
_ _  
-

~~~~

A0eA037 600 SECflIA INST OF TECH ATLANTA SCHOOL OF PHYSICS F/s 20/5
SIULIOIRAPHY ON SOURCES OF INFORMATION ON PHENOMENA OF INTEREST——fTC(U)
OCT 76 C U MCDANIEL, H U ELLIS. F L LISELE

I*ICLASSIFI E D RH — 77—1 NI.

___ _ li i 
_ _ _

_ _  

cli !_9

_ _ _  _ _ _ _ _ _

hi J1H~ ____

I 
_ __ -~ p -~



lj r 
-~

U TECHNICAL REPORT RH—77—1

BIBLIOGRAPHY ON SOURCES OF INFORMATION
ON PHENOMENA OF INTEREST IN GAS LASER
RESEARCH AND DEVELOPMENT

School of Physics
Georgia Institute of Technology
Atlanta , Georgie. 30332

January 1977

Approved for public release;distribution unlimited .

~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~ Ar~~~~ri~~ I , AI~~b~~m~~ 35809

Prepared for:

Army High Energy Laser Directorate
US Army Missile Research , Development and Engineering Laboratory

0-. US Army Missile Command
Redstone Arsena l. Alabama 35809

C-,

Li.. r~U~.iF-~:E:T
U APR

L~~L~~

1Q 2 1 . I ~~~~ fl~ ~ L S  ~~~~~~ 102 1 ~~ u r u ~~ ~r ~~o

- ...—.~ _ - .  — —__ — - I r ..—- .e.-r% 1r’ -. * -. -

- ~- ______________________________________



DISPOSITION INSTRUCTIONS

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED. DO NOT
RETURN IT TO THE ORIGINATOR.

DISCLAIMER

THE FINDINGS IN THIS REPORT ARE NOT TO BE CONSTRUED AS AN
OFFICIAL DEPARTMENT OF THE ARMY POSITION UNLESS SO DESIG-
NATED BY OTHER AUTHORI ZED DOCUMENTS.

TRADE NAMES

USE OF TRADE NAMES OR MANUFACTURERS IN THIS REPORT DOES
NOT CONSTITUTE AN OFFICIAL INDORSEMENT OR APPROVAL OF
THE USE OF SUCH COMMERCIAL HARDWARE OR SOFTWARE.

~ . - . 

iu~ii-~ pD mv ~~~ _ _  _ _  4



4 UNCLASSIFIED
SECURI ‘ ‘  A SSIFICA rION OF T HIS PAGE (II?,..s Vol. fnl.c.d)

T7~) ~~~~EPORT DOCUMENTATION PAGE BEFO C RM

______________________ - - 
2 GOVT AC CESSION NO. 3. RECIPIENT ’S C AT A L O G  NUMBER

.-.~ 4. T ITLE  (~~~ Sobf i t I .~ 5 -T Y P E  OF REPORT 6 PERIOD C O V E R E D

Bibliography on Sources of Inform at ion on Pheno inen~ of 7 Technical ~ epoSt
Interest in Gas Laser Research and Developme nt .. - .

— 
6. P~~RF0RMING ORG. REPORT NUMBER

-7. A U T H O R (  c~- ~~~~~ / 
8.  CONTRA CT OR GRANT NUMBER(S)

/ 
— 

%V. lcDan iel . ~~~~ Elli s. F; L. Eisek,~ and
~~~. G ., Thackston 

.. 
. ._-

~ 
._.

— .—

8. PERFORMING O R GA N I Z A T I O N  NAME AND A D D R E SS .—~ 10. PROGRAM ELEMENT . P R O J E C T , T A S K

School of Physics A R E A  & WORK ~~~~~~N~~M~~~ RS _

Georgia Institute of Tecimology 17 ~ 
—

Atlanta , Georgia 30332 r
II. CONTROLLING OFFICE NAME AND AOOR ESS 2. REPORT DATE

Commander J / )  Oct~~~~~~ 7O
US Armv Missile Cotnmand NUM BER OF P A G E S

RI’dstonI’ Ar st~n .al A l:IhaIl1:I ~ St ’~~9 — —
14. MONITORING AGENCY NAME S ADORESS(If diffe~... 1 Boo, Con Icoi i in~ Office) IS. SE CURITY CLASS . (of ISIs c.pori)

Commander
US Army Missile Command Unclassified
ATTN : DRSM I-RH IS. . DECLAS SIF ICATION / DOW NGRAD ING

Redstone Arsenal , Alabama 35809 SCHEDULE

16. DISTRIBUTION STATEMENT (of this R.pocf)

Approved for public release ; distribution unlimited .

7. DISTRIBUTION STATEMENT (of lb. •b.Ic.ct .nf.c.dln BloCk 20. i(dlf(.ro,,I boo, R.p ocf)

18. SUPPLEMENTARY NOTES

IS. KEY WORDS (ConIlIrn. on ,.eec.. old. If n.0000.,y ,d Id.ntI1y by block numb.,)

Atomic and molecular physics Gas dynamics
Gas-p hase chemistry Plasma physics and electrical discharges
Optics and electromagnetic theory Optical properties of solids
Quantum electronics , Surface physics and chemistry
Thermodynamics and heat transfe r

20, A 5TRACT ~~~~~~~~~ — ~~~~~ .f ~~ If ~~~~~~~~~ 
d I d.nI ( 17 by block ncmb c)

-~ . Persons engaged in gas laser research an ’~ develbpm ent need data from many fields. This
report ~ as compiled in an effort to he lp fill this need.

DO I J 7 3  1473 EDITION OF I NOV 65 15 OBSOLETE t N ( ’LASSIFII I)
SECURITY CLASSIFICAT IO(I DF THIS PA GE (WRen D.,, l /n l . , sd)

-

W5~-~~~’~- ~~~~~~~~~~~~~~ ~-
— .- ~~~— —---~ -.—--~~~~~ ---- —- —-- — ~~~ —,- -. -~ ..- 

— —- — ‘-----
~ ~~~—m



SECURITY CLASSIFICATION OF THIS PAGE(WR , Dale tnf.~Wd)

C P.

I
NI

a’

a

SECU RITY CLASSIF ICATION OF THIS PAGE(W b.n Data EnI.c.d)

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~ ,.~~~~ ~- :~~~ 
.-r~~ - -— ~~~ - ,- . ~~~~~~~~~~~~~~ - , - — - - .~~~~~ 

____-__5_ __ .~- _5-_ —.-.-.. - ~~~~~~~~~~~~~



PREFACE

PCI ’ /T I I s  et iej ee d ill gas Ia~ei TCsCa IJ I  2i1d di_ V el i / 1~t l I C t I I  il eed data  I l / i t t  I /a I / ~ f ields a lo t l i l e  and
mole cular pli\ SIL ’ S . los-p h ase ~l i C T / I I s t I  . ( l t i ~~’ JI IJ  L1 / ’C l  T i i , I i i t l / ’ t i ~ theo ry .  ~1uaTi t I i t I t  cl/ i_l I i) t i IL ~~.

tilernludy ilailiics :utd ileat i l : I t i s t ~~I - fa’. iS li l t / i L s . L ’ i i i l 1) 115 sIi.S aiid ~lCL Ii .~ iil di Ll/ t i ti e’ , ipti~.il

~riupcrt ies of SIIIILIS . su i tacc  plI~ .1 , 1  e l i , ’ i t i ’. t i \  and ‘ l I t _ i  IILIIILIICS II s. ie l l t c  and CII1 III ’ S’ l i l l i t  I u s e
data ar.- re qui re d for  the It Iat I le l t iat iL -Jil ilIldelir lU 01 lawi 5 , UI till) LII i _ / I C C  ‘ . I I1I2ICI LII’, in tile COIIstrIiu t O / l i  ‘ I f

lasers , for t he i i l te rp le ia t t o l l  iii I _ s i _ i  p~~I I I I I I I I . I I I i_ /  . ~id t o t  ll/ i _ ’ siUd) it t he  ill ter:lctiulI it lasc i rad iat i ii
with ilititte r.

rilis bi li iiu ii r ti p il) ‘.IJS i_IIIIIpJII d I I  a l  i_ ’ti ’ .t I  lii I C I p ill till’ T I L L / I  i_~~~ i~~ L /  lI~ ill II i i i t i _  and
il i / ’ ICL I t ,II ‘ ITS 51/S TILl cas - I/Ii.isi _ c l I c I l / I s t ’ S  It ~ i_ iuI,i I l_ l Ie  beeii al bey ond t i l  i _ 1 :  i / I1V in tIle IS./I l tII ( I ,
time tu search / l / i I. , I t i / l  list al l 101 d el l  l u t I~ 5I I If t i le d / i _~ i i t  resear Ch 

~~~~~ 
h iLt .Itii/i i S / I / / t i  L’S

intolillatioil i _ 1 i _ i t  t i  the i _ ’ , I t  L I / I  / ‘4l 1 iL’ i_~ s~ t i _ I  Iierc~ t u e  ilUllihet I/ I  CI/ III,’ w ith  iiiIVC beerl wei i ~i

C\CCs ’  o f ~ X i~~I l I v er , it Was l i_ t Is i l l I  i 1/5  1,1 5/ t i t c l t  iii. ‘,,ut i Fit e. arid disp la y Iiio’t of t l i i _  
CSh e\V ar t i c le s . W i t _ i  cL / t h I p I I_ I I l / n s . and ou t er  l t I h l i . / e l a } T I . i i _ s ‘ ‘I use in ~iS  I t /s , research and developuler lt .

a nd t h at  is ish at si_c h ive doll e. ‘5 V C I V  5110111 Illiffl bhir ‘ i i  l l ld iv ldUal (es/J i ll pa peus th;Ii Ise i _ / s / id ,’ I b’, it

special ‘ I / r e  ‘1 are ‘also m e l  iid1n l

i/ IS divide t h e  r e fer en c es  listed IIe Ii_ ~~t t u /  I s i t  mans gr iIps . I l ie  f i r s t  de ’, i l s  wu l t . \ i rnl i _

Colli sions . i lere we r e l e r  p r inc ipa l ly  Ii tsv /.b / d)  and t l n ee h ’ id)  i_ / / I I I S i I t l (  be t  W i_t el l  C l / i _ i T ’ l l ’ , .  h u t s  t itid
ni o lecule s (n eu t ra l  and i n i t e d) .  and ph otons at . inlpt lct CIi i _ -I ~~ICs ,,i l tII i ’ , I i i i_  i / l i_S hut nuclear  H i_~~’ t i . .

unnnp or t a n t .  I l ence ,  the c e n t e r — / I L — m a s s  impa ct  c i t C t gy  [U i /C /S  Will tilerlilal I1~~ 11110 t iu e l i _ s ’  Mc\
P i t  ij c arId  pl?~ t oIl I ln p aL ’t on s i ’ i t ; i ~~~s. and the p l s~s i 1tc ol par t i c le s  and ph i u t l / ns t i t r i l U g h h / I l k  m a t t e r  ar e

115 / inc luded h er e  US are Cc it t / I l l  killds /1 IUiis~~i l  I plleli . I lclIa. II L,/LIsii / 1  t i l t )  I , i r s ~’ nU u l i b e r  ol c I i C t i I I e . / I
I c t e l d t i c e S  aitd their  great importat ice ill the’ pres ent co i l tex i . I / o - e n / w v  col l is i iur is betweer l  liCl i lku t

s Ir uc lure s ire sp li t  off a rid labeled - ellemi cal’’ whe nev er ii rat a ppe h a t  ion is oi st di_ ’ r e d uip~ ’ I U IC

‘t he tic.~t tilulill group ut / i _ t i _ t i C l i / _ i_ ’,’, dcii)’ l i / I l .  di ’ s n / r i _ t n T ’ and p i ’;’ I T .’’ I t t i t ~’ nd  ui ilt ’ .

(n eu t ra l  and o n i t e d ) . i Icre we y ielded to the t e m p t u i i i ii  to in ser t  a ‘ti _ V i c t c i e i i _ e s  1111 e ’ , ul i _  ‘ j , ’ L te s l
atoms ru)Inum, and I\ilsiir oluiulil). The b I l l _ s  ~‘ , v , n, -d Incl ude e l i i _ ’ / i~

\ te stI s . id i_ t i ll l ines, line I S I i _ ’ .I i t i _ ’ T L t t t t

and line shape. lit ’eIinii_~~. uis c i l l u i tu l r  s t re l l gt l l s .  t i l I lSitiOl l  pr~IbahlllIic s. and , t f t i r t , t h/ I1IIC’ . I’lucte are also a

- . few re fere n ces on c \ C I l U t i uIl . d iss Li ; /t ion. and ‘n i /a t  1 ,1 11  i I  p a i t r i _ t e s  Ii~ el ei_ ’ tr ic  arid ti,i~ i i e t i , f i e ld s ,  In

‘additilni there JIC mails items on s peL i t isc ip) . in i l ’ w e t l iii Il i l teurtia ls , and I t Iu e t l r r ’I ’~ t i Iu iu  s i _ s .

The th i rd  pi~~iip of re fe ren c e s  dea ls o i t !  lu rsets  t i le 015 sic ’. IIIIdeII\ ‘ i t  l lIt) lr Ie I ) ! i 1 Iu .  Li ’er
iIic ir~ . h I d  app lic ations i t  laser s .

The reiitainlti~ ret~~i-criees dea l wi th  u ‘. i i clv of s i / b c is, wli I/ li WC Ii pc i_s nil ‘c ol ill terO ’  / arid
i r i l i t y .  Pla n e t i r s  / I I I1 sp t t’ rcs tIre included bc i _ . t ’ i ’ ,c  h I d  e l i _ i_ i  i’~~~~u’ . ’ i  ‘ad i , i ii , , ui i_ itt a g) ’ei ’ r ls Il / i _ I l / / li

t i lroug ll i_ s l iue l t  it is passlllg iii Irnpoltant . is iS t h e  r’ : l~~Ii IlI of tue  ‘L’dI./ iu ‘Ill T h e  r ld i th t i / I I i .  l.;isi’ ts  ti re al’ ’
u se d to It toni tor poilutatits in tile eumi - t li ’5 a t m osp h e r e . \hrss s

~
ui_ . It in~~t r \  5 o- Iet ,t t r t  t ,’  die i u i p n l i v

i_ les e h / p lu lg I T / t ’ I e s i  in m ass s pec t i  ‘ metric sa rnp lurg ut operat ing t S  lt~ c is  [he L i _ / h u L L  t i / i l l  h c t 0 c t i ,

i_ iie~ t i i i __ a I  dlsL h i t l r / eS  ari d plasin’at. ( inc l u ded  Ill tile b t b l l i i g r u l p his  i ar i d  d’1’ tiS t~ IS ‘110 1/’ ti_I till. Hi5

rd lu \u l l l ce  of lasems to t l l c h l t i u I / i / L I ’ t . i fusilull e s c j r i _ I i  also i / I / h I / i  i i’  . . h ’ i . i I ’ I c \ l i i .  I, ‘t t i le  i i _ ’ w ; / i C I l  Ott

NI
* i / i L  Ieerl ’ , i_’ is taken with the ( c n n  ~c lectro ll .  i _ i _ l u _ l i  i lcre l i t_ t i l lS  11111 11111) ‘ I r e c / ~ lot i  u / r i d

but u s  InUllIi ,‘‘ t i re h a t t e r  particle s i t u i i e t u m r i , ’’, hi_ ’ it ig c / / i s / i _ Ic /cd  Ill he ,i l i c . l \ :s  c I / tCI t N

III
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t adiaii i ’ Iu L l lCh ih i5 l  IS . coiti bust ioi i and hlaities , and optical pumping is of direct importance to lase r reseatch
amid d evelelpinieimt an id i l e n l c e mn u miy ’f e reiices are i ,icluded here. i’lie same c omn i ne im t can be made on many
aspects of a st i ophi y s ics .  especiall y t h ose related to the i m nt e rac t io t m of electro magnetic radiation w ith m a t t er ,

p lasma instabi l i t ies , and collisional and spectral prope rties of mul t ip le iomn ite d atoms . A few re fe re n c e s  are
also in cluded in other  minor categories to demonstrat e’ the utility of lasers in precise me asum e n i m en i t s  of
t’un t d a t n i e n  tal quan t im ies.

As shown b) t h e  ‘[able of Contents , there are 71 categories in this bibliograp h y.  The numbe r of ’

b ib i iog t ap hnii _ en t r i e s  is appr oxi in i a te i y 2200, Many of these entries are review articles , which are mainl y of

tutorial  value ant d do ito! co ni launi  n in uch da ta  or m any references.  h ence , in an effort Lu citable the user of
fli ts  doc’o nn i e mm t to locate soot ces c o mmt a i n in t g  ‘a large am ount  of data , we h ave p laced the letter “D” in t he
lef ’t - h an nd m n la rg i i i  aknln g side each reference of this type Similarl y,  those items containing a large nun iber  of
re t e ne l i c e s are m a r ked “l( ’.

\Ve would be g ra t e fu l  if users of th is bibliograph y would point out omissions to us a supp le mn e i nt
or t ip-dated version nta y be in the offing. Pitial ly, we would like to thank Charles Cason and David llowgate
of Redstone Arse ita l for t h eir encourage ment and hel p in this endeavor ,

Earl W. McDaniel
[larry W. Ellis
Fred L. Eisele
Michael G Thackston

Sch ool of Physics
Georg ia Ins t i tu te  of Technology
Atlanta , Ga. , 30332
November , 1976
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A , ATOMIC COLLISIONS

t i l t  I RON lNlI’ A (’  1’ t iN I h E A V Y  h ’ \ R  I I ( ’ t L S

.i. E las t i c .  l o L i l .  and \IoluIcI i I /i l t t  [nansfer Sc a t t e’ ruu ie

J.  N.  Bards l ey . “Theory of Low-Energy Elect ron-Atoun Collisions an n d Related Processes ” in J .  S.

Ris le ~ amid K . Gehallr ’ (eds .). “The Pltys ics of E lectroni c arid At in n n i c  Coll is iotis , ” ln iv i t c d  L ei _ I iur c s .
Review P ape rs . and Progress Reports , U n i r e N i t y  of W asI n ui ~ tont Press , Seatt le , Was in i t ig i o in  i0 ’

~~l u ) .

J.  N . Bardsfe ~ and F. Ma n sdl , “Re sonant t  Sc at ter in tg of Elect r ons by Molecules , ” in --  Repoi ts /nnn

Progress in Ph ysics ,” Vol. 3 1 , pg. 471(1968)

K C. h i , Bar mt et t . J .  A. Ray.  E. W . McD ar nieh , E . W. Thomas , cb al . ,  “Bib liogr ap iny of Ato r i t n e  aod
Mole cul ar Processes ” (1950-1976), Oak Rid ge Nat ional  Labora tory ,  Oak Ridge , I etuu ics ’ce

Categori zed acc ord int g to kind of collision , process , or p roper ty .  lnn f ’orn ta t ions co,’lcc rn intg
pr ocur en ’m en s t  avai labl e t’r onn C. F. B a r r t e t t .  P.O. Box N. Bld g. 6003 , Oak Rid ge Nj t iiuiial
Laboratory .

0 C. F. Bar n te t t .  J .  A. Ray,  E . Ricci , I.  Wi lker .  F . W . NtcD an iel , E . Vi . ‘i’lsomas , and II .  B. Gilbuds
‘ ‘Anomie Data for Control led Fusion s Researc h .” Control led Fusion Atomic Data Center , Oak
Rid ge Nat iona l  1.ab oratory . Oak Rid ge , Iertnessee (N iv ein tber 1 976) . Reports O RN L  5201’ att d
5207 , 680 pages .
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1 .  N’ 1 . / ‘ . , e i l ’ , . 11 / i_ i  N .  Skt ’n h sel e ,  ‘ ‘ h i c l ast ie  Llc i_’ t n O i l  S i _ a t t i _’ n m l l g , ’’ 1mm 1). W i l l i t m t t i s  (E d . ) .  ‘ ‘M e i h i , , d s  ,,t ’

F’..p i_ ’ i l mi / ’ m n n . / l  l ’ I i > ’ . i u . , . Vol . .~~. N Iu I i _ ’ i _ u u l . i n  I’h > ’ .m i _ s  )~~i_ ’, I . i / i _ I  I : d i l i l ’ i r l Part  B , ’’ pg. 868. A , . n d e l n i l ,
N e S i _  ‘S u n k  I 1 174 ) ,

11 . 1< I I . S SN’ . N l t i sse ’v .i n ~ h U. h i .  S i h u u i h u o p .  ‘‘I I, ’ . t u , i i i / ~: art s! U / t i m e  I m p a c t  P l n e n t o i m i c m u a . ’’ N I  I
( ‘ I , i n , ’t td oui  t ) s i ’ ’ m , I  I I n / I

U . K I I .  S ‘.5 NIjs ’.e’. . “Ll e c t i m l n l i c  I / t i _ I  I , ’ u t o ’  l n i t l u t i i _ t  l ’ I m c m i u n n t e t i a . ” V I 2 . (‘Iare n i d o m n ,  O \ i u r d  I 1 9 tu / I .

1 .  NV , N t ,  I ) . I i I / . ’ i . “I ’ , ’t b i s n , ” u  I ’ I I e i / i ’ I / / i _ ’ / / , /  mr s I o n n i, .ci _ l  t, ; t mse si_ ” \ V I l c / ’ . Nei ’.  Vi _ u rk  ( 1 9 6 4 ) ,

SI. K. (
‘ Sle D/ l i_ veI l .  ‘‘ h ’ l e i _ ’ t m u m nt  l / m u I ’ . I i _ /  h . s c t i , m m i on i ,u t ’ l , i g l t t  A t l l r t i s  i t  h m m t e i m n n e d i a t c  I m t er g i c s . ’’ mn I I .

k l ’c:~mp i upp i _’ni a mt i _ I  NI .  K (
‘ SI l u l l ( I  i_h ’ .. ) .  ‘‘I . t L ’ c i F / l i i  and P i n , I t , / t n  l m m t e r a c t n m ’ n n s  S” i t l i  .‘\ n ’ m i / i ”  -- pg

.“b~ P l e n u m , Nc. ’ . N .  ‘ n k ) U ~ 7 u ’ I .

>1 . K. I ’  \ I , h I , u ’ lh  ‘ ‘I l i _ / t i n ,  Si_ : u u t e m l i l g  h m s’ \ i , I u / / s , m i  P. C. B u n k e  amid B. U. Mu m ’ .c t ss~ i s c l u  I I  P s I .

l ’ r , u ’ c ’ . ” ’  au id  .\ 1mp I t i _ . i u i l i / / ’ . ” \ , , i t l i ’ i h ’ i i i , m n i i _ t  \ / l t s t e r d : t m n n  I I i  ~i ’)

l) .R .51 R .  (‘ . S i , I ) / / ’ ,sO I h , annd 13. h I .  l i F t / / i s P _ / u .  ‘‘I ’. x c m t a t i l l l i  iuf  SI nu s  Pr ’ L l ec t r I ,unt I u n p : n c m  P :tr m I
I i n n )  .‘‘ i ’ l m r  ~ti _ s Repor t s  1 1 / 1 7 7 1 .

O . K N i .  K . C. S I _ h i _ i _ h I  . :.nui B . I I .  I I t . r i / S i _ I ’ ’ ’ / . ‘‘L ’ x , t t a t m ’ ’ u m  I l l  , \ t m / I m l ’ .  i 7> i ’ I e i _ t m m .~ u I n i u ~’. i i _ i  P a l l  I I
I / i m c t / . . uI m u d  I \ p i _’ i  / n / i _ n i l  nI l ) :n Itn. ’’ h’ I n ’,’ sl~’s I < i _ ’ I / n I ’. I 1 1) 77 1

t~ l.~ 0 I , . \ l , ’ i s u ’ : , l i i ’ . i _’ II and .5 J ,  S u u u i t b ’ , “I I , ’ u i u i m ’ i  l u / / p a c t  l ’ s . , i n , u i i i u t i  of ‘ s n / n i ’ . , Re” S l , m i l . h’ h i r s . . \ ’ u ’ I
.i~ t pg. 23” I I  i _ l ( , 5 )

.5 115 [k . .\C ’ I

‘11th n ci _  O W  u1i _~,iI~ w ith  tine the oretical  ttr id expeu im s len ta l  aspects of ’ the e xc i t a t i l l f l  u i  anoi nts  by
I s ’ . c t / i _ I S I S  cU, i /  “ u s .

I (_ I ’ ’.’ n , / s . uI . ‘ ‘ ‘ .  ‘ 11mW S c . i n t e r i n s g  (‘om m i p u l a t i u n u s ,’’ in P. U ’ . Bun k e ar t d B. U. \ l I Iuse i s’ I lscI l  (E ds . .
‘ \ m ’ I n n i t c Pr , ” .:esse’. amid  .S t m l m I I L , t i i ’ i / s , ” pg. 3 I . N i i n t h i ’ h h o i l a t t d .  A n n m s r e r d t m n u  (197 6).

— P \ 5’ h’ h ’: l i ’ ’. . ‘ R u o t n i n u t i a l  t imid  \ ‘ I b i , / i t ’ it al I \ ‘. i n , i i i ’ , / ’ i_ nI NI I ’ l ’ n i _ ’l m le s  hr L ui s s—1 i i c m g ~’.’ E lec t ro n t s . ’
R .~’ . Ni ’ ! ( ‘ I s .., N I  40 , pg. 3’) l_i ) i l ( i . S I

.\ I 4 S l i ~ \ ( I

I ‘ .‘ , h i / ’ i / I r l i _ ’ ’ h ’, u r t ime u ! . n c r u n n i n n a t n / l n I  I I I  r I ’ t a t u l . n l n a l  an td v n b m , i t t o t i : i l  e \ i _ ’ n i a t i o n i  c t / I ’ . ’ .  s c c I I i l i l s  i l l
/ ! i ’ l I e , ’ i i l c s  l” . I ’ i_s ‘i_ ’ n / i _ ’ / g > ’  elec t rons  t ime  revi c i _ s ed .  Tit e r e su l t s  ‘‘ I  e sp i _ ’ rn t t i e ni t  .n~e then connnp ared wi th

• t h e o r y .  1 I ’ e h i ’ ’ ’ i t c u e s  i i _ ’ s u m l u i l i ’ u i i  c le ’ ’ u n m m n u he :itn i t e c i n n t i q u ’.’’. I r e nn i ost  m i s C t I I l  ( ‘or tIne n n n e a s n m n ’ e t r i en t t u l l
11’ th e  i _ l ’ : t t u i h ’, I I  i e s u / i i . i i u . . e ’n \ ’ pe . s ’ i h r , t n n o t i a i  ‘s . , i i . i t l / I t l  i _ m iss s c i _ t l l u l t s .  ( I l l s ’ .  sei_ ’ t m l u m n  i _ l e t e mn s i i n n a t i o n m s
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h ’ro mn am mal yses of ele ct r om s tr an spor t coeft ’ici em i t ~ are m ost successful at ennerg ics mi ear the thres h old
of vibrat iom ial exci ta t iom i amid for rotatio nal excitat ion ,  I l mg l i- freque m n ey emm ergy r e la x atiomi s tudies
provide data on rotatio n al exc i t a tmo n i ,  A comm ipari son of prese mit l y available ex p i _ ’r i n m ier i t a l  arid
t h eoretical  results slmos s’ s th na t  somm i e of the e x c i t a t i o n  piocesses . e g., rotatio nal exci t a t ionn of N 2
and CO amid v ibra t io m nal  exci ta t i omm of CO nmear t h reshold , are accuratel y described by tIne
lomige st-ra n ige forces amid Born approx im s iatiomi . l i t  other eases , e. g., vibrati onal excitation of N 2  amid
CO mi car 2 eV , t h e  excitatiom s is best described iii termmis of an c l ec t romm resonance with tInt molecular
potential .

F. H . Read , “Threshold Proc esses itt Elec t ron- E le h ium mn Scatterim ig, ” in G, zu Put litz , E , W. Weber ,
and A. Wimi m nacker (Eds . ) .  “Atomi s ic Ph ysics 4 ,” pg. 373 , Plenu m , New York (1975) .

F. I I ,  Read , “Thresh old Measure m ents in Electron Col l isiom is ,” in “E le ctrom sic amid Ato m ic
Collisions ,” Abstracts of Papers , V III  ICPEAC , Beograd , 16-20 Jul y 1973 , Library , Inst i tute of
Physics , P.O. Box 57 , 1100 1 Beograd , Yugoslavia~

M, R. El. Rud ge , “The Cak’u lat ion of Electro ni- At omi s Excitatiomi Cross Sections, ” it t D, R. Bates
and 1, Esterman (Eds ,), “Advances in Atomic and Molecular Ph ysics ,” Vol. 9 , pg. 47 , Academic ,
New York( 1973) •

D ,R G, J , Schulz , “Resonamices in Electron Impact on Atoms is ,” Rev , Mod. Phys., Vol. 45 , pg. 378
( 1973).

ABSTRACT

Electrons colliding with ator n is cami form , at well-defined enierg ics , compound states consisnintg of
the target ab u t  plus the imicid en t electron s , The comn puund states , whic h are also called
“resonances ” or “ teni iporary negative ions ,” often dominate electromi collision s processes. Inn this
review we discuss the experimental rnse thods which are usefu l for  s tudying these resomiances , amid
review the results obtained by var iou s imivesti gators. We list the energ ies and the widt h s of
resonances for H , He , Ne , Ar , Kr , Xe , Li , Na , Hg, and 0 The confi gurations and other propert ies of ’

resumnances in ato m s are discussed. Whenever app licable , results are presensted iii (lie for m of tables
and energy level diagrams.

D ,R C. J , Schulz , “Resonansces in Electrons Impact on Diato mmiic Molecules ,” Rev. Mod, Ph ys., Vol. 45.
pg 423 ( 1973).

ABSTRACT

It t this review we present the energ ies , con fi gurat ion ,  amid oth er properties of resonances (also
called “con sipound states ” ari d “te m porary negative ions s ”) in d ia tumic  m olecules , Muc h of tint
in iformn s a t ion is presented ins the formi i of tables amid emiergy level diagra m s. Vibrational , ru ta t iomnal ,
anid electronic exci tat ion are discussed whenever these processes have given m miformm t a t i u r i  on
resonanees t ofte n these excitat ion processes proceed via resonances. The paper is divided according
to nio lecular species ( 112  , N , , CO , NO , 02), but  the m ain comic lusions are discussed by the n a ture
of time processes involved ,

- 
. D R  C. J. Schulz , “A Review of Vibrational Excitat io n of Molecules by L l ect romm lnnpa ct  at Low

Energ ies, ” in C. Beke fi (Ed. ) ,  “Princip les of Laser Plasmas,” pg. 34 , Wiley, New York 119761 .
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NI. J Si_ ’a t ~’ m i ,  “ I lii_ ’ r n m nal  l nne l , i s t i e  t ’ o II i ’ . i o tm I’ t ’  li_ e sse ’ ..” Res’ %II ,d .  l tm Im)  s . .  \ ‘~u l.  30 . pg. ‘)~~~ I I u K 5 )

SItS 11( 5( 1

‘l ime  t l t s t  11a m uI  m i t t s  , i r n i e l e  C , u t i t t m l t i s  a s u n n m n m m a n ’y u / b  t c l e v t n n u t  c u / I b i d / I n n  I ln eory  n n t e t h m o d s ,  ‘[lie s e i_ / , n l d
part  m m , .. u ’ i i , i _’ n n i e d ~s i n f i  I u c . i i _ y  part icle col l is ium n u: ex c i tut i un l  of II  I s  in ~ pe nI inne  ‘ . t i u i _ t u i’ e ).in l ’s) states
h > I I  m t / n I / I ,  l n m i p a L ’t . i_ ’\ i _ ’ i I . L t i oni u m f  l l ~ ru t a t i u rn  by II  annd II ’,  m nmn i uc t :  I I  2s ’.2p t n t n t n s I t i u ’ i u ’ .  pm u d i m i _ i _’J
b s pro t orn i t i m p u m e  I c h n  m m ge exc l iamnge reac t i omi s ;  exen t t i i i u t i  of .m t u t u  ic levels by p r o n m u m m  i m pact  , l I n e
t h im n d  par t  deals wi t h  I mmel a s t ic  co llis io mt s be t w eent  at omn s ami d ehec t ro r n s .  U se of ’ l ime Bor n a mn d
dis tor ted i_ vj v e  a p p r o x m m i m a t n o m i s  is dnscus sed ,  Calcula t ions  of cross s e c t m o n n s  for e x c m t a t m o m i
t ’, mrh m dden i  I m mies m m  p ’l c u i n l i g n i r a t i o m t s  are reviewed and n e w  results presented fon ’ o+2 . N+, (‘t , ari d
SI , bo th s , mr n a I mom al ,m m m d s e i i im en m n p mr i ca l  n tie thuds  be i r n g  used. I i  the fi n al sec ti _ m n . euni ce r n med wit  Im
atun sic photoio msiz at i on , miew resul t s  are given for phio loiomuzat ion from 2p~l cum t fi gur tm niun t s .

I) .R N I.  J. Sc,ii ui i  “Elect ron Imu pact  E xc i t a t t u m t  of Positive loins ,” in I). K. Bates an ;d  B. Bcd er s m, t i
I I  ds I . ‘ .‘\dvaitces in s A tonnn i c  and M/ IIee u lai - Physics ,” \‘uI. 11 , pg. 83, Acud ennm e , Ne ss York
11975 ) .

0. B. Sh pennmk , “I ’ x c ita t i on  of Metal  Atom r ts  by Ehe c t run ts ,” in “Electronuc annd Ato mnsi c  Co llisi orns.
Ab stracts  i f  I’apers , V III  ICPEA C . Beograd . 16-20 Jul y, 1973 , Library , I m m n t i t u t t e  of Ph ysics . I’.O.
Box 57 , 11001 Beograd. Yugoslavia.

S. J .  Sm ith , “Survey on E l ectrons-Atom Colli sions Expe n im ne ns ts ,” m i  F. Bopp am i d h I .  K leimmpoppemi
I’ ( Eds ,), ‘‘I’ltr sm cs of the Onne ’ timid Two -Electro n Atom its ,” pg. 574 , N/ / r t h i -h lo l l a mt d , Am nsterdamis

( 1970).

S. J . Smith , “Co iterentt  Electro n Imm ipa c t Exci ta t io n of Differe n t U States in t h e  us = 3 Sm ell 01’
Am o mn mc H ydrogen ,” in H. Kleinpoppens and M. R , C. McDowell (E d s . ) .  “E l ecn m on i  a r id  l ’ I u u t u t i

• lms t e r ac t i omrs  sv t l i l  A tomn s . ” pg. 365 , P l e n i n mnn , Ness’ York ( 1976) ,

N Swai ssorn, K. J .  Ce lotta,  amid C. L. Ku yu t t , “E l ectr o rn E x c i t ; i l i l l n l  of X en to u i  h ear Tl l res h i o l d . ” inn
I I .  ~ lemr tpopp cnn amid Ni .  K. C. ‘sIc Doss elI (Eds. ) . ‘‘E l eetronn arid P ho t om n ini teract iuns Wit h / \ t u l t t i s ,
pg. 66 1 . Pl e l tum li , New York ( 197 6).

D ,R K. Takayanagi . ani d Y. It ikawa , “The Rota t ional  Ex citat ion of Molecules by Si/I Sv E l e c t r o n s , ” ri
D. K. Bates and I . Es t ermisarim i (Eds.) .  “Advansc es in Atom ii i c  annd Molecular Ph ysic s. ’’ Vol . tm .

pg. 105 , Acade m mn e ,  New Yu nrk (1970) .

S Trajniar. J. K. Rice. ;n mtd ‘n .  K t m p l n e n m i t a m n n i , “Elec t r l l n l - I m n i p a u i ’t Spec t r t n m r m e t r y . ” in 1. l tm m l g / l g m i i c
(lt d.) ,  “Advances iii ( ‘ Imenn ica l  h~b / ’ , sics .’’ Vo l. i S .  pg. 1 5 1 1  0~~h) I .

J .  1’ . %S m h ! n; t m m n s . “ l t ne l ,n s nnc  I lee t r o n t ’ l I > d r u m n i i _’n i  . ‘ N t , u i i i  L x p e r m n t t e n n t s .” in J ,  S. R n ’ . h e >  amid K. ( , c h i a l l e
( I : i _ h ’ . . l , “ l i n e  l ’ in > s i cs  ot Elc c t r o t i n ~ anmd . \ l u , n n t n ,  ( ‘u l l h i ’ . i l i n m s .” lns v i l ed  i , e c t u m t ’v” . . Kes ics~ P :m p e m s . an ir l
P r / / o l e ’ . ’ .  Reports .  I n m l s c t ’ . i t s  u / b  SN t i s ! m t i n g t / I i l  l ’ i c Ss . Sea t t l e .  SN . u l h m l n u g t l / n I  ( 19 7 (u ) .
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c. I / ‘ u / ,mi / i i /

I( 1.’ I 0 m m _ l I . J .  5 ,  R u ’ .  I 55 \ t .  i~ _ ’ . t e i  I 5” l b n u u i u m a s , e ’ a It ’ ! . . : ‘ . I i / I u ’, ‘ ml  N i o t n n e  n i _ f
S b . ’!, , u u t . u ’  I ’ u , u c cs’.cs i ‘i~~~ i I I  u . J .  II . u k I g i J , ’~ ‘../ I i , ’ u l j l  I . . : ~. ‘ . u t , / n .  I I ,~~, K I c ’ .’ , l c i i i i e ’ . ’ . e i _’ .

t . i/ c , / ? n / e i _ I  . 1 ,  e I ’ n , . l t m i o  I i ’  k t i i ,i I / b  e ,u l l i s io n i  I n n / u i _ e s ’ . .  I l l  i n n / I l / C ’ I t ,  I m u i , , u n n u u m t i ’ u u m  c i l m i e e r n n m n m g

n t  .t s a m l _ t f u l u ’ l u / u n  1. I f l u / t W i t ,  I ’ l l  I i  \ t t l , I ’c (/ 01.11), 5t h. K_ idg i’ N _ ii u u t i . n I

ui ’ , / .1  / ‘ u ’  , 1l .ik g ee . i i _ / i / / I .s .O

I i  (‘ . 1 i1 ,ii u ui _’ ii . J , , S tl t/s i , . < : , . ‘ I , l  5’. ilI ,i _ ’ n I 55 S l , I l .l /  el, I’ SN I!u . ’ i / / ./ ’ . . .///u! I I .  I l . ( , / I h I I u h ’ u .

\ / ‘ I I n n I , ’ O : i  i h i m  I, . un u nu ,uhl ei _ I I u i si / ,.i u R’’sc,m n clm . ‘ (‘‘‘ il t i i _ ’ Iii _’ u i I ‘.i ’’  m u  \ t i ’ u i m m , ’ t_) .m ta  I i _ S I i i e i  . U.:k

lgud,i e N ., tu o / u .II I il/ i i l / i s . I lul - , I~ 1 l . ~0. I ~‘ i , u ’  s’,u :u I\ ,, i_ s’ n iu i i cl 071 ,)  R e p / / i t s  U I (Nl .  52IJ (u un t td
‘ ‘s d  s/ge’.

‘ F I / !I ’t,i\ .Oi _ f J 6 , (‘,u il ,i ,Pic t ‘l tuI ’b , .I Oi. i 1 n lu ’ . ,,i I ‘ u i _ s  I I/ cm os l .lc, tmuln/  annd Pl u ’’ i, ’ uu 5 / 1 ” . ’  S i _ i _ I / i l

I)..i,u 5’,: ’’ ; I ’  i_ n i t  I 973 I b / I  “_ l t S ‘s u uc tit m l i’ /u i ’ I L, ./ ni , ’u u 126,’’ .111 ‘S I n t I , ’ m m t n , i l / u u u  1. i_ ’m ~ii _’ : k_ ~
/ u/ n

N H. i /i! I I ’.’ / i / i c  ‘ ‘ u  1 , i t ” , ’ i . I t u I I \ \ ‘ m n u i p hu ) si i _ s I / , , u , ’ u i _ : i \  ‘ i i  ( , i i ’ c . u d ’ ’  Boulder , C l / u t / / i ’
12 .1 Ni .’. I ’ ’  ‘ , I 1.

_
i ’ m .1 ’ L ’t i_ ’ Ins ~:n i g uu b u e h c m i _ ’ ’ i i _ i _’s i _ / i l  ‘ ‘ u ‘i_ ’’’..’ u u t ~ e lec t ron i .  po s t i non i ,  ann d

r ss .~.l” ..’Jr i_ ’ i ’ l l i  . i i _ ’ i i s  t , , i  hu e ‘ . 1 / ’  h ° ~’~~, ctil e u i ul/u / , l  u _ _ u i mding Ii ’ type  of C / u I h I ’ . I / I I l .

I) I . I h i . ,, n , . ‘‘sl , ’ti s u i r i _ m i u euul s i_ /I die I ‘u ‘, u i _ f  S u u ’ c , i l :u i  l ) m s t n t b u t m o m n  I I I  Si_’ i _ u .u i m d a u ~ L li _’c t r ’ u u ’ 
Ig l _ f m / i ! u / m i~~~si_ . : t u c h ’s ’ , , l , t n4 p~~. SI U I i u I 7 5 ) ,

K. .5.  lb  ‘ 1 1 / 1 , 1 1 / i  t u n n j  St . I ‘ k .  I I u ~ lu I i i c i g ~ l Ie d / l u l l  S e . i t t e i t i i g . ’’ N a n \ u i s t m t ~u i u l  h(c’ inm ln~ild. N _ us
s ~ I I ’

I) .R I’ 5 I b u .  h_ c u i _ f  I 5’, l l m . t n n ’ .. ‘ ‘L I . .’ t u u , , i u  Si_ ’ .i t t c i m nt g hr \ i i u i i ’. amid \ h , u l c , ’ i i l ,’s . ’’ I’l l) st .’’. h( c p o i t s

1 ) 1 1  K .  I I u , l _ f t’ i ,  “I s pi . n mi n / ’ c i , l s  i _ s i i l ,  I . I l l I . h . t u o  C h n a i u n e d - P a r h i c l e  U i _ u : . . ‘ inn U. \S . N i i _ l ) , i u u m c l  .i n i _ f  S t .  l(.
t \ l . ’ f I , . s . ,’ _ f  I I I ’ .  I . “1. .isi_ S t u d / C s  m m \ i i _ m I t / i ~ I , ’ i . i l u ~~ / l i /  I ’ ! i s s mi _ . .” \ ‘ , u l ,  I , ~‘g 25 !.  N~ , m i h i . h l . . l i . t u i d .

S / / u  i _ i , ’ ’ ,.~. ‘ / ‘ ‘ / u ’ / I I O  I .

I) , I( K .  I I ) , u ! . , ’:i u i _ h  it i ’c a r t .  ‘I i _ I l l / s i / u i / s  I h i : i r s  c c i i  I I ci _ i : ‘i n u ~. a n m d  l u i t i s ,” Repor t s  omn l ’ u i u g i i _ ’.s m r s

l ’ l / .  s / u . ’. . N i ’ ) . F ’/ , pg i~~’~~~ I

I I .  I , i u u I , t n u u f t . K .  I I  I I i _ ’’.sc l l i , u . . t u c m .  K . J i / i / g .  i l l _ f  K.  \ S j ! I / / i . / / i / /  ‘‘Ut t l e n c t i t t a l  l .’ los s S e u . t i ’,u m m s imi l ’ I e c t r l l / u
h i t 9: . u c /  i . ’ n u n f : m t /  u ’’ i n n  I 55 \ h ’ . h ) . c i u  t /mn d  St I ( . (  . / 1 , 1 1 , 0 5 / 1 1  l i d s . ) ,  ‘( t ms c St u d n e s  i t t
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Sl id / e s i n 5 1 , / u / i ,  ( ‘ , , l h i ’ . m , u n  lO i s  s/ es . ” V , u l  I .  ps 1 7 1  N u ’ m t l m ’ l l o l l a m m d .  A is i s tendani l  I 19’S”) (.

I’ . t , . R h l r k e  a l t_ f  K. S t s n i t b m .  ‘ ‘I  me Lu n ’l ’. m l e i e >  S s a i i c r l n / g  uI ’ U l e e t r u n i s  amid P u , s it ro t t s  by I l t d i u u ’,ne t u

Sto n t t s . ” Ri ’i _ SI ‘i_ I I ’ I u ’ .  s . ,  V I  34 . pg 45  ~~. I 1962 1.

P . (3 . (‘o l c n m i , l n l .  I ’ . C ’ . U m m l t i t i l ,  U.  b ’S. I Ie y l t l t I d . mitt _ f I .  L. K t l l e e l l , ‘‘C ul nre e t iu t i s  l ’s ’ . I ’ ’) h s s ,i / ul

S. . h ’ t e i i m l g  t i m l ’ u ’, l I / , ’ u u ’ I I i _ ’ l m u h m m m  Tcl tal  (‘ i / u s ’ .  Set I m I . / I /  .\ I e t l ’ . / h r s’ i Ihs ’ m m l n . ” t i n  I I .  K lem tmpoppen  amid .51 I’S. C.
SE I ) ’ ” , s c I I  I I  sl ’ . . I .  “I  t e l / n m t mmid P i m o t o n t  I t m t e r a e t i o m t s  s vut i m .‘~ I u m i i l s  “ pg. 18 1.  Ple n u m ,, Xe’.’, Y o t k
I i  ‘r i I.

I )  P. ‘ S .  ( ‘ ,, L ’ u / , .l u u ‘I’ , (‘ . G r i t ’f’t t b t . C, I ’S. I le ’v l a m m d .  ann _ f ‘1’. L. Kih Iceh t .  ‘‘lu te r ac t i l t u m of Loss Unler gs
1 , ’ u t n c in i s  ‘, I l I b m  ) ,/ sc ’s /U ’.  At o i l l ’ .  an t _ f  S I ,u l e c h i t e s . ’’ nt U .  /.11 l’ u i l m t z , Li . SN’ . S’v’eb e r ,  an t _ f  A. \N i I/il ,m, kc l

I I  5 l ’ I - ‘ Sl u m - / I ,  I ’ l l > ‘.~~‘‘. 4~’’ pg 3 5 5 .  l ’ l e mmum i m ,  N i _ i _ v S’ork ( 1975) .

S ( ‘ m i . p m ~ u a t m _ f  (3 \ . 1 uji _ c ’lc’ m .  ‘‘l ) c t u m ’ i l ’ .  l , f b i _’s b  in rite Io it iztm t ionn l : u m s ’m g) I .~~’.’. of’ F as t  ( ‘ I b a i g e m

t n _ f e ’ .  mn S l . n 1 1 c m  .“ Rev N m _ f .  I ’ l l> ’ .., V u m I .  42 . pg. 2 1)0)1970 ).

1) I’S ‘I . ( ( ‘ I l l _ f I I , .  tm m t _ f (,  K . I l c v l a m i _ f .  ‘‘T u e  I t u te rac t iomi  ‘ m l  Low- -eht engy I’ , m s i t r m ,u l i s  wi th ( , th ’ . i_- s .
’’ P 11 > 5 1_ s

~. t P / h i  l s l I ’ l 7 7 1

S SN . I i ’ u i t ’~,’s .u i u i _ l  C .  S. \ S u  ) l ’ ds . I ,  “Slsi u,, m i  P h Y sIc s “ Vol. 1 ( 1 9 7 6 ) .  Vol. 2 ( 1 9 7 5 ) .  Vol. 3 ( 1 9 7 51 .

\ , . u , l c i i i , s  \ . ‘.‘. S ’ u ’ u S.

I’S L . J .  K ’ c l b ’ .’ i  . ‘‘I iul i li uu g i. u 1 u b m s I l l  I , u l m s ’ (  Ii,’h gs Elect ro n t int _ f I ’b tu u to nn  C m u u s s  See t i s mi t  Dt l t a  I I l / i / / u / g I l

h ) t , t : : , I m e i  I ’ i ’4) , ’’ \BS Spes ’ i tn l I’ I i h I l c , l / u / l m I  420 . I ’ S .  D~p mm r t t t t c t i t  ot’ C u m l l u i m m e u e e . \ .h I h s ’ n m a l  Burc’,i m i

‘ f S t . u u u , h , u u ’ d s I ‘1 71 ’ ) .  (‘onmip le t e  I is t i t l g  01 m s t e n e l u e c S  u,n Icuw e m n e m g y  e l e c t r o n , pos i t ro n . a tm _ f  u i _ u t _ t m

m , ’ , / u ’ l l ’ , d t  c o i l i s i u m n s  imp I i ,  t h e  c I t _ f  1 ,1 l ’) ”~4 , i _ u s ’ , ’ , ‘ m m , c ’ , l s i _ i _ u i s h i n i g  to I >  nc ~‘I e s u l l m s i s t n i .

I I .  S SN - Sl. u s ’ .c’’,’ , I:. I i  S. I l / l u l l / u p .  a tm _ f  I I  B I,m IInsIsIs ‘‘I Is ’ c I I ’ ’ I I i c ’ t~m id lu / n / u, Immtpact PIt,’tmc lui iemsa , ’’

V -~h . 5. ( I . . / t i i d / u m h , I ) \ h ’ , u m _ f  ( 1 / 1 7 4 1 -
‘

I i  F~ I I  S ‘5’, ‘1 / sc ’ . ‘‘N c ’ga h i v e  l i i i ’ . , I’ ‘ ‘ n ’ ’ , , - l , I e e t r u n m ’ — ,’’ i l l  I “,. R i d e s  , h m i _ f  K. ( , cb a h le  I i  c l_ I.  ‘ ‘ l h s e

I’S: ‘ . i , ’ .  III I ’ I s , l m , , m u m i _  m m ni d . N i u , u m u m ,  I , ‘ l l i s m , , u i s . ” I . ’ l i e_f  I . - n u n , ”. , R , t s / c u i _  h’ . u j i e m ’ . .  ar id h ’ i g u c s s

I’S. ‘ u n  I u / I c  / ‘ s t l t  / ‘I ‘55 , m s b u m u  , , ‘l u ‘ m u l O t s ’ .  51” . h I t Ie , SN ~~ h i t  t i .  I I ’ I ”0 I

“.
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I I I .  PHOTON IMPACT ON H E A V Y  PA R f i I ; L l .~ it

l’I u , t , l i i _ ’ U i / . , t i i / l i l

S I l l s ’s SOd k I. . I ‘ I ’ m  / s l ’ .’ l i ’. ,’ ’ u  ‘ ‘ i ’ l i u ’ m ’ ’  Ic~ u ‘ I c  I i / h  “ ‘ I ’ ’ / 1 .  ‘ I i  5’ ‘5 ’. ~~~ ‘ ‘. l h , i _  I ni l

l b / I ’ .  I .  ‘\ l . ’ t h , , ’ , l i _  u i  I ’ \ I / c u h / u ’ ,’ m i t t t l  1 ’ Ihy ~ Ls I . N I / / h / I s  .1, c I l  i c ’ . t i ’ ’ n ’  l ’ I u ~ - I .  , . i ’ m / t  S
\ , . n E u m / / , . N : ’, ’ S on k  I I  ‘ 1 1, 7 1

J . S . Ot iS , .’’ “ \ I m u I l u I ’ I , u I , . m u  i u l n h / , / u i l  i t  oi ‘ 5 . - u n ’ . , , ,  ‘ a . u1 , , ,  m ,‘.. , l  c i . )  ‘ ‘1... ” .. . , , i _ ”  mu I lc~
, / u , m  U l e c i m ’  ‘ I , ~ , ’ . u ,’ . ” S .~~ , ‘o , g . ) ’ .. . ’ l , ,m _f c’il m h c  “s ’.. -

‘ ‘ / h ~ 1 1 , 74 1,

I n  I ’ 
- I I., ’ . . ‘ u \ I . u :  I t , R u .  c - I SN m f k e r . I ‘,S ‘.1 I 1. / n / m c I  I . ‘uS I l m ’  1.1’. , ium. J  . . ‘ , , . h t  ,~

Sm - u n , u ,  I I ,, ,, I it I . u m l r i ’ l l c , l  l . o ~ ‘~ , k’ i l . .  ~~. / l , = . , p 5 , , , u -. . . i _ .  i l l  d u , , i  , , .  I i ’  . ‘ . i i _  / I I ,,

‘, I s l i _ ,t \ . u t h , ’ h u . , ’  l . , l I u , u ’ . / l , ’ t s . I l k  k . :  l c n u n ’ . . sn .’ : 1\ ‘ ,~~u m m I e i  I ’ / ” , I  ~~~~~~ / .i~ ’\ i  Z ” ( i _ ,  
~~

5107 . vu ~’.U ln t l gc s .

I’S C’ . I . I l l / i / s  t i . J .  Rti~ . i n .  ‘5’, “.l s I  i , u . m , s I ,  I’ ./  I I l u ’ / l l , l ’ . , Ci  .11 . .  I ,  . u u u , , i . m ’ . ’ i / / t  I , .  - ‘ .1,1.1

\ I ’ i , ’em u l , u u  I’ u , u . . ’.s~ 
‘ I I ’ ) SO - l ’)Th l . l u ,  R n _ f e c  ‘~. , i m . ” , , I  I . ,m i , a l a n , . ( m l .  I ’ i , , , s t ~ . l e m u n u c  ‘ i _ u ’

( ‘ ., m i _ ’ut ’a r i . ’cd , m e e , n s i I / u g  l i _ I  s I / u i _ b  of s , , I I l s n c m m i ,  t~~~ 5 5 ’ s5 , , 1  pi t ”  / I ,  h u n ‘ l t u t , / h u ’ ’ . ,  e / / h i c e / l i m i m g

~~~~~~~~~~~ a’ , , m i i , h I ’ u ,’ I t  ‘ I / h  C I’ . b f / , n / i e l t .  I’ I,) I i ’ ’ ’ . .\ I iislt j (‘.11, 111 b ) , : I  R I ce ‘

Lm h , , m . i n  ‘ i s  - 13 . 5  I ’ S _ f . . , .  l ’ c u u n i ’uts s , s’ .

K I. C . Be . i ts  . 11 /u i  J ,  ‘IN C , I i t , i g h i e m .  ‘ ‘ 1 1 , 1  . i _ u gt. u~’ i . s cil i , u l s , I - i _ i _’ i_ tn : l i s t  u / / b  l I t _ f  I ’  I ‘ . i ’ . u l h  I n o ’ . . Sc~ t i . ...,
I ) , m t , i  Supp leu m i e t i t  I ‘17 7 I u ‘S ItS S i _ i _ h al l ’ / ’ l ’ I L . . t m m ’ u m  / ‘ ‘ .

‘ 4 1 1  ‘5 l l I I , m u / n / . i I m ’ i t /  ( c u i t m , ’n ’ iSc’p . u i /

N ’ . 15 J , .u i n l t  l n m s t i l m m t e  n , , r  i u 1’ h i _ V  \ ‘ . u : 0 1 m 1 / : m i e s . l ’ t i h \ t / ’ . h , ,  , . 1 1 l i l i l / . / s l / / . i .  / I : l c t .  1 , , I ’c . , , m i

24 \1s~ 1 97 1) 1. t u .l t m i p l e t i _’ h ’ . t h l i i t  01 l e I i _ ’ m e u u , e s  1)11 lu os ’ s : i l e n . i \ s’tc ’, t u , , t ’  ‘ ‘0 ( 10 1 j m t j  ‘ I i ’ ’ n ’ . ’ n u
i i _ s ’ u . I ’ u ’ d s  c , ’ l i m , m  n , ’  for  i i , , ’ > cam l ’ ( 7 5 ,  ,.:, bi _ ’ut ’i /tcu .,cc un uli u i g 1’ . ’ 1 s t / c’ ‘‘ I s , i l l i s i u . m u .

I ’S S . i1 , ‘ u s .  “ I ’ . s ’ ’ l ’ I . . ’ I . . . m u  I’ m i ’ cc ’. ’.v’. .” I l l  I I .  k l e h m m p m , 1 n n . , ’~ ,i m n d \ I  I ’S. ( ‘ . ‘I l.  I ) ’us ’ . c’ l I  I I  1 ’ . / ‘ I

n / s i  i S m ’  ‘ m I / t i  I ’  i ’  / ,, h u m u S  s i_ nih ~i t .  ‘ I n n s : ’  51  ~~‘ ‘  I ’ lc ’’ ’ u h / , t .  ‘ “ .  S O I l’ . I 97 1’

‘N I s u t e u s  amid  SI .  J .  S c s i / i l .  “I . t ’ ’ss Su ’ . i I , ” i s  u ’ ,  h ’ I u , ’ n , .. n u .’ ; u . i . . i i u , i m  I / o / m n  \ .,Ie m m e e ’ I . l c i _ m t o u i

I ’i,t u .‘/ I u u s l  I’ l i , ‘. \‘ , u I  .40. ~‘g /~ I 2 1 1 9 5 , ’ /

I’ . I, Ib arkc . ‘i’ I ’ m~ ..u ’ . ‘n ’ C’ . / u I I ’ t ,t ’ i u . u i / , , l u  II , t ’ .= b , li _ o~ i / n  I s i _ i t / / l i  m i _ I u , ,  i l / u  l m , t eu ,l,ll ’’ , u ’ i _ sit ’ ,

Sm u .~u u m ’  “ i l l  I i . K lt m u ~~~~~~~~ , u l / s i SI . I’S I . .1 I ‘ - .u i I I I i _ I s  I .  “I l o u  j i n , ~ l~L i , l u m mt l u u : c n / e t u ” / u s

w i t h  - S t , ’ m n s .” ;‘g. I .  I ’ l u m u u m h l t . \csd \ u n It I

1) 1’S P. U. B u r k e .  ‘ ‘ i ’ I i l l t o i , l m l i z a l i o t n  oh S / u  m il e  “5 ‘ . / i _’ , / / ’  i / I  I’ I ,  I .  I I ,,’ . 0  II I . .  S I i ’ s’ / / ’ , i t ’ , ‘ . 1 1 , 1 ’ . , , ,

“ . ‘i_ t ’ I i l h ,  P r u ’ sc’ ,’.e’. a m I d  .\ i u ; / l m  u ’: ‘ , ‘ \‘ u -- t l m ’ I  I / I l l / / t I l l , . \ i i m s i s  u c h u n n i  I t ” l ’ ’ I

I) , h’S I ’S. B. (‘ l i i i , ’ . I I  t I . i t u  i s ’  u I .  mum _ f 1< I . S,, I ’ ’ , I’ , . . u ’ n ’ ’ , u ’,/,u m i m i  s unb ~ “1, . ,  / - l it 11 , - an/ I’ .
’’ l i i  l b  I’S.

il . h l u ’ . amid I .  I . s i c u u u . / i t t t i  ) I . d ~ . I .  ‘ . \ s l s  ‘ u , .  i n s \ ‘  . - , u m m i _ I S I ’ ’ l e , l m l a m  1 1 . 51, ’ ‘ S I  5 . ‘~ 
I a !

S. .u , l . .- t m t i s ,  N t . i _  Y ’ , n k  ( 1 1 ) 7 2 ) ,

,\ ( ‘ u I - t m .  “I ic .  I m ’ ’ u , ’ I I ‘ . , I ’ ’. ’ ! “ i t  us i I ~e R c s u m l t  u ’ I  \ .m ’ . m y h’ i u ’ l ’ ’u / ’ u i i / , I t l c , i l . ” n ‘I Ies u n ’ , n ’ m :

u u i _ f  S tunt i , ’ I ,., I l m s m ’ u m i s  , .\h’,im . u ’ I s ’ ’ I  I’ _ l p e t s .  S I l l  I ’ S ‘I \ I  I ’, i _ ’ . u e ’ ,I, l . 11 , 2 0  J u l .  I ’ ~~ i . I l l ’ : , i t ,

‘i i ’ .  slc s , I’ 0. II u\  S7 . I u / ‘I / I iu i_ it 7 tn .  ~. :  t’vi.m .

N h I . I ) c l , , i m e .  “ \ I h m I I i I t I m I l t u u I  l / / I m u / t l l h , ’ / l  u / I  \ m , ’ m u m s ’’ S , m \ I i _ ’ , I ” , ’ .  i , ’ I spc ’ I- . l s I  \ i 4  I ’  ~~ I i ” ’
I 1975 I .
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I )  ( l u l l  S I ‘s I , ,’ , , I l i d  ‘. I SI u ’ u  , / n / ,  ‘‘ l ’ i l , ’,’i ’ .  u , I u \mmis i lnI u l u n e I ’ l eet r m u m’ I ’ ’ u ,  I l / l i _ b _ l i _ t I / l u  I I I  h i s ’
i ’ b l s , m / / , i i _ , i u ’ ’ l ,  ‘5 ug .~

’
~m i I l u  I I I ’  / 1 / , ’ u I  I ~‘ u , / , ’  .S ) i _ ’ l l  . N 1 ’ , / I l s , ’ ’ HI  I I  l”, I s ’ l l u ; ’ ’ u j ’ i ’ s’ I /  a rm _ f  N I I ’ S.

SI. I I ‘. - I I  I I .‘ s. i ‘‘ I I,’ , I i  - n i  . i n I _ f  I ’ ’ . ‘ t / ‘i~ I / / tc’n ,m s ’ t l ’ , , nis  i_s nh N / , t  i s . ’’ 1g . 53 . ‘ h i _ n ,  u~t u , N s - ~s ‘I

I’S ~ ‘. l , I , l l u t n l l  .111/ I  I I I /I . . ‘ O ’ ’ ’ ’ ’h ’  / / u I / . h i n ’ ’ i l  l ’ u ’ ’ i _ c’ ’.ss’s . ’ 1) . K .  il l , ’ .  I l _ f  I N ’ ’ ’
SI, ’be, uii.i ’ bu ,’,e. ’ .cs I C  ‘ / /  ‘5, I/i : i i i ,  Ne ss  S ‘ u k  ( j u l ’ 2 1

‘ I  , m , nIuim n i II ’.!,. ‘ I u , t ’ ’ u >  PIIu’l ,. m , ’ mI,/ .lt//Ihl. ’’ i l l  I I  K i e n l p m i h m l m c n n  an_f  N I . K .  ( . Ni .  0 . ,i_ . : II
I l / u . ) .  ‘‘I  , s t m , / t l  . 1 1 , 0  ( ‘ / l , , t , ’ l l  u l c i . ,, ( I ’ l l .  s i _ m u m  S n , , n m n s , ’ pg . ‘ I I , l I e u ,  u u m i  N . ss ‘I ‘ u n I t  ( l ’ I ” l u l .

I _mu , , t ’ i ,  I / , t , ’ ’~ / / .u~ l Ol i  , l l l , l  U l I i e t  i’ u , I u , u . j  5 1. t ! ’ . I , . , I i , , l u  l u u t e u t i s l h ’ . ’ m m ’ .. ’’ ‘ e n a u l l .  N i _ i _ s  ‘I ‘ ‘ i F

I I ‘ 1 , ’ I

I , . I I u i l  I ” .111,1 I l  I I  “ ‘k , ’ ‘ ‘ P h i ,  I ‘ci , ’ c l / h , ’ S I c , m ’ . s t n c u m t e n m t s  /11 D m m i m l u l c t  l n m m e n t s i r s  R t i l h . / s  i l l

‘ i n  S J ,  “ u i / I ’ , , u i u , i  I ,  K ‘,S . , I t c t s  ( l i _ I ’ .. ) .  ‘ ‘ 5 / u i / h ,  h ’ h i s ’ . h , s 3. ” pg u t 4 3 .  P l e t i u t m i ,  Ness  ‘I n k

I ’ l ” $

11 . 1’S J Ii I I , , ’. i c ,I ‘ i ’ h \ s i , ’ .  ~‘ b ,\ !, , m u , u ,  I , , l I / ’ t c m n l s ” I Se , i / . I i n s l i t i o l l ) ,  , \ m m t e n m c t m m n  U l s ev ic r .  \~ ss Y ,j m k
1 1 9 7 2 1

I I  i , j l ’ ! i _ ! ” ’ , ., m i d I  J .  I i  Sm : p h l s ’ l l ’ . u m l i  . c u d  I I .  ‘5( ./gc ’ IIIs ’lsI . “l ’hc t c u e l e e t n i c  A t / m i / I c  . \ h s i / r p t h / I i /  (‘r oss
5, ’ 1 1 1 1 0  t on  I l c u m u e h , m s  I, = S n ,  54 m t  t h e  S l e _ f i h i m I l  I / i c o n > ’  X-Ra y  K t m ntge  IS  no 25 keV) , (‘a r t  1 ,’’ Z.
\ . u ’ ’ u n i , ’ m  . 11, - N i _ .  $ Utu , j u ts. (,9 ’i”~U7 ( l 9 7 ~~).

I i I’ , K ’: I I s  . ‘ ‘ F b ’ u ’ n , u l u / m l i / / m t j o l u  t m n n _ f  I t l s ’c m n , ’ u l  Sca t te r i n g ( ‘ n / I s ’ .  Sectio mi s (‘a lc u l t t t e _ f  by M atty  Bud> ’
l i _ u !  . 1’ t I l l  ‘I ’h ue o m >  ,

‘ ‘  i nn  ‘ ‘ I t I s’s’ t r o n l i c  ann _ f  .‘ S u u u / m i n c  ( ‘ o lh i s j l l t t s , ’’ u~ b s I i a c l s  oh ’ Papers , V I I I  I( I ’h .. ..SC ’ .
(i_ t u s h .  I 1, 21) J u , l ’ .  . ‘173. L i b r t t r y .  I l i s t i l h I t e  of P h ysics .  P.O. Box 57 , 11001 Beograd , Yugosht m vma .

but. I - I .  K u e b  I e n  . ‘ ‘ U i u u l i .  ‘ i_~h . i j l l u \  i l  I . u s s ’ l - u , e r g :  l l u t , i m , , n i  tmntd P i tu t , lnm C rm ~s’. Sc et n o mn Data I l ’ i i m ’ unig lm
l , l c e e m n m h , e m  I ‘i ’’t I. ’’ 51(5 SP ecial  l’u m f n h i c : l t t , l n l  42 1 . U .S. D e p a r t m n t e m t t  u lI ’ (ot m i m t l e l c e i N a t n c l m l a l  B u m m e a l m
sI t  SI .u u _ f . u _ f s  I t  ‘ 10, 1.  (‘o t u i p lete I i s n i m m g  , ‘b i e l s ’ i e i / e , ’s otm l ow - em/e rg > ’  e l ec t ron ,  pos i t rom i .  ant _ f p h oto n
I us , - l’.~ J> ,‘ , m j i l s u ’ m m u ’ .  up I i ,  t h e  e n d  u I  197 .1 . ct m n e g s l m h / . e s l  tm s’cordinug to type 1, 1 co l lm s i um i ,

I )  U .  \ ‘ . \ i , u u n  . ‘ ‘ 5 1 / 5 0 1/ h Is’ I ’ I u , , i , u / u u m u m t . u t i o n l  (‘ross 5’ e t i o n t  ‘b abIes for h h e lmu mmin ,  Neoum A r t / / i l  ar t _ f
K u >  l i i i !  i l l  the  VI 5’ St ns ’ e i m . i h  k . g l s l n m s . ’’ ,~ lcu mI i t c  D lttt l  amId  Nu t i _’l e :u r  D mmta TabI~ s 1 1 1 1 7 7 1 .

U. N ’ NI / m n . ‘ ‘ I  lie S tud y of I ’ ! / ’ ’ I u ’ m , ’  m i i / t m t i o n m  l’ m , , s i _ ’ s’.cs I ‘ sin u s Syn l c i l ro t ro n i  R a _ f i m l t l / a n . ’’ in I I .
K i e m l i p u p p e l l  and NI.  K . C ’ . \ l i _ l ) ’ i s ’ ,c l l  ( I i _ f s . I .  ‘ ‘ I t h e s ’ t / ’ / l I  ,u u m d  ( l i o n / u n  I m m t e r t l c t m , t n m s  w i t h  - N I / / m m / s .’’ I’S
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IS J .  I . l ’ n a u u k l u n u  ( h _ f l .  ‘ ‘ l s / u / ’ 5 l , u l e , u u l s ’ R eact ion us ’’ ( l i i i ’  s , / l / i l u / c ’ . l ,  I-’le n i u m u u , N ew Yuik ( 1 ) 7 2 ) .

I.. I tu,,I 1 / 1 , 1 1 / ,  ‘ ‘ I , ‘ u u 51, ‘ l i _ e umle  I ( i _ , ms I i ’  , u n . ” mm I I .  I ‘s i l / / f  I I el . I .  “ A t u n i u m m u l  Re i _iS ’ cml I’l , ’ . ‘.1, Jl
I i b i _ i i , b ’ . t i ’ s  ,“ . S / / l u I i , u i  I S e i b e m i ’.. 1m m , , , ,  S ,,L Is I . pg.  773 I’ mu l o - SIt u, ( , m h I b ’ , b m l l m u  (I 0651.

I ’ . I . I , I C 5 i _  - ‘‘ lui u m’Ne ~, u i ,m I Rcmmclioils ,’’ m u  .1 - Ross I I’d. I , ‘‘ \ I i , I , ’ i _ I I i m m i  Beams ,” pg. 247 . 5Vu li_ ) , N ess

N u k .

U.  ‘.5. 1 , / b ) . 1 , / i l  I ‘ s i _ i s ) t t’ om i R es o i um u mcc , ” it > I .  I ’ i b _ f l ’ _ f i i i ’ :  ([5.1. “ ,\_f s m i b b , e ’ s  inn  ( h l e i / b i , . m I  I ’ h i s ’ . i , , - ,
5 ‘1 t O , P _ f ’  14 1 ( 1 9 7 1 ) .

B. I l ,u ’ .i i_c t . ‘‘ I ’I / i _ I s ’ s  cm l A t c m m u t i c  Co lh is iu lnms ’’ I Sc’c u u i m’J  Edi t ion ),  Am i merica n m lt lscvie ’r Nc is’ N , ,,n C

1107 2).

S I I c / u _ f i , b n i .  ‘‘K i n m c ’u u t a t i e s  oh ’ l s , ;t’ \lcmi, ’i _ ui ,.’ l<e , I ’ ,, I i , / , u n . . ’’ m u  ( ‘ h i ,  Sc lu l m e r ( I  i _ I . ) .  ‘‘M i le ,  u l am Ilc a tum ’ s , mn t _ f
R , ’ . u , l u , l n ,  K m m i m ,’tuc s , ’’ P_f ’ i _ f ’ ) . S , , , , h , ’ i t u b i _ ,  Ni_ si ‘5 , u r k  ( 1970) .

I’ F , “u i - . ,‘, ‘ I u m h h~ . ‘‘SI ,, ’ . ’ . ‘.‘/ I k~ b b s u I i , i _ I l ’ , .111_f l ’ u i / ’ \ l . ’ I i _ ’ , b l l i _  Rs n .1, I b i / m I ’ . . ” C , m i u u b ’ u u s ! , n i_ I t u t i e l ’ . i t )  l ’ n i _ ’ . ’
(. 111111 I id 5’.c’ I I 5 1 ( 4 1) ’

I’ , S l, t lu n , n i tunud SI . Si. IJ utriut ’., . ‘lon u I ’ ’. e l i u t r o m i  R e ’ s l i m / , l m b s t s’ SI 1sn~ m r o I I t e t u )  .
‘ ‘ N N i l i _ ,’ . Ness  N -

I I 0 ’m. ) ,

1) 15 I I . .5 55 , 51 — ‘es “I l e s u r d l n t i c  min i _ f  l o t uS I m u m p t u c t  I ’ lmcu m omiie i t m i , ” S m ’ i  .3 . ( ‘ I , u i , i , s I , ’ i ’  lI\Icm m _ f I ‘ l~ I I

I i  S SI \I,u’’.,.’s .1 11 _f  I I.  It . ( , m l i ’’ ui _ is . ‘ ‘Ul e c t rm j i t ic tumid  I u i n u u c ’ l n n b 1 i ; u , ’l l ’ l u s ’ n , ’ ’ t I u : i b , i  N ‘ ‘ I  4 . 1 l , m l c ’ n u _ f ’ . n m .
I I / i ”~~ I .

1) 1< m l ,  S IS N i / s e ’, \e st ,m lls e m i mi ’ .,’’ (‘,m i mml .nli _ fgc I ‘ m o s s / s i t ’ s  l ’ me ’ ’ .  \ ess  N , - t l (I ’l u l. Lxc’clIc’ti t

J 1I ,’ S i _ l l l . l l l ’ l l ,

’ 

mull _ f s Im ’ . eu lss b ,,/n b of d. b t t i Imp to .\ ;O - b i  I ’ I  t i ,

I - SN , S I , I ) .u ” n i  “I , ‘ i i i u s u u a m m  I ’ l ’ , ; u u t l u i _ ; / , u  tin l , m ~u ui , ’J ( i _ u s e’. , ” SN / I s ’ s ,  \s’ss V,’tS 1 1 0 1 , 4 ) .  4

SN , 51, Li . / / , I j ,  ‘ I ’ ’ u , - \ , u h i r m u l h xp e’n i i u u e ’ t n t s ’’ i t t  B. Ibc,i , ’ t ’ s c i u m  a m I d  (N , I,. l ime I L , l . I . ‘‘ Me t h iu ’,l’ oh
I ‘s ps- u m i t m s ’ m u t m il I ’ l ~s ’ .., . S oh 7 . , \ I , ’ u ’ , I b ,  . 1 / / s I  h ’ i e , t i ’ um b l ’ ( m ’ s ’ s m , ’ . .  I’a r t  ‘s.

’’ pg ,.i(II, N , , u , i c l n u b ,  “,s ’ss
N ~‘ u S I I ‘i ) i 5  I

1) 17  l~ 55 5t- l ) , , i i m e l ,  S . (‘‘ ‘i m tu, ik . , \ h) tilsi m untnu . It. I , h’ ’:F u / I b s , l t b  m i n t _ f  I .  I” r i c _ f n n t m u t n .  ‘‘l, ’ nI . SI, ie,hu!e

~ .I l . ’ u l  ‘ I I ! ’ . ’. “. :s s N ‘ uk  ( I  ‘ 171 1 1 .

15 I ,  5 S / I l l  ‘ i ’ I t n h l i ’ .5’ i u i _  ‘ ‘ I  I~’ uu . 5I !e i_ ’~i i , ’ IS,,’ , m , l i , l m l  Ka le l ) , m l , , , ’’ ‘s11 S Sps’ ,’ i . u i  I ’ m u b h n , ’ m m t m u u u i  ‘.5!

I l 0 7 3~ . S ,uil ,ihle t Ilb ’bb_ f II t l uc  S u m p e m m n u t eumd e’ tu t ‘b I ) , , s t l m n m c n t t s ,  1,7. S. ( , , ‘ s i _ i i / b m i c u l t  P n u n m t i m u g  (3111, - c ,
\S , l ’ . l l m l u e n ’ ’ i .  I t  ( , ‘.11, 1 1 / .’ .

I 5 5 , , h u , u i ;  I . 1 / 1 , 1  I’  - S \ I . m ’ . ’ ’ I i  ‘‘ S’ . I l l ’ . l l , , / {  SIi _ i _ il,/ fl u,,i I I I m e ory oh ( , , O c / l / i s  l u t ni \hun lecumlc ’
R e ;  ‘ms mn mi r t h I e ’ i _ I u , ’ ’ . /, m b u e  1 1th .’’ J o m t r . l ! , ‘ . t~n i P1 ,’ .’. .. \ ‘ ‘ I , bô. pg. 4 2 2 ( 1 0 7 7 1 .

‘I-
I , , ( ,  S ‘ ‘ I i ’ ,  ‘‘I . u ’.- i ’ ! u , m ’ ,c I’ , I ‘ b e  I R’,’ , i ’ , l l , , n l ’ s . ’’ urn ( I m ,  S, I i l m , ’m l I , u I , I ,  ‘‘N i l, ’ , i m I, u ~ It , ’ , m m u u ’ . ’, inud

‘“c’ R cm m m m t i o m m  k I n b / .t li , . ’, . p _ f .  I . ’ I 4~ ~c \s’bl ‘i l k  I l / m _ f l C
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Chemi cal Reactions In vo lv im i g  u /mi1 )  N c u t i m i l Sp ei_ t e ’s - Rate Con us tami t  Data

I) D. U. Bau lclu , D. I) . Dn ys _ f mil c’ , an t_ f ,\ , C. Lloy d. “Crit ical  Evaluat ion of ’ Rate I)ata lot
i lu mmi oge nu c ous , Gas ’Pbi ase ISea elions of In u t e r e s t  iii Ili gIu ’ l ’c m u i p e r a l u r e  Sy ste m s, I t i glu ‘I’ennp e m at u re
Reactiom u Rate Data .” N su , 1 , Leeds U m nive ns i ty ,  Depar tn n entn  uuh Ph ysical Chemistry,  Leeds , Un it ed
Kingdonn , 25 pag~~ ( Sl ay  1968).

CO + 011= CO + II
CO i’ OD = CO , + 1)
CO +0”CO ’,+h v
CO + 0 (‘02
CO + 0 +  M = CO’, + SI
CO l + 1 -I CO + 011
CO ” + 0  = CO + 0~
C 02 + M = CO + 0 + M

I) Ibid , No. 2 , 34 pages (Novembe r 1968)

I I ,  + 0 = H + OH
II + OH = 112 + 0
112 + Oil = ( h O  + U
11,0 + H = H’, + OH
11,0 + 0 = OH + OH
Oil + 01-1 = 11,0 + 0
I1~0 + M = H +  OH + M
11 + OH + M = 1120 + M

D ibid.,  N o, 3. 54 pag e’s (Ap ril 1969),

07 + H = 0 +  OH
O + OH = 0~ + ii
0~’ + H + M = HO , + M
HO~ + 51 = 0, + II + M
H, O, ÷ 11 = I I ,  + 1102

II ~ + 1102 = 11202 + H

I
’ H~ O + 0 1 l = I 1 2O 2 + H

11102 + OF1=U ’,O + H0,
11~ O + HO, = 1- 1,0, + O H :  1- 1202 + M = OH + OH + M ;OH  + OIl + M = 11202 + M

D D. L Bauhch , D. D. Drysda le , D . U . I h i a rne ,  and A. C. Lloyd , “Il onm i og e ’n u c ou i s Gas Ph ase Reactions -

‘
of the 112-0 2 System ,” Evahua le d K i n r e t c  Data for Hi gh Tenui pera nur e Reac lions , Vol. 1 , 433 pages.
Bu t t e rwo r t h ms , Lon don , Um u ited  Ki mi g dorn (19 72) .

D D. L. B mm u il c hi ,  D. D , Drysdale , and D. U . Hom e , “il um uuo g enueo us Gas Ph ase React i onu s of the
hI2 ~N ”~O2 Sy st en ru ,” E va lsuated Kine t ic  Data for h i gh Ten u ipera ture Re act iom u s.  Vol . 2. 557 pages ,

Bu t te rwor t h s , Eon _ font ,  United King dom ( 197 3).

D J.  I I .  Bmm xc ’n id alc aim _ f P. Ward n m i ann , “The Rad iolysi s of M c t hm a muul t  P ru u duc n  Yields , Rate Constants ,
and Spect rosc opic Param u u eier ’ .  of In mt e rm u te _ f i t i t e s . ” N m u t u u i m m a l  Bu r e alu en f Stan dards ,  Was l tmmu g t o m u .  l) .C.
N , i t mmi m m m u l  S ta n de r_ f R e f e r _ i / e s’ I)a l mm Systemni , 3 1 ~uag CS (NSRD S-NB S-54) ). ‘\ pru l 075 1.
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K II. I l i _ n u , e u i s  , l m i d  1, 1 be ! , “ t / ,m b. i  C s / u u i 1 n i l , m t t u l i s  b u m  P i b ) o e s .” I ’ Im y s i s s  D . u / . u  L A L I ) . t, u u i i , m l ’ . m e l l e  I o u

u\iu m i n k etiie u , i _ ;_ f ue - I ) . ,L .u m t u i e t , t . m i i o n u .  7 5 1 4 I ) ‘ $ e t / ’ . l e t u i ’ L e / u p ’ / I s I s h m / t i _ l /  K i _ m u u i ~~m s 5 h u u u m u g ’ . i . e u u t i u t m m . \S

(,,t u i l i m u i l v  I I ’ I u ’ ) .

I ) S. NI , B e m Isum i  a n ud  I I  I , . ( ) ‘\ i _ . u I  “ 511 , 1/ C 1) 1 1 , ,  on ( m s  P 1 m m ’ . ,’ b u u m i u m m u h e s s u l m i m  R i _ . l , i b , / u , ’ .. ’ \ ,m l i , , i , . , h

S i , uuus l m m m d  ISeIs ’re ni , m e Data  S, ’ I s i C e ,  5,1 1 1 ’  , u l , m !  1,551/ i _ m i I i  oI S i , i t m dt u n Us , S I  1 , 1 NSRDS .\US .2 I I. n,4
II i _ I ’ m 11,10 I’ )  70 ) .

I) St I I  I l / m u t u i c ’r ,  ‘‘ 5 IC,,.’5i ,’55 / 1 h Smm t i_ ( I n / s t / i / i s  , mh Si_ ’i , ’ , m , , , b  l7s’ ,Is u i , / u b s  oh I n u t e n e s t  iii ISe c 1 , 1 1 ’ .  I I.
(‘ be !’,!’. mm mIne  S t i n u , ’ s 1 , l u e i e . ’’ I S ,  I ) e 1 m , i u m m n m e u m i  u ,l ’ (’snutut m u emcc .  NI . t ’ . l u l u m _ f l / , i I . I ) , ( . ,  \ ,, m , , ’ n , m m i l l un e , ium il
St m mui da ud s .  ‘I’eeh uuu i ,m a l  \,nti _ S,~I. ‘li _ I , 42 ;‘ tm 5i_ s (NI.i’. 10691.

I) K , U , l t u , ’ , s t u  I ) , I t//slum, 3. I I l / t I L l / I ,  IS . It. l l s m i e ,  3. 1). \ i , S u n I I e ’ .  . a l l _ f  IN I ’ . . u u u s’ - ‘‘I b,s’ i, mm,., ,
k, n m ’ ,’ m u . ’. l l , u t . ;  S h l b S s ’5 . Pmin t  I .  R,i le D aumm ‘u n  I ss,’Is,’ Re / s i l o / i ’ .  , ‘I ’ l m m u e u e ’ . n  ‘ ‘ u  S I l . / t / sp I I i _ l l ’ .

C i l e i m u i s l i s  , “ N . u t i ~ ’ i ,, u I B / i / c u b  uI S i . u n , , I , m u i _ i ’ . , N N J S I I I / _ f i u ’ i b ,  I ) ( ’ . ) \ B S . l h i / ’ 1 2 ) l l t  I I I  ) J mm n ii ma i ’ s l ’/ ” 2 l

0 II l3 nmi ~u m m .  I) , l ,,uu ’ u u, J .  I - l t e n u m ,u u m ,  K . U. I I I , i i _ ,  si, J .  k I ln ! , , . ,N. I I .  L i u l en .  I I .  Ok atic m i l d  NI
I ., t u ou , ‘‘ I ti _’u umt ’ .,mI Su m / i _ b u s s  l ) ; , i m u  S u m s e ’ .  , I’. ui u .2. I’lm , ’ i , ’ i _ li i _’ i , mi ’ .;il .mu id Rate I),in uu I ’ ,  l u b t e s ’n i ( , , m ’ .

I ’li’,tse t Scmi m t t i u u m s of I u m t e m c s t  for S t u u u m~,’.p h us ’ m u s  I ui _ u/u/ i _ mi ) . ‘ N u m t m m , u u m m l  Bur e au  u i S t , i , , d . u , d ’ .
NI , u ’ . ! u / l , s n i , ’ , m .  I) .C. I N I I S . I I I ” ,2 t s 1 1 ; / ,  2 l l I . S p n l l  10 7 2 ) .

1,) 1). 1 , ; t m s u , i  min i_f U. I I .  Gs’s’ m u m u i i n u m m nu , ‘‘( ,‘ I u e u u u ie a l K i u m c’t ie ’s D m mta S / b m s e s  . I’ant  .1 , 5,1_ sued Kale ( ‘ ‘ n , ’ l . / t : l ’ .

Or (,‘ h i e i t u i ca l  ISemiet i ut u s  ‘ m l  I / / l i _ / s o  mum \ b b u b , , ’ . u l I / e / l ,  (, ‘h i , ’ u i b l s i b ’ .  , ‘‘ \ ,mr uu ’ um a l  I3blre a mi ui  S m . i u u d ,, , sI ’ . ,

SV .,s l i t t m , n t , ’ n , ,  D.C ., 45 pa_ f e ’ .  I N B S ’ 1 0 5 6 7 ( p t $ ( I  (Jun e 1072) .

D N . II u u b , c i m  mini _ f 3 .  F . I,l ,u u i ,  ‘‘.5 I Su t sm i_ ss  u / I  R mmt e  (‘ u e b I i i _ / e l / t s  iii tltu t hi:.(’I,’.. (,‘IuemtOc al Lasi_r S’. i _ l e n :
S.N S1SO.I 7—73.20’), I hui _ ,Secm ’’ .p,u ’ .i_ 

~
‘
~‘‘I’~ 

he! Sc , n l , l , , h , ’ . (‘al i h m u u ’ mu i a I N , ’ s i _ t i t l i e i  1972 ) ,

I) N.  ( ‘ , u l u e i ,  t uund  J .  I , loin , ‘‘.S (el/i _ is ,,b I S m mne 1 ’ , ’ i _ bh i,ui _ u mts ,nm ibne I I ’ .( 5 2  C I u i _ , i u u , , u I  [ n i _ u  S ’ . s t e d ,

S 55151 1. 1 17.75 52.  ‘I’hm e ‘\i_ t ’_ f ’ i i_ i_  (.‘ om p m ’ u . / u i s ’ m i .  It! S e i _ s m m u , ’ s ’ I , l i l I / ’ / i t t . l  1 5 1 , 1 / 5 1 1  1 5 1 7 5 1 ,

I) 15, I’ . II;,utu ~’’ .ul m. J r., tI m I d  I ) , ( , .h u s i u u  i l  ,!‘. ).  ‘‘(‘l u citu i cal Kiui c’tj e aum d Pliotuuclic ’it t i cmm l I)at,u t , ’ n

SI , , ! I i nm g  S t , l n ~ u . l 1 l , i _ i i e ( ‘ b m e i m u u s u m ~ . “ SlI j / i _ / ’ .eLI i _ ’s NIISII(.”4.4$(b ( t , 5 D e I u , u r l u u e u u i  ‘‘ I ’ ( s i t / t i l e , , ,’ .

\I . u ’ . I , / u m d m o u i ,  11 .1 . \ m l m b ’ / i I . h I  Rm i u ’et i u i ,al ’ S l . m i u , i . u i d s , l e c l u m i u s t u l  S u e  V , u I ,  51 1’ . pg. 1 17 )NBS~l\.5I,Lm i

I I ‘17) ~

I) IS I . lhmmml/ ) l ’ . s / nu . SN’ , !I i ,,etu. K. L. l t l u / 5 5 l l ,  “ 1 , U I / - i _ b u m ,  J ,  I I h e r n o n u , K . U. I l u m e ,  SI J .  k / h ’ . 1 : ” . 5 I I .

I.,,sl t e n , j ,  I i , h~~~~t I e ’ . .  II. Okmmbc’, 51. I). Shies ’s , SN ’ , I ’ . m , i u g .  amid 0. ll, Snc’_f n u m a ii (Lds.I. ‘‘ .I u I i I i _ ~ s i t

I ’Iu , ’ m ’ ’ ,li,’it , ie, m l I l l , !  R u l e  Ibtmm; m ‘on I’ ss-em ml ~ ‘L iuth i t R i _ m I _ l i / u / s a l  l u n u e m ’ est  mit  ‘ \ m m m m m u s p h me r ie  ( ‘ I n c u t t u s i m s
J .  ‘ in ’.. (liemum, R i_ b, h ) .u l, u, S ’ oI. 2. l’_f~ 

207 .112 (1973).

I.) J ,  I’. I h e r i u u i i  t um us l  IS . I t ,  l I n t , ‘‘ l ( t ut e I s m u i s m a u m i s  I , ’ r  t h i s i  Ri_ h e / i l l , ’ .  ,iI . S l , ’ l I i I , . ( 15) _f e l l  0 t 1’~ ss’ mnhu
l ) , f , m , m t ,  I , . i l l p u I I i l l ~ l i _ nm t In e ’  b , , ~s l ’ I u , m s i _ , ” 3 .  t I , ’ . .  ( I n _ m i .  Rd . I ) m m i . l ,  1 ,, i 2 , pg’s. 4m,7’~ !~ m l ’ > $ I

IS 5. IS. h Iuc ’I ustmm um, ‘‘h t / } ] t ’ /, n t . u l’ il) ‘‘I C Im i_ ii ,i, a I S I / u i _ l i , ’ ’. atm_f l  m n l l u s m , , m n  I’ i ’i_ ,’’.’.i_’ ’.’’ I’Ic’m ls/ u ni. N i _ a  N ‘ n I ’ .
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I) I) . I: . J c t i ’ , snmu a r id  (~ , ‘ s .  J , m m , ’ ’. , ‘‘U . 1 5 1 , / s ,  I S e . , s i u o u u  IS.ui c ’ ( m /c ’bll , l, ’ umn ’s h I  I S . . , k e r n )  S I . I u I u .  u t ’  - i i

I IS ~ 1 .‘l , Roi_ kct l’ l ’ ’ I’ 1 1 1 , 1 ,  l u  I ‘ . n , u ( m l i s b m m m l c’ i i l .  NI . . , ’ ” I i l _ f I b / I _ f l ) ) ,  I ’’ Ii ’ ’u 1 1 7 1 1

1) 1) . I . .  Js’nm ’ .s’ mu ,m m u _ f “. 1  - k o i / . u m / ’ . , ‘ ‘ I S t i e  I , , t i ’ t . m u u t .  l o u  I . m i , ; u h , i l u , u i m , s on S , ‘ ‘ . m : , , l  I < , , , i . , ’ n I s L , i m t s l
h I s s  i ’ ie l _ f ’ ..’’ N 5 5 5 1  IS ‘ / b l ~~25 , S t ’ ’ - I ’Iim. ’ u n t .  h’ i b t l i _ n ’ u u /  \ ‘t 15 Jei ’.c’’s I S 1 ’, .Ii l O(m71.

O II .  S J o h u n m s t , u n n ,  ‘ ‘ I , , , ’ . I i , . , ’. . R e , m , t b , ’ / m  k u t i c m i c ’s ol N i _ u I / il l h ’ s m t s’ m u  S1li_ s , s ’s ‘ I - S I )i_’ l / ./ii/bi , ’lml ‘‘ I

C , ‘ I / l l I l c ’/ , s’ , NSRI)S .Ni5S 211 IS i _ l / l emm lb / -_ ’r l O i , 5 l

O J .  .S K er r  amid NI i ,  I’ . u u s / / m . / _ f c’ ‘‘I s , i !um, i lc ’_ f K m t i c i t , ’ 11 ,11 ,, I m nu 1 ,15 Ph m ,m s , ’ . S , h , I i I h ’ , t u  Rc ’ .i, I i i ’ I b ’ .

Re a , m l i u / u I ’ . of . S i s , t i t s  ann _ f  R , i _ f i , m , i l s  s s i i l m  . S lken i e s , .51k ’. t~ , , mi nt _ f  , S n , ’ ’ ; u , m u u c  (‘u t n i p u l m n l d s . ’’ ‘.54 l .i, ’c’’.,

Bu m t m c h s s l / n t h m ’ . , I,, : u _ f u u n n ,  I i n n s _ f  kb u u_ f s l ’ /t ui (1072).

O V . N.  Ku n u _ f r a t i c’v , “Ra t e (‘,,u l s l , l m m t s  uI ’ U . s  i’humu ’ .e R e m ,  I l / / I / s . ” K. Si. I ’ n u s u m / m m n t  ( I c _ f l . ( h I l l , ’. ‘ 1

St animj . i rd  ReI ’c’ u e n u i _ s’ I) .mi m i . \ . u l b ’ / / i a l  Bu mr c . iu u  u /I  S t a m m u l a r _ f s ,  U .) ,  I)d ’ h u m i m t u m u e n m t  ml I , ‘ , l l t b t ’ ’ u C c’ ,

55 , i ’ . I m i u e i , o m  . 1) .C. ) J , i m b b m . t i ’ , 9 7 2 ) ,

I ) A . (‘ . L I o y _ f .  ‘‘ .\ (‘ r m t i c t m l  IS s ’s i i _ ’ss uI tIm e K i m m e i i , s ‘‘ I lIm e’ I ) b s s ’ , e l . / l b u l r t ‘ hS c , mi tiibi t u,m t i mut i 5,’ ~o;’ • ’’’ ’ :1
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ABSTRACT
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M. QUANTUM ELECTRODYNAMICS; SYMMETRIES
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N. FUNDAMENTAL CONSTANTS; PROPERTIES OF PARTICLES
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0. OPTICAL PUMPING
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P. LASERS (PHYSICS OF OPERATION , LASER THEORY ,
APPLICATIONS)
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