of Astronomy, University of Pennsylvania, 

Philadelphia, Pennsylvania 19104 
K Shure, Westinghouse Electric Corp , Bettie Atomic Power laboratory, 

P 0 Box 79, West Ilifflin, Pennsylvania 15122 
Robert T Siegel, Director, Space Radiation Effects Laboratory, Operated 

by College of William and Mary, 11970 Jefferson Avenue, Newport News, 
Virginia 23606 

J J Singh, M S 234, NASA/langley Research Center, Langley Station, 
HaretonhVirginiv orr l f 

Charles Sondhaus, University of California, California College of Medi­
cine, 1721 Griffin Avenue, Los Angeles, California 90031, (venue Wig ht-atter n , 3 iJ e 172oGri fi , 	 9F 

S nr Sd ea r Ac l Cn tr, AitN ibr A , ho 

Stanford Linear Accelerator Center, ATfn Library, P Box 439
Stanford, California 94305 

William Steigelmann, Xuljian Corp , 1200 North Broad Street, Philadelphia, 
Pennsylvania 19121 

Henry Stern, R-RP-N, NASA, Marshall Space Flight Center, Huntsville, 

Alabama 35812 
G R Stevenson, Radiation Protection Group, R20, Rutherford High Energy 

Laboratory, Chilton, Didoot, Berkshire, England 



26 

T 	 R Strayhorn, Mail Zone 2671, General Dynamics, P 0 Box 748, Fort 
Worth, Texas 76101 

J. 	A Swartout, Union Carbide Corporation, 270 Park Avenue, New York, 

New York 10017
 

R 	 F Toschek, Los Alamos Scientific Laboratory, Los Alamos, New Mexico 
87544 


Eizo Tajima, Rikkyo University, Ikebukuro, Toshimaku, Tokyo, Japan 
K Tesch, DES!, Hamburg, Notkesteig 1, Germany 

Ralph H Thomas, Health Physics, 67 Encina Hall, Stanford University,
Stanford, California 94305 

0 	 Lyle Tiffany, Chief Scientist, Bendix Systems Division, 3300 PlymouthRoad, Ann Arbor, Michigan 40103 

Cornelius Tobias, University of California, Lawrence Radiation Laboratory,

Berkeley, California 94720 

Jacob I Trombka, Goddard Space Flight Center, Greenbelt, Maryland 20771 

W Turchinetz, R26-411, Massachusetts Institute of Technology, Cambridge, 
Massachusetts 02139 

Anthony Turkevich, University of Chicago, Chicago, Illinois 

Werner Von Braun, Director, George C Marshall Space Flight Center, NASA, 
Huntsville, Alabama 35812 

G P Wachtell, Franklin Institute, 20th and Parkway, Philadelphia,
Pennsylvania 19103 

Roger Wallace, Bldg 72, Lawrence Radiation Laboratory, Berkeley, 
California 94720 

W A Wallenmeyer, Division of Research, U S Atomic Energy Commission, 
Washington, D C 20545 

M B Uels, Radiation Research Associates, Inc., 1506 West Terrell 

Avenue, Fort Worth, Texas 76104 

o 	 T Western, Y-71, General Dynamics, Fort Worth, Texas 76101 

Glenn A Whan, Associate Professor, Nuclear Engineering Laboratory, The 
University of New Mexico, Albuquerque, New Mexico 87106 

Robert 	V Wheeler, R S Landauer, Jr., and Co , Glenwood Science Park, 
Glenwood, Illinois 60425 

27 

Ralph Wiley, Mail Zone Y-128, General Dynamics, Fort Worth, Texas (6101 

Maurice Wilkinson, The Boeing Company, M S 23-82, Seattle, Washington
 
98124
 

William E Wilson, Jr , Reactor Supervisor, Department of Nuclear Engineer.
ing, Nuclear Reactor Bldg , University of Washington, Seattle, 
Washington 98105
 

W R Yucker, A-2-833, Douglas Aircraft Co , Nuclear Department, 3000Ocean Park Boulevard, Santa Monica, California 90105
 
Marcello Zocchi, Reactor and Radiation, National Bureau of Standards,
 

Washington, D C 20234 
K Ziock, Department of Physics, University of Virginia, Charlottesville, 

Virginia 32901 
Walter Schimmerling, Head, Radiations Measurements Group, Princeton-

Pennsylvania Accelerator, P 0 Box 682, Princeton, New Jersey

08540
 

J 	 Ranft, Science Research Council, Rutherford High Energy Laboratory,Bldg. RSE, Chilton, Dideot, Berkshire, ENGLAND 



END
 

DATE FILMED
 
'H 


