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I .  I n t r o d u c t i o n

This report comprises br ie f summaries of mate r ia l s  research pro jec t s

at t h e  l in i v e r s i t y  of N o r t h  Caro l ina at Chapel  Hi l l  for  t he  year end ing

31 May 1977. I t  is s u bm i t l e d  to the  M a t e r i a l s  Research L a b o r a t o r y  Sec t ion

of t h e  N a t i o n a l  Sc ience Foun dat  ion , G r a n t  l)MR 7203024 . I t  also includes

d esc r i p t i o n s  of materials research supported by o the r  agenc ies  . i nc lud ing

t he f o l l o w i ng agenc ies  of t h e  U n i t e d  S ta t e s  Government .

Army Ri-search Office
N a t i o n a l A e r o n a u t i c s  and Space A d m i n i s t r a t i o n
Na t iona l I n s t i t u t e  of Hea l th
U. S. Energy Research and Development Administration
O f f i c e  of Naval Research

The f o l  low i ng pages con ta in  b r i e f  r epor ts  of progress  in the  var ious

research I)roErams . In cases wh ere  work has reached t h e  p u b l i c a t i o n  s t age ,

t h e  a b s t r a c t  is often quoted . The summaries are arranged alphabet ically

by t h e  name of  t h e  p r i n c  ipa l i nves t i ga to r , as i t  is f e l t  t h a t  th is  is the

most p robab l e  way i n  w h i c h  t he  r e p o r t  would be consulted . The reader

shou ld  not . , h iowe v e r , that Mate r  i a l s  Research at C ir o l i n a  ~has been espe-

c i a l ly  encouraged in t h r e e  u n i f i e d  a reas .  ~ “ ‘  i l . . • t  :~~~‘~~~

are  b e i n g  developed by d i f  f er e n t  r o u t e s  b u t  in  a co l l abora t ive  way by

P r o f e s s o r s  R i  c i a  rd C. ,Jarnag in , Thomas .1 . Mey er , Earl  N .  M i t c h e l l ,

Royce  W.  M u r r a y  and D av id  C . Whi t  t en .  P r o f e s s o r s  W i l l i a m  E.  H a t f i e l d ,

I)erek .1. hlod gso n , and Ihiomas .1 . Mey er  a re  concerned  w i t h  ~~~ L ‘.~ L.; i ’  .

• ~ •~ 
~ , . ,~ (~ i ” :  - • • 

~~ ~, 
:1 , . • 

~- - ! •  . :~~: ~
- • . :~~~~

- ‘ 
~~~~~~ .

-

~~.

-
, - . . :. engage the at  t en t  ion of P r o f e s s o r s  R i c h a r d  P.  Buck , Sang— i l

( ;hli ) I , • J a w i ’s h i . C raw ford , I )av id C. I)unn , John  P. Ic rnandez , J . Ross

Macdonald , Judith B. Moody, l)ictrich Schroeer , and Lawrence M. Slifkin.

This r epo r t  was p r epa r e d  b y t h e  M a t e r i a l s  Research Cente r  of the Uni —

v e r s i t v  w li i c h i  e p er at i - s  t h e  core program of m a t e r i a l s  r esearch .  The Center

is a d m i n i s t  & -red h \  an E x et i c t  ive  C o m m i t t e e  w h i c h  cons i s t s  of the  fol low-

ing m e m b e r ; :
( ; I i i r l e s  S. S m i t h , J r . ,  I ) ir e c t or
I ) .  C. Dunn , P r o f e s s o r  of Geology
W. C. lf ~i t f [etch , Professor  of C h i e m i s t r v
.1. R .  Macd onald , P r o f e s s o r  of P h y s i c s
‘F. .1. M e y e r , P ro fes so r  of C h e m i s t r y
I . .  N .  M i t c h e l l , P r o f e s s o r  of Ph i y s  ics
I ) .  F. T a y l o r , P r o f e s s o r  of O p e r a t i v e  l ) e nh i st r y

L _____ - - . — 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ - -• 
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Ii  .5 .  ( o l d , I . E .  R~’ c h i s t e i n e r ,  and R.P . Buck , ‘‘Gene r a l i z e d  S p e c t r a l
Di’i-ompos  i t  i on  Me t  hod A pp ii i’d t o  I i i  Ira  red , L i t  r av i o li ’ t , a n d  A t o m i c  Emiss  ion
Sp e c t r o s c o p v ’’ , A u , ;  I . ( h e m . , A 8 , 154 1) ( 1.97 6 )

Math i s  : i i i i l  R . I ’  . Buc k , “ A h i gh S pi ed (‘ross Co r r e t :i t or  f o r  Broad
Band I m p e d a n c e  1c.;~~i i i ’ e i i c i i t s ’ , i\nn l . ( 3 i e m . ,  48 , 2033 ( 1 9 7 6 ) .

K .1’ . Ru e k , h . .  . M l i i  i s  , and K . K . Rhodes  
* 

‘‘Impedance Measuremt’nt s on
it-il S i  I v e r  C h L o r i d e  (‘ rv stals ’ , J - E l e c t r o a n a l  . Chem.  ln t c r f ~qc i - i l

K lee I roe hciii . , ;R ’ ;’e L I  i-d t o  r pul l  I i  cat  i o n .

c .i: . I~ct ’ his t eiiii ’r. I i . I I . N ;i t h i s , N . M .  Burs e~’ , and R . P .  B uck , ‘ Novel
h u e  xpi’n lvi ’  I N - v i c e  F o r  Liii’ C l e e  I roe hc ’mi cal  Genera  t ion of M e t a l l i c
E m i t t e r s  f o r  f i e l d  I N ’s o rp t  ion ’’ , B i o m e d .  N. is ~ Spc ’ct r om.  , 4 , 52 ( 1 9 7 7 ) .

B .P . Du c k  , ‘ ‘ ii ‘ — i v p e  N n —  I d e a l  i Iv  App l i e d  I c  A c i d  lTrrors of Class
Ncmb r :i lie C i  cc t m i les ‘‘ , .1 . E l i ’  c t r onn a  1 . Chem - I n t e r  f a c i a l  E l e c t  roe
a rc  ep t ci t  f o r  i 111) 1 I c i t  1( 1 11

SL I i n m ; i r y  o h  C i ’ s c ; i r c h i  A c t  i v i  I L i-i

I ) 1 mped ; i  ic i’ an il 1’ i lilt ’ Cons t a i l  Is of Si 1 ye r t h a i  i d e  S ing le Cr vs ta i s  and

r essed  ‘c i  h i t s  (NsF ,Nsl —MBI )

im p e d a n c e  men su r e m e i i  Is a r e  made on p u n  I it’d , vacancy doped and

i l i t e r u - i t i t  m l  doped s i l v e r  brom i di- crystals of t h i c k i u  sses f rom 0.06 1 ciii

to  ( 1.26 1)  cm us t u g  c o ns t a n t  i o n i c  s t re n g t  Ii so] ution contacts a t  t e m p e r a t u r e s

I r em 21 ) 1. I L L  15 ° C .  R e s u l t S  i - h i n r , cL e r ize t h e  m ; i c r c s c c p i C  transport properties

I r em I I  6 K R z  t o  1) .0 1 i i . ’ a ihI a t  d . c • In a l l  cases the Ii igh frequency l imi t

~~— . ~~~~~~~~ ~~~~~~-- --~~~~~~~~~~-- ~~~~~~~~~
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i’~ ’~~ i s t  i v i ’  component c i  t i e  i mp i ’d ; i n c i ’ , C , is e q u a l  to the d .c .  r e s i s t a n c e

B . ‘ I ’hi ~-i restih t i n d i a ti ’s rap id  i o n  exc hi .ungi’ at t h e  s u r t  ‘ i i ’ S  and ne i t  b i er

W a r h u i r g  i i i  t fusion nor surface k i n ’ t L - — I  i m i t a t i o n  of t ransport. As c’ :’:pi’ctcd

R ,, ,  i s a l i m i t , ion o l c hm.m r ~’.e c a r r i e r  c o n c e n t r a t i o n , w h i c h  d e p e n d s  on e x t r i n s i c

c lo p : i n t  ci~u l c i ’ i I t  r a t  i o n  l i V e !’ I l ie  I en ip era  t t i r e  r an g e  nu e a su  r e d .  For  p u n -  i’ r v ~~ t , i  i s

• I lie nec m t  ;i nc e  , K , I s  I i nc a  r I  v d e p e n d e n t  on c r v s  I ; m 1 t l i  i c k i i e s’ s , 1S whi  i i i

t h i L ’ k ; i u ’~c; i’o rr i’l.ut lou c o u l d  l o t  h i ’ L i s t e d  f o r  L i i i ’ doped  i - r v s t al s  as  do p a n t

I c’ , ;  h u t  I I f l  i f o r m .  ‘I ’h i i ’ ~eoniet  n c  c ap ; i c  i l an c e  i c r  a l l  c r y s t a l s , C , i s

I i u1 ’ ,u t ’ w i t  hi  . ‘ h ’ hi ~ d m iens ion less die lee t n c  i ’ O f l s  t a u t  , , calculated f rom

C an d  ~ i ’ - ’ s t , i I  d u nui ’n s i i ~m is , is  13 . ’) + 0 . 7 .  T h . -  e l e c t r i c  r e l a x a t i o n  t i m e ,

d c i  i i i i ’ uI , i , ;  th e  produc t K C , ;I I  25 C C is f o und to  he ~O + 3 sec f o ri l  ‘-  g
‘1+

p11cc i - r v I , uh’ ; , I to A ccc for t h e  Cd iloped crystals and 12 to 66 i sce

I or t h e  5 u l c p c d  : \‘ ‘ - i t ; i h s  . iu ’nipcra tim rc d e p en d e nc e  of R,,,~ a l l o w s  de te rmina-

t i o n  i f  c u  ‘,‘ ; t ; u l t r - i l i s h ) o r t  a c t  i v a t  i o n  e n e rg ie s .  For p u r e  and ( ‘cl doped

c i v i l  i l  -
~ . v . i I n -  i i  1) . 1 3  + 0 .02  e\ ’ i s  f o u n d .  For t h e  5 doped  c ry s t a l s

v , m  I ic , li i’ ;  0. ‘5 to (1 . 8 cY a rt ’ found . ‘l i i i ’ p a r a m e t e r  , i n  t h e  non — i deal

Col1 ’— ‘ I i .’ l’ i ’ o e i ; e m i t a t  l u l l  c i  impedance p l a n e  a r c s ,  i s 0 . 96  ± 0 .01  f o r

p u n  I i 1 ’~ u ’r ’ ; st : i l c , 0.93 ~ 0. 03 f o r  Cd dop ed , a n d  0. 92 + 0 . 0 2  f o r  S~
doped  l i i i ;  t . i  H

( 2 )  R i ’o , i d  C, nd  hn ipi ’d;inu ’&’ Mcccii remni ’ml t s of  1. iq u i d  M e m b r a n e  Ci’ I ls (N S F — M R L .

N S f ’ - )

C i ,r i i  i t  t i - a l i t  i m n p r o v i ’m e n t  i n  I l i e  L u n d  pass 01 d .c .  c o u p led lock— in d e t e c—

to ri-i used o r  p h i . i ~~e — si ’ns i I i vi’ imnpedancc m c ; u s m l  r cnui’nt s in s b een  ic h u i i ~ ~‘ed

t h i r o u C hm t h e  Li s t ’  c i  s t a t e  of t h e  a r t  CMOS an a l o g  g a t e — i n t e g r a t e d  c i r c u i t s .

I n s t  i’ i mi i i i ’ i i  l i t  m u l l  i n c or p o  r ;i t m u g  an u n ip r o vcd the I cc  to  r meas u r i s AC c e l l  admit—

a n i c ’  I rem I I ) 1hz to I MH z ev e r  ;l ii imp e d a n c e  r an ge  f r o m  10
2 

uih ii iS to 10
11

o hms ( t h e  l i t  t i -n  I L i m i t  h i e i n g  a t t n  m e d  o l i l \ ’  .11 l over f r e q u e n c i e s )  t h e r e by

i,- I l i i i  111.11 l u s  t h i i  n i -ed or  sevc i- ; m l  in s t  rum en  I s  t o span t t i  is I r equ en ev  range

Au ’ c t i r a  cv o f  l ii’ flew in s t  ru r i m en t above 100KHz was demon St  r i  ted by m e a s u r i n g

5 imp  I t -  BC ci men it a n d  t -on m p ; l ring t h e res u l t s  to I i i o s &  oI * t a i ned f r o m  a

co mmi ’t’ u ’ i . m l lU” b r i d g e . An i I b u s t  r u t  i ve  appli ca tion r e q u i r in g  t h e  f u l l

f r e q u e ncy  r a n ge  is t he k I tie I Ic c ha r ae  t o r i  Zn t i on  of support m a t e r i a ls  f o r

1 19 i i i  ( I un t ’m i ih  r ; m T l c s
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l i i i ’ c c l  1— b; m l i n e  in~ , w i d ~’—h;mnd u i iu p i ’dan -~ b n i d C i -  d i s c u s s e d  above ’ has

hu ’ u ’ m .qij i l j i ’d  t o  t i m e  s t i n t ’  o f  I h m e  i- c i t  r u - - u I  p r o p u ’r I i C s  of  a l i q u i d  ion

exu - b m , u u m 1 ’ .e r .  ‘l i i i ’ ‘i i  i i j i n i t  — 3 3 6 5 — n i  I r a t e  (; m q u m a t i ’rn ary  an imo n ium s : t l t ) / n i t r o —

Ii en,,u ’mii’ i o n  ex u ’ I i ; i i i  - ‘ u i ’  mm ci ’ d  i i i  n i t  r a t  ~ ‘ s i - L e t  iv e  el  i ’ct nodes wa s  s t u d i e d

to i’ Lie i d;i t u  ‘ t I i i ’ nui ’ c h : mn  i s  I I i ’’i ~‘f  I ram msj io r L in I he.si ’ e i cc,’ t rodes . Bulk

res is t a m l i ’i’s ; imi i l  ‘come t r u -  capz ic i t ;iml & ’ i’~ ci ’ ! ’ n i e a s u r i ’( h  as a f u n c t i o n  of

I r eu L i i ’  i l i ~V I or v , u l ’v i u~ I enip e n;i t i m  ri ’s ; m m i d  c x i -  I m ; u n g i - r i ,ili con ecu t ra t  i ons

i ’ m i a h h  i m i i ~ l I me 1 , 1  l u ’ u I ; u I  i on  0 t h e  t o  I l o w in g  p a r a m e ter s : La (th e t r a n sp o r t

l et  1V , i  I t o!) h i n t ’ i i ’  n )  , K~ ( t I m e  io n  p a i r  f u i n n u a t  i on  cons  t a u t )  , c ( t h e  b u l k

die I i i ’  I c  i t ’  coils t ; i m i t ) am i d  AC , ‘ I I  ; u n d  A S f or  i o n  p a i r  f o r m a t i o n . T u e

i i m I I (m c l i i i,’ I’ I I. c c c  ilnoun t s  u ) f  v i c  i’ in the I i qu i i i  i’x c l i a n g er  phase  on t h e s e

p ;m r ; m r i u i ’t i’i’S i , i s  b een i I l ve st  j ‘ u t _ i’ d ;ii ’id was  showf l  t o  di’ci’c;usi - ’ 
~ F 

bu t not

affect t r . u i i ~;fio r’I , u i ’L i v ; ; t  ion b ; m r r i e i ’s . in  addition , iimc orporation of  t h e

i on  i’ xi’Ii , -uii ~’,~ ‘ I ’  in to po I vm i’  n c  mat  n i i ’cs s u c h  as PVC has  no m e a s u r a b l e

of  Ii’ ’ I o n I ic I r u m i s p u l  c i  p u o p e  r t  ii’s ami d i t  was  demons t r , m t e d  t h a  I s u c h

i ’h c i t  1, 1 di ’ mcml i  c l i i i ’  s uppo  i-Is  ac t  I a rgc’ I ~‘ as a flin t ci x ‘or  ‘.i ’ i ds cli it -h

co ut  ;i i n  I mi’  u ’i ’, ’ i m ; u i n c ’  r . ‘ h I m  is c’1n k i s c ’ h m r r e ut  I v in t i e  i nn  1 s t : u i -~i ’~ , u u l J

wi I I Is’ cci t liii ii i and sci hnuit It ’d fo t’ p u b !  i c a t  ion  sh or t  I v

( 1 )  I o n  S e l e c t  i vi ’ C i i ’ I c ]  [ f t  u - c t  Tran s i st , orc  ( N 5 l ’ 1

‘ l ’ h m i ’o u g h m  v a u ’ l m u , u n  d e p u *s i  L i o n  o f  100 rim lavi’i’s ci ’ ,- \g C r  on t h i n  s i l i c o n

d i o x i d e  f i l m m i s  (5  rim — 1 . 3  iii ) prepared on s i l icon s u bs t r a t e s  t h r o u g h

t I m u ’ r m , m l  o.~ m d i  :~, i t  ) u fl • . 1  “c;mndw i i ’ S i  S i 0 ~ f . ’\ g Bi ’ i o n — s e n s i t i v e  e l e c t r o d i ’

has  hee l )  I~ ri ’p ;u r i ’ ’

I t I , - i ’  i ! v c  u ‘ - I uv e r ,‘i u I )  p n i ’ p , m r . m t  i o n s  o f  I u i ’ s ; -  d c v i , - ’;- h i s  s lmi iwn  t h e m  t o

p r o v i d e  St  i i ’ ’’ • i . u [ l  u l — i ’ u ’ n poi ls i ’ p o t e n t  h o r n e t r i ’  ri’ l a t  b u sh  i ps t’o i’ c om p o n e n t

(I ’ll .1, 1 I ( ‘ ( I  t i ’S I l l  m 5 i h i ’ i ’ i i ’ l  S i l l  ut  i ons , r e f e r e n c e d  t o  a s a t u r a t e d  calomel

l i l t  I i d ’  .

——‘~~~~~
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i og a

l , t ~~i t i n 1 ’, ii g hu iI ., ‘ . u n m p e d ; m n c ~’s , t ram in; 1’d;mI m cc _ Ireqt;u n~
.
~

. r.’spcnsi’s
m d  ~~i- .t  ~‘ c i i ; u  I c l i i r;s’— ;m i ’t i v i t v  mi’asulri’unt’ntc . i n d ir a  I c  a d i s i  I a c e ~ ’cn I c u r r en t
( I  [i ’ I d i l  I ‘~ t ) as I Iii ’ p robahl i’ ‘ . u l u S i ’ of e l i e  I i’s ’hu em i cii i r e s p o n se  . Imp i i c c —
I t o i l ;  ~ t I lie llIi ’ t ’ l i ; i l l  i s m  ( i n v o k i n  ~‘o i t a  iot  c ut  m l  ; ir ~’nr ;c ’t i  t s  ) on t h e  p r o cess

i i i  p o t e n t  in  I ‘ i ’ u l i ’ i ’, I t  i on  1 1 1 t h  p ’ t i ’ u ; I iz i l co i t ; r ; n n  i i ’ a t  i e l l  shall he , m n , ; i v z i ’ i
d L ; i g r ; i m n ; m i i  c i i  ly u c 2  E l i c i t i c - i l  I ’ -.’ . For t i c , ’  c e l l :

( l e f t )  ( r i g ht )
C I I  c’f~~t-crc, .. 1p~~t S a m  t~ on c’ghr l Si0

2 
Si Cu

= ~r ig h t  ~1e f t

- 
Si 

~ 
j 

~ + 2 . :  — - : , t_; h ~e e J t e l

l e f t

~‘ A j  Aq t F s i g h ,

‘ l i e  i ’x i ’ i i : ~ i o n  c i  t h e s e  p r i n r i  p h i ’s t o  d~ ’ v i - ~ ’s o f  t ic , ’  Ii i ; ’p’ ( T n
Si’ I t ’ i ’ t i \ u ’ I ’ j , ’ I d t ,~ c i t  i r : mn s i s t o r s )

insoluble coating

T------- ’--.”--~ isL_ ,__ _ ~
__
~
__ _ _

~__
__j

i ~ I ‘ ‘ i  i’ l i d  i l l  d “ ii i ; ’  t o  a u - n  r r n I mc S~ S’ 1 5 1 ’ ( i n  t I u ~ - t i n s i t  ii  c - i t  ed
ilul ‘d ‘ o f
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i i i  c c ‘ i i s t a i i  
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‘
. ( i ’ ; :  Li ’ cnn  I l i i  u s  1 inch C 1, ( , t  cc lu— s o li rc i ’ volt ,;~~r) . I

t h i r e  I I ,  I d  j i u l t  ti l t i ; m I , + , n e c e s c , ur v  to  m i t  L u t e  c h an n e l  c o n d u c t  ion is

; i l  t t ’c ; i hi I i ’ t ’\’  chi; mn g i n :  “C ’ h e n ce I h t h i n e s ~ uo Id concentrat LOfl of ci ’:i; p ’n i - a t

1011 ueu ’i’c’s, i i ’ \ ’ I I )  ‘c,i h i t  h o n  t o  i m i  j t ~at  e conduct i o n  in t h e  ISIT ’l ’ 1~- cx t e l ’

ma I I v  • u  I i i - m u  I ’  -

lv i ’ h i l i l i : ’ i l l ; ’ t I m e  s e l e c t i v e  m a t i ’n i ~ i l  J~ p o s i t e d  on i i -  S i u t , ,  p ;os t

t ’iir ci ’Il t is a’,’ ; I I;ihilc ion  sc L e t  i ve  ~- l e c t  r oPes  can he  m c d i ’ h o t  Ii l c s S  c r t u r h —

i 115 I i i  I t i c ’  o hst ’ rv u ’i h s vo  t i - n i  a n d  ex t  r ent ’ l v  s m ]  1 in  s i ze .  I ’ r cs~’n t  t i - c h m c  I o1 ’v

I l ou- s f i ’  i’ t i m e  i c - u l u m i  c l  i m r e  of  t b l i ’se du ’v i  i ’ i ’~~ om i  ti lt ’ ; ‘r , l c r  u I  t e n s  of  i c i cci ins

i n  d i , m i i u i ’t  c i ’ . t i e  u’ ; i p i d  ci ’s p on si - , di i i ’  t o  L h i i ’ i r  i l p c ’ r ; m I  i t ’ l l  ‘v a f i e l d  i ’ t
’

t i C t

~‘o m I ’  j u t - i l  w i t  h i  c m i i  I ] i v - ; l e , u l  s i z e  ant i  h i s s  pi ’r t u r h a t  ion . h i ’ , u d s  La a ;L c r o —

e l e c t  r o d e  ; i h l e c n , u t i v i ’ I n c u i r n i ’ m i I  p r ;u ( ’ I i e i ’s .

( u )  \i ’i s e  , \ l i , m l \ ’ s i s  o t  t , h i ’c t r o c t ; i ’i ’; i c ’ ;i l  Svst c ’nus  ( N S [ — ’ T R I . , N S I ’ )

‘ l ’ h i ~’ e l e c t  r o m l i c  n ii ’ ;m s u c i ’mi ’n t  5 \ ’ S t u ’ l ; ’  f o r  c l i u r , u c t e i  i z i n g  tr o ’  fr i ’q u en cv

c J i ’c I ru in  c i  i’ l i - c t  ri - h i e m i  en I i i ’ )  i r i  i u , i s  h i -i ’l l miii] i I it ’d I v  the add  i t  ion o f

m p i ’d . i i u c i ’  u ’ i i i l v i ’  rE i n g  Vi ’ I t  m g i ’ f o  I icc- i ’ r l imp  I I I I i ’ i ’ ’ - d  t t lii ’ i i i  ‘ i i i  c i  t i e

c v r t , ’rI  I h i c i m i g . l i  t i c , ’  iso i t bai t i c y  ~i w i i- . ‘h ’h i s  vai-l  ic c’s;-i . i r \  in  o r d e r  to

ri ’movi’ I lii ’ ul. im j i in g u - I t  ec t i t  l i i i ’  , ‘oa x i  a I icild i S  t t , m ~’ i i i ’d I t h e  ex p i . - i i  f l i r t  at

I I . l i i i t i :ml st  t id ii’S of ’ ri- S t s l o t ’ no i s i -  h i i s  l e f t  sc~ ’ i. - r ; u  ! q u i d  ion s  (1)1,155—

is ’ , ’ r i d  • .u , I l i e  Is— u ’ i ’ v m t  I o i l s  , u m i d  I I w o  cv o c xp i ’c I iii cis-’Iu I Is do 1101 ‘‘c t cci ’ i-~ 
—

j i o n d  Si ’ I I  - ‘ i ’ h m e o i ’ i ’t  1 u , i l  : m m i ; m l v s i , c of t i c , ’ S u’ p i ’ ’ h h i ’ms is  one a r ea  a t ’ m a i n

m l i i i  ;t

‘l i l t ’  nui d  i I i c m t  h ell of’ -io t t c’, m no i n  o cdi ’ r t o  : i i  I i’i,’ I he ‘~~~
- ‘ ‘ t i n ’  t o  ri’t ’ord

cia t ,m c u t  h i n t  I a I I v omi i ; i , i ’ i i , ’ l  i i ’ t ip i ‘ , and  t o  ,i I l i i  FtdK’l ’ CAN to i ll I I I Ot - t i i ’

i I c u l ’ n i - t  ii ’ t l i p u ’ ’ ;  o i l  t in , I l i — i l O L i S i ’ R ; i \ ’ I l m i ’u i n  701i i ’o i n p i i t c i ’ his pro~’ ,c ,-~t a S \ ’ S L i

cii iu ’hi is ;ou I ’ : i s t  i n  d , i t , i  h ;i n d I u s :  c i p . u h  i l l  l i e s  us time I CM Os-) sy s t e m  pri’—

viomis l ‘~ u ms t ’ il t o m ’  lh a ’  , , i i ’ i’ ,’ I , u t  i on  u u , i l ~ ’s i s  . t ’anip;ii’isou of II ‘I’ cud s t , a n d , ir d

-~~ - ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ - -~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
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I” , i u ~i’ i , - c  t ’, u i i s i , r n i  t i ’ i - l i f l i i j u i i ’ ; ;  i s  I l l  b i n  i 1 ’ S i ’ S S , v i  L i i  t I c , -  c u r r e n t  f e e l i n g

m i t  t i l t -  Fl- i uu; iv l’ m ’ ’ \ -  j i l i ’  I t ’ s S  j u l  c m ’ u i ; m t  ion than t hii ’ s t ; i n d a n i l  F & i u r i i ’ r

h i m  I V ;  I ;-; u h u m , ’ t o  I I i i ’ Ii i flicv 1 5 1 1  m i n i ’ u I  i I S  i l~s,’ u - i I i o n .

‘t ’ l t & ’  c o u s t  i’ t m c l  l u l l  i ’I  a u ’ : , m t e r — I u m c k e t e d  c e l l  h o u s i ng  a n d  ,m s s o c i a t e d

i i i  t ; ; il , u s been i ’om 1 l i t  i’d , and w i t h u  t mu - svs  t i n ;  now I unc  t io n a  I , it is

e x l i i ’ u ’ L  oil t l u , i t  e x p i ’r i i1l i ’l i t ~ i I  ri - s t i l t s  i i i l  ai ’ t u i , ’ i I  , ‘ I i t ’ n u i u ’ ; u l  5 \ ’ S t i ’fld li ce i n  o r d e r .

‘f l i t ’  n , ‘ ‘ e s si  l v  of iht ’ti ’r i’ , j n l n i ’ i s - : . ! u - [  m y  w h a t  t i c , ’  s v s l u ’m r e s p o n s e  is w ithout

- u ciii ’ ill c~ I I ;v; ; I i’m i n c  I n  di ‘d i s no I t o  lie c ye n l o o k e d  , iii I i is s t ud y is

,‘Ui ’ i’c,I I s  i n i r i i;- i ~~’5s -

( ‘ i )  ( :~n n j i u u t  , ‘r  ‘ h i ’  . i t n u c u i l  1 Sp i e l  r oscop  i i  I) , - u t a  (~~~ h )

,\ ;‘, i ’ ni ’ i ’; i h  i zc i l  1 h ; ’ ,oi ’ i t h i n  f o r  s v m i n c ’t r i c  m u tt ; i ’ .y ’ae t rj c  ( - , ;ci s si an  d ec on v o —

t n t  Liii ci ’ su io ct c I d a t ; m  i s  i r c n i .’ u i I i - t h .  O u t - n i t u t  t t _ t \ ’ c t a d  q t i a i i t : ; I  ly e  ap p l i c ;u —

t i i ’ ns in i n I r ;~ c& ’ uI , oh  t r , u v i o h i ’I • ;u n d  a t o n i u c  i ’m i s s i o i i  s ; i - i ’ t i ’ s m - c pv l i r e  o u t —

I i nod  i n  t eros L I I  g e n e ra l i l l  I I l i v  . Thie  I i m i t  1 1 cii - III i! s i .’ i i ’i-  o f  c ;;i ’vi ’

f i t _ I  m g  i m i  i ’, t ’i ui ’ r , I I  , md  c i t  I ) ci ’: ’ i r d to  l i i i ’ c ’ i i i ’ r i .  It ; u l g ’ r i t  :s-; , ,mni crush r e d .

l o  r I ’ s - s  lien I l v  t ’n i ’ o i m n t  i. r i d s i t  m a t  i t i n s , u m s i .  u i t  [ u i ; ’ ’  i n n  m i i i  i i  —~~.uus -;i Jil

phl ca ; i t i m’ ’; i s  s l m u i u , ’ui  i i ’ n i ’ s u l  t i n  su l ’ I i i - ii ’nt cu in ip uttl m t ii ’ ;l,ii ,,ccii r,ie’ .’ . I - o r

t h u  Ii r:-~t t i : s - - . i ’ o n m p i i h i . ’ n i z t ’ d  d c c u i m i v t i l u t  i o n  i s  c m scd  t o  i r ’~ir vt- tic ,lpp ri ’flt

n i. ’oi l i i i  i t  ci i m i  ; m t i  in :  I i  sp i  ‘c I r e - i ’ ’  p v . Pt - , I iv ’ hi t I on of c e - i  k lo t r I gai’ d

t n ; i m i s  i c r  I u i 1 : ;  in i i c , u  r i n  I r:u neil spi t ra o I r u t  T h u  i t ;’; ~h i  n . m  is  i’~ c I’t ‘.s;

i c E  ‘cli I c  sl s-’i ’I  r~u o f  i s  l u ’ ml eS u ’ I  r u t l u i ’ui m m  his— 1 I pv , ‘omp 1 i S i S have  been

doconv ’ l u t i ’ ui , i m i u h  i n t i ’rp i ’ i - t  ccl .

( t )  l i i 11 , 11 Si f l I  i ; I I  t i l l  o f  Lic l u h cI Ian—iscii ,in gi- N i ’m h r : iu i i ’s ( M S  I ’ )

C~ ’’ t u  I t  s o f ’ di p it , i  I s I cii  [ a l l  oii 01 pai ’  t I a  l i v  is soc i~ i t . ’;i I iu~ u i d i on —

- y, - h u ,  un  ‘ u ’ I ; i ’ r ’~i i 5. m i i ’ s c i  t h  v a ry  u n;’, s i I n  m obil i t -  ;i cc p r e s i n  t i i  . The nie~~h ca n e

, i r r i : ’ iu - t h  t o  Ii , ’ ; d i ’ ; i  1 l v  p i’ cn s i ’ l cd  vi’ a n d  cu i rn p h i ’t clv .‘Iei ’ t roneutma l

t ’ . t g in ’’ ‘ ;u i lut i n s  t ’u i r r i ’ sp u i i i d  t o  t h u  h h  ionic .- ;is u ’ c i  t h i  one  com~i l e x in g

, i i i u l  o n , - i l u i n _ u ’o m m l h i l e X i i i t ’  ‘ o i i u t i ’ i ’ L ’ m i  . SiL l i v i t v tio,’, i r , i tIm e associated

c u l t i i l t u’i ’ m ,i i l , is ~- onI h ’ u i L i ’ il f r o m  h i  i on  i i ’ p o t e n t  i , i  I s , is i -ounpani ’d w ith i.’r , u n ,c ,-s

I n  I t i i  5 ; t i . 1 1 1 , 1  i ’ i) i i i h ) I i -s moh i  I i  t v . ‘rl mi ’ d i m ’ i’i’;iSe in tIc,’ s ~‘ k s - t i  V I , w it  Ii

ci i - ;  m i’ :1 h i t  flluiIi I 1 i t v is I ound  1 1 1  Ii n i  5i ’ I i’ofli ( ‘ I l l l i l g i ’s i n  1s-’ t ll i n t i ’r f i c i a  I

, n m d  d i  I l i i : ;  I 011:1 I p u t  t I l t  h 1 I (‘omiipolli’n Is  . sac; i f l a t  i O U  of  co n cent  r a t  ion prof I lu ’s

,, ni l j m~ t i t’mi , u l e l i - i - i c i i ’ I l i - I d  , I i ’ u ’ i i ; ’. t h i s  h i nds t o  uli ’ ,ct’ i jIt i ons of thor p r o i ’ u ’ss

1w 1 , 1 1  i ‘ I i  t h . Si’ I i t t  l v i  t - i s  a l t  i ced .

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Facult y  >hiv i th c m’ : S a n g — i l  [lie I
i ’ i’ofe ssoi’ of  P h i v s  i i ’ ;;

R e s i ’ ; i r c lm  Assoi ’ iati ’ w. : t .  Li-i ’ (N: ; l ’

(irad u~i t i ’ S t u d e n t . : F.  N .  S O l m i l  i c h i s e n  ( M t h l , — N S l ” )

l ) , ’~~1’ cu ’s m :i ’am i t~ d : l~. ‘I. l e e . ‘ h i .  I ) . ( [ lw-nm i sL  r v )
‘1’ . l ’ ,i si ’ i u ~’ I i i  , ‘ h . P .  (MI-t i, — N SF1

Other H 4 : i j l~~~i i ’ l  i i i ,~~ ,-\~~i ’ I u i ’ \ - : N C F

Suimun ; i  m ’ ’,’ i i i  R~’s~’ , L I ’ ’ I i  .\ i.’ t i v  i t  i i ’S

I I Stipi’r i o n  i i ’ (N i n d ,ic l  or , k i i A g  ~ 1 5 ; CSF , M R i , — N S F

‘I’ . I ,t kc ’iic l i I and S. [ho i

I n  o r d e r  t o  i m i l d i ’r st  ;und t h e  ihvnamics u ’i t i m , ’ c , iH o n  ,\g~ j~ R h \g  I

Si ’ t ’ , u l i - i i l , u I  u i  t i m e  p o l o l i t  i : i h  t’net ’g\’ u ’ u r vc ’s c i  , t  ,- \g ion  a l o n g  t h e  p a t h s

i’O l l n i ’ c t  i l l5  l i i i ’ , ‘ n v s t , i  I 1ot ’, r ; i p h i i c ~i l l v  niiii— euju iva lent ,\ 5
+ s i t e s  rime

ci - v s t ; i l  5 1  r i f l E l i l ’ i’ h’S’ s .  u : u ’l h e r  was t i s i i h  and t h u  e n e rgy  t e r m s  i n c l u d e d

W,’i’i~ l’:w ;i I d  i o u  I oimm i u t -u , ’ i’ gv . h l u i r n — M : i ’ei ’ m ’ i ’ I i u i  I s  l v i ’ i -u e rgv  , a mid p o l a n i —

i i  i on  c l l c ’ r g ’ u ’ . I m i  t o t  ml l~~ ’ i i i i i t c c l  I s  c,. 1’,’ i s is l i l t - r e d  and Rh
+ 

and

l i i i : ;  Wi ’ i ‘ ass m m n o- u I I n form r I I ~i I , i  I t  I i i ’ s. I t  was f o u n d  t h i n  I t h e

m o st  p c t i h i : i I ~ I i ’ pI l E  tu ; ; I or  ,\ , : + 
i o n  d l i  I i i ’  t O O  . 1  m’ e a l o n g  tu e  p ;i t h  c o n n e c t —

in; : Ag( I) : ind .\ ; ‘, ( I I )  , u : i , i  i l o ng  l iii ’ 1 i , i t  m l  conrn- ,’I h u g  Ag ( 1 1)  and A p (  I l l )

I t was ,i I so I uiulliul t lm , i I I i , ’ - iii,t 1 1 , 1  t n t ’ rgv I s - i n c  I i ’r is ,ibot it 1) . 1 cC

w hi  I t  - I i  i~ ; v. i’’; c I i’:;t ’ 1 o i I ii ’ v. ihiu ,  - i’S pu - i ’  ci i i  t .i 1 I v i i  ~ t a i ned t sv C .  C .

t l i,’ i i t  I i ’ . Ii; i l i g  t I l t ’  i’ uh’ I ’ gV ‘ i i  ‘,‘,-s , -,‘ I - I ’  1 i u c i , i l  I r i -q u e u e  I t ’S wer e  est  i—

m a l t s -I , u m t d  I ou mi d  t o  hi ’ ill i, ’ , u- ’ o u i ,it ’ h e  . lg r e i ’ r n e m i l  v i  I l l  R h i m ; l m l  f re q u tc i c  ies

i’ep oi ’Ii ’ d by  ol  l i e n s .  ‘ l I m b s  w o r k ’  ~u~ h i 5  r , ’~~ i r t t ’d - i i , t I m e  - \ I ’S — h ~:is h i i n g t o n

mi-i - I lug ( I S / i ) .

( , I A d s u i r p  I i o n  111th I m ’ u sper t c l i  Ions t o m  — A l  u im i nn  Sin ’ f a c e s ;  N S F ,

M C I . — —C ; I- ’

W.  M .  t , i ’ t ’  itid S — C t , ’ I

~\ l  I h o i i p ,l i a , ‘ , n i s  i , l i ’ r , i l ’ u I  e p r ogr e s s  i n  t i m i i l e r s t ; i n d i n g  of  large ionic

t ’o l l u h i i i ’ t  i v i l v  i n  hi - t a — ~i I m i m i n i  s i n g l e  i ’l ’ \ ’ r t , l l S  h m , i s  1)001)  made , a d s or p —

t O i l  m u l t I  t ra ims pt ir t ni  l o u i s  ti n u ’rvs t ,iI s m i r l , i u ’es  has not l’oi’eived much

I I  t i - l i t  l i ) i I  . ‘ u t ’  E h i & l i i i  I’ l i u i S u ’ o f  t i i i u i u ’ i ’ r t  l i i i u i  l U g  such  so rfai-e pehumomeiiaI I t i -lit li)iI . ‘ ut ’  E hi & l iii I’l i u i Su ’ o f t iii uiu ’ i ’ rt l ii iu i lUg such so rfai-e pehumomeiia

p h I  ( ‘ l i t  l i i  I u ’ni -r gv i i i  I n : ;  i t  some sl t e s  .uiul ,m Ion s ’. I ines cefliiet’t i l ig

-~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~~~ ~~~~, - - ‘
~~ - ‘ -~~~~ :L~~~_~~ :,, 
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sue hi  a i t , ’ : ;  o n l i t - I  i - -a I h Ill i i u , m  i’ r v  5 1  ;i I soc I i i , ’, , l l ’i’ , ‘,i ten l~ t t ed  . ‘ I i , ’

u - hi I c -u I a t  l i i i )  I S  St  I l i t  I y i ’ l ass  ica l and i n c  I udu ’s C o u m  I amb  pa l e n t  i i i

ii ’ l ’5 V , P° In r izal ion one r gv  am id r epu  is iv . ’ cue r g v  . ‘rh is w o r k  i s

s t i l l  i n  p r o g r u ’ss . Pa r t l id  n i ’s ult s  w e r e  r ep o t ’ te i .i a t  t h e  APS—

S,’ui I)iego met- I lug (1977).

(3) Mi ‘lu -h  Cat ion  - — ,- \ i  iimii ’ias ;  N S F — T I R L — N : i F

I . . W ;im ig, I). I” . I’ Icke t , and S. Ch ’t o i

A ia I c u i  1 at ion mim e thiocl s imil;ur to the one useil b y us f o r  ‘‘ pu re ’’

—a I.uni iiias has bc-i-n Ilpp iic ’d 10 study t h e  .~ffects of amid doubly

chi;trgi-il impu r i C i t ’s snob as Sr + and Zn + 
on t h e  ionic conduct ion

in N,i bet a—a lumi na. I t  is sl i owm i t lc , i t  al l,  these ions prefer to

0.1 ’ tq m v hli’i’vi’rs—Ross sites alom ie  , and I i i ’ e a m u d u c  C iv .Lt ies a re  c x—

pi ’i’ t o i l  to  be 1 owt ’r ti man t I i ; i t  of  l i i i ’ 1win i ’ m a t e r i a l ,  in a l l  t h i t ’se r i de s  -

l ii ’ u ’S t ~‘;i t ’m lc ’ r i - v  no ed ci i I or a K I i i f l  10 t orm a pa t r  w i t h  a N ,; ion ,

i i l ; - ;t  each o f  hi ’ i ng  a Ion . ’ , is a b o u t  ( ) . U S  cC .  The case  at  a Na impur itv

in  K l iu ,’ t a — a h u m i m i n ; i  i s  al so  i t n ; i t v r i ; u l . ‘ib i s’ w o r k  was n ep o r t ed  : t I  t h e

; \ P S — S ; u u  l i l t -go meet lug ( 1 9 7 7 )

~~~4.. L - -~~~---- ‘ ‘ - ‘ -  -~~~-- 
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I” , i i ’ i i  I I v  N c- t I ther :  , J ; i i i i t - s  I I .  Cr;iwlo i’d , ~J r
I’ r o h ’t’ssor u i f  l ’hys ics  and C l i i i  rman

Ri ’si ’ ;inc ’ h m  Assoc L ’t t e s: Q. Kim
K.  I I .  Let ’ (M RI , — N S F )

Cr a i lu i ;t t  t’ S t m i d i ’n t s  : F.  P .  ~IdOi ’s ( M R I , — N S I ” )
C . S. Whi l I i ’ (MR I , — N S F )
I I .  Ile r ge r
I) . C i  si-nbc - r i:
C .  I. M i t t  hews

Di-~~is-es u r ~ i mt ,~d,: II. Ilergi ’ r , N .  S.
F. .1. James , ~‘t.S.
C. E. tint t h i e ws  , Phi .1).

Ot h r  Sum 1~j’or t I i u~j, A,~~’n c i es :  ERDA amid Il mi i vt ’r s i t  v Ri sen ccli Coum’uc ’ i i

I ’ i h h  I c at  i~~u is

N . I kc- v,i ;jncl ,I . h i .  C r a w f o r d , P r . , ‘‘ Ri’ i,’onihi m a t  io n Luminp sceu c e  i n
Alk ;i  h i  hl ; i I ~ihi ’s Doped w i t h  M o n ov a l  ei ’t t  Cat i o ns  (C 1, + i’)  

~ 
‘I’ vpe

Emis sici n ,” Phivs. Stat. Sol  . (b), 79 , 555 (1977). 
-

C. I-; . Na It hews , P r .  i m i t l , r .  i i .  Cr, iv Io1~il , ,I n • , ‘‘ 1 (111 i c —l ’l i er m o c u r r en  C
St iidv i i I t I l t ’  I )  ip i)  I i Re i ; i>u ; i t  j a i l  and Equ I 1 ihr him in Cd—D oped  S rF ,, , ‘‘
Phivs. Rev.  D I I , 55 (1977).

I I .  ( :r~~~I’or~,h , J r .  mud C .  t-: . >l , i I  t hews  , J r .  , ‘‘ E q u i l  i b r i um  b e t w e e n
‘v p ’  I and ‘hyp e I I M 3’t’— F Comp l i -x i s i n  Al  k ; i t i n e  E a r t h  F l u o r i d e s , ”

At - c t - p l ed  fo r puh l i i ’ ;lt h u 0 ’ l i n  P .  de h’hivsi que , Co l l c i q ue  C7 , 1 9 7 7 .

P . I I .  C r , i w f o r ch  , , J r  . ant i  C .  I .  >1111 t h i e w s  , J r .  , ‘‘ A I)efi’ct Model to
,-\i ’ u ’ u~~ i iit Ion Noim—Ltw-a I Lv Compensa ted  Tr iva I emit Rare  Cart  Ii Ions  in
Cl ii onit i’ Cr v ’-i 1- i  i s , ’’ A c c e p t e d  b r  imh i l  l en t  1011 in ~I . S e m i c o n d u c t o r s
l in t1  I m i s u m  I n  t o  m ; i , Vu I . I , J 1 ) 7 7

K. h I .  I ,ee , C.  C . h lo l n i h i i ’ i - ,u : ;inc l ,I . II. C r a w f o r d , ,h n .  , ‘‘ Op t ica l and
E SK St t ic h los of  I l o l  i’ Centers in — I rrad iat i-d Al  ) 0 3 

‘‘ P h i vs  . Stat.
SoI . (a) 19 , [(i i) ( 1 9 7 7 ) .  —

K.  I I .  I i i ’  and .1 . I I .  C r a w f o  mcI , P r • , ‘‘ l- l u - c t  ron t o  i t  o u s  in S 1mg l e—
C r y s t a l  A l  ~u ) 

I ’” h ’ h m y s .  Rev .  I l l S , 4 065 ( 1 9 7 7 ) .

Scim m a ry u l Reseact ’ h A c t i v i t i e s :

( 1 )  ‘ l i i i ’  S truc I u n -  and S t a b i l i t y  of Im p u r  I t v — D i ’ I ’ i ’u ’t Camp h i - X i S  in

A h k a l  m i -  E a r t h  F l u o r id e s ;  I I SER I ) A .

A. • i- . M i  I ltu ’ws , - I t .  : Cool i go r ;i I i t i l l s  c i  l i p01  es 1,fl ~ rh’  ,

I- ’ rom I lv’ ;is simni ~
) I i on  I h~~i t i’qui I l lb r;i I I on b et we e n  n e a r e s t  t, h ’ yp i ’ 1)

; imid  r u - x t — i i e i g h b o r  (T ype  I i )  ~~~~~~~ ii ipoles occurs without l oss c i i

- .-~~~~~~~~ -. — 
- - — -~~ —~~~~~~~ 
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t i l t ’ t o t  III numb er  01 ci ipoles , Ilk- ratio of ci i~~0 h e moments can be

cii i cm i L :iI i’d. It was found that the r a t i o  of h\’pt ’ 11 to ‘rype I

illolfl t ’ u l t  i s  . 1  i i ; ;  cornp;it’t’d to I . 7 3  expected I ruin I lie cm relaxed

pa t n t  t a n  c’ouf i gu r a t  i on .  Th is r a t i o  I s - i s  r e cen t l y  been c o n f i r m e d

by Sll~-rsIkav amid c o — w o r k e r s  [Soviet Physics, Solid State 18, 15 26

( 1 9 7 7 )  1 u s i n g  f i e ld p c ’ r t c i r h e i h  E SR m e t h ods . It  was a l so  f o u n d  t h a t

thu ‘I’ vpt ’ II d i pole stabi lily imi cni’ ;tsc ’s with increasing jOfl li

r a d i u s  iii agr ec-ment  w i t h  the  predict ion and ESR evidence of Brown

et a!. [,t . Client . Phivs . 50, -591 (1969)1 . Finally,  a c a r e f u l  examina—

I i o n  of lIme ratio of ;irea under thi’ thermal depolarization (1TC)

pc-ak f o r  ‘type I d i poles in CaF , to that for the peak previousl y

t h o u g h t  to he ‘I’ yp e  11 as a function of equil ibrat ion temperature

r e v ea ls  I l i a C  I h i e s i ’  peaks a re  no t  in thermal  e q u i l i b r i u m  wi th  each

other. i\iso t h i ~ ratio of the in areas is not sys temat  ica l ly  in—

I lmi t -imc ech by t i m e  j on i c  r a d i i  of t h e  M 3+ as was fou nd f o r  SrF , . Th ese

fa cts together w i t h  tIlt’ observation that the area u n d e r  the  su i —

c a l  led Typ e  I i  peak  i n  SaC ,, i n c r e a se s  g r e a t e r  than  l i n e a r l  w i t h

N 
+ 

c’anci’nt  m l  ion a l l  m d  It ’l l Ic  th i a  I in CaF , i t  is not associated

w i t h  a n u ’ X t — n t ’ , t l ’ t ’s t  \13+_ F  d i pole b u t  r a t h e r  w i t h  some more corn—

p l e x  i h i p o l a r  i ’ l i i s t e n .

I; . I I .  Ber ~~~r , Q.  Kim , G . C. ~la tthew s: De s -utruction of Defects

i n  CaF ,, ~~~~ and CaF .1 : N ‘~~~ Doped wi tim H .
- 

— 
- 4 , . 137h - x p o s u m n e  to — r a d i h i t  t o n  in  a 10 ( .1 Cs sou rce  u s observed

t o  i’hlangi ’ the con (’entrat ion of a v a r ie t y  of d i p o l e s  in CaF
2 

:ti
3+

.

‘flit; ‘b ’ vp i ’  I r e l a x a t i o n  peak  f i r s t  i n c r ea s e s  in area and then s lowly

d ec l i nes as w o u l d  he expected as isolated M
3+ 

firs t capture mobile
- 3+ , - - 3+ -

lh— i ’entc ’rs to b e rm N —1 ’  . ci [P0I u ’s ;ind subsequen t  lv as M —F .

ii i po I ~‘s u’ap l i i  i i ’ F vacaiic It ’s to form i sol  ated ,h 3+ 
Th e defects re—

; I)t’nS iI)lt ’ for IIic’ sui— c ,ille d Type I t pe;ik a r e mare strongly affected

by i rrath in Ii on and I lie m i  t h a l ‘ o n cen t  rat ion is res toned on lv upon

an l l c ’al i i m g  above 1(iOK. In c’rvs ta Is doped with both N and H two

c’f I i ’ c Is ; in i -  ohserv i-cI

( i t )  ‘flit’ M J+_u
t com p lex  ana logous  to th ie  t ’ v p c ’ 1 d ipole  decreases

d ra s t  h - a l  ly  with irradi ation wh ich supports the view that t h e

M 3t hI ~ 
c a p t u r e s  an F vacancy u ’ r eii t ed by t h e  i r r a d i a t i o n  to f o r m

——

~ 

- . ‘ -  
~~~~~~~~~ ~~ ::~ t 
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a >1 
1+ 11 cu u mim l >  I ix w i t  Ii C, sv~~~e t r v .  h h i i s  d e u i ’c t  in s b een  d e t e c t e ds 3v

by j u l  rim — red spoi l r os t-opy

(Ii ) li me ~l~~ — h -’ di po l e i’omm c e n t ra t  ion a l s o  decr eases  and at a r a t e

mii e hm gru n t em l u a u  observed in t h e  c r v s t  m i s  not  c o n t a i n i n g  hi

,\g .i  i i i  ( l i i ;; is tine to  t h e  copious supp ly of F vacauc: it’ s p roduced

liv t l i t ’ ,ii ’ I i on  o I’ r;id h a t  ion an tim e subs C it mit icinal II to form va~’ ii —

i - s  i i  mmd lo t t - i s  I i t  i n I II a t  ems or II , ma I eu- u i li ’s

(‘1 R ,iu h j i b  I t ’ l l  i ,u n u , m :u ’ , Dcl ee l s  ;t n c h D eft , - c t — I n u p u u r  i C c  Complexes in

Ri ’ I I i i  l i i i  ‘, Ox j i l t ’s , MRI ,—NSh” ;mnd I2RC

K. I I .  ~~~ : Ri’c:ommh ion I i o n  I_ urn  I ni’’-ic oiu i ’ c in ,\— Ir r ad  iateih

‘0 —

I s~~o i i i ’ t b  ‘I s - i )  I t ’ x — r , h v s  l i t  90K p r o d u i u ’ .’s L W .)  Iu m i i u e s i ’e ni’i’ ha nds ,

‘ii , i t i . 1 i - V , i m i d  t i n t ’  m l  I .  I oV. l’r e i r r a d i a t i o o  ;ìt room t e m p e r a t u r e ,

‘us I t i  t V ’ ’ h o ~i t lii- C— h , m n d  abso rp I ion , St  r i s - i g  l v  enhanc  i’s the

I cC i’; iss  I i’ll  , h t 9 0 K .  ‘ l I m e  u ’ n h m a n c  erni’n t uh i ~u~ avs  u pon St  and lug ,m t

i’ i ’o i i l  t i - n i h ’ i - r l t t t i r u ’  i n  m t  I ,‘lust t wo s t a g i ’s  and I h e  f i r s t  s t age  has a

t a l l —  [ l i t ’ u ’Om I)lirlll ) Lu ’ t o  I m a t  of t h e  VIJI I u ’e nt e r  a t  room t e m p e r a t u r e .

l o t  r u w b i m t ’ l i i i . ;  d l t ’ i ’p i- I ci - I r a n  t r a p p i n g  .-e n  t i r s  li v c ith ier impur itv audi—

1 I on  or  h i - f o r m a t i o u  s t r on g l y  ,‘ lt t e u t i a t e s  t h e  5 . 1  .‘V emission. ibm i ’ se

r u ‘ ; i i l  t o  ,i r u  u’ tms 1 st  i ’ll t, w i t  Ii erniss ion rt ’su I t  i m i g f r o m  e I c’~~
’ t ron c im p t u r d ’

at  ito ! i-s on  C — ~‘pe ctn i t e i ’ s , i . e .  I) + i’ r ec omb hin t  i on .

B . K .  I I .  Let ’ int l F.  ,I . ,Iames E l  ccl non C e n t e r s  in Al 1)
3
.

SI uP ie~ h i , u v c — bet ’s- macl i- of t h e  t h i e r m a  I s t a b  i i  i t  v and ali t i t _ i l l

6 l u ’~i u ’ h i i n g  of  ;ibsarpt ion hands ii i  A l  ~U
3 

i m r o i h u u ’eJ by f ,mst ni’ut rc:i

bombardmen t  i n  t i e  NCSU react  on • I r r a d  h i t  I on h i t  o t h e  ti . 1 eV hand

c a u m s e s  i t  t o  i lecnciase in amp !, j t u d e  and i - imhlaf lcc ’s t h e  o,in,hs at, 5. ~

4 . 8  and 6. 1 i -V.  Cx c it a t  ion i m i t o  these  lil t t er hands m u s t ’ s hi i’,i (-h ling

o f them and growl hi ol’ t h e  6. 1 eV band . Pd ) l a m  i s ; i t  ion of i -mi  ss i  art i t

3. 7 5  eV i i m d u c t ’ uJ by -5 .8 eV cxc i t a t  ion is cauis istent wit h time ass ign—

mcii i 0 1’ t h e  5 . 8  eV band to  t h e  F
+ c e n t e r  and o t h e r  ev idence  s u p p o r t s

ass ignmen t  of I me 6. 1 i’V han d to  the  F c e n t e r .

C. C.S. Whi te , W. I). R ev , anti K.  II .  l ,c ’e : Thermal  St imu l at ed

Coum ilti c t iv ty in Al ,,() amid  MgA I > 04.

Expos i i r i ’  of A l  , i)  and M gAI ,,04 to
1 

~~Cs — rays r es t il  Is in I ’S( ’ peaks

- I t  s ’evt ’  ra I I omp t -  r im I ,i r i -s .  En u um o x Id ized c rys  t a t  s of MgO two peaks are

- I- - ,~~A - 
‘~~~~~~~ ~ “L - -~~~~~~

‘ ‘—---- —
~~~~ - ‘
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observed at  130 °C and 214° C , where  as ox idized c r y s t a l s  (1200 °C

for s~’v c-mai  h o u r s  in a i r )  e x h i b i t  f o u r  peaks (112 ° C , 130° C , 158 ° C

and 214 ° C ) .  P r e v i o u s  work  in t h i s  l a b o r a t o r y  has as soc iated t h ese

t pea k s w i t h  V ,  V and Vt,111 c e n t e m s .  Q u a n t i t a t i v e  c o r r el a t i o n  of t h e

;m h i s o r p t  ion amp ! i t u d c ’s of t ime V — t y p e  b a m i d ~ w i t h  t h e  c o n d u i c t  i v i ty  h a s

l ed  t o  t I m e  d e t e r m i n a t  ion  of the  lower  l i m i t  of l io l  e m o b i l i ty  in

At  
‘~~~ 1 ‘ h i  

- 
~~ 

3ern~ /vo lL sec. Mg Ah i 04 e x h i b i t s  s i m i l a r  TSC behav io r

and Ii v i n y  st r o n g  ‘l’SC peak at  70 °C ove r l aps  room t e m p e r a t u r e  p r o d u i ’—

l o g  a h a n g — l i v e d  room C em p e m a Lu r e  r a d i o — c o n d u c t i v i t y .

I ) .  K.  I I .  l i e  : I r rad m t  i o n  of Ca Doped M gO

C , m h  I t u rn  t ’m i t e r s  t h e  H gO i n t l  i c e  s u b s t it u t  iona l  lv  in t h e  t r i va l e n t

st a l e .  Ex p o su r e  to  — r a y s  produces  abso rp t ion  bands  at  4.15 cC amid

1 . 3 2  i-V and also ri- st ilts in a new pa ramagne t i c  d e f e c t  as revealed by

[ S R .  l i i i ’ ESR s i g u i a l  a r i se s  f rom a ga Th 
in an oc tah edra l s i t e .  Op—

I i e , m  I an t I  t i i i - r m t t l  h I  c ’ ;u c l i i n g  m d  i c a t e  t h a t  the  3 .3  eV band is asso—

c i , m t e d  w i t b i  ( i i
2 +  

lInd Ch i c  -5 . 15 eV hand is due to  t h e  Ca~~~ w h i c h  have

l i t ’ ‘n r e u l m m . ’c- u I by C lii - m d  ia L i  ou t  I ii- l,ch

--

~

—
-
- - -

~

- ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,- ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
‘ -



- —_ —---- ——  —----

14

I ‘ i i ’ um I I ~ ‘ Mt ’ m m ih m i ’ r : I i , i ‘, ‘ I d  h ’ . D u n t i
l ’ i’oI’t ’ sti i’ mit ’ Ciii l _ ug~’

ci - , i u h i i , i  t St i i d & ’ i i t  s : ,  I . I ) . D t u t i u i  i > 5  (55 I- ’— M R L )
M. K.  C~m r r

h) ona I d s u ’ u m
14 L.  H u t
14. 1,. l e w i s
N .  ~l t i ; m n g u u i  I t h u  i’ui ’i u

I)u ’s -m’ t’t ’s (~i’aim I t ’ul : t-J . I~. b l o b  , ~‘l . S
W . C. Lewis , PIi .I) .

O t im i ’i’ Sui 1 i p ti r t In Agi ’ iu ’ iu ’ s : S t i u t l m i ’ n m i  Ca nei l j nul Dept . i i i  N u l t u i r l u  I
R i ’ s u > t i r i ’ i ’s , U . S  . 

~~~~~~~ 
Co

h’ t m h , Ii  u ’ , uth ‘m is:

I , .  14. l , e w i ~ ui i iu l I ) . I - .. Du u u m i , ‘‘I , l’iu ’t ’ l at Au h uui ’ t ’L us C u r f , u u ’ t, i n t s  on C r a c k
Pt’ o p u i g a l  i o n  R a t e  i n  O r t h i o q u a n t  z i t t ’ , ’’ [e t i l  . Sot ’ . America , Ah s t t ’ a c  Is
w i  t l i  I’ r o g r u i u i l s . v .  8 , n .  7 , P~ 

978 ( 1 9 7 6 ) .

S. A .  N o l i i -  r and I ) .  I!. Dunn , ‘‘ C o n - u t  r u  i m u  I s  on T ime  of  Pa l eoza i  .‘ P 1 a t e
Cu ’ I 1 is ion , Sot uthi i ’mn A p 1iui 1,u’b i 110) Oru>gc-n , ‘‘ [t o  I . Su i t ’ . Amenii,’~l
,-\hst n ,ucts w i t h  Programs, v. 9, n .  2 , p

~ 
l b S  ( 1 9 7 7 ) .

I). b! . l )umnm i um n u l N. L . ibm f , ‘‘R&’dut ’etl Te mms i h e  St rcuigt hi of SrI hiequ~u n C Z

i t ’  i t t  Zero Z.- t i—Pot en I i - u i  , ‘‘ b-O S , Tran s. Ami’r . Ceephvs . U n .  v . 58 ,
i t .  ( 1 97 7 )

S u m u iuiuu ~m t v  i i i  R u ’ s u ’ , i r t ’ l i  ,\i - t i v i l i e s - :

Eum v i romi mcut t— St’u is it ivi- i’rau ’ t t iu ’ i’ Pr u>t ’t’s~u~’s i n  h ’ o l v c r \ ’ s t u i l l  in c

S I D ,, ; 55 I —MIS ,

Rc’Imh i nde r  ‘s h m v p u i  h ues  i s  ~ f n i -d o t -ed  s t i r  f u i t - u ’ —  I r e e — c - m l e r g v  c a u s i n g

ni- il u t ’ t jon in I run t uirc St r u - h g t I m  b ias  h i -en  i’xam i ned i n  two ye cv

u l l b ft ’ i ’ t ’ i>l d ’ x h i t ’r i n u ’ i m t a  I modt-s . ‘I’hit ’ u ’x h i t ’r in ieimt a I da t a , I or shi ’ui r

l ; i i l  u n ’  i i i  hi.ix ia l i-o m p r e s s i o o  (Lewis  anti I)imnum ) and for tensi I d ’

fui i I im n e i i i  hv i l  m i m i- lurin g (l)unn and Htm l ) , sh ow no coni’elat ion v i  th u

s t i r  l u - i ’ I i ’ t ’ t ’  i -ne rgv ho I a s i gn i i  h a  u t  i ’om ’ re l i i  t ion  wit Ii ;:c In —pa t en t in I

‘f l i t - r u ’  I t i  I l o w ’ t m u ,’ ;m h s t mn u ’t i’ l l  i-i l above b y Lewis  and  l) unm m .

[v I  in d r  i c , m l  s u i i m i p i e s  u ’ f  C rab  (lr t ’ h i t i n i h  S n u d s t u u n i ’  ( P o t I  sv l i i i -  Group

t ’ I  Penn sv I v a i i  1, - u n  i i ’) h a v i n g  a pp mci x I ma I t - I  v T’~ pulro S i t  v w e n d ’

s - u t u i r u u t i ’ u l  w i  l i t  v ar  l o u i s  Cii tii’t’i it rat, louts of I hic ’ ta t ion  i t ’ d l i ’I e r g t ’i i t

u b t ’ u h ( ’ t ’v I I r i n l e t  l m v  I : iuu m i m i u ’ n  111111 hi ’omi tie ( l) ’ l ’ , \ h t ) ‘ c i i  I I l og  i n  p o s i t  i ~‘e

iu i’ s -a t I y e , and  ‘st - r e  — p~~ t e n t  i , i  I s . Compa r i son -u aun r h’s wi-r i ’  s ,u t  m i r a  t - d

- - -
~~~~~~~ :

- - — 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~L~~~~~—-~ — - -

~~~~~~~~ 
-
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w i t l u  P 1 - u t I I  l i d  u h t ’ i , ’ u i I z u , ’ d  w u m t . ’t ’ ( t ~~ — I , ’ ) ,  t h u  , u i m i o n i u ’ s u ir I ’uu t ’t~i nt

S t i u l  I t unu u b t ’ i h i ’ e v  I i t t I I ‘ i t  i~ 
(51)5 , t — S I ) , o t t o  ion  I c  l u ’  i t  t i n  N — I  (RI ( - =— 3D)

I )  id , m i m u l ’ i i  i t  ,- m i r’ .

-‘i l  I t e ’ ; t s  w u ’ m ’ i ’ - o u m t h t i t ’ t e d  m t  a i ’ o j u S t , i m m t  c i  t t ’ ~~t l v i ’ m a u l  i um i ng

p u’t’ss u m u ’. a t ( 1 . 5 kl> , ro an> I t _ -rn p en n  l u r e , , t o i l  ‘ u  s - l u m t  i t ’ ix m l  loum d

i -q uiv - ihi ’uit It’ 94% at ’ t l m i ’  d r ~’ on  s a t u r a t ed b r i t t l e  r n - l u r e  s t r e ng t h ,

vt I I 11 bu y ,  ‘ I lie t ’mlsi’ t m , ,  i i i  l am - u ru v . ‘C h i c  t h i - p t ’n d cn  I v uu n j ab  I e me ;i sci red

w , u s  t h u , t l i n t ’ , r em i r u u p t i s i t  i t ’ l l  i t  s t l u i j i ’ l o a d , r t ’ q u u i r c ’ch f o r  m i . - r o—

c m - i c C  g n i ” w t b i  u u i u l  ‘ is - i I c’su ’t ’n ce  t o  p r t i d u i c t ’  t l i t ’ o u u u ’, I u — r ’ i i m i g  s i u c ’um r

I r u l e  t r i  r ,  ‘ - u

l i v  ‘u u i ’ u j i  l u ’s su p p t i i ’t c’d t hc- I t s - m i t  nm t’ m ’ i ’ t h u i u i t SO or d e r s  o

ru -~m i h  t umuh i - h t i i u -, cr  t l u , m n  , u u i v  o f  t l iosi ’  s ; i t u i r , u t . ’ .i w i t h  l i q u i d s .  S~imiip 1t’s

s , u  l u uu ’ - u  t oil w i t  Ii  DTAD l i t  (~~() m i m i  I c’d ‘u ’S - I t ”  4 9 -
j 

so ’ni ’ r thuui S’.u Ic r

1 m m  u ’ , u eul  s n I p  I t ’ s .  l- ’ , i  I I t t  re t i mull ’ i s  I n y c ’  u ’ s.’ I v p r i ’po m l i i ’nal I t

n i ’g ’>  I i  v i ’ u’, • m i r s - u  rt l  I u ’s s  o t  1 i qu  1.1 ( I I  > 0 , 51)5 , Fm’ i t o h >  N— I S O , an ih  DTAB ) -

‘ I ’ b u I s  r c ’ s u m l  I - i ’r r ~ ’ i , - n t c - s w i  lb  K’ t ’s l wus - ’i I  ‘ S t ’onc t ’p t  b u t  , =0 sh o u l d  p r o —

t i n - u ’ m , m x i n i h i m  h i r i t t  I i z , m t l t > n , h u t  n o t  w i t h  Ri ’ h u h i n d c ’ u- ’ s con t ’ ep u , t h i n t

j f l u ’ r i ’ , , ,  uI su ’ l o t  i o n  cu> nct ’u i t r a t  ion  h ow t - m s  s u m r f a i ’ e I i’ee eu ie rgv

P o s i t  l v i -  r’~ vut  l i i i ’s  ( 1)TAB u u n h v )  u’ i ’ s u m l t t ’ d  i n  us - r a t  i t ’ b , u h l t i t ’ u-  I~~mes .

I I t i f  w }t  i c - h i  w e r e  g -c u ’ u u t i’m Ilium m u ;‘ =0 , a uid ~u p p n  r c ’nI l v  I i t  ne i t I m e r  thi’

St ’ s - I  vi id t i m  C, ‘ h u h  i t ide  r t l i t - t im  i t ’ s .

T h u _ - r u ’  f~ t I  l o ws t Il t-  ~ib s t r ~i. ’t  i ’ l l  c-P ab r v t ’  l iv  D t i u m u i  . tn t l  H u f .

h ” i  I t \‘— su ’vu ’l> t h i c k  w i l  t ed , h o  ( tow c v i  i n d e u ’ s el o r t ho q u a r t z i t e

Wu ~~!~
,
~ hu ~ - i h r t u f i ’ , u i - t u r e u i  c m u m d e r  s tn t  i t ’ u m x i a h  h a n d  an d  cau i f i u ’m in g  p m c ’ssur e

a t  8 5) ~i i t i h  2 5 0  h a m s  (85  a m u t h  21 M Pu i ) , rt ’sp e ct  i v u ’ l v . s i r u m l a t i n g  i

d u ’ p t  Ii  of  l i n t ’ i i  I u >i 40 0Dm for ru i i ’k w i t h  ,u I’ t ’  I sson ~~ u ’ u i t  h o  () .3 .
b’ u c ’ s u u m i m i z , u t  l o u t  r i t e  of  t Ime l i v d r u ’ f m ’ - u c t i m n i u i g  f l u i d  u.- u s  h I  b a r s

m u d  I h~’ 1 1 m m  hIs  used wer e  d i s t  j I l ed  t h - — i  u ’fl I zt ’d w I t , er u’r v a r  i s - u s

t ’ t i u l t ’ t ’ti t u - - i t  i o n s  t i f  d od t ’u ’~’l  t r m e t  h i v l  l im m u ini l im br e inu i t l e  (D TAB)  i n

P i l o t  i’ ‘ u q i O ’ I ’ m i S  SO iii I, I on .  / t ’t  a — ~~ t t c ’u i t  i n  I s  ( 1 I o n  f l u i d s  v ar  i ed

l , u ’ t W t ’ i ’ um — ‘~(~~ r y ( l 0 ~~ N HTMl ) , n i u h  4 h ( h ’ > ~’ ( l O 2
N l i l A C ) .  v i  t h u  ~= 1) at

S x I D  ‘5 I) T , \II  —

I l v u l  t’ t ’  I u i t t  ii ru ‘‘ I u i~; I I i -  s t  r , ’llg t Im ’’ ~‘ , u s  i i i  t O  I , m t  i- ti b rant t he

— p u i ’’ ; ’ i i r ’  t l , i t ~i i m n t l  t l i t ’  su i n u p l o it iuim-nsjc’ns , , iu u ~-um h umr: f l t >  I ’~’1ii - t I ’ l l iO fl

____________
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a t  t I m e  fluid i tu t u) I h u i ’  s l u m p  i i - .  ‘l ’Iit ” Va 1 I d  i t ~ ’ u ’ f  l b  i s  a s s u m p t h u m

w,i s v u ’r i f  i i’ih Cv u h i t - t e e n  P i mimi ’ t r ~i I I c-st s wi t  ic ’6 v i e  1 de d a t e n s i l e

st  r c - u t g t l m  an I v I .  (i ru’ it t- u . I ha n  t lie h m v i h  r o t  r i m e  t o r i ’  t i l l  c~ i 1 a t  i o n , a

i l l  f f e r i ’ n u ’c- w b i i t ’h i  i s  w i t h i n  t i n t ’  s t a u i d~urd  e m r u i r  of t h e  mean  f u i t ’

t mc ’ d um t n  I m m vu  I Vei l

M u - i t t  h l y d r o f n u i c l i i m i ’  ‘‘ t i ’ m i s i  I c  s t  rc ’i u g l h i s ’’ f o r  u I  1 f l u i d s  h a v i n g

- / 1)  s h i u w u ’iu si ‘ ‘ u n  i t  i .‘u n  I v im r iui t it ’ l l ; h im t .m 1 r = 0  I C c ’ I c - mi s L i e  st  m i n i m  t It

i n ;  t’t ’d u i . ’eil ‘i8~ - A I W u — t u i  i i t ’d t e a t  t it t h e  d i  st i ’ihu l l u ’n 01 t I l e  hllC~~ut5

v h i ’ l cls , u l ’i rob~ h i  l i l y  ‘9 9 . 9~( t h a t  t h u  t i l l s 1  i i ’ s t r c i u ~~I t m  r e d u i ’ t i u ’ n a t

r’,=() i s  n c-u > I . ‘ I ’ h m t s u ’ r t ’ s u u  I I s  I i’uid a u - on  f i r m  Wes tweed ’ s t h t eorv  of

c h u i - m n. ’— rnc -.’hi ~i um I i i  h wu ,’uukeni tug ‘ut ~() r a t  l i e n  I Is - mn Rc-hm h l  nder  ‘ s s u r f a i ’e
‘ m i ’ , ’ i’u i • ’r o v  t b ui ’t ’m’ ’,’ . A t ’i ’ ln m iuu ’r ’ i ’i :u I :ip l’uI i - n t  ion  i n  e t — c u t t i u i g

I u ’ i ’ h i f l u i  I ag v u m u ; m v  h i t ’  I~i~li s ib he.

B
- 
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I n t o i t r’ti-mhu u’r : K iu l m l S. l i v
,“tu- ,s tu u ’ j uitt ’ l’ r t , f u ’ ; ; a t i m ’ i i i ’ P I u v u u i u ’s

‘

~~ C n ’ a i l n m u u t v ~ l t i d e n L s :  J . F .  h ,aoi ’ast e r ( N R I , — N S l ” l
‘I’ . C. Sp r n l  1 in ( M R I , — N S F )

l ) u ’j ~ t’ u ’es Cr m n l i ’ .t :  1.  F .  l , ;t n i c a s l i ’m , l’bi . l) .

Pub  I i  i- : I l i o nu ;

K .  S. Dv , “Ct -ni - r im I i ‘seP Fr I i-dc- I Sum Rim I c , ” I t e m . ’  p m  i~d Cv Phy s .  St lit
s a l .

Sumumma rv of Resea rc h  A c t  i v i l  ies :

B o u i d — O r h  t u u i  Mo th ’ I fo  I’ D i s or d e r e d  Ti- I r n l u c d  n a i l  v—Co ord  inn ted

Si - m i t - ou i du i c  t a r s ;

.I l i mlmes  I . u u i > t ’ u i s - t c ’n mid K.  S. Dv

A set of c losed— form express ions far tIlt ’ c’l i ’ct m on ic i’mn rgv ei gi-n—

vim I ut ’s ii f Gr oup I V  si-’m i co ndtic tars is dc’ m i veil . Th ii ’se c’xpre s  S l u i f l S  ,t  me

vim I I d Iu i m u n i v  l i - I  r u t l i e d  r u m  I ni’ two nk w i t l i  s i x— miuemhi c ’  m i i i  r i n g s  o u u l v  . The

model  b l u u m i h t t ’ n i , u i  n i s - t _’~I i s  a v ar  i , it  ion> u l  t i n t ’ b a n t l — t ’ r h i l u m l mode l  of

11am I s o n >  nint h w IIc ’n i ’  t o t  n u i l u u ’ d n u i  I u ’ lus  E u ’ l’s ii  I h u i n n i t s  ,m r t _ - I h’ i’,i t ed  as

u l u i t . ~ m d  n e , t r i ’ u ; t — u ’ l u m s t  i ’r j m i t e r u u c t  i t ’ n 1 ~~~, u n , ’ L i k e n  I m i t t ’ , t t ’ t ’O Uti t’ . T h e

n t - s t i l t s  sh ow t h a t  I h o  b i t u i d  s- I  n oe l  t n t ’ au n t  i t s  p nc ’s-s r u n t ’ d e p e n d e n c e  can

bc’ e x p  I i  jmic’d i~u i t t ’  Wi ’ I 1 in t I m  i s  ~t s- li ’ 1 ts’ I t I m  a n n  - n f ew  n i u i t r  ix  ~ le~
me i t s .

We ~m i s o  e an u s  i d e r  C h i c  e I f e c ’ t tO C ru l um p I \‘ snO rsI i t n t  t on a l  im p u r  i—

t i i ’s on t lie eume  m g~’ l evi -I  it 1st  r i h n i t  i a u u  - In  t i n t ’ b o n d — o r b  i t  ci l mode l

t Ime p rob h e m  can Cc- n .’ i l t i c i’d i n t o  an i t  I i ’m I ive 11am i l l  u ’f l  ian m c d e  I

wh ere t lie hand st  rt i i  Lu r e  i- f l e e t  .1 r u  I t i c l u mPed  i’ X I i C  1 1 v

-

. 
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l u - t m !  t y  8t ’’’ i l r , ’ u ’ C i i  1 1 1 1 1 1 1  I - . I l u m t  I I~ ’ id
I’ ‘ ‘ I t ’  Sst ’t’ ‘ b  CI u i’ m mu i n ut u’

C~~~, u  r u b  ,- \ 5 l ;r ic i - n t  - u :  .1. W as-son  ( M R I , - N S I ” )
I’ . C o r v u t m i  (n N ~ I

; - ~~ l , t ~ S t u i r l i ’I u t ; i  ,- \ . K .  Al i t_ - I  I ( M I S  — N S F )
W . l - ~. s t  u ’s- ( M R I , -,N S l ’ )

~~~~ Ci ’l I c r  (~ l C l  — 551 - ’)
1.5 . l I a l l

R i c i r i r d u r i n i V~S I

I)e ,~’, n ’ .’~- i ’ n u m m i t e d  : II  .5. h I m  i ’ I m a r d s u u n  , P h i  .1) .

O llmi ’ t ’ Sm ipp oi ’ t l  i i ’ - ’, ,-\ gt ’ i i u ’y :  5 , i  t iar i a 1 Sc’ n t ’ I > t ’ t ’ i - u ’u i u i I, iou)
r i b  l i e u ’ o f  N , >  v , i 1 Ri ’ s- , -~i ri

Pub I I t — a l  i i ’

F .1) . E n ; L , ’ u u  , C .  P .  Sr ’ ; u n i  ti n t’ , 5 . 1- .. Da t f i e l d , and th . l .  I l i r d g s ’s- , “Sv lith cn - is

i n t l  St  l’ t i c l n l r . i h  a n t I  Ma - ni t ic i ’ i u - r r , m c m  , ‘ r i z , r t  h un > “ 1 t~~;i ’ A I k u : ’ : o — C r i u i u u t ’ d
( : h m n u u m i n i i i u n u ( 1  I I )  I ) i m i n i ’r D i — ~r — u n n i ’ t h m u u ’ s t i — l r i s -  [ h i i -u (  i’- i - l i I u u ’ ~r — 2 , S — pt _ ’ u u t , n n i t - d i a n u i l e l
c’ l t r a n m i i m m l n h ( I I  f l ’ , I m s - i b ’ 5 . t ’ lm c ’u in . 1 3 , 1 1 / ’ >  ( l s - 7~~)

V .T .  Kim I i n n  i k i ’v  • Y . V .  Ra k  i l l  n , V .1! . ( ‘r , n s f t i r d , u u n d  S . I - . H u i t  f i e l d , “ St am
i > n , ’ — i i i j i h d ’ n ; n i u u i i u i l  ,- \ m m l  i I ’ u ’ n r t n j i u , n n ’n c l  i s n n  i n  ( > x i r v a m i , n d I n n n  ( ‘ , u m ’ h - ’ x ’ ,’ l , u l t ’s- \ ‘O ( O O C C ) , ” ,
, \nii. - u ’ i e u i n u  lul l I it um l c’ of P h y s i c s  C a n f i ’r , ’m i c t _ ’ Cr u et_ uI i l l u ’~~ , 11 .C . t:o l f t  , [d i t i r~~,
Ni u m i ih t ’  r i - u , 2 i C ~ ( 19  76)

I). I” . I r s - t i ’ , 5 . 1 ’ . ~C’i;> ’ .’r~irn , S . F .  I - s I t s , ,m n d  S .F .  H u l l  fi i ’ld , “ l , 3—}’ r o p u m n i i ” —
d i  ,u nlim iu n I tim ‘ I t I  >‘ u mcl m It ’ m ’ r m , - u n m r ’ , m n n ’ite ( I I )  ; A c’ut n t d ’d Ojiu>s i ’l ’s’o—Dimensional

A n t  i f i ’r n’ ’ n , i n i i i t ’ l ’’ , Ch i t s - .  R e v . ,  H I S , -51 00 ( 1 9 7 6 ) .

II  .u - , , R I  t l u , m  n n l  u o n , ,I .R. 5,- i s - s oil  , S . C .  h u n t  b lu ’1 d , I ’ . V .  F , m ’i ’s - ’m n . and  -S . C .  P 1 , > s z ,
“Sl ni ’u ’ t r utI ;un ih Sl ,u gis - ’t ic Pro j it ’n t i t ’s of  Cn r l i l n, ’r(lI) I ,‘—St ,ip hutl uv ri line—I ,
Di i ’~’, I di ’ (‘ouli p iex i -s ‘‘ , I u i or g  . Ch m cm . , 1, 5 , 2 1 1 6  (1  i 1 7 6)

1 1 . 1 : .  R i t ’ l i ; m u ’t l s t i u i , , I . R .  S ;n s s u i n , l i n t _ I  S . F .  h u t  f i e l d , ‘‘ Spi - t - l r , u l and ~i ,u g u i i ’ t i c
i t i h t  m’t ld ’5 ii i I i i ~~1it  ‘n ( I I )  Fu m n u ll 0 u m n d  Co p l u i ’r ( I I  ‘l ’ Iu I i i i ’  i - n e — 2 — c , i  r h ox v  h u t  c ’ ,

1. M e l .  S l n u u c t o n t ’, 35 , 83 ( 1 9 7 7 ) .

l ) .~t’ . I ’ lm i - I p s , 11 .1’, . h o s t ’,, ’ , 5 . 1- , .  I l , u t  f i e l d , u u n d  I i  . 1. f l u i d s - s o n , ‘‘‘h , : r _ l u i m t ’ i i s - j o n z t l
t ’I i igmi i’t i t ’ Svu , Ic-ms ‘ I ’ h iu , ’ St r u c t u u ’ ui I and M , u ~‘, nu ’  I ic (‘h imus - it’ C c l ’  ‘,,it  I t ’l l of  B i s  (preh ’\ ’
l i - n t - — I , b — t h i u i u u i m t ’ u u i n n m u n )  ‘h’ i ’ t u ’ , u u ’li h u> t’ou ’ n u l r r , u I , ’ ( l l ) ’ ’ , b o r g .  (‘l it - rn ., i s , 3 1 - 4 1 ( I i n : 6 )

C .1’ . -C - r u - h u t s - u ’ , W . l - ~. h u t  I’ic - hh . a nd D . . t . h I u u i l gs-~i mi , ‘ ‘ S i , i n ’ i n u ’t ic  a u t h  S t r u c t u n ’ - r  I
C I l u m r , u u ’ I t - I ’ i , - , n t  i on  of  I h i t ’  ( ; h m r t i n m i u n i ( I  I I )  I l imm ie m St r ih i t m n n D i — , — I u v t h m ’ ’x ’ h i s  [ h i s —
(a~l r I a t o ) u ’I i l ’ ts- li u u t i ’ ( I  I I )  I l l e x a l t v t l r , n t  i’ , N i  , ( C r ( C  ,n l , ) > ( 1 I I J , ) 61b 2 0 ’’ , Ini u ’u ’ u ’, .

Ii  i l l  ‘n ’  t i m , (,\c c u ’l n t e d  b e  r pu b  I I n t  I i t in  I . 
-

- — -~~~ ,~~ 
-- 
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.

H C . Ci cl u , u ntIs , n i l , .1 . C . 5:1;;;,, no , .m u i i l  S .F .  Ibm C I  i i-  I d , “ t i n > I Iii - S’U;nt ’ n ’. ‘ut - lu - nti s-c
s- n - i ht, m il sun i t >  I ’ i ’ l v u n u ’ n i i ’ h ) l , u m h i i n i ”— C n I u I ; ’ t - n l ( ‘o l i n nt _ ’ n ( I  I )  (‘tt lmp lu ’xes- . l’ ,nrt i i . ,
I nmo u~ ; ’ . i t  - r u n .  , I s -  - S ,~t ‘u ( I  9 7 7 )

.1 . C . ‘ C r  - - - i i i >  , J .5 . H u m I I , ii .W . I’l l c n r , i  u t _ C u e :  , amid 5. I. . l i t  f i t ’ Id , “ 1: 11 1 tIl l/ i ’ l l urn ,

S j e t ’  I h o h  cmn ~n , um u id Qu i n  1 d m  i tim ‘I’ c’ I n ime hi t i  rincup n ;>tc ’s (Ii)” , I n n ’ rp . Cho rn  - - 16 ,
-5 iS ( 1 9 7 7 ) .

- . K .  C uss-en , II  .5 . Ci ch ,n m i l ie u , and I- ,’ . I . I Iuu  I t i e  1.1 , “~‘I., n : ~n e  tie P r u n pt _ -rt I cnn
t n l i u i u ’:ir ( ‘h u n t  C t i n ; p o t m n d : C t ’ l i h u o n ( l  1) ( ‘ n ; r ; ’ l i ’xe s s’jtln 2— (o—invil roxv ni ucn v l 3—
I i i - i u : i , ’i~, n , ’ m u l c  n I h ! — h i -n z i ’ t  I i t - s - s - i l t ’” , . 1 .  l o o m s - .  S i n - I .  C imem mi . , (ac ’ i - p t t _ ’ d  fo r
i u l u  I It uu L i n ’ : ;  I

V .  l u .  C r , ’~ i t _ m i t , 5 . 1  . i r , u t  I I c  Id , and K . ’. .  ‘l’ap s c ot  t , ‘ :ln pnie t ic S t u d  j e t ;  of
V , n u n  iii ” 1 ( I  ‘I) ‘I ’ :u rI l’.u c’ CI tI nt ’ rs ” , 1 . M I t _n 1 . St  r u e  t i n  r~ - , (lmcct’p t c n l  fo  m’ p u b  l i i ’ i t  ion I

C .1- . I ’u i’ , i ku ’ , C .C . St ’ , u n i m > ic , l).,l . h h o t l g n u t _ ’n , u mui d S .i . l i n t  f i t _ i d , ‘‘ M agnet i t ’

St i n t l  l i ’ s -  arm I n n  N i t  r u t  c u n u i d  B n ’or ’; i Pt’ S u i t s  01’ l Im e Cat lu ml 9 1 — u  — i i ’ Jr i ’xoI ’ I
I d l i  ( 1 , 10— p I n t  n n , ~~ t h > m i u l j  t m i ’ ) c ’ l i r u u u i n i t n n u ( I I I )  

~~~~~~~~~~~ 
b o r g .  ( r im , 5 d m , ( u r c t ’ i’~r I t _ - t l

I p t i h n  I h u n t  i . ’mi  I -

V .  . r - . I o rt l  , u n c h  ~ . 1 - . l l ~ it I It I .1 , “C c m i i ’ I I e Pr o p e r  t i n ’s O m ’ N. [Cu  (P . 1—
t , n r l  r , u i  , ) I lob 1) ” , , I .  Cu r l .  Si r t m c t  im i ’t ’ , ( : n u ’c. ’ p l t _ ’ tu , n r  p u b l ic ’it 1 ;

~i)

I I . ’ - R i c I u , n n ’ t l ; - : i u n m , .l .R .  C’s - s a t i n > , 5 . 1  . I s i t ’ ’ , m i d  L . l - . Ih ~i Ilin Id , “8;n .’ u ’ l r :nl
,uu ii h M i n i - I  it ’ ‘ u ’ ’ s-n ’m ’t Ii ’~i ‘ f  l i n i c ’ : u m ’— ( ’ l n , u i m u  , \ n u i n t s - n i ’ i d  u ’ s-p lc ’ xi’S ‘b C n ’ p ; n t ’  i’ ( I I ) —
I i i s ( I , I —  , ‘-‘, u m > u i nt ’h i t i t y r , u t t ’ ) —  u u n i l  l l i s ( , I _ : n s ~n , i m n i g i n u i t t n ) c o p ~u e r ( T 1 ) ” . In m ’r g .
I :n u s-;n . , \ t ’ I , i , ( ,nn ’i ’i ’i’ t , ’d i t u r  h u u h i i c a t  i o n ) .  

-

, l .C .  Ha l l , s - . I - : . I- :s t t _ ’ s , E . D . l ’~’ t i ’s , R . P .  Si ’: u u ’ i n ’ t - , and S . F .  i I n t f i ’ .’ld ,
“lI m t ’ S . n  r n - I  i c S t n s - i i ’ l n l  j h > i l  i t Y  o f  t i n - ( ‘i n l u n n i u ( P — m h i i ’l l i ’,’ l l m r n i f l t ’ t I h i l m n u i l i t t n S _

I I )  ‘l e t  c ur iu m ’ ” , I u i i n l’g .  C Ii i ’ m u m . , ( n u t _ u ’s - I eul  lou ’ is-mC I i t n t  i ts-i)

5 .l ’~. I l ; i l t ’ I c I d  , 11.1 - .’ . R i c l i u i r d s i ’ i i , ,uu ic l  J . R . C , 1 5 5 i > n i . ‘ I n n - :’l;’ i - t e d l v  n m ’ s - u
Sp i n — 5 ~n i m i  C u r t i s -  I i n g  i n  a S u i  f u r C r id gi ’d Co i n s - i ’m ’ (Ii) i n s - s -  ‘ h u m i d , l ; n , ’n’ a
S i n ’ I . [l ien> . i,e l I u- n ’ s * ( : i t ’ci ’pt  c t h  t o m ’  puli l ii’ u u t  lou i )

V - i n  . ( ‘ c m v i i ’  rd ;u od  5 . h - . h u l l  f i e l d  , “l x i  i n n s - i’ I n i t  c- r u t ’ t i o n s  in  11:11 ~~h t _ —

;m ’ n i d l s - i ’ t I  ‘ l n . u  h u m s  u i f  C i n p h u t ’ n ( l l )  , ( - t n ( R — p ~ ’ n i c h i n i u  ) ,Y ,
“
. I n i i ’ n p .  CCi ’a .

i t ’ t i -  n t  i t l  f a n  p u m l i  11 t a t  ieui ) . 
— —

- C’, u ’;: r um , I ) . C . K I u s - s i n , II  .5 . K I i’b ~:m mul e ’ >  u t n i b  C . I- . I i  i i  i i c 1 .1 “ I
Svnm n, n i - v  n t ’ s - u t _ r U  I )  (;t ’nnup lc :.:t_ ’’u : S p c ’ e l u , n  I l’ ro~u . ’ u ’l h i ’ - o f  I n l h n , m I , n—2 ,(’,--

i l l  ( .‘ ‘— ‘l i i i  u l t i I v I  I n .m lii i ni’ u ’u)~ip er (II) Camp I u ’x t ’n’ u ” 
- I n i s -’ ‘~ . ( nt - mr . , ( l i t  i~

or’  l u l l  l i - - i t  hu-

l l . II . h u n ’s- mn , . 1 .S.  f l u  H . .F .  Scot  1 , in t l  C .  I’ . b l a t I i~~ I d , “ C ia ’  t I c  I ’~,e l i  t tiu ’u

I m i t  ‘ -  c -  t i t ’ll 10 t a  ( : 1  b o  r~’ — Br I d  n i t l  Copp ci r ( 1 1)  Camp i t  “. , C , C . -
‘ 

‘ 
. N ‘ — t  t ’ I .u —

m u t t a t  I t  h u v l u  m> , ’ n h i , nn unu ,r n ii m ll> lht ’x~u c I t l ’ r ’ d i c m m p m  t t ’ (  I I ) ” . bu r s t . ( ‘ht ’m .  ( i m t  i i

let ’  ‘miii I i n  0 I t ’ t >

Il  . i s-i ni , n r ,, - II h i ’ m n  n u t s - t i m> , - u n u t l  5 . 1 .  . h I n t  I h i ’ Id , “ I C t I  r t ’ ; u  h e  I m m i i ’ n c , ’
I i u i t h , ’t  n i us - Pr ’ t l t ’ , m  I ‘ , i p ~i~’ u’ ( I  11 5dm I I I b i n s - u  (l imp h - — u t ’ s  . N .  N - n t  m a  I a  u s u ’ I i

‘ ‘(‘p lt’rI t o m pm i h i I I t s - u 1 l i t ) )

- -~~~~~~~~~~ 1~~~~ t: - —~~~~~ “ .--~~~‘ L  “~~~- - ~~- - ~~~~~~~~~~~~ —~~
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II .1 1 . [u l i’ ;r , C .1’ . SC un i c , 1’.’ .1 - .. 11:11 f l u ’  I d , u u u i i l  1).). lin n < I ~ u ’ ui ’ iu , “ I lie

SI rime I nu run I : m u i . l  M u u ; ’ n u t ’t i n ’ C l m, u ms - m e  t i- r i  ‘ i t  I a n  i n  I I I n c  .\ I k~~xi i— R u’ i u h ’~cd
‘h ( CI > u ’ inmu i i u u m i (  I l l )  I ) i n m c ’ u ’s I > i — i u— ’ Mu ’ t l n , n x v — h , I s  I h ’ i s (  3 —I r u’ i n nmiun- ” 2 , ”t— p t _ ’ n t a n e t h i o m i n l n ’ ) —

c h m r o n n u i u n m n n ( I  1 1 ) 1  , u n t l  I ) i — : . — [ I l n n r u - u ~’ — h i s I b i s (  i — I ’  n ’ u ; n — ,l , - ’+ — j l d n n t : n n i t ’ d i o n l m t o ) —
u ’ I u r u i l t n i t i h l l  ( I  I I )  I ” , l i l t ’ l’ s -.  F b i - t in . , ( : m c e e p  t ed  I t >  r 1iuh l  i eat  [ m u )

S.,I - Cl  l i i i ’ , C . I ’ . Sc ,mn ’ i rnrs - ’ , S .F .  H a t f i e l d , utu u cl I).i . h i n d s - s c - n . “ S t r u c t u r a l
ant I  Mu i g m i t ’ t  i t ’  ‘nt_ pu rl Ii ’s o f  Di— ’s -— tmv dni ’x i’li is [his (i -thn v lene d i:nr ,iint’)u ’ii r u ’criuni —

( 1 1 1 ) 1  D h l h h i ’ n i , i t i ’ , I [ r ( c ’ m n )  , 0 H ] , ( S ,0( 
) ,,

“
, J . ( ’ l m e n r . 5,nc., l ) n t i t o n  T r a n s .,

( , n d d t ’ h i t c ’d I n n  p i t h  I i s - ut n t ’ui ) 
-. — —

S u n .  \‘ . I t s -k  1 1 1 1 ) , V .  i . Sum 1 inui i s - n v , : u n i t l  S . F.  j m 111 [ l i - I d , “ C , n c m n e l  I c  u ind
‘lime r n m u t n thv m >:unm ic I’ u , n l n u r t  l i- s  a m  lie h si’m ’nire rg i n s-t n I’ im l iti ’ t i n s -  in s .  I . Sus—

- c p l i i n i I i t \  i n  C e r n ’ I b i d ’ . P l t y s .  S t : n t i m s  Sa Ud i  (C), (,un ’ t’i ’ 1 n ti’d Fn ’r

pu b  I i t ’ l l  ion )

b . C .  Scu ll’ I O n ’ , C i  - l l u m l  I i i ’ I d , ,mnn th l> .,l .L ’dgsohl * 
.5 i’cr n’ n ’r ; r : l s - nu i ’ t i e a l l y —

t,’ u u n u p l c t h  i l m n ’ o unn i u mi m m ( I I I )  [uj n ; i i ’n :  5’\’m > I  I t t ’ s - I s - , S t r u e t ; u r c  u i n d  C , n n s r i t ’C i c  b ’ m ’ n 9 m - n ’t it s -
t O 5 ,i d inu u m m I ) i— t r — lnv d m’ ,nxui h is [hi s (r , nu u linii t t u r ) t ’hrom umtt ’(I Ii )] Pi’n> t :mI ;vtln ’s-t i’ , tn iu >’ :.

Clit ’mnn . • ( n ‘c ‘~~ t cuI f o r  p n n l i  I ~~i
’ ,n t h u n ) -

Y t i . V .  lt ,n k it in , V .  I . K,u I inn is - n v , in t l  S . F.  b l a t  I l i  ,d , “ C,; - ‘ m i t _ - t i e  , n u l u i
‘ l i t ’  r u u n o d v m n , n n n  i i ’ h ’ r~n p t ’r t  h i ’ s  a f lIi ’ isemili i ’r g t> s-i’ni F i l l  I I t ’  C h a i n s  : II . S p e c i f i c

l hi - u ’ l ” , I ’ I u vs - . S t u m i u n s  St_ n I lih i ( C ) ,  ( u t c e e h u t i ’d f i r  t ’ m n n ’l i c , m t  i n n ) .

Rr’’v’un , V . 1 1  . (‘ t ’:nt , ’ f a m ’cI , , 1 .5’ • hI: u l I 
* 

an d  It ’ . 5.  11111 b i t ’ld , “S t a n d a r k  1’r
C ng nmc’I ic ‘ll, ’ m s m nrc’ m ini - n i t s : .5 (limp uir i som i ,uinn a I’ru n l i i s-lm l for t i lt ’ I’s-i’ u I

‘b ’ i’l r u i m i ’ t l n v  I~ ’t  I u v I e h > i ’ d I , > n l n n l o m i  i u m n u  ‘I ’ t ’ t r : n u ’ h l i ’ r o c n m p r : > I e (  u S ” , ~T . ! ‘ In ’~ . ( ‘l i i ’ s - .

(u>ct ’ohi t i t t  f i n n  n u b  I I u ’s -I  i on )

Snum:rrmn , nn ’ i ’ of Rc’st- , n t’ cl t , \ t ’ t  I v i t  i t ’ s :

I ) SI uth ion t i l l  ls - ’u n — D i t ~r m ’ n 1 5  i en :u  I Comp oumnu ls (N5l—MRL , N S F ’)

‘I ’I ii ’  11111 i l l  i s n nnn ’ u ’I n t i C i i  i t  I t ’ s -  “ 1 s I m is - i t e I ‘,‘ ‘ - I , u  1 t i m I ,

p i , n l n , n m n i d j , m u n l m l n u n n i m n : n m  I ‘1 r : u c l u h t u r u ’nncm mm g; n um,nt e( I I) , (SR ,,( 11 ,111  ~F hI ~ N l- 
~~~~~ 

I

havi’ I i i ’ n i nut’ , u s - m n  ‘ u t I  f r i  n mu ; 4 . -
n tin 22 0  ~K . H i  gim— t i t ’ h u t  n ; :  s - u  - i - i ,  ‘I j n

illi ’:ustm rellut’nt s ‘u ’ I, ’w t i l t ’ I I ’s-Os-  i t  iouu lm - rnrp u ’r,n t t i m e  a n ’  r i ’ p o r t u - n t .  I n ui~’, u t

~i ti ’ Inu u mguit ’I i t ’ b l u  l u l s  * t h i n ’ m u m t u ’ m  i - n  I t u n d c ’n r’ ’i ’s- , m I n - a n s i  t I t ’ll t ”  n .t ti t I —

f i -mmu u m im ~ugoet in sI,il c m l  ‘I ’ 4 3 , h O K w i t h  l i v  1) a x i s  Cu mi n ’ t i nt - j ’ c c ; c ’ m m n  ii

:n x i’ - . Nn ’ ,n l ’ — ,;u ’ r,n — I Ii’ I d snns - ti c ’p tib iI i t  v nl>c-:n , n n r u - r ’ n - nt Ct - l aw ,.  levi s- l i

mutt > n i ’  u ’u’rnp I i ’s- ln ~ -~ n v i e  n n r; ’,s-t’;: I t Vt’ t n t  1 c , i u i t n i l  s-I’ 111 “~~ s - I  i ’m: S i~cc a, -

muunn t ’u l l ‘ , u m u -  oh s-u’ nyu ’ I  ul h u m s -  l i i i ’ I n ,tn il d - lxi ’s . H i  - ‘ I n —  I . ’  i t _ I  m m , n m s u u c  I i :,mt i t ’ l l

T im , ’, is mu I t  ‘mis un I ;u , n  h i , t >  g I h i ’ p me It ’ r u t  uI :n x hut u” ‘yea I a ‘~~
‘ I n i — I li i i ’ I r, nu> s it t i l l  - ‘

k I l n : . l u , - u Ia t :n I’t ’h i ’ ; s  ‘I ’
s 

c n m u )  h i t ’ c~in , t l  l I n t  i\ ’i l V  ,imd ” n u ll t i’s- f a n ’

lit’ ,- i , m n ;u i Per jug u mi nt s - li’ I b u s - i’d at> )av,u lo s - l i i m i s s - v — C m  iv ,u m i t  c’r ,ud li n u s lie ing

- - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ‘:~~~~~~~~~ ‘ 
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in s - - I i uulcul in n t Inc h I: nnuu i I t  t i l l  h u m  - ,\ > I: n m m ; ; I C I  c a r r : n m u  n ’ - n l n t ’ h n t  i n  ( I nt’ s n u b  I I t t  I i t ’ .’

n n u u i u u m c m > b S i s ; i n 1 ’, 1 ’ n ’ e l i - i l  h ; u s t ’ d  t i l l  t Inc kum u nw ni u ’r ’ n ’s - t , h 1 51 rn m’I u i n ’n - . ‘t n t _ n y c ji~)°K

t i n , ’ n u n n n d , ’ I n l  i b j i l l i c ’ s  n e t ’  int ’ l s - p i n ’ rind reflect t lm t ’ q m n a s - i — t n i ’t ’ — d ii::t ’n s i o na l

o~ i t  um t i ’ 01 tlit’ eomi> lox. ‘tn > a I t n  is u I I I i , ’ h i  ‘lu— I emporat ore sem i t _ s  m ’ x l i a n —

s ’i t m h i s  r c’vc ’ a l s  t h e  i n t r , n l , i ’ u u ’ n ’ e x e h i , n n i s - e  c o n s l : n n t  t o  I’ , ’ i / k I  = 4 . 6  5.

‘ I ’ I m c ’ t’ c v u l u t  I s-I n m - I  ti n ’ s-nd n l;mn t n >i’ t i c  s -nt _ pert hi - s ‘1 L i u ~ e n r r n p o u n . d

b i s ( h m r a p v l e u > m ’ — I  , ‘ i — d I : n m r u n i m , n n n  m u m) I m ’ t r n c l u l n r n r c u p r u u t u - , I b I
3’nn C

3
H 6

NH
3

J C u C 1 4 ,

h ave  C t _ i - n i  u I t _ ’ t m ’ n ’ n n i n e t l . l I n t  ; ; r ; n t t - n ’ i u u l  c m ’ ~’ s - I , u i l  IZi ’s- in  t i n t ’  o r t : m n r i n i ’ s - l ; i c

s -l hud u’ ,5n ’on np l ’ nn uru> (D , 1
1 l ) )  s - h I m i n ’ : n r  fo n m i n h a  min i Is In .n c e l l  t n f  dimensi ons

I I  = 7 . P I ) n )  ( 2 ) ,  C = 1 8 . 2 + 6 ( 6 ) , a n t _ I  e = 7. - ’u S l  ( 2 )  5 .  I,ensl—sr in;:u rt ’n i t  f i n e -

n i n e n n t  o I  I 209 i n n t l i - p c ’ n d e u i l  ri - f l e e t i u u r i s  I s - ms  I n - P  I t ’  Ii f i n a l  C f l i t _ I - ‘ n  ( ‘ n  F )

1 5 ) 11, ‘ F Inn ’ s l n ui t ’ t u r c  cons i s - I s  i f  t t _ - r r a g o m l a h l v  d i s l u ’ r t n ’J [ t T u n C l
6 I

Uh> ts wliii ’Iu n r c c l i h u > r n r , n i u l r ’ ,t’ tI to fnm rr - ; , j  t s - i m — d i : ’ : u o s - l an a i  I i t t _ I ’ . ‘,,t thh ;

i n  I s - -i n — i l l  u n n t ’ m u  , h u n i n, i 1 no tvn , rk  t he ru ’ ;r Cu ’ I’s-n ’ ;n lit ’ml t_ ’ u’p~’t’ r — c  r i  ‘r I s - c  band

u l h n , n r m u ’ u ’n n b  2 . 2 7 5  ( ‘ u )  -5 uun id two I - m i n i ’  ( ‘ n i — C l  d i s - I ; m n , - u ‘: o f  2 .941m (4) -5 .

‘lI nt rt ’ n u t - Is-’ ’ dui l i i ne r _ dlllu n r i mi t_ i s -unuls ni’:rrh’ p ens - dui l I ‘n ul :ir I i ’  Lit ’ i’ridmit’ d

ic - i t - ni ’ : s - Oti n dI’ ; l ,un in ’ n ’s- , n f  2 . 3 1 + ( 4 )  A . I n t _ in tr n I , n v e n bond a ng l e s  I t

u ’n n j n l n i ’ n r n ’  S 7 . 7 0  (2) uu li t l tn~ . )f) ( 2 ) °  vi tin t i n t ’  i ’~i — C l  — (  b r i d g iui u n angic

I ’ m ’  i i i > :  I i ‘ . 70  ( ) ° . ‘I ’hi c’ d r ‘u ’ ’, n m p r u m t u ’ s l n u ’i t  i s p unt’ s - u rid I ts un r i ’ s - u n 1  C of’

i t t 1  r n n 5 : n ’ui  bus - i d  i n s -  I t ’  time p m n n l n v  i t _ f l u ’ — l  , 3— d iannmi>an I unn ions  wIn jell lie bc t \ , ’ m en

I l ni’ I , n v u ’ i a . ‘n’ s - nu t in  - ; m n ; u t ’ m ’p i  i l m i h  i I v  s - a l  uu u ’,’I bi ~d tu’d ‘II u ’t,- mI ,nri - d and

5 L I T  CI c—c t ’\’5 I a I s-imp hi’s nu - v c ’:n It ’d1 I s - n —ti lnu,~ as iu ’n >,m 1 n m , s -n i t h e m m  ruun t inns-

w i t i n  ,b /k = I S . n  K , u h i u , v t _ ’ L i i i ’  I l n r c i ’ —d i m:iu ’ m m e i i n : n n l  o r , l u ’ r i n r ’. t e m p c r , u l n r r i  a t

I 3 . n K . h u m  t I n e  un mdi ’ r i- i l  s t , n  I e t hu t ’ I’ ri I - ‘ m n - t i  d i  c, ’ I I on o I I hut ’ s-p i n s  i s

(~ n n ’ n l m u p s  s i t u  s in s-c  e :n n l  i n n : )  c h I l i  t~ n n - i t s - I  art - ! n cr, - d dir ect ian

, n p h n ,t r u ’u i I lv “ r 1 ’n ’n uh i c mml : i r  to  thii ’ l o t _ n .  bi n  i s - uml> u stm,!I rt_ ’snmI I r n - f l u  i t s-
0

h u t ’  ;- ; n n m u u  I I I l~~ u ’  m l  : m v n ’  m n ’ s - r i  r , m  I i o n  a f i n  . I 2 1 ( 1) .5

2~ St  tiP i , ’s on n > n > n ’ — l ) j m nnt’nis - jonah (‘tiui n l i umimtinls - (NSF, NSF’— ’- ’It I S

s- i> in l i -n ,’ ’ - I n n  
* I Iii - ulu ’ p t’m > u li’ m it ’ I i n n  a I I I n t ,’ t f f t _ ’~ ’ t I Vt ’ I ’m,; 511t ’ I i i ’ mom’Imeuits-

I . l e n t  t h i n ’ n n u i i u l  n r ) n n - d i  I i t - h l t ’ , u I  C ms fiinu ’l l u n mis of k ’I ’I J  fu m e  n i l ’ m ’li I i n r u ’ ,.r

li t ’ h s - i ’ u h l n t_ ’ n ’ , c-ha  i n n :  w i t  It i n t l  i v i  .I nmuu 1 [t in sp I  Tin S.  n i l 1/2 1 ’  5 1 2  and l e n g t h

S I I I n , vt’ “ ‘ c n n c i  ‘ i t  I , ntt’u I . ,\ m ’ts-iup nm u ’ I ‘mn ‘i II> , ’ ri ’s -ui I t s w i t h  “1 nit ’ n cc 11

mn nu ~~i am , ‘ i t , - I s  I u s - s -  ‘ n - i - n m  :‘r,unli - - ‘b I t e  m a gn e t  ic ‘I l ls - c u s - t  i C n I it ,und FCC s-p. c t r , n

— - ______  
,, --- • - ‘  i

~~~~ 
—- ‘ * -

~ 
- ,,n,~~~~~

- ~~~~~~~ — ,- - ,~~~~~~~ - I -~~~~ 
- .
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,nI n ’xn ’n ,’ , n minuilimnui n ,- , n n ’ l n , n s - v l u t t , ’s ~‘0(t bOCC),, (5 = s - l b 1 . 
( :11 , 1 :1 , C l l C b  - n  (‘Cl

3
,

( ‘ ( C I I  ) , (S , l l  , ( ‘
, I I  , ( ‘ , lb , and  C II - ) u n ’ ,’ , ’ l w - u - u )  In I u u u l  led  , s-lid I lmc ’ d ,u t:n

I I - — n 1 7 -u 9 i n I I
h u t ’ , ’ , ’ l i t _ i ’ ll  h i t  c’ i ’ p m ’e t t _ ’~I i t i  I u ’m t t s  t u b ’ l I l t ’ u i  I i ’ u m b r i t  l o u i s . ‘ Fl u ’ u ’i ’ s tm l u , s- s u g r ’, t_ ’n t

h al lin t ’ i ’ li , u i uns  m - u i m u  I am a p p  r u m : - , n m u l t i ’  In , ’  5 (1 nintitiomc’ n i ’  cui ls - n u> i ts -  . I ’ l n u ’  m uu g—

i t t  ic  s u m s - i ’ m ’ s - I  i b i l i v  d ; m t ; m  f o r  :111 t Ine n ’ n ’ i : u p n n u n d s  r u n t ’  c o n s l s - t u ’ n i t s - i  t I n  t !m c ’

hI t ’ 1s t_ mC i’ u’ s- n m n i n t l t ’  I f i n n  u n i t ’  I fc- r nr ’I nr, n r ’nnt ’ l ii’ I I nt ’um r ‘ m r  ill ” c’ l , t h u  a si r : , r  I I a n t  I —

I t ’ n ’ T u ’ m:n , n n ’ , n n n - l  ii ’ i t i t t _ ’ r t ’ I m , u  Is-i i n t , ’ r , n e m  i on  ;mnud t i n . ’ s-r ’  s- i  n e c  of ’ s sumull amoun t

a I ul n uum>u ’ n ln u ’ r i t~ I nnup iim ’ i t  i t ’s-

‘h ue di — N—uixh di ’ u> 1 1 
* 5— n i u i l n i; IIn ’ i ’ ni uI m i ’ us-s bi ’t ’ni ;irt ’p ;unc’ d and e~~nmrd i r s - i—

i ’ s - m u  c ’ nimmn ~i n , u i m h u l s  s- I I  I n  n u n s - p c i ’ ( t I )  u ’h i  I in m’ I d . ’ , Ii ‘ ‘ n’’ i t _ I t _ ’ , :111(1 l i i  i r s - t i -  h mu > ve ‘ t i  hi

b i rt h s-u t’ u ’ul . In  I u’,um ’oil , u -I i -c t u _ t in  ic , s-nd clod rt ’n> p ,uraml>gnc : ic nt _ ’ s - ’ ’ m i , m n c , ’

s l i t _ n ’ I eu ’s-top i t ’ : ;  I s - u n , ’, ’ l ’en ’t i i n s - u t _ I  t o  uS ’ i t ’  m m l i i i ’  t I n ’  C m i d  r : 1 :  p u , n l m t ’ r t  I t ’s- i i  f

LI> ’ I I t~~m umtI ,nni d s-mi iuuns . ‘nl, n s -m u ’ I Ic nu s-n ’,’h m r ihi 1 it i en ‘ n t I s - h u r t  r m n l  h I t -  m t _ m ini s-—

no I j e t - s - - h u m ’s-’,’ I l u  r t s -uo, ln t hut’ n ’s- I e nm th t -d n s-v s-I t_ ’ r ,r i n I [In , - ni- I t ’ ru n cv d  lie ii s - r n >  c i .

‘I ’lh i’ n m m , n c n n ’  t j c t _ b : n I  a ~ , u n ’> be I I 1 to  I b u n ’  1 , 1  r i p  1 c lIt ’ I a~’i>h~- r’~: ns- n t ic  I en  1 ne ,n e

e lm ,t i n s - nt_ ’ i t  Ii S = 1/2  et n u h i I u t _ I  n m n u i s - n n c ’ t i c  i s - i n  is’ i t  Ii P — ( .5 cm 10 :111

t i m  n t . ’ et~In>~u It ’ ‘ut ’s-

‘ l i i i ’ “ m , i n ’, l n n ’(  i t ’ a i n - r n ’ , ’ 1 n t i b i l  i l v  Iii ’ I u ; m v i , n r  u i f Lie cu m
~n i ’ i ’r(TI ) ctmni >p lt ’xes-

i i i  ,‘ — ( i n — i > s - u l i’u m t-t v p ht ’nin , ’ l ) I ~u - nz i ’x ,’i z t i I t ’ , i n r n l  2—(,r—l n ’,-dn ’ m s - ’, i n pt _ ’nvl)lmt’nzti t in i :nzt n Ic

t n : ;  m n ’ u ’ u i  t_ ’ s- nr:n i nmi’ i I n ’v t ’ m ’  t I m e  t t ’ r lm l u n ’ m ’ , n [ l u r i ’  I’a n l n . 5 u’ 2 — u K .  Pt’s- s- iCe i’ s- C s - h I is-lied

I l u i t _ u n  t_ ’ m n , t  in  s-I m n uu ’ t imm ’t’ I ’n ’t l u e ms-np lexes u’s - Ii i b It n i t ’s- I i g i l u l i -  SI) 10 i’X d hi u lh igc ’

I h I s - ’ . ‘I’I~t ’ s -mi ni - n t w or k  p r  e ld i -s  u m d d  i t  100:1 1 s - u m p p o u ’ I u i f  ,‘mn e,mnI l i - h ’
0

comic 111:1 i , n : n  I l m , u m  n n u m t — u n f — p 1;un c’ t’,ui)hicn r— t _ lt:vr ’,t_ -l) (lIst :nlicu - ‘ of  2 .5,5 u ’ i ’  r i ’s-I c r

u m u ’ t n u n I ,  in s - :  I t ’  t u ’ un i n-u m ni I I  sp I m i — s - h i  j u i  i n >  t e r , > e  I i C e  -

‘lw e I u ’c I ru ’I , I e :1 ruin ’ I nn I’,’ - , u ’ b I I n t ’ I i n n , ’ , m u _ —c n, n i n n ‘mi in s - n t’ Id dt _ ’r,n 5 ’ 1 u -xvs-

h i s - I  ‘ — . n a ~’ u r , n g i u i : t u ’ ) c n ’ n n j n e r ( l  I ’ ) , (Ci (uis-pg) , ,  m d  hihs(d .n — ,n — :nr: ni iiu m [’atvrata)—

t ’ u u p p n ’ n’  ( I I ’ ) , (‘in( , uC , n , h a’,’,’ Ct_ u n> ,‘lu u u ’i , I , ut n _ il u s -  i n n ”  ‘,‘, n r i , i b ’ I , ’ t t _ ’n n l ’ c’ r a t u n u ’

u nm u u g m l u ’ I li - r u ; , n i t  iii I I i t \‘ i’u , ’ ,m:ntmr ’ t’nni ’nI s- u m m i u l  u I  o ct  its-i I ’  and e It ’,’ ran pau ’,I—

il l s - g I l t ’ , i n  u ’ c ’ n ; n ’ n n , u n > , ’ n ’ ( C I ’ S )  ‘ ; in , ’t ’ t t ’ u n s - , ’u i 1 > v  . l i t ’s-p i tt n ’s - I s - h I i s - hued limie n u ’ c h n :m i i i

n t  n u u i ’ t u i n i ’s- , t i t i  t ’ v j d , - i i c , ’ w i n  fo n i u’ m uh  ( i u ~ Ins t , u I —i: i t ’ t , i  1 n ; n  i n  c x c h i a n g i ’ ca up i i m > n:

t o  I .S° K .  CI’S : ; l n ,’e l  r u m  d i ’ I n i o u i s t r ; m t , ’ uI l l n u u t  Ill i ’ t , n I — I , i n : , n m nd  t ’ u ’ v :u  l i n e s -  is m i n i m a l .

TI m , ’ s-— u m n i u l  m m d l ’  I l i l t ’  i l l  i s - n i t ~,)pV tif (‘t)h npc’ u’ ( I  I S — t l t n p m ’ si ( Sd ( s - s - i ’ s -’) , w i-r i’ c o r n —

I II u t , ’ I y r i ’ s - t i  I v u s - b

Tim ’ ma glut ’t It ’ ri nd sI > d ’c’ t u’, u l i,ri n h mu ’u’ I It ’s- n I  s- ’ ;u ’ i ’ i t ’s- u > l  suih ,s t i l u l i ’ d

pyr iii i i i ’  u ’ t uni s- I t’’nt- , : n ‘ I t - u n h n l ’ i ’  t’ ( 1 I ) u -h i am i t i c ’ s-nd i i F c’ u p n p t ’r (‘115 liru ’umi  tIm ’ I i , i ’ , ’,’

l it _ i ’l l ~I~’t n ’ s - u n  i u i t - d  — ‘l I me  Cs-st’s tis-t’d j i >t ’I t idu - h— nit ’tli ’,’l — , ( — i t h i ’  1— , ‘‘t — : : nt ’ t h i \ - I —

- -- - - - - 4— -“- . I - - , , — - ‘- -~~~~~~ 
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- I l i v  I — , , m mut l ‘u—v hi s- ’ I ‘v u t  u l u n . ’ . A l  I u - , i n ’ n t ~ u ’ m n u i . I s -“ a t_ - l i t um ( - u  — un ni ’ l i i ’,-  I p v  m l  —

.11 lie) ,n I , u ’ x l n  i l L  I hIc ’ j ‘ ,enhe ng c l n ;u h u m — I  i 1 , - mr s - - n m , ’ I j t ’ I’,’ C mv i , ’r w i  IC t h u

t_ ’s -e i u , u r n n ’ t ’ l h m t t ’ m ’ , e : n l n - ; I ’ m  t l t i ’ l n n o n m n ’  c a n n p h e s - u - n :  Ct - i n ’ ’ , ,mppr u ’ -’: im’i h i - l ’ u’ lu - n et

t l i ; t I  o b s - u - e n , ’t - t I  I t _ i r  t I l t ’  c h i h u ’ n u n  c o n n h i l  i - X i s - .  ‘ f l ue  .b v u n I  t i e s -  r m O m  ;I I m u n u m i

I dun 
1 

b u r r  n m n  ( l — n  t liv I pv r j u l  i ni t’) tSr ,, 1i — 6. 7 i-;n : 
I 

Ia u (‘ u (1—i -I liv 1—

j n n , ’ r i u l i m m , ’ ’) (21  , n u u , m n ’  l’e i n t t - r 1 i r t _ ’ h i ’ u i  i n  I n n ; : ’ u ’ h  ,>li l n u I m ’n u i , i l  i n s -  cIs-m in mode l

w i t  i n  I in ’ n i t  i nn ‘b t I n i  n - c m ,  i n > r ’ , c ci ‘t i p I i n  s- e u ’n m e t  - n i l  I s F ‘ i’ a ‘. 1 \‘ u ’ n >  - - ii s- s-c r (I I I

in: ; s- j ill i I s - I W i n  itt ’s- r i’ s-i hit ’ I g I u h ’n ’r s -  i t >  t l n u ’ cI> ,t in > C, iii: (1 .1, ,

I u - u i  I . n  I I ‘‘ iii ; in I’ s-p u i  I i’ve 1 s- h i m 1 . ‘ f l u ’ .- t I n,’ , nmn, u s - , n i i ’ I ic :mn;’ :’mm -ii Is- un s-

I u m n i e l  I u n n m , t (  ni ’ , h m m c t ’t h Li’ ni n h ii - e ,n l tmn i’ . . ; 
f f

( k I / J )  , I n s - c  ‘ i ’ m - u i  e,n n r i t _ -d uni nt I r e

Ii ’ I - ei n h ’ t ’ng ,n 1 nt ’li I m m  I I c  t ’ t u , i  i nn ;  >~ i t  hi I t _ l i >  s-s- i n i t  o h  / 2  1 ’ ’  5/ 2  d , n s - Ium i n n  mi s-

i m ~’ I ii I I s - m m l u t m u i  I I s  ( N  
- 

I I ) . Sonu ’ ’ m u ’ h ; t t  I ‘ i n  ‘ n u n  ip s- u s-i-  I’u l  i n  i n n  t i s -r u ’ C u l t  Cm

, ‘ b  , ‘s-nc ’ I m:nu ’ m m l , u  I m e ’ e t i h Is - s - m u ’  ,‘ , n n m : ;  I , t u ’ ~ t_~ tI . .5 dt ’ tun I I ~‘d cumfl>p u l r I 501) u ’ f the

e’’s - ti h I m ;  is ’ i t  Ii  I i t s - r , m l  u r u ’ s- u i I s- i ;~~~’iv t ’i i .

a I i ’ l l  L u l  i t _ i l l s  ~n I s-p  i u i  n p i ’d  i l l , ’ ic - u t  , 
~~~

, , n s -  a f u m m i e  I ion  a I m ’ t ’t l u u c t _ ’d

I i ’ n ’ 5 nn ’ I ’ u l t m n t ’ * 
L I/ i 

* 
I u , i v o  Is - i’m > u - urn It ’d n u ll fr’r s-e n s - m n ’-, r~ : u s- i - u  fini te

e h m , u i u m s  d,’ n n t , i i h t l i n ; 5  in , ’ It ’ 11 i ’n ’ ~ (N ‘- I I )  nt ’ i t l i  s - 1 ’ i u i s -  S . n m f  1 / 2  to  5 / 2

i ’ll  l i u t _ ’  I n n s  i n n  n i l  I h I t ’  O o u h t ’ 1 des-u’ m l boil I m u I l u  ,‘ ~n’ u - u ’ ~ ml i u > ’, s ’ n ’ s - n ’ : n m n  i i - n  I i t _ n i l .

C I u , u r , n e t , ’e s t  ic I e , u t u r . ’ s- n i l  ltn c (‘~~( k ’I ’/ J )  dt mr vc ’ ’; camnu ’s-~’u’tid ing t o  v : n n i u ’us

s - n i l N n,’ , u h u n m ’ : :  , nu ’ m ’ n l i s c u s s- e d .  ‘ l i n t ’ s - u ’  d u n  n t -  n n s - u ’ u i  I n >  i u i t m ’ r ; ’ r u ’ t - n t  i t _ n f l  n m f

i ’x l ni ’r huT ni ’m n i , m I t m ’n :ip er .ul t i re uI t _ ’ j nt ’nrl u’ti cu ’n n i b I ,
‘
, ( t i n t l m i ’ r t ’ - ~ pt ’d L l vi ’ i i ’rru’ — am i d

u n i t  I I i n n ”  ‘ : : r ,  s-n i h I d  u ’ I n : u  I mis -

St mmd i i ’ s- ‘ui I >innn m ’ms (NSI” , N S I” — ’ n l i S l i

: ‘ nnu ’t I d u n n : - , ci ’pI I C i  I I t ~
‘ antI s - I  mu d n i n a  h s - n m I i  I ‘1 s- s -n m u t t _ l i t  i , s - i , u l  i I i

, — h uv d c s - u n  —Ii ml nI 5’ du l cops-m r (TI) ,‘uiuunp I e X t ’s l i n t ’ Iii ’s-’ - i ‘,s - u  I I n h  i i -  . h u e  O h ’s-’ mI , m Cut

n; u i l n h n i r t  l i i i  I i n n i ’ , u r  n o e s - l i t  i t ~ t l h ’cts - ’i- n ’nn l i i i ’ n i n n s - l ,’ t — t n i hi l e t  sp l i t t i n g ,

2.1 , s - mi n I (Iii’ (Sm i— ul— Cum u n  P s-c’ , nuis - I e whi It ’ll m i s  h n n ’ u ’i> i ’S “ c u ’  v i  n I . S I t s - u s - I Ic

n n nn ei ’ (’l n h ) i I i t ’ ~’ , I :i t u m ( n e  I Cuu( hi I~y )~~h h 1 ((‘ lu l l , (I’ 1 nv = 2 , 2 ’ — b ’ i p v r i d i m i t ’ ) ,  f o r

I (  u m (  I 11d m > ) O hI  I , ( F I l m , ) , ( t  mi>t’ fl 5, 5 , N , 5 ’— I ‘ In - n n ’ m n ’  m li v let Inv I ‘ui - u I , u n , t i  l i e )  , m i d

b a r  ‘‘ II , ’ u ’ n i n n m b n l t ’\ a u s - ’hnit -Iu thu t ri- nt ’ , - n i ,n s l n u u e t n i l ’ , ni  i I , ut , i , t ’u i( linu i m uI )OIb I ,_

L I , ), T t m j iu h 5.5,5’ ,N ’~ t e t  u , uni ,n ’~~h m v l — t ’ ~ilnu ’n~’I. ’n>t ’iI u .n m n i u it ’). ~‘ieI d 2,1

vut l n i ’s - 9 I , — I ( i U , i n t l  I ‘31) en> 
I 

, ru ’ s - n u t  iv .’ I v .  h i m , ’  en s- li I e \ t ’ s -  ,‘x i u j l ’  i t

F’ ( n i p l i - t — s - I  i t ,  I I’S I n ’ t m u , s- t~~I t I n e  a .  i n n ’ , - ’ 1 ‘s -r i t e s -  b n , t v n  In u ’ i -ui  , t u m ; t l v , ’ t ’ tI

- 
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I i i  I t ’ I i i i :  n a I I l I t ’ u - i ‘ n n n u t i  m~n t t j u n 1 1  u n f I me pm ’et ’bu i n ’ m a t  t ’ i i

,- \ it l iv tlnui u mn u - u np h i c’r ( I I) I tiru ’ ; m t t ’ m u d  t ’ u > p h i t ’ m (  I I ) liuiu > 1 >Iu. ’ :mt _ ’—2— s - C  ‘ ‘ n ’ s - —

I ,  n t , ‘ s-’ r n,’ c h i e t ’n n v  n t  l i e s - i  s- i-cl  . ‘I Cc ’s- n e t ’ I ‘n’ l : :m n  I n n t  m t _ I  in d i re ri  e s - s - u  d It ’s-

s- I t I m  Iii ’ s - i ’ t ’,i h ’ l i u iX ’ u ’ 1 - i t , ’ Is-’ I mI s-c ’:; . ‘l Ilt’ Clii nn ~n l in’im u u mu i m l I un is - mum urn , ;  i t t  i t ’ s  g i v e

r i  s-i’ I a b u t ) ! i nn ,- r Ic s-I n t _ m c I turn ’:, - C I i ’u ’l m u ll s - h im > r n ’ m , u ’ n m , m m > e e  Sl i c e d  r u l  , m u m d

i l ls - s - n t ’ I I , ’ n n i h m ; , ’ t_ ’ 1 n t  l i i i  I II v um uc ’u istmn t ’llmt’ ml t s si m on - ,’ I I n  :1 t l n n  d i  ui-ms mum ’ , ’, a s- i us - ’, Ii I

gu s -’ u inu l ::I ,ul t ’ ni unt l um tIm .’ niumn u I l v  s- o s- in hnn t , i’d I i’i I~ 
l i t  s - t i t  . ‘ . ‘S lit ’ t_ ’xi ’l n n i u i s - t -

n ’ u i mn i’ I 111: 5 c ,i u i n l : i i u l s - , s - h , hi nt ’ — 1 2 2  uhiiu h — (1 2 t Il l 
I 

t , ’m l i l t ’ I u r n ’ s - t m ’ , ntm d

t h m i n ’ p hi i ’ n u m ’ — 2 — e n n e h ’u i s - ’n ’ l , i l u ’  u ’ t uui n h )  Ic’ s-u ’:; , r e s - I~n ’ d I  i n , ’ , ’ Iv. ‘Cite i- I  n - d I r t _ s - m i t ’ s- us-b

iii I e ,n r , ’tb - ; l n i ’ u ’ l  r i  , t r o  s - I s , ’ d j s m ’ u u : : n t ’ i I .

I nii ut nl I r u n  I i n n ; : :  , ii i c u n t  ium i urn , ,un i n l 9 l i i i >  l u l l n I uin>m t ‘ ‘I  r c l i i  a r , ’e n n l n  r u t  i ’ ( I  I

s i l l s  Im n v t _ ’ i n n - u r n  pr u -~ian~- uI ui umd e l i ; i r : t c l u ’ r i ; ’ ’ ’ I  s - l i t - e l  i ’ u ’:’cu ’p i t _ s - l l v .  SS,us -~1m i i i ’

s - tuni cs- t lb I I it  v s- I nu l i t ’s- s lmi > w I tmuml  ii ii ’,’ t iui I tim t n t  rich I i ’ m ’  i n s - r a t e  • s - S n  ml ”  1 t s

F ume h —hi ’1 s-s I is- ’ . Su ’ n u : n u  mk u u b  1 ~‘ * 
i nil n l , n n: , n II nun I i t  r , n e l r  i n ’  eu ’ n ’ n n n’ n r ’

~t i- ( 1 1 5  m ’ X h i  n h i n t s

l i lh i  s-n t ’ I i n ’ :r m i s e t ’p l ihi i I i t  v h t’ Imuu v i n  eons- i s - l .’ mi l w i t h  m d i : ” , n i ~~ [a n ’ ’  i i i  it L ’s-

nu l t I i i -  e, n ; ’ m ~ n hex. lilt ’ du n n’ s - i I t x  I n u i s  n u  ‘‘ ml I u s e ’’ c i  c’u ’l m m i i c C c ull s it i , u : i  n i t

2 .52  s - mu ms ’ I u i i ’ l n  I u s - s  ‘cc i i  i n t i - r p n m ’ t i ’ d  us - n t h i n ’ h i s - i s -  u i b i r m a l, ’ct m l : m r  u u n b i l , m l

I cii i , m t I oIls . ‘lI nt  - m m , ’ , ’ .’ I inn i ul ut hl n ‘ ~i I mini u’ nn i n m p I .‘x is Ia r n-nun l i t ,  -d m n  ‘ n uii u , I s - , : ’ —

I i  m m m i i ) , ( m u , ( I 
~~ 

in s- i is - I l i t _ n t i s - l i t  I . ’  l i t ’ s C u l l ’  I I I s -u - t I  n v  n u t  I n n - in  I ’Oui t h  jig .

S’l, nn ’ m n , ’ I I e 5 m i s - u ’ i ’ I r I  l i i i I i t  it’ s- I u , n v n ’ l i t _ s - ni r ’ :i ’ , u ’ ; m r r u ’ mh f i r  I l i t ’ s - t i l t  u n — : ‘  m l  Jn : i ’d

th i n: mn - n i e  i ’i l i l nt ’e ( I I )  d u n n i n h i l t ’ s - , u h i n i n I u n n , ’— I 1 1 5 -1 —i I niu ’eumels -,I) ,’ i n vt _ ir n ; -:icl, , , n’ - — \f” b —

, ‘ n n i n j n u - r (  I I )  t i m !  ‘ r i n k ’  h u m  t i l t ’ t u ’n > ~n n ’ e , u t  m m m c ’ m m m l ’, , - n _ _ S  1’’ I - ’mO ” K .  I r e  u h , u t  1

r e t  I n e t  un m I l l  I f t  r l ’u ’r : , nn ’ n>t ’ t ii ’ im l l c r u d  I L n um n u t i t h  n : n , u v  I ’ , I i t  ‘v t I n ,  V ,u n V I t _ c L

a i i 1 ’, I~ ’ t — — t r p I c - I  s-p 1 i t t  i n : ’, is- u ’ , ’ n ’ m ,  i u I ;  n i b  i i ’ :11 V ~~i ’’ , a I I lii - I ‘ i n - s  c ’ ’’ ‘ i’s-- ’ r—

: ; mu l b ur  in I (In: i n n ,  l ),i hid this - I s - f l d i’5 n ’ b 2 . 27 u n ui n l I - II .5

‘I Ii ,- mild - ‘rue I I u~ I’ ri ps ’ m l ii ’s , i  I t Ii , ’ en n iir ~’n ’ t uuit h ‘, , ‘t_ , 5 ’ .5 ‘—1 t_ ’ I nan - i ’ I liv ! t n t ’—

.1 I , u l i l n m u o u i  I mliii li - s - n i - lu I ,~ m u ’ s - i  e t m p r u u I . ’ ( I  I S , I t  i s - n i l  , I C u  , C I ,  s-c  t n ’ m i t _ S t  r ”  I li e u 5 h u m

t I n , ’ t i -u:r j ’ cr. i ttu n u ’ rail s-i’ 5~~5(( 0 5 u t m i u l  I h m i  n I , m t u m  nc’ f 1, ~ m m m > m I l l I f e r u ’ , ’ m ’ : , n u : i > i ’ m  1”

i ’s - n ’ n ; i t i m : t ’ I l i t  i ’ n ;i c  I l o u  tt _ ’ I tI n urn u ’ x t ’ b u : i u m u ’ u ’ t i n ,  ‘ u ’ s-v , 2,1 , n i  — I I . 7 em 
I 

w i t h >

= 2 . 1 2 .  I- us -inn nm n - n n n l h ul u r i s - o u l n b  t i l t ’ s - p u l l  i i  ,mus - l m;mejii’l i n ’ n u ’ , n s - t - u ’ t  l . a

ol I t u u uc ’ u ’t l h  , I ( S u m  , ( S  l
( n — i t  hi tIm ’s -u’ of 5Cm _ u s - I 

I ~~ ~s- I n u ’ u n l ’ u n - ~ u ’ nl  I l i um I I I t t ’  I’ n n’ :, - t n u l l  ft

(‘ um CI l i i i  l t~ I mr p I n n s - ’  l i t  i u u  I hi ’ ui , ’s-’ u ’ i ’i n :~n n ’ u m n m u I  , u u i d  I 11 :11 iui to rcl jun t ju lt ,’u’ —

n h ’  I n u n > : ;  ni t - u’ t i . ’g I i s- i I i ! , ’
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- Mum Iu ’u ’ul;u r Desi gn n i f  h i i s-li C o n d t h c t i  v i  t y  Mu i t i - n i a l s  (NS I 1—M RL , ONR)

S l i t ’  I , - ‘u — d l  anmi  nc’s-n t hn s-q  ui none ( IJAAQ ) c ’o tnp ouunds  : 2 DAA Q~ DAAQ

( StiC 1 ,,  umi m . l  ‘ l I i u \ A I ,) 2 ( S u i B n  , I i u i  Vt ’ h i-en l s -ep s -  nt ’u l and c’hma rn uteri zed . The

compound  2 h i l m c ’ u i u m t h , n i z i l l ;’ .3 1 , > Is-i s s - i s o  hc ’i-n r i - i n v e s t ig at e d .  The so l id

s - I n  I i ’ cam> mliii’ I I c i t  i t ’s i n  f •‘ inniih )ressi ’d I ia ’,j mj i ’ es- have  nn ’u ’ um in  n,’ m ’s- t is-a ted  by

I t ’ m t _ I l i a d  is - a I t i n t _ I  i o u >  a t  I t ’ n u h > i - n u n t c i r m ’ . ‘ 1 1 m m ’ u s - I  i V s - t  i on  e n e r g ies f o r

nt_ ’ :: ;i t _ ’m i nu t l n n , ’ I _ i t ’ l l ( u ’ \’)  I’ar  2I )MQ~ ‘31 , . l)AAQ ~~Cu C i 7 uind 3DAA Q~~2 C u B r ~ have

b, ’ . - ni  du ’ I t _ ’ r h n m u n m e n l  I , ’ t n t ’ ( 1.053 . 0 .039 , u h f l d  0 .055 , ru ’ s - i n u - n ’ C i v t ’I v  . Fl i,’C CI ’ ai’l

s - u i  mu > n hs - mgui i ’ t i c ’  n c ’s on i an c e  s - l u t e I m l  n i n t h  m a g n e t i c ’  Su su ’ m ’ p l  j  h i  l i t  a p im ’ :> surem eimts

i n ; nu ( ( m im i - C I t ’ l l  a m  li-mm ip c ’u’ at  U n C  i n ,  r V i  - i~ u , m , Ii s- n  i s - u  ri ch . S l u t ’ u’s-C I i c

vu u l Is -un I t - I rv t u f  v n u n i m m u s  d j u m m j n a n m n l h u r ’u u n t t i j u m u i n i e s -  i n  a c e t u j u m i t r i l e  in d i r a t t ’s

L h i ; i  t t h u  s-en i ,ic- t , n -m d u uc ’ t ins- p r t > p i ’ r t  u ’ :4 of  t h e  DAAQ connpou l ids  are  rd s- t e d

t i n  I mi ’ i n n s - , ’ aum d  mcvi ’  ns i b i  l i t  v i n f ox ida t  i a n — n i - d u c t  ion . R i - i u > t e d  d i ; i n u o n m , u i m —

C l i  n , i q m m i  Oaf i i ’ compouuids * • ‘ . g. * I , 5—I)AA Q CuCI • I > s - v m ’ Ii m ’ert f o u n d  t o  hi ’

u u i a u i l , u t u ’ r s .
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I-’,i ’ u i  11 u ~‘ k ’ m n n b e u ’: I t s - u i  P .  h l e r n a i m d t ’z
I’ n o f e s s or  n i l  I ’ I m ’ u ’s i cs-

‘
~~ I’ uh  I [eat Louis :

Jo l ut i 1’. hie m umui mid e z , “Sc- i f — t  n a p p i n g  of  t i n t  I u u i — I n n ’s- i t  m , ’ni i nmlhl Il> Pu r i s t _ -
f l u  i s -  lm c ’ l [tim , ’’ P I t y s -  . R e v .  .5 14 , 1574 (I’s-/S) -

, l o l m i l  I’ . l l t ’ m u i u m m i m h c ’ z , “ V , i e i u i l  I m i u i u i h t m i ’ u i l m t ’l > t  ‘f  ml i s - u i e d i ’ m i - d  s - v s - I n s - i s
w i t  Ii  c o c C i ’  i s -i  i cui s ,“ I ’lm y s .  Ri -v .  C ( t o  h i-  p u b  i i  sIted in the
Sl u ms -  U , l~~77 is-s-ut’).

S u mnumm n i u m nv o l  Ru,-s- e u t n i ’ I u  Ac t  iv li v:

( 1 )  Si’1 f— r u m s - p l u m s -  n r f  ort h io—p o s it mc iii I utru n  [hi d i -u i : ; i’ I I nn i t _ I  l it ’1 i t _ tm;
S-II ’tI ,— N S I ”

l’ r u-v ious l l m c ’u i m , ’ t  I ’ m 1  w or k  Cv l i i i -  a u i t l i u n n , urn m ’l e c t r t ’n i  s - m ’ i f —

m i p s - i r ig,  i s  n ’s- t is-it_ It’d I.> hit_is it n il > I mini in> I i i ’ I I t u r n .  Ru ’ s - i n  I is s-ri’ cmh—

t ; i l u ’i u’tI I n ’m several v s - h u m u s -  at l i i i’  
~~~ 

i t  mai m i t _ u r n — i n t ’ l  i t _ mm s - — w a v e  s - cu l t  t e n —

I ens- t i m  ( a )  , j u l  0 ru i’m Ii’ cli- I i ’ ruin I fit’ I I n  t ’ vul I id i t s ’  a I pub  1, i shed

u tm m , m I s - s - e s -  al’ ul ui t , i oui the il t ’l n i -h imhi ’hlt ’i’ .‘I t I m e  i ’ m _ I : n u n — p . i 5  I I I’ui l i  m m  a imn i—

l i i i  ut t ian> mu l ti’ a tm t h u  u t vu ’u’ agu ’  d m ’ m n s i l  v a ims - It’ulipt_ ’n’ u t l i n e  i ’ m  i l’s- f l u i d

h i el  i uurui him _ i s - I . I is e , ’ i l t ’ l t id c ’u I l h i u i t  t I l t ’ u t _ c e n t  Iv ru ’s-ant i’s- v a l ue  of

- = ( I .  I 2~) ‘ 0 . ( lW m i s -  no t  “c u i u i t a r n  i l i u m _ I  c-ti ” Cv s - t _’ l f — I  r ap Im ing  i-I-
t ’ l l

let - i s  i’ m moth - i s , wh i l e  t h e  va l ti e n i’s-ti m t i - i l Ins- n ,m = m l . 77  - 0 . 114 A

r i - s u i t s f n u i n m u  as- i t i v u m i is- a u m a I v s - i s - .  i t  i - n  s u m s - F t _ s l i t _ i  t h i s - I  a va lue

f i l e  a in  t l i t ’ un i g b > b i i m l u a o d  o f  9 . 8 A ms-v bm’ m i --,ms - u ’ n iuul n I v  i u i f u ’rrc - d fra n >

u iv h i I l ;m C I  c’ exs-i ’r i m i - u i  I s - I  d um m u  s - mid  t Ct’ c ni le nil a t  [til ls - p r t ’ s - t ’ n  it ’d lie ne

Cm _ m t th at lIm e s-n e c  i s i u m m i  t i f  t h i s -  ih i - t en m i n ; i l ion is not veu-v Iris-hi.

( s - S Vui r  i , m t  I u t m s - i  i r i s - mim i- I l L t u b  n l i s o r i l e r e i l  s-’u ’n t c ’rns -  w i t h  m’o r r e l , m t i t m n s - ;

51111 , — S R I ”

S lut’ var m i t I ou >um I p roe culture , d eve I u n p u ’.l auid ni p s - h  I i -u I  Cv I,u t t i n > g u ’r

b a r  s - s - m i, i t  i a mi  f u u m r t  1011 n b  ul h u m _ m t  i t _- l i ’  i n t e r u m i ’l i l l s -  s - i t  In a uhiscmr dered

stI ,if s-u nit t e - r - m s - m s-v Ct- s-p s-i ic-d t i n  t n t - s - i s - v s - I  ems ium w h i c h  t h e  d i s —

ar  Ii ’  r is t ’ I s - i  r ,mu ’ I c - n i  s- cd l iv  s- u-ni-rum I co r re  I a t  j a m >  s u t m o u mg  t I m e  p o s i t  [mill s-

al  I h i t’ s - c u t  1 1 . - m t - rn ;  . Ex~m I in  i t  b’ u r m nt i I as- m m d -  ii evc- l,.npt ’iI far s-rb i t  nat- v

tt ’mp i -r s-tu in t’, sim o n l — n n m n u s - u -nI s-t’,i ’, t t -r  i n s -  p o t e n t  I , m  t , s- t iP  , ‘ ur u’ mu ’ l u i t i u i l l s

amo u ig i I ~c’ n u n : ;  I t I n s - m s  u i b t hi t’ s u , i t t c ’ r u u ’ :;
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S .  R .  W i l s o n  (MRL — NS I ’)
S.  , 1 Cl ine
Ft . C .  W I l s o n
F t .  P .  S c ar i n g e
1 .  F . h ’ u r u m e l l

I ),~j~~~~u s - s- r an t e d :  F t .  I’ . S c a r i n g e , Ph . l) .
L .  F . P u m n e l l , P h . D~
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2. Aumi . Ciitrnn . Soc., in pri’s-s

9. 2. hloil gson , “ th e Stereochemistry of Metal Comp lexes of Nucleic
Ac [d Constituents ,” ,l. Am.  Chiern . Soc., in p r e s s .

L. F. I ’urui elL ari d D. 2. Hodgson , “interaction of Me tal Ions w i t h
8 Azapuniimes [11, . Synth esis auid Structure af T r i c h i l l o r o  (8—
s-zaadeni,uii uu mm )Ziuic (lI) , 2. tm_nm . Cheuin . Soc., in lin es-s.

C. C. P u m r m i u ’ i  1 and H. 2. I-hod gson , ~
13C N u c l e a r  Slu m s - n i t tie Resonance

S t u dy  o f  h’ u r i  n ie s  aumd 8 —A z a p u r i n e s -  in A queous M e d i u m , ” O r g a m m i c
Magne tic ’ Resonance’, in  press

11. 51 . I l e l  is- , I’ . di- Stm ’t’s- tt ’ r , and H. ,T . I-ln idmu ’;au ’n , “Bind inm e ot
lin e i i  l uminn i n e to In ’ s - i c M e t a l  lo ns : Synthesis and S tructui re of
P o t a s s i u m  ( I )— p en i c i l l a m i n a t o ) (L — p en i c i l l a n m [n a t o ) c o h a l t a t e ( I I I )
l ) i h iy d n u e t e , K [C o ( D — p e n ) (L--pen)  ] ~~I I 2 ( ) , ” J .  Am. Chem.  Sec .  , in p ress

I ’ . di’ M i - e s - t en s-nd I) . J .  h l od gson , “Synthesi s s-nd Structural Charac te r -
i z a t i o n  of L — h m i s t i d i n y l— D — p e n i c i l l a m i n a t m m c l i r o r niu m ( I I I )  Mono l-uvd r a t e , ”
2 .  s- l i en .  Sac . Dal ton  Trans , i n  p ress .

Ft. II . 51 1 st_ in , P. de Mi-ester, am _ md I) . J .  h I o d ,~son , “St r u c t u r a l  C h a r a c t e r —
ization of Bis(L—niethionamo)zinc(iI), Zn(L—uumet)2, ” Inors- . Cliem ., in
press.

S .  , l . ( ; i l n € - , Ft. I’ . Scar [nge , C. E .  H a t f i e l d , and I) . J .  H o P s - s - o n,
“St r u t - i  uru i l and M a g n e t i c  P r o p e r t i e s  of  D i — u u — h m v d r o x o b ’ i s- [h i s  ( e t h y l e n e —
d i s - m i n c - ) c l > rom i u m ( T I I ) J  D it h i o n a t e ,  [ C r ( e n) ’m O H ] 2 ( S ’ , O b

nJ s - , J. Ch me m .
S u i t ’ . l)al  t om _ i . T r a n s .  , i n p re s s .

F t .  h’ . Sc~i n i uigc , W.  F .  F l u t t f i e l d , and 1). 2. Rod s-son , “A Ft’rromagneticall~
•
~

(Stiulmi ed Chi roummi unm( II L) Dimer: Synthesis , Structure , and Magnetic
Priu pert i t’s of Sodium Di—tu —hy droxobis [his (rnalonato)chromate(III)]
P e nt a h i v d r a te , ” lno rg .  C h e r n . ,  in press .

P.  Si ns-li a nd 0. 1 . Hod gso n , “ S— A z a a d e n o s in i - :  C t - v s - i s - i  ‘-~t r u c t u re  of  I t s
Slu n nc~Im y d r a t e  and Co n f o r m a t  icmn al A u i a l v s i s  f u r  n l o t a t i o n  Around time Flvcosv 1
B ond , ” 2 . Am. Chem. S o c . ,  in press .

I . I). ba t es , Ft . P. Se uirin ge , Ft .  i- . H a t f i e l d , ari d I,) .  2 .  Hodg son “S t r u c t u r a l
;iu ’id Magnetic C h m a r u m c t c ’ r i z a t l o n  of  the  A l k o x o — B r i d g e d  Ch i r o r n i u m ( I I I )  Dimen s-
i ) l — I n — M c t l m u n x v b i s  [ h i s -  ( i — h r o r n o — 2  ,4 -pen taned  i t m n a t o ) c l m r o m i u m ( I  1 1 5 )  and
l ) 1 — l m — E t h m o x y h i s - [ I i i s - ( 3 — b r o u i l o — 2 , 4 — p e n t a n e d i o n a t a ) c h i r o n h i u m ( I I 1) I , ” ln c~rg .
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F t .  I- ’ . D r ak e , Ft .  I’ . S c n m r i u m g e , I ) .  2 .  H o t I : ’ s - m ’ i i , am i d 5’ . 5” . I I ; i t m  l e l d ,
S l u m s - u t i i ’ S t  t m u h i c’s- ai m tim — Nit m a t e  ari d Brui mi n i dt ~ SalLs uuf tine ( ‘ i t  j , n s-

It t— — nm’ s- rn ’s- ml ’ [s- [dl  (I  , 1( 1— s- l i ens -n ih  ro lint’) cli rant uun( I l l )  “a’ ,“ 1 us- r
Chm iu mi . A n t s -, in pnt_ ’ss-

P. s-c’ M i - e s t e r  and H . J . hl od gson . “Time n,’ r v s - t a l  s-nd Molecular Stmnnc ms - r u-
t _ i f  C l y m - v l — L — h i i s t  Id i n v l g lv c in a t o co p p e r ( I  1) Di—he m i— Im v dr ;urn- n A :ta
( : r ys t . , i n pre: ;s .

~ i mi s- l i and I) . , I . h l o d g s - o n , ‘‘ The S~ lid—S t;nt u ’ Ct_in l’cnrmal I en am i d S t  rue turi’
of  b” , ’ r u u ; ’ , ’ n ’ i n  11 I i v d n o ch l o n i d i ’ , ’’ Act a Crv st . , in  p r e s s .

Sunnms-rv ~ t I<t ’ s-c’arcli Activities

1) M e t a l — M e t  s-i i n t e ra c t  i ons  in  C i m a i n  I ’ m ’ lvm e rs- ; 55 F — M C I .

C~’ b u u u v e  h ec’n s u cc e s s fu l  in s v n m t l m e s i  z ln g  and c l i a r a c t e m i  z i n s -  a

van  i t t  
~ 

o f  el m s - I n n pal yrne m s of n a p s - i’ r ( I I )  , a l l  of  w h i  [cli possess-  p rapt _ -rh Ii ’s-

w h i c h  ire  l i o t h  s u r p r i s i n g  and r evea l i ng  in terms of long—range inter—

, m e t  i t _ i n s

mm ’ complex uh I bem ’m o [2— (2—ani,inome thvl ) s - v t - i s - i  uin ’ }  ct _ s - p o r n, 115 ( uC ~~55~~N , B n ’

h u m s  b e en  s - y n t h i i ’u ’, t -zed , and t Ime  c r v s t ; u l  si r t _ u c t  m n r e s -  cI t I n  i s  complex and of

d Lb r n ’ m ; u n n (  2 — m e t h y l — i  , 2 — d i  am ino lmro pan tm ) u ’ m n p p e r (  [I )  , CuC Il
l ~
S,,Br , , have been

t l e t t ’ r m i n m u ’d .  The a m i n o m e t b i v l pm,- r i d [n e  comp l e x  cr ’s- s t a l l i z e s  in time n on e—

c i inic s-ps -cm’ gnoup P2 /rn , wi th two t’m”rmula units in a c i i i  of  d imens ions

a = 8.222(155 , b = 6. 3 7 2 ( 1 3 ) , c = 9 .883(18 ) A and = 116.3(l)° , w i t h

(s-m se rved auid c u u l c u l a t t _ ’d d en s i t i e s  of 2 . 5 1  and 2 . 4 3  s-cm
3 , r e s p e c t i v ely .

‘f li t ’- - n t r t n c t J r e  has  been r e f i n e d  by f u l l — n i n a t r i x  l e a s t — s q u a r e s  to a f i n a l

value of L i i i ’ e u i n ’m vent  ion s- i  R — f , ’icto r (on 1”) of  0 .O .~6 based on 763 in i d e p en d e n t

nm lms e m y  1 ‘n i s - . Th ic ’  d i  a min o p r o p a n e  comp lex cr y s t a l l i z e s  iii t h e  or t lm r h o mh i c

s h iu m u ’ m ’ gro tip I ’ nu mma , w i t h  l o u :  f m r u r n i l a  u n i t s  in a c e l l  of  d in> erms ion s  a

20.27h(28) , C’ = 6 . 2 0 8 (3 ) , a mid c = 7 . 0 5 8 ( 3 )  A ari d observed s-rid c a l c u l a t e d

dens -i t Ii ’s- u ’b ’ 2 . 1 3  and 2 . 3 3 1)  gem ~, respn’m’ tive I~’. Th e struc ture has be eui

re-lium eth ,m I i n s - i  v s - i s - i’ m’f Ft of  0 .039 based on 669 intensities. In (‘otim

comp i u ’s- es- , 1 C m ’ la rmu l ;m unit is constrained to lie in a cr v s t a l l o g r ap lm i c

mirror p l a n e , wb m i n u h i  is t h e  a c — p l a n e  i n  I n t _ i t h i  cases - For  the  2 — u u m e t l i v l — l  , 2—

d ia rn i nopr opan e  complex , this brings about a disorder of three of t h e  f o u r

car b inum ,i ttims . Bath structure s- consist o l’ infinite dihromo—hridged chains .

in wh ich one bromide its-and serves to propaga te  t h e  chain  in bo t h  d i r e c t i o n s

w I t  l i t ’  t Im e  t n t l i c - r is not involved in t h e  chum in; thus , one b r o m i d e  is

‘in t l in n ;ti c t _ I  tin t I m m m ’  c-os-per  a toms  whi l ie  t u e  o t bier i s  coo rul i n s - t e d  to  oni ‘~
o ne. , ‘2 m ’ c  ‘ S ; pmm , ‘~ - i n , 1, ” s- ;~ cu . Tim e ~eomet rv  ahuiut  each copper  c en t e r

-, - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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i n  d i ; i n u r t e d  n ’ u ’ t u c h m c d r u u i  , w i t h  two i - i s  n i L e ’ s - t n s-Lois-s s-nd i n ’s -  b t i m : u l d t ’ s

1 m m  t h t i ’  s - l u m m i m ’ ar i d the  weake r  c h n a i n — p r o p a g a t  ins-  b r o m i d e  1 n t m ’ r - ~c t  i o n s  o u t

m l  the p lane . T h e  Cu—Cu s epa ra t ions  in the  tw o  c h u m i n s  are 1 . 73 7( 6 )  A

and 3. 866(2)  A tui r t h e aminomethvl p y r i d i n e  and d i a m i n o p r o p u m n e  c ’r ’ ; ’ l ex es ,

respi ’c ’t i v tml y , w i t h  a s soc ia ted  C u — B r — C u  b r i d g inc i s -s - i c ’s  of 8 0 . 7 7 ( 2 ) °  and

87 . 5 6 ( 3 ) ° , r e s p e c t i v e ly .

h i t ’ s t r u c t u r e  a t ’ t h n i ”  t h i a z o le  n ’üin p l i’-s - d i c h i 1 r o h i s ( t I i i , - m ; ’ ,~ 1e) ’~~u~;-i u r ( 1  1 )

( S u ( t h i z )  , Cl  
~~

, is - marc’- u s u a l  in t h a t  t h e  comp l e x  e m s - m s  i s - I s  of s q u a r e  s-l ou

t i n  i t s  I in k e d  ‘nv  t I m  1 on di’ b r i d g e s-  so t lm at  t h e  s t r u c t u r e  i - I  e ach.  Sn , u is- is

q u i  hi ’ s - i n m i i l s - m  to  t h a t  of  t h e  p v r i d i u m e  comp lex C u ( p v )  _, Cl ,. ‘L h u -~ s - rr ns - c~’u ’ut _’ u ~t

n 1  t i m e  t ’ In u i  [mis -  in  t I m e  u :nv s- t a l  is q u i t e  d i  f fe r e n t  f r a m ~: t hi s- i In  t i m e  ‘v r i d  [ s- c

i’omp lex , howeve r , since in the luitter time square planar units a rc  a l l

ps -ms - i I t ’1 whu L i e  in t h e  t h i a z cu l e  c o m p l e x  t h e  ang le b e t w e e n  t i m e normals to

the  p l a n m ’s in nid l s-cent chains is 780 . Consequent ly , t ime e . p . r .  s p e c t r a l

‘r mn h n t’r tim ’s n ’ i  t he  t lii u czn ’le comp lex are u n t c i u e  , and t h i s  observation

t l t ’m o n s t m z m t c s -  cou ’m c l u n s -  i v e lv  t h a t  c’l , e c tr o n i c  e f f e c t s  in t u n e s e  c o m p l e x e s  are

m i n i s - u n  i t i e d  Ce tm , ’ u ’ u ’ n m  t i t i ’  d m a  h ums - as we 11 uts -  nil  ong t hi -nm .

“mint lien corn s-c h i  ing e v i d e n c e  f o r  the s- i s-nil i ct n m :u ’ of long—range non—

Cons-i ’d i n t u ’r , l ct  i o n s -  is p r o v i d e d  by our  s tuds ’  of  t h e  a d e n i n i u m  complex

[ C u ( A d h l )  , C I  , [Cl ,. ‘lInt’ complex crvs-tall I zi ’s- in t h e  s p a c e  g r o u p  C 2 / c  of

t h e  u m u o n m o c h  i n c  sy s t e m  w i t h  t h e  cel l  dimens i umn s be m i s - a = 1 8 . 1 1 7( 4 ) , b =

S . 5 7 6 ( 1 ) ,  = [ 1 . 8 1 4( 4 )  A and ~ = 1 l4 .2 9 ( l ) °  w i t h  Z = 4. ‘l’he coppe r  a tom

is roug h ly t t ’t r a h i e d r a l l v  coordinated and l ies  on a u u r v s t a l i o g r a p h i c  t w o —

l a i d  a x i s -  w i t h  t h e  f ou r  c o o r d i n a t i o n  s i t e s  b e i n g  occup ied by t’,’,’o ch loride

l ig an d s  w i t h  a C n n — C l  d i s t a n c e  u i f  2 .2 2 8 ( 1 )  A s-nd by  t h e  N n , Q ’ )  a t oms  of two

u umlc- n imm ium t u itions wit h a C t _ m — N ( 9 )  d i s t a n m ’ e ~i f  2 . 0 1 2 ( 2 ’)  A .  The c a t i on ic

h i m _ u r i n e  Is p n n n t nn u a t ed at 5(1) nmu ’nd 5(7) . Th en— are s-’u ’u ml< Cl~ C l i n t e r ac t  io n s

n i t  l e n s - t I m  ‘3 . 7 5 ’ n ( 2 )  A w b m i c l u  l i n k  tIme m o u m o m e r i c  u n i t s  i n t o  z i g — z a g  p o l y m e r i c

c l n , m i m i s  w i t h  a s - c m — C l  ( :1 a n g le  a f 1 6 9 . 2 3 ( 7 )0 . l i i , ’ c cr r e s -p~’n ib  h u m s -  Br~ 
. 

~Br

c a i m t u m n ’hs  a re  c a l c u i u m t e d  tm -n be 3 .791  A.  t i m e s - i’ 1 I g a n d — l i g a n d  contacts

s u p p o r t  t l e i s e nh e r g  l i n e a r  c h a i n  a n t i f e r r o r n u i g n e t l s m  w i t h  = — 7 .~ cm and

s- Br = — 3 6 . 5  cm 1 . ‘[‘h is  is  a r emarkab le  r e s u l t  in v iew of t i m e  l ong  Cl~ 
. .(J

- ins- Br • . •Il n dista n ce,-;, and d e m o n s t r a t  i’s t h a t  t h e s e  “we ak ” i n t e r a c t  i o n s  s-re

of  s - ru ’s- I niaguiet Li s - i s-n i f i u ’ance In  tI m e solid state .

—~~~~ 
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n , 2 )  St rue t nra!  and M u m g n t ’t  Ic  I’ r m m p e r t i  i-s o f  Ch ronu i um(  1 . 1 1 )  Di min ers

N S I ”  (Chmen iiiste v)

‘ f l i t ’ da t a  wh i ch  we Im u iv c ’ obtuujtm c- d i-ui d i — h u v t h r o x n m — h n i  d ged c h m r o m i  u m ( I  I I ’ )

d i m m e r s -  ~‘f  the t y p e  [ s - r ( b , )
20H 1, i

n+ 
(u ~’ h n e m e  L is a s- a i im a b i d e n t a t e  U s-a n d )  are

p r t ’sented  in Table  1; ex ann i i na t  ion mnf th ese data shows t h a t  ( u n l i k e  t ime

m t ’ s -p e r  n m n s - l a ,gs)  t l m m ’r i ’  is- ‘ [ e a r ly  no l i n e u u r  d e p e n d e n c e  of .1 on . l i o c s - n n s € -

T a b l e  I

St  ruu ’ tu r a l  and M a g n e t i c  P r o p e r t i e s  of  [CrL 7 ( Ohl )

Cons-pies- ~ (deg.) Cr-Cr(A) d i m ~~~) I E ( c m n 1)

!Cr(en)2 0hh 12 Cl 1(Cl 04)2 103.42 3.059 —26 .8 —26.8

[ C r ( p h m c n ) 1011 ] , , Cl , 102 .7  3.008 — 5 5 . 5  5 0 . 3

[ C r ( p h i c n ) 0 01h 1 7 1, ,  102 .1 2 . 986 — 4 3 . 8  — 5 3 . 6

[ C r ( d i p i c ) ( 0 H 1) O I I } , 100 .7 2 . 99 9  — 1 4 — 1 4

Na ,lCr (ox),,Oh1 ]
2 

99 .6 3.006 —0.6 —0.6

5uu~~~Cr (nmal ) 2m_ ,) I h J ,  99. 3 3.000 +2.2

~m, ’r ( g l y ) 2 I ) I 1 ] 1  98 .2  2 . 9 7 4  7 d  — 1 2 . 0

iru  unan v m ’ ’ i m m p l e x es-  o l tI n is t y p e  it is necessary to mrn id[ fv the excuu a u ;gu ”

hIs - us - i l t n ’ n l an i  h im ’ inc [ut_h um s - a sect_-nod—order term (bi quadratic ~‘x ~’b ian s -e ’)  , i .e .

11 = 2JS
1 s 2 - 

~ ~~l 
s 2 ) 2

the Vs -ui V l,i - ’;’k i-qu it ion cam_i be written as

-
‘ inn k r

+ ~~~~~~~~~~~~~~~~~ + n 8e 2 ” 0
~~

l
~~~

T i

- (~ ÷ 3 , ( 2 J — ti .5 , [ ) / k T  + se
( 6 2 _ l 3

~~
3 j ’ )

~~
<T + 7~~ ( 1 2 J— 9 j ) / k 1’

u t m i d  t i m ’  s i n g l e t — t r i p l et  sp l i t t i ng  ( , ‘- ,C in l ii i! — I) is- 2,1—b . Sj . C c ’ r r e l u m t i ’ : m s

- ; i u , ’ u m l d  mo re p r i j i u ’ r l v  he made  b e t w e eu m  ‘F  ( u ’ , m t h i ’ m  t i n , m u m  fl and s t r u c t u r a l

I e a t u i r c -s , b ut  i t  Is m I s - n i  a ppa ren t  t h n , i t  t h e r e  is no l i n e a r  r e l a t i o n s -h i p

h e t w t ’ i ’ u n  ,\E m s - n i  ~ f ,m r t I m e s - c- r omp ex t ’s

- -  ~~~ -
‘- -

~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~
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he n t ’ u t s - , ’ n n  f o r  t I n  i s  a p p u ir e n t  (h - nu t  n i o t  n c t  u s - i )  b r eakdown of t I m e

s-c hic - mimi ’ w h i i  c i i  we had  ear l  icr  proposed ta r t h e  i n t e r - u t i m m n s  i n  u ’ op p e r ( I T )

d i n n e r s  i s -  ni’ad ily seen. in  t i m e  case o f  c o p i m e r ( I , l )  , e’nu were ab le to

r e s t r i c t  o ur  a t t e n t i o n  to t i m e  s— s - v s - t e r n, s i n c e  t i m e  on i”  u n p a i r e d  sp in

r e s i d m ’s [mm i — o r b i t a l s .  In  s i x — c o o r d i n a t e  chm r omi u m ( l l I ’) comp lexes ,

howev e r , t I m u n p a i r e d  s p i n  is in t ime I 
s-

p orb i tal s wlm h cli have

t ’ , n n u n n ’ ’ m n , ’n t s  I s - n I h  h u m  11m m ’ b m ’ i d g i n g  p l ane  anmd p e n p e n d i  c u la r  to i t .  H en c e ,

t i m  is s-es -  te rn  ni l l o w s -  t _ m s - tm - n  gen era l  ize  our m o l e c u l a r  s-r h I t al  s o i m e n n u e  ; time

result ‘l i h aimi t i d for ctippen(l l ) diun me rs is a sp e c i a l  case  of  this antici pated

r i - s m _ m i t  . I t s - in st _ mi d i-nc’ noted h oweve r , t h a t  to the c s - h  Om i t t i m _ a t  t ime  m e t a l —

os-v s-eu li n t _ I s- i rig [n onmds -  u i r e  of  equal  l e n g t h  in  a l l  of th ese complexes  ( f o r

s-nv g i v m ’ n n m c t s - l )  , t i m e  b a s i c  h y p o t h e s i s  h olds : ‘h ~ “ zo : ’t , :~ i’~’h~~s - ’~
0 .‘ , ‘ t ’ ~~~ ~~ ‘~~‘O’;’ ,~~~ ‘ u : ’ ’ ,n~~~~~’z n : ’ ~~~~~u n i l - n ’ : -

n y u ’ ” , :. In the case of six—coordinate s-vs -hems ~~~~ c hr o m i u m ( Il I )

c o m p l e x e s-)  se h ave t he  s i m p l i fy i n g  f e a t u r e  t h a t  t i n e  v a lue  of  T is f o r c e d

Cv t h e  c o n s t r a i n t s  o f  t i m e  ~~~~~ d o — o c t a h m e d r a l  g eome t ry  t o  be a p p r o x i m a t e ly

ze ro  in a l l  c u t s - e s - ;  consequently , tIm _ is terni is not a factor in t in e s t u d i e s

t_mnd er discussion here . I have r e c e n t ly  d e v e l o p e d  an e x t e n s ion  or’ our

o r i g i n a l  s-mo de l w h i c h  m c i ’s-an ts -  f o r  the o l i s t _ ’r v c d  p r o p e r t i e s  o f  c h n r o n n u i u m ( I I  I )

i i i  u n me ns-

CC’ u l rm ’ n m _ I s o  s - v i m t h n i ’ s - i ; n  i n s -  aims - s t u dy i n g  a l k a x o — l ’n n i d g e d  c o m p l e xe s  o f

t i t t ’ i v  li t [C r  ( C )  
~~ 

1< amid have cons -p ie  tm ’s- our elms - i’  i ’  h e r  i z a t  I onm~ ‘n t im r n e

~m mch t ‘ m s-iI j i !  ‘y ~~’~~~. ‘m i l es-stir L.J . Tlm eri n’n t inn s devised a more s-es-oral

s-vu , L h it ’t i c ‘ ‘ n i t  u ’ t h u m our  owum , w h u i cli s-as  nm c’-r e l v  an c’s- tens 10mm of t i i ’

p m i  m ’ n . ’d m n r t ’  n i t  K u n s - i n s - u m , s-nd he h um s - geumerouslv deumat ed s-nimp ies 01’ more of

t ln e s e  u ’ n n i uh i lc ’Xi ’s . l’lmt’ se s-1koxo—bni~ls-c’d d inners- art ’ of  g r ea t  v s - I  ne  in

i- x ; m n u i u m i n g  ‘inn present correlation , since 11mev al Innm ~ us t o  y u m m y  t i m e

e L i ’ ,; t r t n i ’m ; l n ’ n — m i t v  a t  tIme b r i d g e .  ‘i ’bie e f f e c t  of i n c r e u m _ -: h u g  t i n e  e l m - c l e an

dens  [ L v  m l  t h m c ’ h r  i d ge’ is Lm ’ r u m _ i s - c  t h e  e n e r g ies ii I t~ ne  S ml’ it s-is :
1

and . ( rennc’nml- nt ’r ins- t im _ at t im es - c’ art’ time nm u m t ib o n d  i n ’  ‘ots -h i I m u tt i ons~ and

h eave and :~ m mm i i i  tc’ctcd since thee m’ , ’ n t i t a j u m  no b r i d g i n g  , ‘ ‘ u , m _ r , ; c t e r  . T n t _ i c

i a firs t app m n ’ xiu u i uiti t n ui , (C , _ h :
l

) 2  i s -  u nnm l t n ’m ’ t u - h  (assuming s- iun’ i~~nm r enero”

s-h i I t s  I t i r  aX\’gi’n l \ 
u tmi c l , w h i l e  (li — F 

i
’)

2 
s - n i l (F -  F he: increase

s- i t  Ii i m ic  n’ , u i - -n i mi s -  i’ I n c  Iran dens  i t  m ’ m t  t Cu ’ hi r n d e n - . ‘1 1 - n ,  u ’ , ¶ 
m’ ui ’ , se  i’ X l ’ t’C I m u m

in u:r e,is-u’ i n  t h i n ’  s-n it I fe ’rruimagnet IC l i t  n ’rac t i - n f l  w it lu hu m ’ nt ’,n ’~ inc t’ i t ’ ’ t rcn

dc’ u’is- i t,  v nm _ I t h e  h i nj d g  i m i s -  t h o m .  We I m d  t h i t  the count s-i t ’ s - i - ,~ ~t_ r ( 3 — C l  — a c , m _ c  )
i ) CII , 1 1 ,,  I C n (  i - B r - s - c u t ; - )  0 ( lII 3 ]~ and [C r (  3-Be - m s - i n ” ) ,s-C ,H.]~ a l l  5m m _ cc

.tp prm ’x i u ” i t  ‘ l v  t i n t ’  ~ u 1i n , - ~ v a l u e  ( 101.5 0.1” ’ ), h u n t  t h a t  ,~F - ‘ u ’  t i m e oths -x’,’

,~~~~~~~~~~~~ 
- 

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ , .‘ - = “ - ‘ -~~~~~~~~~~
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n ’t n m p l i ’s -  (—1 7 .9 ‘ inn  
1
) m _ s - s -  a p p r o x  [mate  lv tw [ ‘ u ’ time mu na pri it t_ ide ft_m ind f t - n  r

t i c ’ m i n i - t I n , ’ x v  u ’onip l u ’s - c’s- (—
~~ 

ciii 
1

) Since n ’thma no l is a s’enu ker acid  t han

unme t In s -c l , therm is ‘m ater elect ron density um _ t the e t h o s - v  o s - v s - i - n i  s-t o r n ;

I ’ I t ’is- ’ n ’ , t i m ’ ’ n ’ h m sn ’ r v , ’ i  r e s t _ m i t  is  ent i r e l v  consistent w ith our predi c tion.

l ’ Ii i~s is th i n ,’ nt _ I rc num g i - s- t u ’s-p er i s-m ental evideumce of this - type ever reported.

( I) lI: t l t ,ct ’uu — I’n rjd s-ech Con mp l e s - n ’s 01 C o p p e i ’ ( l I ’)  ; ~;Sh (C u t s - m i s - tr y ’)

In , ’ u ’ - n u t  i c t’oup l i nm g in  ins - I  o s - e n — I - n  r i d ged cams- in  s- n ’ s ci I c ’ppe r ( I I )

i n n  ni- n nu’ u ’ounmp l I n i t i’d t i m _ a i m  t I m e  h i v d r o x o ’- , -m v s t  t unis l’ n,’c ,muu-m e of the presence ,

i i i  i C C ’  i t ’  ‘ u - u i  r • n n t  nu ’l m l  i v u ’ I v  l o w — i c  i n s -  l i g n i r m d i l—orb  i t s-  Is w i m i c l i  cs-s-

u t t e r s - c t  w i t h  tint ’ u uu t ’ t , u l  ‘ r l u i c u u [ s .  A f u r t h e r  c’omp l ic a t  1cm_i , m m  l o i n  s-e d i d

n o t  - m i t  ic  I ‘ m t  m ’ , i r i s - i ’s I’ mc nu u  our s-i s ’s-v e ry th is- I complexes o m’ t i n e tv’’c’s

s - iP X , ( s h u n  I ,  i s  u m b i d e n t i t  t_ I i g an i d )  or  (‘ nnA , X , ( s - h e r e  ‘n is unh t_ Ii - ’nhate~

s - i  u’ ,’ utni ,n:’l , i s -  i n s -  I v  w i  di- ~‘ , i  r i e t  V t_ ’ I m ’, e t _ ’I u ie t r i e s

l i m e  t, ’i m m _ - s-m u pyramidal mh i nm me r s are tim e i -mi s  i e s t  class to u n d e r s t a n d ,

i n p s - n t  hm~’~ ,ui;s -e t h i s  geome t ry is most  u ’e u i d u i v  c o m p r e l m e n d e d  in the  I i s-l it

o f  i ’ m _ n m  p r e v i o u s- nni’n1u ’~’ ul a r  o r b i t a l  schemes , amid al so becaus e d a t a  fo r

t h e s e  cons-p lexes  are  n un s -i ’ m ’ b m r e v e l a u i t  a t  p r e s e n t , w i t i m  t h m r e e  d i b r o r n o — b r i d ged

amid l i e  d i c h n i ; u r u ’ — h r i d ged s t r u c t u r u ’s  a v a i l a b l e .  ‘I ’ h i m u s c ’ tetragonal

p v r u m u m m i d u i l ‘s- i nnp l e x e u m  nm _ r i ’ , of  c o u r s e , of  t ime o n n t — u ’ ” — p l a n e  t y p e , so in

this s - i t t _ m n t t i m i i m  t hm c ’  b r i d g ing  m rs-rnewn ’nrk is nt_-n t in t he  x ,v— p lane of bile

s-n ’s-pt ’ r m t  onis ; one Ii r i  s-g ins- 11 s - nm _ n d i s  n m _ s - i  al to ,m s - i  yen copper atm ’s-c , arid

tint’ at n t _ n  is- t’q u um t o riu i h . S lit _ c time unpaired spin i s  i n  tim e C s - c e  p l an e s

,‘ I t i m _ c ’  m in im I ecu  1 e , u i u iv  tn s- n - I n s - r i p e  i n t e r a c t  ions  a re  c s -p c’ c m t e’ml h o li i-  s-i- nh

I i i , ’ u i v i j l u t h n [t _ ’  m l , i i u m _  f o r  t i l t ’ s - u ’ types ci d ir n e r s  ( t i m e m a j o r i t y , b u t  s - s - I

s - h i , m i t ’ s - ’ i m i t’hm are  I rom ou r  l a b o r a to r i e s )  u r n ’  s u u n m m a r i , ’ed i n n  i u u h ’ l e  I I .

T u m b l e  11

S tr nn ’ t n n n al anti M a g n e t i c  P r o b ’ n t’ r t i e s  , ‘f  i’ e t m’ , i , ’ c m ; , ; l  P y r a m i d a l
Ha l o g e n — b r i d g e d  C n ’n p n ’ u ’ r (Ti ’ ) 21 ~~i’

Cmn -X ’ (X )
Cn nmph ’x

(out-’oI —p lane) Br m _ d p e Sng lc J_ _ (d) (:‘) _~~ cm 1)

j ( l m m  ( DMC) CI 
2 ‘ 2 

2 .698 e 8.O + 3. 1

[C u ( p i t _ ’)  , C[ ,] . ,  3. 37 101 . -u — 1 . 7

j t _ m ( t n n m n ’ m n ) C L ,], 3 . 1 - 1 7 9o . 8 -2 . 5

1 ( ’ i i ( ; h i u n ’n n t m _ I  2~ 2 2 . 7  3.1 8o . 13  - 1 .0

I t_ ’ n i u i t  i m u d )

L~. _ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
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_3 4

‘I ’ m _ h ” i t ’  I I ( m ’ un mit ,  [mm m m _ i - mi )

Cu-X ’ ( A )
Cou p 1 u ’:~: (o n u t — c m  — p I s- ne )  B r i d ge An g le J

____ 
(d )  

_____  
(~ ) ( cm ~~~)

( u n  ( Y ~I, ’in l’il ’) Cl 2 ] 1  2. 737 88 . 17 —

1( ’ n u ( p i ’ )  , h r  , ]~ 3. 8 72  100. -~ -2 . 5

s - m i (  t i ’nn ’n) Ii i’ , ]  , 3 .20  3 .6 — 2 .  (1

[Cu(drn em_ i ’)hir , I , 2 . 86 8  8 3 . 7 1  — 1 . 0

f i - i n n  p r t ’\ ’ l o n i s -  c o n c e p t s  w e r e  c o r r e c t , we s-ould predict that ‘it

h i m  i dg ing ang u s -  nm ’u m r  90° t h e  gr ou im d s t a t e  w o u l d  he t i m _ i -  t r i p l e t , i’ut

t i m _ a t  u s we d e f o n u u n  t I m e  sy s t e m  ( i n  e i th e r  d i r ec t i o n )  we s h o u l d  b e g i n m  to

s-i’ m ’ s - i  ri p , lo t c m,’unm d states. It i s-  a p p ar e u m t , un f n - n r t u n a t e l v , t i m a t  t h e r e

is aumt ’t i; er v a r i a b l e  h e r e  — tIn — o u t — o f — p l u m _ n it Cnu— X ’ distance , d. Cc

s -n i t i ’ m _ i ’ s - t m’ , t i m e  m , ’f oro , t h a t  we can smite

= f ( ~~, d)

s I n n - c , ‘I ’v  i i-us-i ‘, ‘ , an in cr e u l s  i-mi v a l u e  o m d vi  1,1 s - t b emmu ,i to  h Cc . ‘~-e r J  ap

m i n d  d en ’ r t ’ ; i s - n ’ t I n e -  m n l g n i t u h c -  of  2 .  B u t  s-’Iii Ic ’ the magnitude of , T is mu

t m m n c ’ t i o n  ‘f b o t h  n m _ m _ m d d , t I m e ,~!‘n of .1 s h n t i u l d  be a f u n c t i on c i  o n ly ,

w i t h  t I m _ n ’ :— d cp e n d e n c i ’  d e s - c r [ h i e d  above . We o b v i o u s ly  h a v e  o n l y  a l L— 1t ~ ’ I

imumh ,u,’r , ‘f d,m t ,i , I- nt _ it it is- t rue  that ( a t  p r e s e n t )  a l l  eom p lt ’xes w i t h

C r i d s - c -  n ,m nm g I ms - u “ i t  wt ’u ’ n m  87 n m _ nd 930 h : uv e  t r i p l  n t  s - r n ’ s - m u d  s - t u n i c s  , win il e  n i l  1

cc’mp l exes  w i t  Ii i-n m i d s - t” ur n s- I es o u t s i d e  0 1 t h i s  win idos-’ h ave ‘i  ic 1 ci c r o m i ’ n c l

st nut ~‘s . ‘ li me d a t u m , i, i c ’fl , mire c onsist ent s - i  t h  o u r  p r — u  c t i on  , alt ’ms - m u o n

t i m , ’ s - v n i l n m _ h i l  i t ’ , ’ m ‘ n i l e  oume comp le x s- i t u  a t r i r l c ’ t s -ro t_ in s - s t a t e  t_ li m inis - lnu’s

t h e i r  m ’m ’l  j u n 1 1  i t ’ ’  mis -  m_ t m ’s - I  o f  o u r  timem ’r’, . “ h um’ s- s -y e n ’ , t i m e  pu ’eci se  n a t u m ’ e

n ’ I time dc’ ji en denm n’ o f  .1 on il r e m a i n s  to b e d is co v en c ’d .  i’ resumah l, v , t’ rom

time i l ’ s - V u ’  ills - ct _ is - s [nun , .1 i s  dependen t  on ~ [ i . e . ,  90 — :  ] and on d ° ,

s i m m , ’ n u~ m ’ i ’ l um u mt  I-nt ’ i n t e g r a l  nm _ nd may i t s - e l  I ‘n ’ a I u r i c :  [on s- f  d .  We

- , h n u t l 1, nn , ’ , ’d m t m r e  d a t a  to unravel this pr m - n hli’nu .
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‘ m i s - i - I l ’,’ h e u u n h t , ’r :  R i c h a r d  C ,  ~i n u r r m _ u u g i n
[‘ri-Lessor ol ’ Chi enn ils - t rv

s-u mt _ l u n a te S Lus t _ In s - n i I s : 1 , S .  B emns  L i ’ in ( ~1s - l .~ N s - F)
C . Iii: L i - s -mm ( ‘u i - Il — s- Si )

B. Roni cum _ gI  i ( ill-il , — N  81 -’)
8 . ‘n’ s - t i e  ( M R L — ~-~S f )

h ’s - n t _ e s  G ra in Let_ I : C. 8t_ ’ l , t _ ’s - rm , IC ; .  I ) .

U t l i m ’ r Su j n p o r t  i r i s -  Au ~t _ nu1C\’  : N n mt , i c m imui l S c ien c e  F’ou rm da t  ion

I’t _ mb L i t _ n u i t i o ns

8. 1c 1.cntn i , I , .  U .  l’et _ l c r s tm n , arid R .  C .  J ar imag in , “A l k y l — I l n u t a l  S u r fa c e
s - n - n i l  i’s- e s :  bi~’ t I m v  l~ and Li tI i i t _ mn i i , ’’ J .  Cl ie nt_ i . Phys . b 3  , 24 91— 2500  ( l 9 7 u 2 )

N’ . hi c , e u i  mm , “I , i  t b  i t _; n n m S u r fj c m ’ C n n n p l  c ’s-es- , “ I n n  i vers  i t  y of s- i c  r i - f i l m s
:\nun n ’n r b i ’r , M i t _ h i s-s-mm ( 1 9 7 7 ) .

S u n u u n : u m m i r ’ ,’ n m l R e s ear c h  Ac t i v i  t n — s

( I )  S u n I , m n ’ t,’ Cn ,rnp [ext _ n-n ; N S F ’ - M C l

Rxpc  r i m s - e m i t  s - I  s - tm _ md i i-s of  s u r f a c e  co t _ np  i t _ i c c’s- l ’n ’ n n e d  ou m nmn v a j un ’i ’ , u t n t _ I

1 [ t I m  I mu m ; I ~i Inn s u ; i v m ’ b een m eom _m t iumuc’d . ‘time S t r uc  t ; m r i -  i - i’ t m n m _ n s  iu ,mn t 1 i t i m  i m m mi

s-t en ’s-ides like s-pe cic s m s - ru i ned on l i th i u m  s u r fa c e s  is soug h t .  m i m e s - c

Sine ; Li-S in la y  be i mm v o l v e d  [in l o r m n m t i o n  of e s - o s - I d e s -  mis - i t _ I may s e rv e  as

p o 1 y i u .’ r i z~t L i o i m _  u: s - tu u l \’sL s- , liii ’ rm ’lu itiv c ’ rates of ri ’ s-i-Lion of surface

v i  t i n  iI ,) 0 , (3 ,,  and N , h ave been o b s e r v e d  a t  rn ’ s - n ’  t e m p e r a t u r e .  Sevt ’r n u l

f c n u t m _ i m c’s i i i  t i m e  u l  t, n u iv i o l e t  m i m t t ’t I , e c t r o m m  s - s - i - c t  r u i n - u  s - f  1 i t i m i u m u m  p lus

vs I er  have  hus - m’ n cI i - m i n i  V i t_ l ent ,  i f i e d  vi t I m  s t _ m i’ i , u t _ ’ t ’ ( IC ( . / i -V below C
f

assi gmm t ’d lb 1 ~i mn d 5 . 7  eV b e lo w  E
1 

ass i gned 2mm 1) . , \ d n h i t i ~ ’n m a l  f e a t m u n i ’ s

ha ve b eemi  t e n t s - I  l v i ’ I y i t _ I e u ’m t  i t ’ Led as c t _ t n t  r m H u t  m ’s- C’s- mu ii-  r , ix ide— l ike

i- n u t s -  ( ve ry s t r o n g  h m u ’ , m _ k s-I , 5 . 3  eV bm ’ i n s -  C
1 

s- In s  ‘ t m nm ’r ,~u , i ks -  , m _ t

‘ m i s - t h e  r 1 - n i  rid i l ls-  i-I1C n gv )  . Add i t  ioumml I cci I t_ c t iO m_ m 01 u ’ l i-c t  ru i n S n ’ c L  r u n  ,

c m  [ n u n  h u t _ t i  e m s -  o f  c’ I C u t  r n ’n i  c I m’ v t _ m l s  f o r  m m _ s - s i -med  spec  i i ’s- , mind obser m’s-—

t i o n m s  of 
18~ 

, u d s o r s - t  ion and d e s o r h m t i o u m  a r m ’  i n  P r ’ s - m u s s  l i i  c l , m n i t ’ v

t i ns - L i - m n i , i t i V e  uumeu u iti I i n ’ u iti n u n is - .

( 2 )  N o n  i n i e n u r  P h m _ o t o i a n i z u m t i o u n  i - i’ l )u ’n or s  in Fluids and Liquids : s- Si -’

l i i i  u u m u , n l n ’ c m i l , m r  l m ’ , i t u r i ’ s i t ’ donor  and I n n ’ cu - i l i t _ c t  iv ~’ molecular

bu ,’ l i u u v i o u ’  n t  n ; n ’ h  t_ ’ n ’ i n t  ( h u t  m m _ u s c  , m n m i  u ’ o n m _ t  rol sm m n l v m ’n t  iu ’mduced r e l e n t s - c’

I



1~
’—
~~~~~ - ‘-‘-‘ ‘—

I i -

n u t  m ’ h i - ct ,  m~n u m _ s -  I i’n - n i ii i i i ’ t o — e s - c  t h u d  doumor ni Olei ’ mn I t ’s- i ri L mu t im _ c’ qu mi s  i — i  rim_ c

m i  u ’ ,’t L’u-num _ 51 i t  u ’s- of  um _ i ’n n p e t m t n m _ m m i ’ , u mmd l i t  u’m u n n i e t h n , ’L  s i l u n n m t _ ’  , m r e  sought.

I in s - n ’ iu mu ’ l (i, n ,lu ; f n j m _ ’ s t m _ m t _ h y  of ti m_ c pl m em ’ut-n m_u uenc”ui ale b e t u m s -  dcv~, l t _ i ’ e d ;

n i )  v t _ m _ r i n l t  i— u i  o f  f l u i d  c l e t m s i t  f n o u m m _  s - i s - — i  i k n ’  to l i q u i d — l ike  v a l u e s ;

b) i’ ns - nnm pn m _ u’ i s c i m m iii tin,’ s -m i n n Ie n I , n muom muf d i  m t _ n t  e i e t ’ t n ’ m ’ n ’u e j ect i o n  v ia

uum u u I t [s-hot i - u n i n n  I ~n m m  t, lo um _ wi tI m _ imxiuced eli-ct mmiii Cu ’ I i n s - i ’ f r i - r n  s t n u t , c’S

es-c i t u ’,I lii ’ 1 t n t _ i t I i i -  [ ommi u-n ut i — mi s - i -t en t  is-I , aumd mu) m i-nu ll s- r’is-n ’i m of

pi nt _ u tcu iom_ mi ’zuu I [on l i v  ,m e o nm m _ n muo u m rn c u c l i au n i s m um _ t_ ’ r s Lii i’ I i ’ d u n i , ,i mmu j c and

n u n o n , n t t t n u u u i t _ ’ t_ ’ h,e~’ t i’oui t i n ’ n m _ n u r s  In h i l u o L u , i n u u u l z a t i o u u  t r i - mu m l, a r s - m ’ s-o ly n nt o n n c

spot: I i ’s- w i t n u  b o t h  u ’ h u m s - s - e s -  o f  nn io ],ec u Ies  t_ - u n n t , m i n n t n d im m _ s - G u i  l , n r  l u u t ’ t _ I I d .

t ) m _ m r i u m ,’~ t int’ l u ,i ’ ,m e n  , n u ’  we m u m _ t m ’ ,‘o ri m i n’mnm c ’d , ‘,s’~~ t i m  min e d I I i n _ m i  ns -\~’c ’r i m c u m t s - l

s - u  m u m _ m i g e u u u e n L  , s-c Ic- i’ t c’ u h ,‘e s m _ m  I t . s  th ,m t ms- cl m i - nm l u r e - y i n - n u n s  1 V s - i n  h u ] t r i e d .

l)evc- i t ’pnii t _ ’u m t , c m i , ;  t u ’m m u ’ L I n ’ nn , n m _ mid t n ’ s - i l  ni; nmf aim O ; ’ t  i - am i s - m u t i -u t c e l l

L o u  s’n n i ’k i n s t _ m s - m u’ ~‘ r i t i i ’a I I l im it _ Is m s - n u n,’ v i r t m _ m , u l l v  n ’nu uum l n l m’ m m’ .

inst r m _ u mun cm m _ t n i t  i m n u l  t o m ’  nn ue u u s t _ u ru ’uume nt c i t  1 m m  n i , i m ’ u l ’ n i ’ m ‘ : u u m ’ u ’ ’ m t  I n  t m ’ s - I  ce h i

s-t, h J 0
t ( m m m i i i  lOll  mu t u m  1m m _ s h i - t i m  u :onuu p ii ’ t e d .  I u n s  t n u i n m e m i t , u  I u n ’fl m o r  p res -sune

tm ’s - t ium n; , i Ite r u,n nt cii i - i l l , rn _ l i lu ng m i s -  i - n u t _ n  ct ump h t ’ te d .  l i - s t i n g  01

mm’l 1, t i n d e r  n-npt,u u ’,u t i oum n m _ l m - n ’ n nihI 1 l i - m i s  i s  711 t_ ’nu mu n l i l _ ’ lt ’

i nmu l i h m’m u n i ’ m i t , n t  i s - n m  c i  p t _ i t s - i ’ d  I t s - n m t c ’ c i m n l h n h u m t ’s- t n  , i s - s - j s t  in u n d e r —

s l u m n t _ h i u m _ g  t h u m ’  n l v u n , n n n u i m ’ s of so l v e r i t  i m n d m _ i e e d  n ’l c s - t m ’ ’ n m  mm ’ l n ’ , u ’ - u u ’  ms - s  been

p~t r t 1 y  comim s- l c ’i e d .  A l u u s c ’ r n ’ s - c i t  h u n t s - u’ h i s  is- n i ;  n n ’s-, ’r km ’d [mi -n i m _ m s e

v i  Lii nm _ iC y Li i  us - i -  w i L l - n  N t _ I  3+
: glu m _ s - s  . A I - n t _ i [St SW [ t e l - n t -n m _ i t  s-nd slii ’m’r

m u - u u i - t in ; n t n u ’ n n m m ’ nl C t _ u t unp s - rt pl’ ii te fi ’ t ’ n l m m e m m n ’y m m _ m i t  i 1’l y in n s - c r v s t u u l s  imni ve

no t vet hm m c u n m recci venI.

s- c ’ Ii u tv i ’ success I’ m _ i l l  v d e m ons t r u m _ t e d  mc ’ s n ’ u i n u m n t  l v  c-n tis-riced mmn u lt ipl m _ o t i -m i

l i u u i  I s-at  li - nm -n f r i - u t _ u  t_h o u m t _ i r ummo l i e u  I t _ n -’ p n u s - s - i’s-s ins- s - h u m  np b u t  vt_ i l 1 s e par a t e d

t ruins i t I u ’ m m u u  m m _ m m _ n h  have sh own t ime  i1 i rem ’ t mm_rn h t [ I -nh o t i -u i ii ’tmiy,um t ion to be

weak I v  l u i f  m en— ed by a 1000— fo ld  i n — r i - m m _ s i ’  i n  f l u i d  dn ’n ns  [t v

Qua imt  i t a t ,  lye s t u t l i c ’s i - I  the e f f e c t  arm ’ i n  p e t ’ s - m i’s - s .  A s i m i l a r

m c ’s o n an t ly  enhanced m u l t i p i m _ o t o r i  i o t m i z a t  i u - nn  lmnts  u i - e n  observed in

t i m _ c ’ I cut  r i — m u  I k y i  — p— p imenyleumed [mliii  le uh or m o u’ s . in these  suit ’ s- t i n t _ es- t he

st _ s - t i ’ s -  n u t  t l m _ e  nt_ m e (j m _ lmiu mtm _ l ulm _ I i’vu ’l , wl m & ’re t h e  mn ’sn ” iimnn m , ’u’ is presumed t_ t-n

us e i g iumum t u ’ , a r i’ ,i i m _ h m i ’ n n m o g e u m _ c o t _ u s  I y C r oul d -ne d by t m e I r i f l t t ’ m l  h u n  I ions .

ICc’ s-t niungt~Iu n - ni t i m _ c ’ resonant  eu nl m _ am _ ice u ne nt  iii t i m _ i s  u’s-Si- wnmu , sounewhcm_ t
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. ‘ u i f ’ u ’ I t _ ’ l i n ’ , t m i , l  i s -  v , t  t u n  bc t I m _ m i n t  u t , n t l t ’ n ’ l ’ , e m ’ m , u u : ; i , ’ u u ’ ,,’ . Ce bc~1ievt ’ that

I I n j u n  t ’ I n s - m’ m\ ’ , m t i n ’ u i  u l e n m u t _ ’ n u s t  m ’ u i t u ’ -  • s-s n n e i g ii m ;l h l v  p i n ’ s - i n s - c d , t i u t t  nmul t , i p l e

h n lu, ~tt u n n i oun iz m ut m mmi u lu n ’ imId I ’m’ vt’ry mi s - i’m u i  m us mu t i -m I to u ’ s - , m _ u u n L n m m ’  c~) m m L r s - st s

I s - - i  s - u n i t  ui-il l r u n  i u m n t u n , ’ u ’ tt  n ’ h u u u  u’ s-i’ n t ’  I t ’ ,i5i ’ I u’ n m nun be t _ m int _ I  i-Xc I t i n 1  St n t i s -  am id

- , u ’ m u u u i u i i ’ n ’ l c ’ c’ t m n ’ i m  n ’ 1t ’ ’ t I t ’ l l  n _ m i m e ; ’ , ’ h n u ’ t ! m _  h u l ’ u t ’ n ’s~~u ’ ’ i m r i : i m i . u t c  f r o m

u ’ , , u n u m u u n u u m  i l u n u m _ m i r  i i i  s - i n u m i l u t e  u, ’ u n v u  n , ’n n , u n , ’ n m I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ‘~~~~ - ~~~~~~~~~~~~~ -~~~~~~~ 
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M m ’ n u i h i u n  : .1 . Ro ss-  ll:i c nl t s - intl d

s - i l l  m inI m 1. ,u ’n i m mum , ,In. I’rot ’e- - u s - i’ n m _ I ’ I ’ , n \ ’ ’—,j r s

Rt ’ n_n , ’ . u u ’ u ’ I i  ,\ ssi’i ’ i t t , ; ; :  1.  ,-\ .  Himl ni ’m (NSF , MlG -’.S i’)
I t . IC fm um u lm ’ u ’ s - t _- nu m ’t t i ( s - SF , l ’ l i I h , — N S f l

a m ~m nt e s - u  u j p n n  m I I m m ’, n \iIn ’P , \ : s-h , V

I ’ u u f n  I i us-a t lo u i s-

I ) . R .  i” u’ , t m n c n ’ s c i c ’ t  t i n m _ i l  .1 .  R .  ‘ l , n c u i t _ ’ u m u m _ I  n i  , , , u u m u n u c u i t  , ‘ m m  “ l i n e n ,  m y  n im _ i d
, \ n n m u  I v s - t _ ’ s  , 1 ’ t h u  .\ . C. s - I t ,  I man ’ Li ’ m i st ic , s- I ut ’  I i- c t  ‘Fi n i n  F I i m  1n
sm _ ul , u tors -, ’ ,I. ‘~i ’s - 1~ 

i ’ I n v s - .  47 , 42,1 2 t , h n u~ ’ , ) .

1 . K. >huu u ’tin u um , u l~l , i t .  1. i” t’ , u u n c , ’ s - c I n u ’ t  t j  , m m _ u m m l  R .  ‘In ’uut _ m n l mc , “ l i e s - I  r n m ’ s - i
Ru ’s -s- i-mis t ’  n u t s - u t  ,‘m i n  1~ ; v i  t i m  R c e n u n u i h  in  m i s -  Space n ’ i n u mm s - u ’ , “ s-ec u’s- tm ’s- Cv
.1. h im _ vs. I ’ : So him 1 St s - t n ’ .

I ) .  K. Fr u ti i t ’ t-st’imt - t t i mm m iii ,J. K . l’l,im ’dom m s - id , “ El  i i i  r n ’ s - ’  K i m ;  u ’ t  i cs-

I’s- h i m I \ ‘mt lm’i m _ t C i r t _ ’ m _ m i t  s- s -u -nt _ h Svs t  em (s - mum _ r u m’ ter inns - tio m ’u: Small—s [gums-i

Coun t _ i  [I i n - n u n s - , ’’ ni t ’ cu ’s- t i - n h  by ,I . E i m ’ n ’ t ni-s-nun I . ( 3m _ c-rn.

I ) .  K . F m , m i n c m ’ s c l n i ’t I I , “I)ui Rc- comnhi ium _ n’m _ t i o u m  K i i m e t  i s - s  i n  b ’ h n ~ ’or h i ’ s- of
Sans- I I — s- i s - mu E l e c t  r i c n t  l~ Rc’s p om mse ,

“ n m _ c m ’ m’p t n ’d by I . App 1. s-Inns.

s - n i t _ n t _ i n n  m e i- I in ’ s -n ’ , m c l i  An ’ I i v i t  [c’s-

( I  I ;u - nm mu ’um t i - mm “l ’ I n u ’ t n r y  mm _ rid A m a  1 y s e s-  of t im _ i - A . ( ’ . ( ‘ h m , m _ r m m _ c  t t_ ’r 1st ics of

l )c ’1m ’~’t ‘ hI m i u u — 1 I I n ,  l u s u m l ; m _ t o r s -” ; NSF

I n . K .  i n s - m m ’ , ‘ n ~ , ’ i n e  t m I u m _ n u l  1 . K.  > l m u c d u u u m _ u i  Id

A t I m i ’ n - n m v  u u f  mimi - h u m _ h —  i m _ n s m i l n m _ t u i r — r n t’ t m u t t h i m i  f i l m s -  l ino s-osed Cv \‘u d k m n r m n i

n unni S i m um m m ’nn ,n i s -  es - mm i ne t _ I  i n  mi- I um _ I i t _ mum to e a r l, h e r  t r e n t  t m en t s  . At  t e n t  i — mm

i s -  d r u m _ w n m  to n m p p n o x  m t _ mt I oils 1 m m _ u i’ r i - ui t [mm I l ie  t h e o ry  u m _ u n d  p hy s ic s -  I I -n ro —

c t ’ s - s m’s u m _ o t  c o m m a  i d c ’ r n ’ n I liv tIme : m _ ui m i n n u r s -

( 2 )  II h i - u ’ r i m _ a  1 R e s p n m n n s t _ ’  of  > 1 mm t e r  i s - h  s- v i  tI m Ri -cs-min t ’ m um j u g  Sims-ce Ch arge

N S F

I . K .  > l n m n ’ n l n u u i u i  1 , 1  m i n I I ) .  K .  Fmn m uu c ’e s -n ’ h u t _ ’t t i

‘ b i t ’ s-ms-i I —s - I s - m um I t i- n m _ m i s [e mi t  a nt _ i s [nt is -u )  i d n m _ 1 s - h  m u m _ d y s t u n t _ c  responses

to  ~t m u t t - n i s - I  v i t l i  g e n e m m :t  iou i  nm_nd necomfi [u-nat ion ( L / R )  of cha rge  were

u ’s- m m i u m e cl  . Ps-1’ I i n ’ i t  c o m m _ s  i d e n u m t  ion  w n m s  g [v i- um t o  sv s-  t ems in  w h i c h

I nm_ mob I I ~,
- s-on ; i t  I ye ‘ n i t ’ s-, ’ ul u i n l n m _ i - l u ii ’ ’ n m _ u ’ s - m m  I lvi-  cl int rge um_ r ist ’s- fri-rn tim—

i n n , , ’ ju it jim _ u n of l it , n h i s - i c  cur n l n u u m _ u ’ r  t i-il l t’rs nm _ u - nil u’t ’cornb iu n t ’s C i r n u ’ l  i-t ’u~

I m i r l v  . liii ’ m o m  i I t ’  ‘ S i m m - s - n ’ was nm _ il owcil tm u nc - nm _ cm a t  t h e  elec t rodes.

, \um n ’ s - i n ’ t s - n u l t i t  i u ) u i  I u u r  t I m - s t e a d y  St  , m _ t u ’  n m _ d m i t t a u m c t ’ n u t  t in ,- s - v s - t e r n  was

_______________________ ______
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n u h i , ’ I • , u I s - un  n ’, t_t_ i t  Ii i’ m  no ’ L mx ’ I s-’ p m n ’ s -  m n ’ i t ’ ’ n ’ s - m u  I Va I n n t  c n t i n t _ n

S inn s - 1. ’ , u i u l ’ u ’ tu s - iu mmui t ’ ~‘npm i y n ml eimt t i m ’ s - m _ u L l  n- u , uun m i u i c’ u p  , ~t i r e l v  I t n’ —

‘ t u n i c’, — i i iuIu ’l~t ’i ’ li - mi t c’ Iu ’uum c’mm _ ts , .~Im_ o s-u ’ ri-j i m l ouis- n~ l n - i , I n ’ u t _ c r  i n t l

s - rtn s - t_ ’rt u’s- w e t ’  t I n t  n ’ r m m u i u u c’ tl [cm t ’ , u s , ’ s- ‘ ‘ I  L i n t  i ’ m ’ ’ , t  , v s - r i  t’ t umn d to u p —

s - n n u x  i t _ m u m  c h u t ’ ‘ - ‘, , u  I , t u l i im  i t  t_ a n n e I t ’  I n n ’t  t u ’ u ’ t h i s - i n  - ‘ u i  s-u
’ cc’nm , u ‘ m s - i l

f n m ’ q u i t ’ m u c [c’s m i n t _ h  ‘ n m  r i -n ;  1 u n - n  ‘
~ i i ’ C/ l i  n n t n t n l it  I n  ‘ n i s -  i n n  I m u -  s - n  mnu ;  i c t  n i  y

b i n ’ s - k i m _ i n ’, s i t m u n u t  u i - u n .  S i m n i l , m r  m c m i i , ; ’  , ‘ s- s-us - o h t , u u n i , ’ t l I n ’ m p n ”  t ie

In l n t ’k i u n ,  u n m _ i n t l  I i  i n i u s  ‘ n n s -,’ i t _ I n  u~ C/ K s - u n , !  t ’ l u ’ n ’ t m ’ s - , n t _ ’  m u s t  1cm 1 j un e  t_’ n ’ n l —

S t - m ; u t s  w i - r u ’ s - n I l  su ’ p ’ m r . i t c n l .  ‘ h I m , ’ , m _ s - l u u’n ’ X i n ’ n , i t n ’ n ’ s - ,  i v  l i - n i h  c i r c u i t s - ,

wh i c h  mt ’p r n ’’ ni ’ u n l  mm m n m n ’ n u ’ i n  c m _ m t _ i t _ n’ nm _ u n ! s i n u s - I cr  a ’ l n u t  l i - m n  o f  t l n m ’ S c s I  ,, -u e

t b m _ u m m m  m l v i i  I , u l ’ l u ’ I u n ’ r m - t n n I  o n ’ ’ in s-  , m r t ’ t I m _ m _ m s -  , u h n p r m u p n i , m _ t c  i n n  s - s - t a  u n u i a l ’ ~’ —

I n , , I n n s -  t o  . n  t_ e m s - l i - m it r e -m s - n - n u n s - u’ m u m _ d m ’ U I - n u b  t i m —  s m _ m a n  s - I  two it m x p n ’, —

n m _ i - m i t m u  n l n ’ c , u \ ’ :u . s - e m i l i t  louis w e r m - cm , u n : - u i d t ’r c ’t i f t _ n m t Ime nm _ p n n -i ’m m r m i n m ’ m ’ of

app  r u n ’ i i i ,  I c’ C/ K  i f  t i- u ’  I s-  ium c’ [timer ,m_ m lm i t  t n m n n m ’c’ i- u’ in t mm m _ ns Lent  cur—

re t_ u t , l m ’n ’ u m _ v  a f t n ’ r  uu su n s - n i l  s - t e l ’  f m m r i c t  b u m  o f  v o l t s - s - i ’  is app l i ed  t o

t i nn s -vs - i cmii . I t  was n’m u n nu ’ 1 t i t led I l i m i t  f o r  ion- n ii’ c o m m d u m m ’ t s-r s  m i n t _ m i  f o r

un u m mi e i - I n ’ n ’hro mm _ I i -  s - n u n  i n ’ m n m i u l m _ u e’t iu l g  n m _ m i t e r  inn I s  u’u ’ n ’ u u n : n b u  Lim i t I tun I m m_ es ~‘i l l

hu m’ s n i f f l e  i n ’ n u t  lv shu t_ rh l I m i t  tii’ilv um _ i j m mnur C / K  i ’ f f e c t _ s  w i l l  be ap p a m_ ’ erm _ t .

(3) i - ,qu u iv, n h i ’m nt C i m n ’ m _ m i t s -  s-rid s - v s - t e r n  C i u n , n r uj c t e m i z a t  icu um : S m a l l — s i gna l

Co mm _ nh i i  i o n s ; N S I ”

K.  M ,nn u l , , u n , u  1, 1

‘l ’ t u t ’  ‘ m m m l  I l — s  i s - u t _ n i l  s t , ’ , u , l v — s - L s - t i -  mn S s - o mms e  , u r n ’ n u u n n i  t h e  ~un ’ i nh  of :t_ i ’r o

c l i  i r s - ”  m u ?  m i n t  “ l i - c t _ n  u ’ , l e / n u u m _ L c ’ r i n m l  sy s t e m  w u m s -  , ‘ s - , u n ’ n  i m i c ’nI f o e  mn u m m _ —

s - t u I l ~,u r L n ’ n l c ’ i i ’ e t _ n ’ o l ~ ’ t m -  ( m u m _ m i t e r  l u l l  w i t _ I n  t w o  s-1 uc ’e I n ’ ” n ’ I c h i i r g m ’ c a r r ie r

i - I  m d — i t  i’ u iu ’v mi-h i l i t  I n n - n  n m _ m i d  v u m l e u i c c ’  n i n u m : n l ’ n ’r : -m , m _ u m d w i t h  , u m l - n i t m a m v  i n n —

hr j im _ si c/e s - I u ’ j u m m i c  s - o m m i j u m u ’t i t _ u n  ,‘ m n , m m u m _ c t i - r, tak [u ng fnm l 1, s- c o u n t  01’

h u l k , t ’ l n ’ t ’ t m u ) u I t m m m c l  ion , s - u ’ n l u m c ’ m u t  i s - h  u n l ’ m u ’ r p t  m s - n m , i nn s - d iI’t’nxs ion pro—

n n ’s-~~c ’s - .  l i i , ’ n ’ s - m t  u t , l u i t _  i o u  of  t I l t ’ I ru m _ m m _ s - p o r t  m t _ I rs - h n n u u m s  t o n  g e n e r —

mm I I u: , ’n l ( I i  i n n ’ —  I ’ m  I i s -  s i n u s - l u ’ pci nut hom _ ium t la m ’v n ’ o u m u h  i t  l i - n m _ s  was n ’ o m p n m _ m ’ ed

w i t _ l u  t i n , -  r t ’s - p t uuin - n’nn n u b  ‘i v i i i ’  L e t _ v  f i u l u u n i s i h l , ’ e q m i i v . t i e u i t c i r c u i t s ,

m u  j u g nu m ’omp l t-x I i - u s - I  s n h m _ u n I r m ’’~ f i tt  i u m g  I ~‘ n ’ h m _ n i q n u ~’ . ,‘\ s - n w , h i i ’ m n u r —

n h  i t ’ u i I  m’ [ r i - m m  i t  was  I n u t o i d  vIm 1 d m  u i u n s u I v r i -p r o d u ct _-s ti - n e cxutct m_ ’ m’~~

s m _ i l l s  when c h i , m r g m t _  o f  o m i t -  n-u 1gm is- c o r n s - h u t c h  n- h i  o,’keil s - i t hi t _ U t a hsorp ’ ’

i on , n ’ s - n ’ s - u t  f o r  si -m m _ nt’ n -n i  tIn,’ n ’ u usm’s - j u n v im l n ’ h u  t i l t  I u s - i O n n m _ n m _ m m  r e ac t  ion

H n ’ I ’ t e l  s i u m _ t c’m I  n m ’  w i t _ l u  u - m i t - l i  oI l i e r .  The t j  nn ’ m _ i i t is n ’ ’- ’nui’esed of
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I n’ , - u l n l t ’ m m n y — i u i t i u ’ s - u ’ m n u t n ’ u m t  I m u ’ s - t i  n u t s - u i —  i t u u n n u ’ n ’ : u  m i t _ mt _ I  u_ i—S i s - I_ s -m ci-s n_ n n,’ h i ; m m u i t e  I v

h u l , ’ m m _ t _  i t  i t i  n~ t i m  l u m m i k ,  u , ’ , n s - t  L n m u , n i n t h  nm _ u l s - n u u ’pt  t o n i / m i - i t t i n - n u t  j u e s - n n ’ s - s - n ’s

s - i is- h e , I j i m _ i It ’— l i - t m _ s -tIm , Wm mr hu mr g— l I k e  i mi m _ i ued ~m _ n m n ’e t o t ’  d i i i  m i s i o u m

i - I  I m’i’ In- ; . K u ’ 1 m m  t j o i n s -  I u e t _ w c ’~-n ’u l i i i ’ c i  m c i i i  t u l  cu une hn t u-n nm _ n ih  m i s -  m c msc’ t_’ p in

u i  i ’s- I n t m _ u l n ’ / i n u , u t n ’ r i n m h l u , m n m m _ m u i e t t ’ m s -  wt’rc -  f o u m n m m i  n u n s -  a s - s - I c  i r r e s p e e t i vi ’ of

t i l t ’ t I ii m _ t _ ’ I m n ’ n h u m t ’ i i t _ ’ v n u v c ’ r  I ni h- n  n e t  wi -i -in hum 1k , u’u ’n m n ’ t_ [ n u n , m m m i i i  adsmmrpt ion

l u r o c i - s n m n ’s - .  I t  w m is ,t i s - n u  I ut _ ui miui tIi n m t tim e m s - n i t _- I  iomm mmm _ iml  a d so r p t  i t - n u n  re—

s i ’ n t _ , i m t n ’ u ’: - n ni n t h  t l i t ’ .uiI ’ m n u m 1 n t  h , ’ u n  c u m _ I u a c i t a u m _ s - m’ mm _ ru ’ a ll  s - t n — u g l y  i m m t i ’r —

r i  I m u t t _ - t i .  ‘ l I m e  n - i  m e n u  i t  mimi c  lie us-i’m] w i t h  s- i m n m i t a m m c’m’n n u s  umomm i j u m e m u r  1 m ’ u m _ s t

sq un i m n ’n u l i t  t, i n s - ,  of t h u  u’ i - mt l and ims-g i n n t r v  s - m i m i  s of  ~‘x p i ’r i m e u i t u i l im—

l uc - n l m m n m _ t ’e s- n i t _ m m  t o  t u l u t m m _ i n m  c- s t  l m m m _ t m - s -  t u t ’ t I m _ u ’ V a l i u m ’s- 0 ?  n l  u’a’ n ; i  t elt’rnenm ts

mi ni s -  t I t u s  o f  t i n - ’ m i m i c  n t ’s - , ’ ,, 1’ be p u m r u m n m m _ e t e r s -  c h m n i r n m _ c  t u e  i n’: i m m _ t ’, t I m e  elcc tr ot_ ie /

h um _ nut ~‘u ’ m i  1 s - vs - tm-m m _ n.

( ‘n ) E l  n ’ n - m t , t h  c ’ Rn ’ , mu ’ I I n ’ i m _  K i n m _ i -  I i c s  nm _ s nm _ liii u i u n t _ l , m _  n ’ ’ ’  \ , n  inn ,’ Pr olm 1c m _ rn:  Smal l  —

s - I s- m m _ m m _ I, ; ‘ n ’ n m n h i t i n m n m ’ ~ ; M K I , — N 5 h - ’ , NS I”

I ) . K .  I” u’ , m n n ’ i ’ n n m ’ i n  n t  I i n u u m _ d  . 1 . K. l ’l m m n ’dim _ nm _ a Id

I n n ’ m_ ’ m ’ l n u t  i n n s - i l  i s- nu t s - m u m _ n i l l — s i g u m n m _ 1 u’ n ’ S p o m m _ s - c’ It _ m u’ o v c ’n p o t c ’ m m t  i s - h —

n l n ’ ; n n ’ m m i l n ’ u u  u i , ~ t~ ! m n n l t ’  k I n e t  ics L u ’  I l u u m t _  i - C h u m _ j u t _ ti! m n - n m  C I u n m _ n s - — b , i f  1,5

l u o u u m m t h n n r v  t - n ’ u m n l  i t l i - n m : ;  w i n - n  n’s - mini liii’s - i u m _  d e l _ n m _ i I .  ‘ l ’ Im t ’ mm ’u m n ’ t  l i - u i  r i-s i s - t a u n t _ i -

t i m _ m i  m i t t ’ s - n m’ s- I l u u ’ m _  c u t s - n i t ’ i I s - n i t ’ , ’  s-s- mt  t o mi t _ n h t o  tnt’ i ’ n uu’ mi m _ ut [ I v  h d e u m t j u ’ m t l  f o r

h u t  I t ’l ’”\’t’ I mim i - u ’ (‘u ’ h int I n ’ m ’— V o l u n mt ’r — I i k e )  n i m n d  C h a i n s - — l i t  1t _~ u ’ uind i t ,  i o n s —

I mu I lit - u t ’ i l iii i t I lit ’s-u’ n i mumm mn t_ it i t ’ : :  wn ‘ n ’ , m ’ u ’ n t m m _ t _ h  I n ’  rc’nm mm _ I um_ n xmnu -in um _ n gc’t_i

t’uim t i i t -  h o u i i m _ u l n m m v  e mu im _ n i  i t  i s - m m _ s  j m _ m s t _  m i -m i t l i - n m _ i - n i , ts’ l nu ’m m ,u s n u l i p i m m ’ t [ins- t’lc’u’—

m u l c t , ’ i ’ m  n m n l u l t ’ t l .  .\ I r u m _ n s - f n m _ m m i i u u t  i o m m _  i - i  v n i r i n u h ’ i n ’-m n u e t h u o u l  s - n m _ s m i t ’—

v i n u n ’nl  wI t  l n ’ l u  i” t - u m m n i t a n u m m _ i -  t n - n  u] c’ t c ’t ’ n n i u m i ’ t i n , ’  : - uun , m I I — n-n i s - m m _~m _ I  i m i - n i’tl nm u ice  of

unu ~‘h t n t  u’ nu , I n ’/u um m i t t m  m u  ‘m v s t c ’ uui w i t  hm _ e lm i -m um I n u v c ’ r p c t  m ’umt i ,il — uhc -p eui d e ri t_

I i r s t — o m n l n ’ r  u - I t _ n t  m u w l e  ru ’u m n ’t  i u m _ m m  k i u m _ u ’ t  i n ’s- I ru-nm .u u ’t_ u uhm h - nn m _ m I— l i v e r  model

I s - i’ t h i n ’  s - uu m u u I 1 s i s - u s - m i u vu ’ r p o t t ’ u m _ t  i t  I and t i m , ’ s m i i u i l  I s i s - m m _ m m _ I  m’u ’s p o i m s c ’

u u b t n i  j , m , ’, l I t u r  C h i m u n u m ’— , i , t l  f 5  im n m u n t l u m _ t ’ v , ‘ u n m h i t  t i -m i s .  i ’ s - m i t _ I impedance  mi--

sum I t s wi-u’,’ n I u ’ t  n - rim _ u i m m _ n -m I I on t l i e  n m _ s - n’ t ’ t  , i  si i m glt ’ s-s-em ’ i , ’s- n it mm_ tiC l i i ’

t ’ I u u u r g c’ n un ’ r’ jet’. A u m _ um I vu ; i s- cm _ I’ t h u b s s- i s - i -  imnd i c m m t c ’s t i m _ m i t  t i m e  o v e r —

pot i- mm _ I m l  uht ’pu ’m u n ln ’ uiu ’ c ’ of time hum _ m u m _ n I  ire u ’ , ’ n i n l  i t  I tm _ m i s- h u m s n i - s - i  i s -  l b  it’ el —

1 , 1  on tim _ n’ ‘ ; n n m , m i  h — u ; i g u m _ , u l  u’ n ’ - m p o u m s u ’  t i m _ m i t ’ s— n t I m e  ‘‘u i  I i — n  t u t  m i c r o s - n i - p i n’

tIm li ’kim_ c’s: ; n , i ~ l i i i , t e i u v n ’ l i - m i s - tim is c u u tum pu mm n ul m l u ’ t n m _  t i n , ’ t’ouum_p mc t_ i ,iveu ’

ih i i t ’ k m _ i u ’s - u n , m _ mtd t l it ,‘I , ’~’ t m ’,’,ln ’ m n  ‘ i n ’ t I n  ‘ii j s ‘- I tuw -
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I kn ’u ’ t tu u nlm [ m m m i i  h i - m i  K i u m _ i ” L I n ’s i n  ‘ l I t — o r I t _ s  of Sumn a l i — s i g n a l  F l e c t r i c a l

Rt_ ’n m i u n ~i m _ :u i - ~s-SF

I). - F n n t u m _ t ’ es-c l i t - I  t_ I

I t  w m n ’ m  f t - n m _ m u t i m _ n m _ I  s - m m _ n u l l  s i s-t m _ a l  t _ - lem ’t r i c n u i  response  r e s u l t s-  ob—

t , m ii t t ’uh ‘n u t ’  s-t ’ u u n ’ r n u t  j u n n i — n n ’t’ u,um i - n  j i m _ n m _ h  I t t _ l i  s-O’ t r u m p s - i n s -  r u m _ t i ’ laws a p p r o l m r [a t _ e

I , ,  . i  n i - nut i- n i h  s-c - m m _ t i - n  ii i s - s - t u  [ n i t  i n u n — a s s - m u c  t a t  [ n u n  m e c l i , m m n i s m  e nm c ompm n s - s  t h i i -

i - h  c’c t m l  n i l  r t ’ s p o m m _ s c ’ tn he m,-xpc’ c ted for oIlier fri’quent lY e n c o u m i t e r e d

s-n ’ i uu ’ m m i t  i , ’ n m — r u ’n ’ uu m _ um _ h - n  h u m _ n i t  h u m _ m i  m ’ m  I r a p p im mg i- mi t e  laws m m m m d e r  a w i d e  range i-I

t ’ , ’ n n u l  i i  h t ’ u m _ n ; .  I \ p u ’ u ’ s - s - l n n u m s  s - n m’,’ l o t _ m m _ n i l  mn ,,’ l a l i n n g  t h u  rum _ ti ’ co nmstn m _ m n t u-n m m

s i m s - l u  k i u m u ’t , i t ’ ex p r e s s-  i o m _ m _ s -  I i- v a r  i — m m _ s  del  tm _ nit ions m n f  c I i a rg ~’ c a r m  [em

I i t  u t  [nit ’s j im n - u , ’ m nm j e o u m _ c h u c  t i -m s  mi n t _ I ion Ic  c o u m d u c  h o r s .

Is-’) e un ’ n , ’rin ’ai S im _ ui m _ mIa I loin 01 F I e t : t r i c , u l  R e s p o nse ;  5 SF , MRi , — N S F

I ) .  . I” m_ ’ , m n , , ’s -u ’I mi’I  I i

C o m m u l u u i t n ’ r u i l u ~m u r  I t l m m t u s s-’, ’r t ’ m l u ’t _ ’ n ’ l o p i ’mh f m - n m  t i n e  s i m u l a t i o n  of l a r ge

s i - s - m m _ n i l t m m m i ; :  i u ’ n n t  u l e e t  n j c , m i  r t ’s p n - n u m s c ’ . I n m _  t i m e  l m m _ ’g e — s - i g n a l  case t h i t t _

t ’u l n i . u t _  l o u i s -  n ’ ?  ‘‘ i s - i r s - n- t r , m u u n 1 n n , r m  n m _ e s -  imi s - i - m m _ i - r u m _I t o o  comp l ica ted , owing

t o  t h i s - j r  m m im _ m n l i i i , - m r i t \  , t o n  u ’s- i t t ; nu m _ m m _ h v t i m ’ s- mu l m _ i t i o t m , b u t  let-n d tim_ em—

m m l i  l v  m , ‘ n m _ umm _ nm t’ r i n ’ , m I  n - n i - l i l t  l i -t i  Cv f l l m _ i t u~ t _ h i f l m ’ni ’ n i u ’e n l g o r i t l m _ m s .

. \l  t i n , ’ i mmm _ u ’ ‘t  t I m _ i s -  r , ’ I ’ t ’ m ’ t s-’n u m k i u m g  vt ’ r s - i n u u m _ s -  i - I  - i t’m n h l v  i m p l i c i t  aumul

p~i u- I i i I Iv nm_~ I I t ’ i t  (m m _ mu m _ cl i t  i t-il C r _ m i m _ k  R [n ’ I t o h  si-ri ) c o mp m n I em pro s-rum_ni

n i l , ”  ? -n , ’ n -n t n ’ ’ i  I ’ ’\ ’ n ” l  . l ’ Iie’u ~’ n r , n n ’ m ’ , m n n n u , w i m  i s - l i  t _ m _ i  b o w  v i m  i m m _ b l e  s - t i - p  s p a c—

i n n ’ , ’ i t t  l ’ , i -  l i  l~ n ’ ” m  it l i - u i  , t m m _ d  t I m u ’ , , m m ’ u ’ n ’ u m r r u ’umt ly  l ’ e i m m _ g  o pt [u’mi i n : m ’d amid

‘e n n u i ’  u r n ’ n l t , ’ u  i n  n m _ i t  u ’  v n u n ’ ?  n ’ s - t ’ u n ’ n m n n ’-’ of c 1n , ’ r , m t  h i - m n .

_ _ _ _  ___  
- ‘ L  ~~~~~~~~~~~~~~~~~~~~ ~~~
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I s - c u l t  V Mn ’n , I ’n ’ r :  ‘ h ’ i u , ’ m _ m u m t s  , t .
‘b’,,I n ’s -- n or ,‘f (s- m _ u’min -~t_ r \’

Ri-s - t u n e s - I n  n\s- ’;,u u’i~it ,‘a : ‘
. K . K , ’ e i m _ , ’ (M R T , — N S F )

P .  I’ S m _ ui 1 ivan (MgI—Ms-I”)
h i . I’! . S p n i m i m n - nn ’ i m _ n i k
I - ’ . ‘ mu I
.1 . Fu ’tz

( . u ’ n u d m _ m u u  It’ s- t t i d t ’ n n t  ~~: I) . 1 . 5mm _ I mi -mm (“KI,—NS i n - )

S. K . i-r i i s o n  ( “ R i — N S F )
It . i” . M o v e r

A .
• N , i s - l i -

? . I’ . A n t l e r s - c n n
I’~ . 

(‘ . Y n u t _ u i ’ n t ’
~ ‘ . J . Powers-

Ahi r u_mum mm _
1 . Cm _ n r t i s
N . hi -mi s

t) m ’~~ m ’ u ’, ’,’-m s - n ’ s - n u t _ n d :  P . 1 . s-n m l n m _ u iu ’m _ , I ’ h m  . P .
I ’ . You ng, Piu .I’i .

j2 1,,,~~2 - n~~m~~ h n n : ’ - ’ m ’ n ’ n c i n ’s . N’n-~ I- ’ , 4s -LI , N i ’ll

‘mmli i j un 11 i i - mm _ s

- K .  Cui tc-rrt’z, I). t . I’s-n It t om _ i , a t - nt _ I h ’ . J .  Me\’i-m ,’ ( n ’r’nt ’tl t ion s - i - runt _i-u n ‘n- s- em s-’’
‘I’ n a n s t n ’ , u t m i d  h ’ s - t  romm T r a n s - fu n 1mm t I n e  P i m _ o t o s e m m _ s - l  t i z a t i n ’n Process:’

, 7, ‘i4~ ( I  ~)76)

I , .  i t n u w d u ’n , ‘I’ . . 1~ ‘~n’ vn ’r , nm _ mi ni K . F .  L i t _ t i n ’ , “ N i t  rn ’s - i - n m _ r e m i t’ C e m p i m ’s-es- i-f
I ’ l m m t h m e m m  i ’ s -mu m . N i t  i’ m ’ ” u ~l t  1 mm _ n n u t  - ‘n t  I v u m _ t , ’d , - \ r o i u ; u u t  i m ’ Cn i m p o m _ u m _ i d s  liv t n t ’ ( O(” l’( i ’i fl n i t e d
M i t _ m n ’ v i  s - m i - i m p ” , n

’
. “ . ( “ , ‘“ ‘ , n 98 , 4 4 4  ( 1 97~~)

K . t- ’ . ( : , m l  I u s - u s - m m  , u m u m l  1. 1 . Mn - vt- n , ,1 ’’ T n t m ’r v a i c ’n c e  “ u’m m n s - f u ’m _ ’ i t m  t I n e  Mixed—Valence
i o n  ( i ’ i j u v ) ,I ’ I l t _ u u (p v n n ) l~m n ( ’l ( I I , : ’ ,’) ‘‘ ‘; , , ~ n s-~ I n t / . ~ )~~, 82 ( 1 9 7 6 ) .

C . Yu m _ itti s- , P . C • m m  h i t  u ’fl , nm _ nd 1’ . 1. Mu’vn ’r , ‘‘ F~ n e t  u- m m ‘I’ m’ mm _ mis - for Quenching of
I ’ s - n ’ f  t n - u i  S t , m _ t u ’ ’m , ‘I  ‘‘ t ’ t , m i  ( ‘ n m _ n m _ p l i ’x n ’ ’m ’’ , ‘ . ‘ ‘ ‘ . ‘ ‘ ‘ ‘ ‘,. ~

‘ ‘ - . , ~18 , 286 (1Q7 6). 
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1 . i’ mmi s ’n’ ma , I ’ . .1 . s - u  I uu umum n , . ‘, ‘ . C m i i  I m u h u n i u n . n t m ’m _ n i  ‘1’ . .1 . - ,~~~
,, , , ‘ b i n n  R i - I  u’  01

t ) i s t u u m n t ’ u-  1 m m H e n - I  u - n - n m ,  ‘ f m : m n m _ s f n ’m i n  S u m l u t ’ i n iui . t ’ x p t ” ni m ,mn’ nt a i \‘c m i  u n i t  i o n  nit ’

I h i t ’  l ’ u m s h i — M ’ m _ u ’ c m _ , u n  ‘I I n n ’ t ’ r v  T’ a I j i s -  M I x n ’ m I — \ ’ n i l  t _ ’nu ’ t C m i m p l n ’ u-: u ’s- ’’ , ‘ . - ‘-‘ ‘ . “ ‘ ‘  . ‘ 
‘ - .

91-I , m i l l  ( i n / h ) .

F . K . K t ’n ’ m _ m n ’ , K . C - Y o u _ u i - u’ , ,1~j u m t _ I I • -1 . ~~~~~~~~~~~~~~~~~~~~~ of s - n t i - s -  , ‘~~~:“h i-c t mt_i nn
‘1m m _ n s f u r  ~~~~~ y u ’ c ’ t m _  Km _ i  (C imv ) m ind C u’  (p u~~n )  

~ 
, and Be I w n  ‘u - mn Ru (p lu e n)  and

R u ( h p v )  
~

“ I , ’ , ’ ) i f f u ’r n - n t i u u l  F s - n ’ i t n u t i o n  s - m u s h  P h i o t o 1~’s - i s ” , J . s- ’ . - “- .  
‘ ‘

i rm _ p~~i-’~s-~

K .  I- ,’ . (‘mm _ I  I s - i n n , I’ . K ,  I i n ’e i i , ’ , I ) . 1 . S m t l m m _ i n i m m , mmmd ‘I’ . .1 . ~‘‘ u’\’ m ’m _ ’ , ‘‘ T t i t t _ ’n v a l et ’ui ’e
‘ t r i m _ n - n t t ’ C  . i m m _~~ h n i e s - t  ru - nm - n ‘ l ’ u ’ n u n s { n ’ m i m _ i  t i m _ u ’ N I x u ’ d — \ ’ m m i t _ ’ n i n ’e T n t _ n ( l m : ’ v )~~ C i R m i ( n ’ ,’ z ) —

s - m u l l ( i ’ m ’ v Y , I “ , -
‘
. I” . “~~~~~ ‘ - ., 99 , 1064 ( 1 -7 7 ) .

C . I’ . ,\ m u i n ’ r s - n ’ m  , . 1 . I , .  H i t s - i n c  , I \ ‘ , m i n t _ I  T . ,~I - ‘t n ” u  , “ i’ ‘I i - r i m _ u  m i s t  r ’- o t
( , ‘

, ‘ n ’ ” , ’ ’ , , ’~ - ‘s- , ’- . ,  L s - , 49 (1 9 7 7 ) ,

• 1, .  h n ’~ ,’ & l & ’u ’m_ , C . N . Ci ’,’’, ‘ii , ~1~ C i u p t _  i-tm , V . F . I - i t _ t i n  , mm _ ni l  I . J . “‘ s-’’ s r
“Flu ’c t r n - nm _ i ‘I’ r :utmsl ‘r  I i i  I ) i , u n : n ’ n n i m u m  s-onu s- i n ’s - n ’s- i- I~ Rt _ n ti u e n in uu ” “ , n ’ s - n . “‘ “ . , 16 ,

2 1 3  ( 19 7 7 ) .

C . I ’ . ,\ n m u I m ’ r - ~n ’ m i , I I .  C . ~ n ’ u u u i g ,  1) . ,1 . Su m _ I m um _ nm _ n , n m _ m i d  1 . .1. Mu’ ’,’ ,’r , “ I ’ b u m ’t s - clm _ cr ,mi c n il

n m _ n , ’ m , n  I i  u m mm n ’ t R u t  (h~p v )  m i n d  m~~, “ , -
- 
• 

‘ 
• 

‘: , . , ~~~~~~ - . , i-a , 80 ( 1 9 7 7 )

I ’ m I n — t i - n m _ u i  , II . F . I ’ ,’,’, ,t . ,\. Cs- rn mm s - u m_i , I , . i n - . Puih i , u u n : n I  T .  .1 . N~ ’ - , - - r , “ E l , ’ n ’ I r o—
t_ ’ I i en m _  I , ‘ m m _ I S cj m I hun ’ s - i a n m _ i - n i h  5 , r u i n ’ I n ,  r ,  ‘ ni l  I in, ~ ‘J,’~~t r u muic ’u ’ i s- i- v u ’ 1 tm~m e n t n ’m_ d i env i  i r omi
Su]  l i d , ’ l i t - n t  i ’ m , [F1 ’ , (I n — ‘ , bt ~~) , ( .  i

— S ) , • ,-\ N n ’ t n u l ( ‘ i n n s - I n n  B o m n d i n g  P u ’ s - i r i s - —

i u u m n  ‘f t I m _ n ’  i n - l t - u - t r t m eI n n ~n uuicmi i~~v Rn t vu ra I h ? u ’  I s - i’ 1 
( I n — u ’ , n’ ~~) ]

n : 
s- v s - h i - n i  (~ — 1 to

*3)” , - ‘
. :~~~. s-’ ’ . ‘ ‘ - . 5 ‘ I ’ m , 4 1) 5 ( 1 9 7 7 ) .  

— , )

I,. I . Cn uwnhi ’m _ i , i” . I” . i i  i t  i n ’ , m m m d  I . . 1 N i - c n n , “ 1) 1 mu - u s - I I zn ,t I ‘n ni l  ‘n m ’ , ‘is- m i t is-

\mn I t i n ’s- Cv R u t  Im n’ n i urn N i l  r i- s-v  1 Complex u ’s”, ‘ . ‘ u ”  . ‘n ’  “ • , i n  p r e s s

s-~ ~~~~ 
( ‘ m i l l  , u I m _ n m m m _  i n t l  ‘I’ . ,I . N u ’ v m ’r , ‘‘ R , ’v , ’ u ’ u-n i b i  ,‘ [ 1 u ’ n ’ t r o n  ‘I ’ r m m n m s ?’u’r I n  R u t l u e n i u m

\ i t m n u s v l  ( o p n p l n ’ x u ”n , ” - 
, , , ,  •,n . 

• ,  ~~~~ 57 :~ ( 1 Q 7 7 )

K . Nu ts -mi , I ) . .1 . S n l m n u u i , n u n - n i l  ‘I ’ . J . N n ’ v i ’m , “ N i t _ n m - n  i ’ n v u v ’ h t _ ’ xt _ ’ n ~ of i u u t i u e n i u m ’ i ( T l  1)

nm _ s  ( m _ u - u u d a t  I , ’ n m _  ( I m m t n l ’ ,’s- t s . C i m u ’ m l c m ’m h l v — C m u t : i l v z e n l , N e t  F 1 e - t r o u ’h m e m i c a l  t n x i d a t ie n
of  Tn i p hnu ’ n v l p l u o s - i m i m _ i m e” , -

‘
. 

‘ “ . ‘ ‘1 ’s-’ . s- ‘., i n  p e n ’s- s .

I” . K K ,  ‘, mi c ’ , I ) . 1 . i-P m I nm _ i - u i  , m u m _ i t _ I  T .  .1 . Mi-cc’ r , “1) I s-- n -n m s - p u ’  CI I n ’ m _ m _ n m _  I i t _ m m _ i  ,m I l i n t ’
1, 1  s - m i n d  i n  N i t  r , ’ Cn m n np  i t ’  i-n i ’s- if K m _ i t  i m _ u ’ n  I u r n  ( 1  I i ) ”  , s- . -s - . - s- : ‘ -  . , 

-
‘ - . , I ui 

~“ Cm ’s-

S i u m m i r n ,  u u— v of Ki ’ i- t n-u m m n - I n  An ’ t j \ ’  i t  I i ’ s - :

( 1 )  i i n ’ n h o u - m  C, iIni v sis I ’ s - l u n g  ‘i’ r ; m _ m i u m i t i o m  Nu t _ a l  ( ‘ n ’ n i n p l u ’ ,’u n ’ s .  F.  K . Kt ’ene .
B . 1’ . Su I i  i v s-ui  , 1) . .1 • Sn I nm _ on , B . “u - N m - n v u ’ r , .1 . ,\ . C m i m _ u m u u m m m  , N . I s-n i s
( N S F — N I R I , , N SF)

‘ i u m t i u n ’ u i i m t r n ( i I  1 ) — n i t  m u - n  i - i - m s - i n ’ s - i ’ s -  1, i k n ’  I K ~~( l n r v ) , , ( N i ~~~
) p v ] ’  ( Cr y  i s

:‘ , , ‘ ‘ — ! ‘ i l - n v e i d m n c ’ ) m m v i -  h i -t im f n u u t m d  t o  s - c t  m i s  nm s - I d u ’ t  j t _~m_~ n n m _ t a l \ ’ s - t s  f i-r t i n e
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l i - s - I  n ” ’ s - l , ’ ’ n m h n ’ , u l  i v  d r i v t ’ u i  u ’ i -u m ’,’, ’rs i n ’ m i s- t ’ t  p l m _ m~s-p h i m _ n n ’ s -  t i u  r m h o sp h i ne  m m i ~n i d c ’ s ,

a m _ i l ’ I n I n ’’i t t ’ s t u i  t t n n ’ n i n l n n - u , m m _ l d n t l m _ ’-’ t i u ’s t- o m i t _ h Is , nt i s -  n n e m m m _ t I c  ctim_ rpoum d”u t im p h e n o l s

m u m _ i l  q m _ u i m i n i m _ i t ’s - .

i m i - u i u l n m t i o m m _  of  I R ~m ( i ’ i ’ v ~ , ( p v ) 1 I  , O ] ’  Cv t_ ’ t ’ ( I \ ’ ) n ’n ’ , ’ u m e s  I’ i r st  to K i u ( I i T )

mi n i s -  t l i ’s - i  t n  t I n n  t m ’ s - n ’  , ‘ n n m _ ’ i p  I i- i-u I (1 ’Iw )  t_ ( i m ’ n ’ ) R m _ u O , I P u  ( n - n v )  ( N i ’ v )  
4 +  

l i m o  nm ’ m ’ 5 ’s-’ ’

i ’ m _ i  u i l i t n ’u m r s -  t m - n  I m n m ~ ’ n ’ I b m ’  n ’ I n n - n u i s - m m  l i v  es-p l u m _ I t , n i ’ m i e I mi ’t ’ P n ’r t \ ’  o f  m m c l  l u n g  as m Ku ( T \

, ‘> m v I u ’s- jm h :m _ t i t i m _ i n m _ s - n u n I

( , ‘) i n - l i - c t  nomi  ‘ ( m , u m u s - t  em  I’ m n ’ c  n ’ s - s n ’s- n ’ ?  M e t a l  Comp lex  E x c i t e d  S t _ n n t e s . N .  C .
Y n m u u m g ,  C . 1’ . A m u i t ’ r s u ’ n u , Ii .  S i m n i n l s c - I m _ n h l ’  , . 1 . Nm igIt ’.

(NSF)

I t  h a s  h , s - ’ m u  s - i n n m w n  t i n u t t  t I n , ’ e x t - I t t - n h s t a t e s  of  tm_ i i’ t u m i cn i rn p le x mu ’s -  c n w

n u u m _ m I , ’ r n i n ’  i - n i -  i m ‘ u-n i m I s - I  i v , ’ ‘ n d  r i - t I m _ m m’ t i v , ’ q m _ u t ’m t _ ’h I tig n i-,’ m ’n I m c i  t m d i n g  exnmm p ie s i-f

s-
m in i-— is - it t liii ’ ,‘xt ’i t i-u I s - t m m _ t  , “n - i b m , ’ C i ’ t v ’ ’ i I t _ m i  s - tat _ u’ Rn m( h 1m v )

3
’ is tinemm um —

ut v m _ m _ ni n t i t’nm _ I i i -  n ’ n t p m m t m _ I u ’ n u ’  !-n n ’th i n i n -nid izi m p antI  ru ’ d u c i i n u ’  n1’ n m l e n  a t  p H 7 and some

‘cn u n~rn ’aa i n s -  h i - m u m u m _ s - d o  I i i  t i m u ’ P 1 m m _ t i - i - m t  n i l  ~‘zn” d a p i  i t t  m u g  of w a t e r  u s i n g

n - I - m t  od r im _ n m _p  i n ’ s - n ’s-

I) Iii i - n ,  ,I—\’ , u  I onus - ,’ i’ tnh vim_m n’ r un  . I t .  I’ . Su i i  I v n m m _ i  , N . 1 . 1’ s - a mes , .1 . ,-\ .  s-a im _ mum _ m i mi .

( , \ t i m _ m )

[ ,u’;ig I m _ t hnm _ s in , ’ t ’ m _ m u m  i m _ m _~~u l i m i t s -  tim _ i - m m _ m m _ I t _ u n ’  4 i i  m” , t  n m l — s-ui’tni in ? i - rum _ i - l ions

“ ‘ 1  a s - t i n n m _ i l  hu n -mu m m i i  i n ’n s  i n  n i l  s - u ’ u I — ’n ’ n i  I n ’n ct’ n _ I im i-ns w i t Im _ regard t o  tIm _ c inflm _ s- en cm’

i n  I h ot  I m _ Cm i n i ’  f m _ i s - n m _ m m _ n I  m m _ n m _ n — h r  m I s - i  ii I i n m _ a d s  . i” , m u m , - ’ s - m m _ n  rn ’u i t  1 v t m _ u r n  i mi s- h mm _ c  i-n

Ic- n  t h i n ’  pm ’ n u - n n m m m u t  l i - m m  n - n t  p o h ~~n n ’ n ’ r i c  c n n m _ m _ m _ p l u’s -u ’s v i m _ n - r n ’ p o ly m er  de s -  i gn is based cmii

t i m _ m n ’  i m m _ s i  s - l i t  g , m i n i - n h 

— -~~~.i 
- _ _~~~~w~n _ _ _ _ _ _ _ _  ,~~ ~~~~
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( ‘n )  l : ” ; n, , n i ’ i i I ~,‘nI m i n I  S ,m u ’ I ’ an ’ , ’— ,\u ( m i - l i e d  n ’ n ’nnu pi n ’s-n ’s . l~ . V . Spri mmt a c l m _ n i k .
m MSI n - )

F t _ u s -  l ’ s  m m t i m _ u ’  s m _ u r n  u n ’,’ a m _ n il pn ’l\ ’ u n :, ’m n i t  I n c un ’ m u ’ ’ i t  n ” i m _ e m uu i s t m c  of meta l

I n i p \ - m i t l i m uu ’ s - n s - ” s - l  ,‘i -n , au l m _ , i s -  imet ’n l o i n  1 m m _ I t _ m i . T in , ’ r i m _ i - m i s - I n c  is  h u m s - e d  ‘m m _i f o r ’ s - i n s-

‘ l i t m u s - n m  I I i m _ m _ k , m s - t _’s i m n  m , ’ m , s - t  j i m a ‘ u ’ t s - ’ u ’ i ’ m _ m 1 i n ’ , , u u u u l — , u t  t , n s - i n n ’ ml ac v I i u m m _ l i d e  s - r o t _ u p s  and

—m i ll n ’ m _ ’  — N I l ,, s- r , ’ n n n ’s-

— —.-- t ~~ —
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In - m i s - t i l t ’, ’ Mt-nm _ hem: Earl N. M i t n ’ I u e L  I
I’ u ’ uu t ’ u_ ’ s - s , n n  o f  H i m _ i - s - i r s -

R m ’ s - , ’~u r c I n  n’t_ ss -m n lmi t _ ,,~ J . Ilmmwt _ n 11 (Nl’u~— N S F )

C r m m _ d u t a t e  S tud t -t’u t  : ‘I’ . ( I . N.m (MRL—NSF)

Sunm_ ina m ’v mm _ f Rn,- n n u ’, m n ’m ’ In .\u ’t iv i t  i n ’s- :

I )  S t _ u t _ h  h i-s- on
’ tIm e El eu’t r i s - n m _ I s-ri-pert ui-s i - I  Pol ymeric Films ;

1- I R L— N S F

‘l i m e  s - m o i m ’ s - t  to  s l i m i l y t i m _ c  ? ‘ n ’ n u s - f l m _ h l l t v  i - I  n n a k i n g  p I m_ o t o v o l t a i c  d m n _

V Is-I’S (sm’ im u m n ’ u ’l Is) tush in Imo lymnem ii ’ f i lm s  is heiimg pimased out. Time

I j i m a  s l u t _ I  led s- Is - s-wi t _ I c o m _ i d u _ m e m  i v i  t i es  w I m _ i c l m _  were  q u i t e  low am_ md hence

w o u l d  im _ avi ’  t o  I -ne n i n l i t i ’ th ’u i n  to he m is - i - f ul. Films thin enough to be

co u m li’ m m u l e r s  f o r  s n u c l m _  -nm nipp i Is -at li-nm exhibi ted bmeakdownm cinaracteris—

tics similar t n ’ o m i u u ’n polymeric films or wen t_ n sho r ted. Efforts to

ill s-cover t lu m’ s - n ’mmrs - c i- I’ t i n e  s - r i ’ s - m m _ m e d  n o m m _ u i u u i l i - r r n i t  Li ’s- i~ t i n e  m a t e r  i ,u l

win ji’Iu i - n m _ n m _ s i - t i  I In , ’ h m _ r u : m t k d o w t n  W ei ’ i- u m m s - m _ u c m’e,) s ? m _ u l

I t was i - s tah l  I s -b ed  11 1 mm _ h t i m _ i -  s m _ i r t ’ a c m ’s of  t I e  p o l v n n m n r i c  f i lms  were

m i -ni t s-i s m m h s t u u m n t  i , m _ I  lv  s i n s - i n  m e t a l  e i e u ’t r u - n m l t _’s s t _ me c’va pora ted  i-u_ito

tim _ u- rn . M n ’ s - I  o f  t i m  i s  l i t -ni t i r i s -  cs-mu ’ f r o m  him _ u,’ t’v ,nl uorated metal but some

rail I u n i t  j u n - u  I i n s -  n i l  n-a u u ut ’n n r r i ’ u I  I ? ’ t I m _ u ’  t’v nm p n m r m i t  it _m m _ i icis- long e m _ m o u g h m _ .

I l t m w n ’’ n ’ , ’r  , i t  i n n s -  n m _ i - I  bmt ’~ ’ n n  p o s s i ble  to  make f i l m s  of t h e  p n m m p e r

(Ii I,’ k un n ,’ s:i a tm _ c l h m n ’ , u k n l , u w m n  unl m _ n u i ’,ic t _ u ’ri s-t iu ’s in ot ’ m I u , ’ m  to d e t e r n u i i n m e i f

( l i t ’ l i t ’s -  I , l u n g  I a t i m _ n  n ’ n m _ m u s t ’ i - n I  I C e  i-n m i ’sumcd m _ mor m _ n un  i f o r m  i t y  in t ime

I m a .

( 2 )  Stu it hIt’s m u l  l i n t ’  E l e c t r i t - u m _ l  m int _ I O p t  I s - n m _ i P r o p e r t i e s  of C o m m d u c t i t m g

I l _ i s - a ;  M s - i — M S  I”

n\ p r t j u ’ n - t _  t o s - h u h  c h e m i c a l  l v  mi-u_h f ied m ’ I , ’ n t n— d e s  f o r  c i t ’s-t ro-

t- a u  m l  v s - i s  m m _ p s - I h i - m i t  i o u m s  con l  i m i m _ u u ’ s  1 mm t I m e  C i m _ e m n m _ i s t r v  n t u ’ I u , u r t m n m _ e m _ m t a t  PM? ,’

is  p a r t  of t i m _ u -  ( ‘‘IS t I m _ r u s t  . C , m n d m _ i c t  ium g p l u m s -  n t ’s - m m_ re h i s - p o r t _ a n t  as

i m _ i t e rmenl  j i l t ’ m m _ - n t  n ’ n ’ m _ n d u c t o r s  iii s m _ i c C  s t ud  ies .  I n ’ s - u - n i - nt _ hums - ting gi ,i5s-t’n-~

t om _ i Id Cu ’ - i t _ I  mi s - ho t _ h I t ’  u’u’rtain metal electrodes a 1 gm_i if icam _ it improve—

mn-ni t S ct _ i l l  is- m n ’ m i s - l i  i eves- u ’ S I m _ u ’ c  h u m _ i  l y  iii s-o far mis - s - el m _ nm _ u t rc is n-i-mi-

s - n ’ e m it - ui

,‘\ r’ri-s-~’s-n~ 
mu : ;  C u - n m_ i n i t mm _ r ted to try t m m _  tm_make s-tm _ o s-ne t h nm n, m ( N E S n ~ type)

g l a s s - n ’ s  u s - i u m _ p  l I u n -  t n-cl m _ ui i qm _ iu- ‘I RF rea -tlve s p i m t t _ e m _ ’i ung . ‘hun oxide

-- ~~~~- ‘~~~~~~- ‘~~~~~ - ‘ .--~~~~~~~~~ - ‘  ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~ ;~~~~~~~ -~~~~~~~ - __i~~~~~
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p l u s - a n ’ s  h ive  Ct _ e m _ i  I u r , ’;’ , u m u ’ ,l t n ’, ’ F i n  , m m  t~i - , u m m  m ’ v , u u n o r , u n o m s  m u m - n d  m , -—

s - i s - I  l v i -  n , , , t  1 m m _ p .  I b n ”,,, ’~ ‘ ‘r , h i m _ i - s n ’  n t i s - s i ’s- ~ln n u w - ui ’ s o r p t i t - n u n  in  t i m _ c

v m a  I h i  t ’ p u  r t  i- I (Inc u’
~

n ’  ‘ , t n’ umm _ m _ m _ i t m _ u i  i s -  m um _ p m u ’ s - m n  en s - , ’ o f  s- c t  i-c ts-

j u n  t I m _ n ’ f i l m s  wh i ch  c , s u u l d  ~ i t t  r~~b i i t  i ’d t t _ u  ‘s-cm - n f l  ‘ i t _ f  im ’ienc it-S. 
4

It is u ’s-I’,’ t i-ui t I m _ i l  f j i r n a ’~i , n , ? ,  u , ,, RF  u ,p i tt t ’ n j uu n ’ will tio t shmow

sun n ’ In 41 , ’n u ’s -n s s- i n i c u ’ u ’on n n p , n  - I t  t o m _ u  ‘ “ ‘ n ‘ m m _ t m _ u - n i l  1’d mo rn ’ p r e c i s e l y .

I)n n h mi ulg s - lit - n m _ mini j ’ r t n v u ’ r i - l i t  j u , I ~ ‘ j u u m _ l ’ l n -  -, j u m _ c e  I b i s  c s -ni  be c o n t r o l l e d

I- n v u-in ’s- trot _ l u ’ cn ’n!ij u, uu, i I i t ’ m _ i

L .  
_ _ _ _  

- -~~~~~~
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h~, m n ’ i u I  I v  N u n - i n n  : , h u i u i j t I n  I ’, .  n - n ’ ’ , ’,’
,\ u,s - j s t m uum _ I h’ i’~’ t  u ’ s : n n n m  of  i ’ t m l , ’p ’ , ’

C r , u u l n L n m t u ’  S t m _ i , I u ’ u t s - :  P .  h h n m n u d l  i-v l M I I I , — N : ~ i I
i i . Pu n - u i ’ ( N S F )

N ‘ m u m ’ , u

t m _ t I m _ i - i  S i m s - j u t  h i s -  ,“m m ’ ’ ’ u m n ’ i , ’ s - :  N i t  l i -u i I St ’ j u ’ n i i - i -  I n - n - n m _ m i s - n i l  l i - n m ,
n m _ i  ‘,‘ u ’ r a  i t _ v  R i ’su ’ u n r i -h i  C, ’ i u m u i -  i i

I’ iu h m _ l  I t ’s- t i m i u s

I ” . M’ nu ’dc . “in ’ m ’ pem m _ t i m m _ i i u t i t n m _ m :  ,\ kn ’v Lw , ” l , l t i n , ’s , u l , 12 5
( l i - i f ’ ) -

I t .  ‘ I , , n m t _ I v  , “ n\ i m _ l ’ i , j u ~ - u I um uu ’mi t mm I SI n it _ h ’ , ’ unm _ m _ t im , ’ I ’ -  ‘ r h - n i - u i  t m i  s - m t  i , u m _ m  n u t

I m’ n n m n — h ’ n t - , u u ’ h m u n ’ , i l l  i n - j u n e - n , ’ C mii . N i n n n ’ r m m i  . , 1 - . , n t -  ‘ ( I ~~c m _ ’ ) .

.1 . I I .  P , ” ’ n l ’ , , “ l inu s- I I s - u t  i ’uns n i ’ l , , m n u m n u n u m _ i t i ii ’ S t m u ? u  i i  Lv  ‘ i n t h e
I n - v , i u m u t  i ‘mn m ’ ? In- mum  I t  C,i pn uh m I l i t  v ’ m m , , ,  I . S o s- .  ,\ n ” t ’ r i c , n
‘ \ l n - n  t rum _ n ’ t s w i t  b u I’ m— p r un: ; ’ - , ~ , I -n C ( I n )  7 7 )

1 . I t .  M n ’ o t h v  i n t l  N .  C . Cv k u ’un , “ l’ c m t n l m i n v i  l i t _ u ’  , u n m _ d  ,- ‘e-m sm ’ s - i m i t i - m I  L s - m _~’
i r i s - u ’ M , ’ l m u: un ’ n ’  p lu i sn u n i i i  Sn u u t  h in ’ r u m  n\ j ’j ’ n l , i n ’ i n h m u i m _ s - , ” ?V ’ n u l  . A m s - ’ , ’ .
( ‘ , m u n , n d , m , I’ r n ’ m I m m m _ t f l  w i t _ l i  , \ i - n s t  m u m _ e t a , 2 , 37 ( ,l Y 7 f l .

~ n t , , u v m m u n ’ ’; ‘ i  k i ’ s -t ’ , n i ’ n ’ l i  ,- \ ‘ t _ i v j t i e s- :  ( M R i , — ,~~~I” ~

i - p t  h t _ - , u i  n m _ u I  t r , u u ,s n m _ i s s - i m n n m  ,‘l u ’n ’ t n ’ u ’ n m _ m i m ’ m u ’ s -~- t n p i c  (

‘‘ h a , ’ mc - it i n  ‘tm _ s n - u n ’ r ,~ tim _ s - i,’ n - n m _ i t inn mm _ mu t u rn ’ e m t l i t ’ s- i j u l  in - np a’ m m  ‘ s -c e  s-i-

( n  Ii u n - i - m u m ?  ‘ m t  I n n v l i u m u r m , - i t n ’ s - m i h j u ’ s - t u ’ mI  1 , ’ s - I  i , u  i m m n :  l’ r i s - t i , ’ m n

n ’ n - u p n ’ m i i :r t ’ m _ u l n-n ( i I , i v u ’s- , l s - 7 5 ;  I ) u u m m _ i  & i n n - u ’ s . I u n 7 S )  , n t _  .n c,m ms t m m m t s - Irs - i n

r u t , ’ n n t  . ‘ . ‘
~ In- I i i  ‘ 

u n , ’ n ’ s - ’ i t h i  ‘ , , i r i n i t n n ’ nu in i - ni - rn’ m i d  s - I t t - m i s t _ m v

m sn-n I i- m m m _ n I  u i ’ ’ , I  n v  I t e i mum _ n ’ t l i v  I u m m _ n m n u m t ’ u n  i mum _ in I ’ m ,  nm ; i d u ’ , I ’  ‘A l t ) . N — n ’s-v

o p t  i s - , m  i, , l ’ I - i l  , m m _ m _ n I  s s - m u m m _ m _ n  1 m m _ p  n I — ,  t m s - m m  m _ f l j n ’ t ’ n n s - n : n ’ ; ’v ( S i  “5 n ’ h a , - r v , i t  j o n a

s,  m e ’ , m  i n - m n ’  r i - u n t I e  u n m n  I I , ,  ;‘ n ’ m u n - ’ u ’ j r  m m _ s - u s - m t 1  j u n  t lii’ e s -I tm ’ri n: u u’iut s.

‘ I i-  ‘ m m  rn’ ”un ’ u m _ t s- ‘ m m  n l n m m _ m h i v — p u u l i n - j u n  d , t _ t c h i t t _ I  t h i u m  s - u n  I i u ’s-S c u t

s-e m s - ti m _nh I s - m m l . u e  I t ’  t Im , ’ s - l i t h i u m _ p  s - nun f ,ms - e dt’t,’ mn - ; i n m _ u ’t_ I l ? mi - n n i t n u m u -  o f  h it’

sI m l  i n s -  ‘ - m u m ’ ? m n ’ , ’ , t i m _ u ’ mi u t m _ i m l m _ _’n n m _ I  s - i um _ m ’k eul —n m _ m _ i t s - m u m _ i n n s , di s , i - , , s - u ’t ’ s - t ’ , i t e d

s - m i m i - n  , u n t i  i n t m m m _ s - i’ m i m _ m _ t t i u i m  m ’ r , n s - k s  t n ’ r  mm cn ’m s - I a i m _ t  u I I s - t  , u u u n ’ c n t i s - u i ; :  t i n t ,

u-n i i s -  i n  m u ’ s m u ’ ? n ’ , ’ . A l  I u - n t ’ t i m e -  t n ’ s - I  eu ‘n , nu n m i ’ l t ’s- j im ’ , ’, .n t _ i u ’n ’m’ i ’ ,ns enl n m _ u m b e r

u u l  i l l  s u m - :  m u ’ m i t  i -mI ‘ u - u 1 m m _ s  m m _ i d  in i t n t ’ r n ’ i s n ’u I n m _ m i s - d u n e u-nt ’ h t m l m , u g r m m _ m _ u u u i , u e

i - r u n ’s-s i - n ’ m n u j n u m ’ t l  tn - n  t l i t ’ m u t t  ‘ ‘ ‘ - I  n d  sitmi m i n ’s- . ‘ t ’t mu ,‘ n ’ n n s - t , n m n t  n ’ u ’n f i tm jmig

l i r e - n - m u m , ’ ( I ’ ) ~‘f  “i - l i  1 - n m  ‘ , s i r  I n , n m _ u t  , mnm’ ,’ pu n ri- pm ’i - s - snu m i - (P) t i m e  op t i e ~m l

u ’ : n ’ , m S t m _ i ’ n ’; n ; , ’ n i i  a s - I m n ’ w  t h i n ’ u n , m m n m n ’ i n ’ s - m i t t  a s - i n - I  m c m ~ l I n t ’ ss-m s-~’i i ’ w n m _ s  n-c u t

~~~
—. _,__ -~~~~ - _ _ _  ‘



4’s-

? s - m u t u n m , m t n ’ t l n,’ i n i m  s ’ s - t n t ’  t u e  l ) ’ i’ ,\ !H ~‘ m t I n ’ ’, :  i i i  m m m c m i -  n s - n  ml m i u - , h , u I

a -
‘ “ ‘ n i t  I - a  n ’ n ‘ s- t Ii ’ ’ nm _ minim _ but’ m ‘ n  I i i ’  i - m n ’ , , ’ m , k -

,\ , 1 t _ I I 1  l o i n  n i  ,~ 
n ’  ( ‘H i  l u m m r s )  u t  s-, ’u n : n t , i u n l  I’ i, fl :5 , ’ , H i m  m ; ’ s -n -~ r

I’
‘ b j i m _ I  r , n s - m n m n n u n l , i m  e m _ n ’ s - n m  u n e  t i m e  s - m i n i - - u ’ - : h , u I  n l i . ’ ; I ~~I , n n ’ t_ ”1~ i : , i s - - ’
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n ’s- mn I t _ I  Im _~ ’ ‘ u I  l i v  I n i t  ,‘ ,I , I - n m  , ‘~ h u n ~ ’ I im p I u , Ilium i ums - ,’ s t _ r u n s - I  i -mm ’

n ’ s - i ( s - l ;  1 . - - n h u m  i i -  n- = s - n ; , m l  ( 1 )

t Il l

I I p m  , ‘v , ’ n i  m n n n m n ;  I I ’  i n ’  I n ’ n i ’s -u ’ r n - - i- I i n  n I n , ’ ’ ‘ I s- m l I v I m_ m s - n - c  ru -n I C  I i -  mcd  us -  i s - u n  C I

l I m e ’ u ’ c l h i v I ç ’ v m ’ i t l i u m i n u n .  I u i - c t  h n ’n n n m l I I ’ , ’  mu m _ i  t l n , ’ : n n ’  a u m e l . m s - n ’s , n,’ h n i s - u i  o s - n - n u n ’  m m _ I cu

,‘t , ’s - I i’ ,m _ , ln ‘~~I , ‘ ; ; i  m u , i i ’ t ’ t ’ n ’ i ’ m i n u n m u l u ’ I v  t I n s -  s- m m , : , ’ , n a  t i n , ’ a , ’I u m t  h i - m i  I ’ , m _ m ’ n ’  s - I’ n , i ’ t i i n - i

l’~ 
‘1,1 1 mm _ i i nn , , . ‘ In , ’ q uit i t a t m _ i  n I t’ s - I rnm t ’l mn ’u’ - i s- ni l lv mn ’n m s - t Iv , ’ m’s - t n e  I ‘ m l

m m _ t m _ b ’ r l n \ i m ” m ’ I  e u ?  . n  u n - n i  s ’ s - u i  ,u m n , n n ’ m m , ’ l  ,u n - ’ ,’m. I t  j ’ e u ’ v n ’ n b l - n , m _ a a i l m i u ’ t o  li - i i,~n-, t I n t ’

,‘ ,u mun ’ sn ’ t n t  :;,n l j u l s- I m I t ’ : n v u i t h n n ’n ;h s n - n t ’ t i m , ’ ; , m n m i  m s - u ’ n ’ t ’ t l u v l l m _ v l ’ i u ! i m m _ i u ; n ” , n m m u d  I ts-

n ’ I t i -  t nt ’ s - In n -nun h i - n m I m i m I c ?  in - ’ I t  v , i n n - ’  I i ’ m ’ , \, .  ‘ i s - n ’ , I t ’uu u -n - , n ’i un m u npe ,-n~ ti- n ,’

n - m m  rI mc — u’uum _ n mm _ I n’ m I u ’ mu N ’ I , ‘~ ‘ m u I n n  ‘ I n - n  I I , ‘u’ , ’ , m l iv  I u - n ’

l t I n ’ m m ’ , I i  I n s -  n~ i n n t  m , ’u ’ I m t ’ m _ m _ ’ l u - , m h ‘ i - m s - I  i n - n u n  n ’ I ’ : n ’n ’ n - ’ u ’n!  mm t l m i s -  s - a m ’ m _ - ; n n a

i - l m n ’ n ’  I s - i l  I v  i m  u ’,’v i - m _’ :m i l ’ I e ’ , t Il t’ s - u’ ,‘I’ s - n ’ m v , m t m n ’ n mn -- s - n i ’ s- u ’S I r n ’ s- b a  s1 1 ’ m n i l f s - m m _ m _ i L

h ’~ ‘ s- nil : ; ,’ I i i n ’ v  , ‘ , ‘ u u  n - n I i I n u t  t ’ t I i , ’ I I m s - i  n u i u , m u  - I i  I 1 ’ m u , ’ u I ; ;  s - t n  ‘ i s -  I c m l  I n- n un n- n t s- t i

n ’ i t ’ c t  n ’ ’ s - n n , ’ m’ , n i c u u l  l v  ‘ n . m — I  In - ’,’ ;r ’ ,’I u - s - u l u ’ s -n ’n - ’n n l u ’ m u t  l y  Cn ’ m _ u m _ m _ n h  I , ’ mmmi e l e c t  mt ’s -u ’

s - i - i s - i n n’ . :~~~t ~ I h m , n I  t i n , ’  m ’ n n ’ I n ’ u ’ n ; I , m m _ ’ i - I m _ m u I m _ m  n ’ n ’ m i i l t ’ u  1 1 m m _ I t I n , ~ s - i u ’ , ’I  m i -U i’ t n -n t i n e

i i , ’  l u n- I ti’,’ u ’ h u l l  mm i n  mu” i ’m I I ,‘ I nu , ‘ I ,‘s- t et tm I u - mm I Iv 1 m m _ s m _ m i m i  I I u mp , s- l i  i el m rum i a S ’s I lii -

c l i m e s - I  I n u u m  e m _ I  t i n , -  ; ‘ ,‘s - lm m n n i s - u:’ n il i ’ m ’ s - I  mt- n m _ I I e ,n u m n. ’ ,‘r. i s -  i’ : u ’ n ’ h , m m _ i j s - mm ’ a u ’ u m n  I - n i

p m  n m _ 1 , n n s - u ’ , h  . ( I ) A I n s - i ; ’ - m n m im s - n ’ I mm m um a I i ’ m  t i  t l i t -  n ’I n s - I m , n m _ m _ (I minimum ’ 1 i n n , ’)  , mi - u I

I i I , \ s - I n m ’ I s - u  I I n - ’ I m e ’ ,’ “ m t  I u n m _ m _  , ‘ ?  ( I i , ’  , ‘ n ’ n u m u i - ,  t i in : ’ s - l m , n  h u m  a , ’ t i m _ m m _ I  t i m _ c

mmii 1 , -cm _ u 1 mm m t - ci’ i I u i a ,‘ I tIm e F u ’t l iv  i j m _ v m 1, 1 j un i uni v as-t ’ s- l u ’s- ,‘,‘n:’n ’ i n n  I um I m e u j m u i  - mi t

,-n n- ’, ’ml - p w I I in t i t ’ : , ’ , -n I t I i , ’ u ’ I u’ cI n , t i n ’ s m _ m e l  , n , , ‘ . I u I , m I  I u ’s ’ n -n t _ 1 t ’ I I s

mt - I e n  i ’ n ’nl t n ’  m u m  l i n t ’ ‘ I 1 t u p i v n t ’s - u I ,‘‘ l u l l  m u n u u u m e n’ ,I by mis - • si— tI I a as - I m _ u’un’ , uI 1 u ’ m m i  I v

I I m u m - nI m_ n t  n ’ , I  1 m m  1 I n n ’  t~ ’ i  1 i - wI  t m _ p  t ’ n j m _ m n m t  I t i m _ I .
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in ‘ - n i - ’ -., ’ n n - u n  I I s - i n  n I  ‘ I , ’ ,, ’ I mn m s - I u -i, I s-md n ’ ., ’ .m s - I I n - i ’  a im _ n I - t m _ u n i t  i n - u i  I - m i s  i~ iv  ‘ ron -’,’n - :

t i m  I , ‘ mm _ u ’ n i l  t h ~ I s - t n  ‘‘ n ’ , ’ h m m r m i s t u u s -  s - n ’ s - m i n i  I ’ , ’ ‘ ‘ b ’ ’ ’~
’ i n  I ‘ n , ‘ u i m _  s - u ’ n ’ - n , ’ i t _ I m ’ - r  m l , ’

i n n ;  I :  I i  t n - u  j i m _ I t ’  s - lu  i s - I n .

( 2 )  ‘ i - n m _ u I  I t ’  m i n d  1 1 m m  t h u n it u , II n - mm s - t m m_ i- s n - nun m m i ‘l n ,u ’r ’ I t i  I n- ‘ ‘ s - m i t 1 3 t s -  b i n ’ ’ Su r  s - s m

tO ’ s- m i s - l i  i t ”  ( I s -  I ’ , m is - fl )

s - m um nn r i - s - m i l l  , ‘t .u , n i m m _ I  t m _ i n s - c t  ‘, i t l m u m , ’ t t ’ s s n ’ m  I .  P i l l s - c

i - I I ‘ l i i i , ’  S I , u l n ’  I i m _ i v n ’i ’ s - I t ” . h ’ t ’ ui I ë s s - n m _ m _ ’  ‘ ‘ I  1 1 m m ha u l sun - , - ,’, , b m ’ m l  i n

n m _ t m  m m c l i i  i m p u’ i m _ i  m m ii , m n n ’ l m m _ u m _  u , ue j t_ I s - st s - m n - n  t n ’  u ’ m u m i n , m u n  a i r ?  m m t ’ m ’ n- ~ C ’,’ , cm s l e m _ i s I h l v ,

tin , ’ i t ’  I I ,uw I mm _ i ’ m ’! i u ’i ’ ’ I nmt ’  ‘v

~ ,~~ s-i -Il l I I I  - m l  , . 
-

1’ ( - - C- -- ’ s- . n ’ ‘5~~-( ( 3 )
011 ‘ 1 ‘ s-I ’s-

h ’ h m ~’ s- i u ’ n ’ I r n ’ n u t _ ’ :s I ’  ‘ h~~~
’ s-~ 

h - n y  N i  l l t ’ r u ’s - n i u i b i  t m m _ m n  m i - m m _ n i t  i m ’ m ” , r i ’ l n h s -  sn.’l e t ’ t i vi lv

i n  n i t _ c t  ‘n ’s- i ’  i t  m s - I  i n n s . s - ’ h j s - l u  iii m u? a,’;’ ,’ i u m _ t u ’n i ’s t in n  t i m ’ s - minnie m’ lectro—

s - v n m t  ‘ n , :; i s - ,  ‘,‘ — s - , n u m _ s - n’ 1 v u - n I  n ?  mmmm u’X i ’ u ’r l i- n n cu u t _ u ms - Iii , Iii ~- In 1 v o rient s -m i jm u’rn I \‘t is-

I’ m _ n m _ s -l i  i t , ’  (s -m m _ l U ; ), i tm n - -; Iulu ’ii I I n ’ , ; m ’ t h em_n 3 s - I n n - n m _ n  Id ou ’ s - n u r  s - s - n ub mn i n n ; m u n t  1’ .’ i-mi tIne

h u m _ n - n u n  I ~~i n m _ m m ’ n ’,h’’ n’n ’. s - I I l m u p r mu p h i t  is - n ’ rn - n t  m m _ I  . I un nu n - : ‘ ‘ n r , n u t  n - i  I i  t I m _ i s

u r n ’ , ]  l e t  i ‘ u ’, 
• I s-CA ,‘nm _ n t _ 1 s - is I c m l  s - I n ’ s - I  m n ’ , us - jai tn -n u-ni ’- :.. ‘‘s m _ I  i s - ins simowi ’u ’ a im iphe r

I - n n n s - m m l n m _ t  i n n  n - n ?  ( l i t ’  ‘‘ H ’ in- u ’n ’ mu l’ 5 n u ml t i n , ’  b n u s , n I  s- ! s - m ’ n ’ m s - s -’ , s-s compared to ti n e

h i s - m u  I - n i  -~~n ’ I n n s - n ’ . ‘ i l n i s t s - c r  i m , u - m _ i t  s u m s -  u m m i  i n : ; ’ u u ’ t m m m ; t  u i eu ” , - n u u s l r a t i o , u  l i m i t

l i i i ’ , ’ , ’ u s - l i m p ’, n iun ’ I n m in ’mll ’ n - ’ I i  I m m ’  , n l  ‘ ‘ s - i ’  a m ’ ,-: i s  , I , ’ 1 ’ n ’ , i n h ’ ’ u m t _  on _ m rea ch — n smuc h

n n a  I l n n n t  I m_ m s - u n i t _ I  i i - m n  ,3 ; u n u t l u m _ , n t  i - m m n — I  u n ; ’ . I m ’ m ’ t ’ ’_ ’ e ’ n ’ m n  i l - n i —  n ’ i m . ’ s - ’-Hui”m r p t  it _m n ,

w I m i , ’ I i  u s -  mm ‘ t m  n-; i s - t , ’m _ i I t , ’n ’ I u m _ m I u ’ n u l  ; n m _ ’ u u l n l i ’n ’ ’ l um n- ,’ om _ ’ I - , j m _ m ; ‘ ‘ m h  , : i m _ ’ l - n n - n, u el ’I ’ m ’ t r u m _ s - n’s - .

( ‘I) ( ‘ h m , ’ m ” l c m n l  i n- ’ i n n -n t I I I  I n t l  I : i n - c I  r n ’m ? u ’ s .  I V .  ‘I n - is -u n ’ , , ’  I , ’r I- m m _ n ’ ;’ nt i s - n u n  of

i n - - n - r n ;  t m _ I  l ; , , u i , ! n s -  u m u m _ m n ’ s - i  I s- ins- Ri - u s - e m i t s  ( P s - F , s- P b  — s - s - F )

Sums - In ‘ I  ‘ mm c , - I n n - u , i c ,n  1 un ’ ‘ I i  I I s - m t  i on  ~‘,‘rk n - n u n  n; , ‘t  m l  a s - i s - i ’  n, I n ’s- t ruidea

i n—u ‘ mu ~,, tI u m _ mm _ n m _ u  : n m _ i n ’ s - I l  - i n , - n ‘ i n  I i n  ‘mis - u - i  h i  I b u s -  u’ n t  ,m I , ‘ n -~ I , b , ’ , i i i  whit cm n i I is

‘‘:- .t  u’ n s-n-t ’ l n - ’  I m m ) ’ n ’ n ’  1 m m _ m m _ I  t l m ; m t  I I ’  I u ’ u ’n n t  1, - n m _ u  n - n t  s- i i t - n x , m m _ s - ‘ ‘ , “ n m _ L n - ’ ; ’ ’ n ’ m ’  a C u ’ m m _ n - r i - i n s - u n - n.

I-,’ ,’ nI e~s i re’ , u I n - n u t s - n  u n n t , ’ u ’ , ’ , n m ’ i m _ , ’ m::  I - i  I u’ n ’  m m _ I  I u im ’m n . u i m _ j I ’n b e t  n - , ’ t ’, ’ n u  t i n —  n- m_ m_ ’ p m _ m - n c ’ s i  l ane

t i m _ i t t 1 , i m _ m _ m m l p r m u m u p  i nun ’ s- s - m m _ i l t i m _ n’ l~ ’ I re - n t _ In- suim _ ’ t’ m n, ,- in ou ’tle r to u n m _ n n : n -’n’ staumd

ium _ a I nn m n , l mm _ n m , ’ m i t  nil u niv . t i n t ’  ‘ i n  -
‘ t e u ’ m u  I m i n i s -  I t ’ r p Cc Ct ’ s - s - u’s- . I n ti m i s -  pa i’e r ,

s - u ’ g m m _ t  I m ’ ’ u ’ u ’ n l  mm n - m r  I n ’ ?  v n ’ t  n ’ v l u l n ’ m _ u e n c  I rn -n m I ’m n ’\’ i n- n m _ u s a m _ m ml r i ’ s - e m _ u t research t o

1 , ‘ m ’ ’ ’ u ’ , a I ran It ’ I h u m  I m i - u nit’ m_ ’ s- i’i-~- n, ’m ’ I n- u i r l i v , i  rt ’ m _ u -n nm m n n l  u :n I is-h -n j 1~ m _ m _ n i s ’s -ti i-mm m m i i ’ I is -n m _ i

t i - m m _ t I  i t  i t ‘mm _ s , i n - n i  m m ,  ‘ I  i n - c  rs - m m _ t m _ ni s - m i b n u o m _ i u m  I .  i ’ ,’ n ’ u ’ nm m m _ f , r u’ i - , , m ulc n n n i 1 m u m _ l e a  n ’mm _ m _ i C u’ f t _ rnicd

nm _ tn  u m , ,  I m l  n - u i s-u ’ s m _ m m ’  I . 1 ’  ,, ‘ n m  . -i he n v  i d e inc t ’  g u m _ t I m e  m e , ]  i m m , ’ 1 t n t _ led  cI  eel i’u m _ t ’ Ine u”  I u’n m 1

n ’ , n V t _ ’ m _’ ,n: ’ n’ d a t  m u , , n ’ n - ’~’ m _ ’ , m y n ’ d m i l  m l has-ed t m _ mu mi s - I l i - al ;ih- n n- n e ’ rh m im _ it ’u’ n ’t  h n m u n u l

m m  t’t ’i uieu p iim m _ I - e-uu , [Is - Is -n -  , m mmd m_ ’ n ’ , m n ’ [i n- n I l u i - t m _ n h  I t in - nm _ is . I I u u ’  t I,i t ni is riol s - ut f t c i en l iv
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‘ i ” ’  I :n n ’ I ‘ n ’ ’ , ,  un I n ’ I I mn , s - ,’ nun -u i u ’ m _ n n i I I ,‘u n ‘ - I i e m _ m u  ‘ m l , ”, s- m , ‘ t m ,  I , m s - n  I vs n m ’ is-

n’: n m t , ’ m i , i i  n ’ nm _ I i : ’ ’ i - i t’s- I “ t m _ m I t ’ s- m i m I  m s - t a m , I ’ n m l  t l n I I m n i m  , l v  m m m ’ s -  , m _ n m t  ? ‘ ,s -  , s ns - cnm l

‘ n . , ’ m u t t ’  - n~ , i , - n ’ ; : -; i , .  n m ’ s n m _ I  n , i  1 vu : : , ’ c s - I r u i n ’?  m u m  u a

s - i  m m — u  ‘ m t  i , ’ mm _ i n m _ s - I  i n n m _ u s -  I m _ m u v u ’  l m u ’ n ’ m i  n u ’ -’ u ’ u i u s - m t  m’en ”c’ l ’,’ ’, ,’ i u I n ’ l v , c a s -t ’ s - l  : I  Iv

u m _ m _ u  s - i  I i s - , ,  s - m u m ?  mms - u ’:m . s- m u m _ v  s- i  I m m m i i s’s-I I u m m i  r e m m e t  I n m_ mi :; m m _ r u -’ m l  h l:n ’ c nn l m l  v

s-t’m _ u u u l m _ m u n -I n ’~ ] u i - u s - u i’ , ‘ t ’ n u , I ’ j  I I u n u n s -  l i - n m _ U i hp, i n ’  sui r I mm _ n - u’ I- n i - i ‘s’s--er n ~ m s- ’m~t I i-mu . i l t n m ’ cc

i n c  u’ u u n m _ d t _ n s -  I , ‘ , i  m u m _ d i r n t _ m i n t _ I  i t  i u u n m _ s -  m i  s-h  I s - I n  “ n- n u n - n i  , ; ve m_ ,’ ;~~‘u ’ ; ”  n t ,  l i - t n  Is- s- .m _ n u f , u n t

l u ’ ‘ vu I u t m u u n , ]  I i n n  t I lit ’ l i t  ,‘ ma tm _ i c , ’ u - n u n  s - I l  lies- u - n i l  unmi  i za  I i , om is - i m m - n n ; t  mm _ i  n i - n - i  , i mm _

I ’ u m s - t  , n - n ’ my l i t  I I u ’ t h i ’ ? l i - i t  i v m ’ u ’vi  den t - i’ m_ ’ n m _ r  s - ni  , m l ’  l i l t  v t n u  t ’orm s - i  1m m _ m m ’

n m , ’ h u m - n , ’ , ’ m n  . I n , ’  t n - ’  I u l e n m _  s - n , ’ we p n m _ ti ne r I n ’,’um ’ s-I u i - nm : i s - m i l l ’,’ m s - n m _ U I f  l i - U  u ’ l  s - n t  r on u t_ ’

s - n ’  ml. u-u 1m m _ mu I u l mm _ p p iv l u - n n-n I I I s - u i  m m m c  u m is - ,’:;

( ‘n )  C h u n ’ u ” i c , n I  I v  s-n u l l 1  l i - u ?  t ’ l i u ’ u ’ I i ’ u ’n I u ’ s - .  V. (‘,m _ vu m l u ’ m _ u [  h I i m : n i i n ~’ n ’u ’ mm l ’ €’v t’ rs-ihim

C I n - s - I m s - n i t ’ s - I t - n m _ s - I  n n m _ m t  t ,  C m i i -  I I e c t r , m _ n h u ,’s- , i s - n , ’ ; ’ I , ‘ un I I v  s-n -n il j u t ’, 1 I i i ’ s - I  m o n - m i’s

V I I . I ‘a n n in’ n i l  l I n m i - u l  j m _ i
~
; i i i  nu i in ,’n-’ n ’  m s  Sin i n - ’ I I u n ’ t i ’ s -m h , ‘ Ri-a  n t  sum _ i t I i ” l’ I

h l i , ’ , ’t  r,’n h n ’ n , I : u ,i m l :  s i m m  ? ? m ? ; m m n m n ’ a i  1 m m _ n t ’  Pe n s - e m _ m t  ( I I P I . — \ Si  , Ss-F )

‘1 1mm ’ s u m ?  n e , ’ b , - n m _ u u n m l  l u ’ s - n ’ s -  c n u u n i u i e  i m u  s- u n m e t  l i - n u n  i n i l ’ s - n - u’ i s  ,‘ b u m ’ n : ’ l  s - m u i l v

Is-’ c t ’ n - ’ n- ’ r s -  I C  I m ’ . ? t n i ’  , ‘ in’s - I r u m i - u u t u m _ l y l  i s -  n i p s - i  i s - m m _ I I c m _ m i s - , it is uhes i r u m b l e  t o

ml u ’ ve l i n j u  i i i  n m l  I I l t  n- t t ’  sn - -t n t lii ’s i , n t’ a m _ m r  l’. n s - t -  ru - n i , ’ :  s - m u m _ I n s - i  mm ; : :; n - I n  i s - l i  m m c m ’

e l m n ’m m m i  s - m m  I I a ,;t m s - n it ~ I m _ u u; mm _ m I t  i l - n i , ’ ‘‘ n - m i mIni? I n n  St mi tn-s . I mm ’’, ’ i s - m i s  n - ’ ,’ I ’ m u s - U

t ie s - nun-n I m m m l  n ’s - I h u n t  t m _ u n ’  I mm _ i m m _ m i — n ’  at  r u m s - I  u lC u ’ ctu nlni i- n ,- s-rc i’- n i m _ r e m i  i-nm F m_ u i -

,‘ I m e t  c , m _ uln ’ : n

n ’ s- n ’ ,

Pi m , -~~ ’ n n s - j ( , s -~ ) , P;l (LII ) I I l l ( ~~”~~~~~

Pu

I m i e n s - i  i ‘ m b  I v  • I u n- n - I n ’s - I m o s - I m , ’i” i s - m m _ i ru n - m u m ,  I i n - n u n  n t  I I , , ’ i t  i t  m , ’ .mr or ,ns -’ i s -

I m _ m n m _ e  I I i - m i n i  I i t  a l u-u s - I n n  ‘n ’ I c m i i  I v I c r c -n - ’ , ’ rs I h i  c or I - , ’ m _ i n  t u t ’  su ir l ’,m s - c’ — bu m _ u m umul I n ’ m _’ i ’

n u t ’ 1 1 1 1 m m _ m m _ I  l i ’ t i  ‘n m m _ i n t l  I t - n m ’ t i m _ n,’ a m m _ m ’u l n m _ s - t _ m _ u m s  si -h u t  m m _ nh I’, ’ t i ’ ’ . 1 1 , 1  m’m t n - n m ’ s ’,’ m_,m n-m mm _ n

i m ; ’ 1 ’ u ’ t  mis - I m u t i n , n - , n I ’ ’ i ’  i n n - u- ,’ i ’s- I nn I n i x  l~h t ’ n ’ I t ’ u ’ t r i -u l i ’  s - n m _ l u s t  I’~m _ t m ’ s - .  I h u n ’ In -j i m

n m _ n b  I I t n t  I t m m _ m _ u - n  h m m _ n h  i n - mi t i-ui , l u ’ s , -n’ I I n n ’ t wnu iii ’s-’ u m n u ’ t aI o s-m i (it’ n’’mn I u m _ ’ l ais  t or

u ’h u t ’ t ~’ I n ’ m u l  un i t s - I  i t  1, - u t  i t n n  • . u ’ m ’ ~’ , u x l u m m m i l e i v  I n ’n  m m _ t ! m c u ’ s d e n ’ n-n u u t a p  fim _ m_’ u -n m’ s - m m _ u i ’’-

s - i l  m u u m _ n  m ini m _ u i i f  I u ’ . u t  j o m _ m _  m m , ’ s-k

I um ps - i~ ‘ u’ I. u m _ m _ u , I u n ’  r V s - n ’ U u ’ u , :nm _ m _ n s  I m_ ’ mm _ t n u b  t i m _ a t  t i m e  r u m s - I  l i - n  m a win S ch It’d It - n

he :; t r u n t - I  m i ! ’ n ’  i i i  ‘ ‘ t n t 1 m m _ t i  4 c- n m _ i s - m _ i m m _, m m _ i s - u - n  l m _ r o c u ’ n ’ t I n ’ n n-m ,m t is - f a cI .m i  iv n - n m _ i

Ru m _l i , I 1 1 n: nm n m u m _ i  T i  n _ I t .
’ I r , m _ , i n ’  Im , m s - I ’m l uip . -l l i e ’ m l  n’u ’t , n m _ i - I n n  “ I s - nm i p m’ s - s - u’ us- l e a  i - u

t i n ’ ’  I u m _ I ) , t ’  I n -n ’ I u s - - n’s- f m _ u  m _ i u m _ n — m m _ q  m _ m n ’ n m _ m m s -  n t ’  I y en  t n - n  mn ru ’ u ’ S ,  s- i ’ l l  e mit , am_ id s - n ’

t’n-m t n m _ I - n I I s - h u e s - h  t l i m i t  ( Inn ’  s - m u m _ f a c n ’ s-I i ’hl n ’t t mh’ u ’ i n  i’, ( I m _ u m i  t i n - n m _ i  n I’s-ac I \ , t  u’ l m _ u ’r’ i u ’ u n l  1’~

- ‘ _ ‘~~P. 
-
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u i  ‘ ‘ i ’ . I (  i s -  - n i  ‘ ‘ ‘ “‘ ‘s 1 m m  i u ~ u , i  n s-i- I ‘‘ n ’ m _~ i , I n n  i ’ s - i n C  t I n ’ ’ - i n m _ i l  n ’ ’ . c m  . :  is-

i s  m , ’ , i u m t ’ , - , I i ’  t i n s - I  i n s -  n m m _ m _ I n ’ u n  m n u t l i n  - ‘H  ; m m , I  t n n e u u  t , ’ i t s -  n - ’ i n n n i u ’ m n .  ‘ n

, ‘ i ’t  ‘ i  m m _ n ” 1  . n m i m u i n ’: ‘ ‘ n u n -  i n  s - m m  I t s - ,  C m _ m t  w i t  l u I Inn , ’ n.’ : m n ’ s - s - t  u s - I  s h i n ’ it ’ I n - c i t _ u s - I  i t u m n  n,’ , n - n -- .
,

~~ I t _ m r I lu n ’ I — t m _ i t  u ’ , m _ m n n ’ , m _ in ’ , m I  i t ’ s - m i n I  4 — u n i t  r n ’ . m m , ’u:’ . n l i e  n - ’ n u r i ; m m n t u - u . I ’ m ’ u ’ s - t i - b u s -N ,,’-

I n ?  I I ’ ’ ’ I ‘em; m I h i m _ I & i n  I I - m_ i u -m 1 u u r  t l u n ’  s - t i c  I n u t ’ s- N t i s -  s - n m _ L u ? ’ It ’s- m _ ’ e r  n-. ’t t N iii

10(1 n u n - ’ . n m _ f  I I n , ’  s - n ’  i m u t  I , u n u  u n m l  i - m m _ I  i s i l s .  ‘ l ’ i u i s  p r u u v i u i n ’s- t i n ,  t i  m s - I  , ‘ s-n n i ,’n ’a l e

n ’ l ’ ‘ ‘ n - u m u m _ I I v  l ’ i n n i n l s - n - i  t ’I m i ’ n n m I u ’ s - I l  r,’vn ’ m ’ailn i s -  n ’ , ’ , Iu ’ s - ,  ‘t i n s - i c .  TIme n i e s - I r tm_ —

n ’ 1 i , ’ ;  i s - m n  I n ? , u t  m m i i u t n j s - m u l u ’ n i  l u i n d  i m m _ ~’, o f  m m m i  n i p l ’ m u ’ ,’. i mn n sn l t ’ n m , m m n m m , l a v e r .  ‘ l i n t ’

s - t i m ?  u s - i - s - v i m _ I l l s - I  Ic ni-md i i i ’ s - I  n’ , ’ s - ’,;m ’ : ‘I s- ,u I t _ I s - t i -  n--n ,’ m ’ n ,
~p ‘ m u ’ s - m s - n- I t ’) ’,’ s- n n p p l en’~ i ’ s - t i n -:

n m _ m m _ U  a m - I t  I i ’ ,l I ’y  I - s - n ‘ ,\ I u m _ f m ’ r m u m m m  I I u ’ n m _ .

1 m m  m_ , u ~u & ’ r S n m u ’ i l n n ’r ‘n t  I , ee s - m m _ u n u ’ i i t  t i n t ’ m m i n - ’ , ’c , m b l  n ’ i -i  i ’s-I  r i - s -l i t - n ’- - i s - , u 1 s - r i - l i - c t  ics

m m _ i
’ a l u m _ I  h i m _ m u ’  u ’ l e ’u’ I r u ’ t l , ’s- t l m n ’t t n s - I n  u ’ t ’ n i , s - n ’ m n j  i i i  l i m m u t  s - t i m  is n ’ u m s i i v fe r n -n e d  i _ m n

m u c l u u e ’ , m_ n us -  m i s -  1, 1 . a m _ n t _ i  i s  m_ ’ e,’d u c t i v , ’ l v  is -n i  r im ’  st  a b l e  t m _ i  r m o n — a m i m u m ’ n ’ u n a  s -o i n - ’t ’ t u t s

Ri’ f~’o i’mt _ I ( l i m i t  1 t  , ‘ l  n e t  m n ’ , l m ’a , ‘ n ’ v n ’ r e t _ h  s - ’j t l i  um u n , , u i , m l  n m v i ’r ,‘i ’ ‘ m m ’ cm’mm _ n ld  i ’ m ’

m’ u - u u u h  I I v  u - u i  I m u m _ n  i n n ’s- m u m _ n i l  s - i - u I ‘ n n t ’  m i t _ n c - l i t i n - ’  m u m _ i t _ i  I xcii  l u - n  f n ’ m ’u ’ a at  t’ u u n - ’ t n , n u ’m ’ su c h  n u n -n

t i m _ n u t  ,i m _ m  t l n l i - ; m _ I  1 c m _ m m  4 n m h ’ , ’ n -- ’ i’ . I Inn’ s - t m _ i s - i  l ’ , ’ u n u l s  I ’ r , ’\’ m’u I  I n -n Cc’ n’iuer miczu l lv q u i t u ’

a t n u l - n i t ’  m i n u s -  nnm , ’ I m u r m  i n t ’ m m m m n m _ r u - v t_ mv m i - s i a n  m n u n t  I t ’ r , ’ , m u m s - I  i s - s n  in mm v u n r letv i - I

u i o m _ i — u l n u n u t ’ n i un - n  n - n i - n  i n - u - n u t  n.  , ‘I tm _ n,’ c i  m’s- t C m - n s -  I inn - un-’ i s - n m _ i  i-li s-c m_ . a , ‘, t ‘in - -n m _ l u-, ‘ ‘ k - n t  , m _  n: ,’ d c- n m _ i t, \n -~

n ’ h n ’ n - ’ j u - , u I  l v  n~- u n t _ I i I i n ’  m l l ’ tn l n I t - c t  r u ’s-i ’s s - o n u s - l i - I  t i n - ’  p s - rmm l i t _ - l e d  t i m _ O s - i’ tin t i m _ i’

Cmi i -  n i t _ i t  m ’, ’ n l m ’ m u . ‘ t i m  I s - u iu m_’ n u v i t h n ,’mI  ii hi ’u im nl I I ’ m _ u i  , i u ’ u : n , ’ m u a t  u’ , l t j umn of t i n e  s -re t_ l i n- tm ] —

li i I I I  a u ’ ?  l i n t ’  s - m u m - I m m _ t i ’  cu m i n ’ ,’, m i n t_ n ‘ i s - i  rn - win I s-h u— m m _ u i  h t _ ’  s - n - l u  ii n- .i n i  s-i tIm

t h i n’ I s - m m _ i i v  “ n m _ n - I l l  I , ’ n I  s m _ i c  f u n e t ’s-

( 5 )  (‘ b ut _ -n” m u1 In - ’ S,’,i It  it _ - ui I’ ,l u ’etr ,’m bn’s . Vi . h i m m , i  m u ’ , a m _ mt _ I  !I e’,’n, ’ m s - t h u  L ’i ,’ s - L  rum—
n ’l nn ’r,ist m v  un f I n ’ I r s - C  nniu io plm _ t _’mmy l )P m irp inn - ’ r mmm , u n m  G I , m _ s - s v  C u n m i - n u m m  ( ‘ s - I - I )

~~
‘

n- ’ s-ce ’s ’ i t - n t i s - I  n- r un s- m m _ I’ m t m l  I l i u m _ I e s u r b o m i  i, l u ’ s - h  rode :, s- i - i - lu 1 l’s- s- lien’,: u s - , u  i i  v

I I l u ’ , 1  n- , i t  Ii  i - n m ’ : m m _ m i t ’ s  I m i n i m - n . l i ’ s - o m _ m t  m m m ’ s -  t’i - sn ’n u r s - h i  s - i - n  t i m ’ s- i’ m , ’m n _’t ions

I i ’m _ I ’ s-e ’i ’ i mU , u m m u l  n i m ’ t & ’ m ’n’ n i :m n ’ u i  t i m _ n i l  t i m _ n ’  n n u ’I : . u m u n m _ a i I s - m n - i- t m _ m u l c t  i i - n u n ’ l j t  i t _ a  m m mi

m l  e m _ m i  t i n ’s- I m t n u l u ’ s -  s - u  es- V u h i ’ i n s - u s i a  ci ti m _ e m ’ t _ im _ i m s - ’,ns - t iv~ u - nm tn -n ’’ lutist mb’ I i -  t n -n I - i’

mm ,;,’ ? uul [ti e th u -i’m Ii ’s- i n m _ ui - il i t  i s - n i t  j çm _ m _ h u_i I’ n- ’ nm _ m ’hun m mm . I n - ’ I Imnu ’m ’ e I , i~u ’ at ’ I n m _ s - i s - p  t i me

s- i i n s - n i t jnnm _ i u i s - I m _ mtm _ u mu ’ h m _ t ,ui u’ m im _ ’ I nt _ m _ m _ m chi ’tm _m _ ju’ n m _ I tms-m miit is -at 1,1mm u tiil tn trumeu l In ’

li - nm _ u’ t 1mm ‘3 , 1 m m _ I  m ’ n ’ n h m m , ’ u’u h i - nv Mi 1 I i’m ’ , l i m i t  c s - m _ t ’ s - u’ a i I r,,’,-nus s- ui m_ ’hs -m _ mu mis time

‘ ‘I n ’ s - I c,’,I ’ m - m _ tmI i s - t emut ,‘ . I I n n ’ c h i t - n i s - u ’  n- n f n - - n i t  m , ’ , ’ u n ’ n  s- , m r l - n n ’ mu n,’ u u s  i r ’ p u m _ r I a u i I l e n -ni::

( I i i -  nu l , m n u n h po 1 m m _ I  n I mu I t  I pmmm t i - I  V mm _ Vu-n i s - i  m _ is - rn m nu ’ i m _ htm l ’ ’ m I u ’ u ’ i  tip n i t _ I s - r u m p  t i c - n m

pln n ’ m m _ n m _ u ; : u - m n m . ‘ n u n n ’ s - I  n ’ n m _ n l u - ,t ‘ n i - n’ l i - s  n it ’ m ’ x p e r i n ; n i ’ m _ i t  s i - n u ’ u ’ n-’ t ’u~ m mt ’,’ n ’a n ’n umI ’ a I n ’ ml l s s - t ’ u ’t

Ibm _ n ’ 1 mm _ I m l  ‘ i n ’ i n - n ; , ’  I I m _ i i l u t ’i m iy  t ; n ’ m u t ’ t  I n m _ n  3 ‘i t ’  u ’~’~’~ 
, u n ?  1 m _ m _  ml 1 m m _ u I in c “ ‘ u i m i l i t ’ m _ ’ .

We hu m a n - m m _ i - l i  i , ’ n - ’ , n  I , u  m _ u mn m _ rn - — m m t — i e s s -  ri-itt i nn’ m i - uni t in- n m _ i a n’ s - mis - inn ’ ,’ itu w h i c h

_ _ _ _ _ _ _  -‘ __~~~~~
:-__ -- ~~~~~~~~~~ -
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So

mn - i u i t ’ t n  ? i ’ m :  n n n ’m i n- ’ h I m n n n ’I n b u n -  n i l , . ‘ - n u n -  . ; i n l n ’ ‘ ‘ ‘ I n n ’ , , u s - - ’ 1 n n ’ t m _ u ’ —

s-im m’ ’ I n - u t  m - n b  I mu ’  s - t u  l i n t - n t  e l m - - n j  l i t _ n u n - ’  I s-i m m _ s -h i  v u ’ ii - m ,h n u n -  I I , m _ u n  I u n  I I  nn m m ’  I , ‘ nm

r , n n u l t ’ ; u l  m u m u n l  ul i m i m _ m i o m _ m _  n ’ m n  t I n  i s  i - I u t _’ n : , i s - , n l  I n - ’  n : ’ ,’ , I i I ’ j u ’~ ? n - - n i  I r n , ’,m u s  s - n u n  b n ’ui n ut _ m I t’ s- s - u’ .

‘t hin ’ I c t m m u s - I m t mm y l h m _ n u m h n l n y m i m _ m _  s- l u s - t  r n ’ s - I n , ’ ;  I s - l u  a i s -  s-im m m s - n - il i v  and i- i t s - I c , ’ —

u ’ hui ’m _ um _ i n ’ nm _ I I v  re v n’ m_ ’s- i [‘I u ’ m m m _ n m l  mm u’ t i m u n h u  I m u s t  I, I t - n m _ i  t m _ I  mm n_ n m _ t n t cmi i m m _ m m _ u I  I ’ s-C ,’u n ’ s - , ? ’ , ’  u’ l u’s- u n I

m _ m _ ’tn n - ’i d i - t l m u ,‘t ’ nm , I m _ u s - I V u ’ I n m t n t , I  I i u , m I  t h e  s - s - i m p  I 1 mm : - ’ t m _ f  I l ie  t u ’ t  r m n t m _ I m n - u i v l  u n n n m _ ’ p h y r i n

t i m  t i n t ’ v i  I m , ’ n m _ m u ’ ;  i - m m _ r i m _ n m _ m m  w s - u m _ u  n - i n n  tint ’ m in i s- i’ I ’ m ; , ?  1 i u : k . n ( ’ u ’ nm m _ m , I  umun t t i n s - ’ ; ; ; ?

n n h n n n ’ r s - t  1 m m _ m n . I n N ;  u~~ , m _ u ’, n b ’ i i -  ( - n r n ’ v i d e ’ s- t i m _ u -  l i e s - I  t_ s- in ’ s- l i -  n - n ! ’ m m rt ’ n-’ u ’ ; ’ n- i b i n ”

i t ’,I n ’ m - , m ’ m m — u ’ I m m _ n m i n  n n ’ n ’ l n  I I I m n - n ’ s  -,-n m _ n m m s - .me I n s - un n - i n ’ s - I  F , m_ , I n ’

I n m , u ; ; u ’ ’ m _ m c h i  nm _ a (hut’ l i - n  enip h n n ’i m n - ’ I pn m _ r i tiiae im m _ u . t u i i ’ Iv l ’ o u :umn - ’ I,’ vi t m , ’ n m _ u u u - ,

u ’ . m _ u ’ i m n ’ um i- m m _ m i t  m m _ I  mis - n  u u n m _  :‘ m l  m m _ I  , i t  s - - n un s t n t
’ i i - I  u - i n ’ s - I  Ii” f m _ mn - -u ’ s - ti ,’ , n u t  n- I N c  in  s i t u

un:t ’ 1 m m !  1 1: : .  n I l  nmtm _ n m _ I  I i n n ’  I - n t ’  m i n i m _ v  i ’ i m _ n  i i i  mm _ mm m i l l cn ;m I’ t t n -n i ci’s- , ;  ru ’ mu I ni l’ :  i i  n- n m _ f

l ln ;m _ - n ’n u i m _ i 1 I ‘ m c I  ‘‘ u I s u l I t ’i’ s-s- ’ j n i m _ y m _’i nms . I t m n u ; n i l : n n m ’ l m  m m _ u t  u’ , u ’ t n i l l u ’m _ I m _ t m _rp h m v m ’ i n i s  a re  s - m i s - s -u:

i , I n ’c t , r u n s - n I m m _ i  vat a f m m _  r m m vm m _ r l i - I  n- u - n ?  n ’  in  u ’ I r o t _ I t ’ ee l s -  t i ,‘ns- , ci- h n m m v n m  b o c u s - s - u ’ui

ml si’ r i t ’ s -  n- n I u ’ s - s - i - m i  u ; ; u ’ m _ m  I a I mm I lm _ i  a U i _ r e t  I i t m _ i n  . I n t h u  i s i n u s - i c , n ’. u show I hun t

m m  I ’ ,’ ( I  I ) u ’s -u n bn u- i’n ’um d I I n- I u m s - , ’ m _’ t  m c i  h u m _ t i m  l i i i ’  I u t  m’,n~’ lmn’mmn - ’ 1s- o r p h vr i  mm m_ ’in g  , mim_m U

tim _ i’ ,‘ I t ’s - I’ mm m _ u ’ l m _ e u: I s - I  en-’ n m _ I tim _ i -n i - um( i I - I )  r , ’ .- ’ s -  I i , m m  s- s-m_u I n ’  ,-niis-ern-’~’n i in n

s - I nn -n I t _ m m _ i i n - ’  m m _ i n n t  ,‘ l , ’ s - I r n m c h i n , ’u ’ , i c n m l l n - ’  r u n - e r a  i i m _ I s -  u - n , u n n n s -  u ’ . for Cu t Im _ t hu e tn’tr,i—

I ” i m _ i - m m Y  I i m _ m n m _ ’p l m _ ’ s ’ r  u s  m i - m I i t s  n u t  mm _ i  i i  sn ’s- n - ’ n m _ r  I m u u n t  , t h i n ’  s - c u l t - m I t  i s - l a  m ’~ t i n t ’

s -t _ m e t mus-t ’ m t ’ nh n m _ n - -n  s - ut ’ s - i’s-S m u m _ N I lm_ i’ m m m _ : , m _ l u ’, t’i- :-n’ n;u - n lIn t ‘h u m _ u s -p e t - l e a  , ; r m ’  q m , i  l u

s n i u - ’ h  l m m _ r  t n - n  m m _ m e ’  m u m _ m u m _ I  m u i r .  ‘h i m _ I s -  e m _ i m _ s - u ’ m ’v n m t i , ’ m _ n  t - n I  t l i em n ’ u m t i v n m n m ’ - i c  s - m c i  l m u m i l v  i - I

u u t m m ’ f m n t ’ n ’ — c - t m _ u u i n l i - t i  u i - t i n ’ s -, t ’ m _ u m m , ’t  , i o t m _ s -  u_5i- t i m  umntn ui u m _ : , ’n ’ m mnm _ s-um l i n t l — n  f u t m _ c m _, i i-i’m_ s , s- I i-u-n

t h i n ’  , m _ l u s - n’n ’ n - ’ nm t l u n m s -  n m _ n u t  ‘ u i  , i i m _ u u n - ’ n , ’  cam i :m _ n ’ I, m m l  t m _ s - l i l t ’  i~i u m I m _~t m l t s  , n un s - u’s , m _ nm’ tim _ es - is

n i  p m _ i -uI i n - t i n - - nt’ m ’ t ’ n l n u s -  s - uum ’ I’ , -n ,’ n ’:: I n n n m r , ’  I l m m m _ m _ m  m u s - m u ’ s - i t’ h u v s n t - n I l n e s i s .

( m _ , )  I s - I  ‘ m\ m u m _ t i  I I  li- s - I mm ’ s - Inn ‘ u’ i s - n ;  I F (unti l i’s- tm _ I thin ’ F I lam _ u i m ’ m i l  i o m _ m , I I u - n t  s-i  i s - s- I tu e
h , I n ’ s - Im,n ,i n -s ( I , F I ” , I - R I - s - F l - )

‘J I m _ r e - n m _ u s - l u  m m _ m m  t n - m I  , ‘m _ u n ? n ’& h sn  c i t ’ s  u - n I  n - n ’m pi - r im ”t ’ m nl  n- n i s - c n n - n i ’ , I- i n n s - , ?  ,ifl

i- ls--m n ’u ’ v s - t  i t - n u n s - , s - n ’ h u m _ v t ’  n ’ v m n l n - ’ &’d mu n n : n ’ u I , ’ l  m n - n m ’ , , I h ’ , I s - m i n i m _ u ’  s - i  I s m _ n e  r e a c t  ion s

, m _ m _ i  nn n ’t mi ~I m x I n h n ’  n ’ I n ’ u ’ t  i u’ m l u ’ :n wh m i t -li i s  H I m _ t m _ w I n  h - n i ’  lt m ~s’

( I )  ( i i )  ~~ r r )

, u p + ( C m _ i )  s i~~~~~ N i i  
t )b~\ 

~~~~~~~ i- n u l l I I  m l ~‘±  ‘ () . .  .1” m i-H
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s - u i  I I n - m i t  I n - , n t u n i s - - s  t m _ I  I I n  i s -  m m _ m u m _ t i n ’  1 m u m ’ s- ( i ) I n - I I m u m _ i  i ‘ni l i o n  m _ m _ t i d t m ’ mi m _ n h ’ .’ , ? u ’~ n_ n a

i- , , : u  t m , ’ u u n ~ , u i - n ’ I  I , m m m n t , ’ m n n u m u n ’ n’  e m _ h ’ u m i m l i n - - n i m  t InS , ,, nuu ,m n 1 1 , - n i , ’ I i i  t I e  ‘, u - , t —

- m I I . mm _ u I ‘ m l  li - i- a lum I u- n i- inn y ii ’ 1~ 1 u - u t  r u i c t  u n I t ’s- I in  I ,  i s-h ‘‘ u s - u u m _ s -  1 m m  mu m _ c , ’ t i )

,m l l ’ n - ns - n- ’~~’, mn - nmu i m _ s - i’u ’i . n , n I I m _  i m i t u m _ u ’ t ( S t c n i s - t m m n ’ n ’ I) . (ii) i ’ n ’ n n e t i o m _ ’  ~- n :~ ‘ ‘ u r n - n

u u i i s - n  m _’  m m m n l i v u h u’ iu mm s -  u - c m _ m i s - i t  , h , i m _ m _ s -  s - i  t h u  mm _ mm m mm lii i z m i l l i - mm u ’n-’ n : s - t ’ m _ n t  y i n ’  h 2 s -  F t r u c n t u ; m ’ u ’ I \ ‘ -

w h i c h  I s - ;  t I n t ’ I t r im_ s n - ’ i t _’ i i h i u t t ’ th in ’  “ s - i e m m u i e s - t ’’  m u s - t  r s -n - l ’ n- ’ n n i c a l ,  h e h m n u ’ .’ i i - m  c m _ I

( h u t ’ ( m i n i s - I  i u ’ m _ n n n l  I I n - ’  “ R . ” ( i i i )  N t ’ u n t n m m ’t  n - n t  F t  c m i ’  I n u r e  w i t h :  r ’ m - n i s - t  m m _ j r  s-c

s-s-I , ’ r m i n I m  i m m 1 ’  , [ mi n i - I  i n - ’ , m I s -  (hut ’ Iu i - r I ion u- nt l i i i ’ n i l  s - a l  nu i ’ : i umu’ r i - n i l ’  1 c m _ s - s - r d

I m m ml imm ’m mi nis - I i m nmm , u n - t i - m t  I ik c ’  I n- I - n v  I tm _ r I m s - u  I j u m _ u m  ‘i , m s-v s -ii s - nt 1 , m c m l c ’  t i n - —

C n ’ i i , h t ’ mi s -I  m u — I  m u r , ’ s m _ m i - I n  u s -  I I .  F m n n ’ n s -  t m _ I  t Im _ nm ’ h I m _ i t ’ ‘ m n - n u n s - s  I’ , :‘s - j m _ u  r i - s -c t  I V n

( I  I I ) , m m m i t h i n - n - u i ’  s - m i l l  u n m _ n i I t ’ m~’, n ’  n n u , : i , u  I ,‘ , ul is - mu c~ , i s - I ins - ia u- _ i I l l  mu e, u s - ,  n t  i n ’  mi

s - l i ’  I l m m _ r  t im _ m i n i - n - u’ t n  a m u u ’ Iu j ’~m_ ’ t m u p n m  i n :  I t r m n u ’t u u u ’i’ I . l ’ n m_ m_ - ’ u ’ n- ’ u ’ i ’ , [m_~ F I np s- m’ , ’ u ;  s

c _ m m _ u  m m  i a , ~ n u l u h m _ m m  ru m _ i t  I v i’m _ it u - n c i i - In ’ u ’ n m _ m l s -  i i  m_ m~ cm ’ m u s - I I u m _ u n u n  s - b i t -mm .m s- I n - i  s-h I ’  n ’

u’s - s - m I n t  s- sm _ i’~’ I i i t ’ n? 1 m m  n - i — i d  s - i  I i t - n i t  m ’ u ’ s - t n - n u n - n  as i’nlmn m m _ ’. i m in  - I m_ ’ m t u” u  m i r e

I u n ’ n : e  i’s- I i - m a  , m r t  i - t n t  h u i t , I h I v  a t  m u - n h -  1mm t h u t  m - I m u ’ n : ’ i n ’ u u i  a ’  i n - n ’ , l m t m _ t n - I n ’ t n - i a , ’

ml n-ni - It ’ s- i -n at’ m_ s- nh : I t ’ n I t ’s- I c n ’ s - buu’u : ; l u , uI (‘ i’s- I u_ urn’s - c l i  i t - h i  n - n u n s - l i ,  m , I n -  t i n e  n- ’n- ’m ’ c i i  I

i t m t n ’ c j m _ r i - i~ m _ I  m m _ t m n m _ I  e l m ’ s - I  r u ’ s - l m t ’ n , ’ i s - m i I hn ’ I m _ u m v i o r .

‘n ,Iu ’ t m m i i  i- c l I’ I s-t nur i  u ’ ?  sti r (‘mis - i’ s-i m i - u i _ u n - m m _ I  1 t m _ u n- I m _ , ’u” In - n t rn -n s- m m _ i - I n  m m _ a  t i n  is-

i s -  i m m ’ l m n n m l m m u m t ? ‘ m ’ t  i n  1 m m _ n , -  t I n t ’  s t s - l i c h s-n ’ I m _ i t  u- nI r i - m i s - t n  i t u n  s t c a t e j , v i mi  l n c m ’ p , n r i m m ~

u ’ i nt ’m: ’ i n ’ ; m _ i in - ’ n m _ u? I I ’ i t ’ t i  n ’ I m ’ ,’I m’ m n c l m ’ s - , li m i t  a l a n - n  f m ’ n ’r ’ t in t _ n -  s I a m _ m s - s - m m _ f l I t cm i n u n — I t _ u ’ —

s-I s - m d  i mm _ F . a I 1 m m _ u n  I nt 1 m m _ t m m,’h m n ’nnn 1 s-t en-’ i i i  m m t h e  m a ru ms . ~-n i i  , m _ m _ m I n n - u t  lii i- u ’s- m s -I i s - n - n - s

u r n  u i -mt _ ui i n  m m n- - i- mn - ’ c i  n i n ’ a j m _ e u ’ m m t _ l  n . n v , i m i c I n m d i n ~ ’ s -n - n m _n - I i i ’ s - i  I n ’s- , I’m ‘bms-e : ’ mut ’t’ un t i s - m u

h m _ m t ’ I ’ -n c at  i n n i - s -  , j i m  [‘n m _ i l ,,, ’ ,? s-im r, ’mn ’n i I u ’ s - c  a I m _ I n  i s -  s - li nu s - un ’s- , 1 m m  ‘ r n - in  i i ’ an ’ I I n,, a t s- It-

s - n - - mm I n t ’ s - h a  • mnm m _ ni  1 m m  n- iu u ’n-’ I i , ’ u ’un r  I ni’n’m _’ jil l’. ‘ tm mu u ’ s-t m m _ u i ’ , ’  i s  I ( I n ’  ‘ n - n a t  s- u ’ 1 m m _ I le t_ I

I ’, F ’ \  n i h - n i - n i i n - n u t  i s - i l  I n ’  s - m u t t ’  I n ’  s - i  1 m m _ i - i n n  s - u r i s - s - c n n. r m m _ u m _ n s - c r i; ’ n  n - n ,  s - c r i h m i n ;

t I , ~ ; ; n ’ h n ’i’ u ’ h i m  I~n ’ , u t ’ t i t n m m  5 h a  j i m  j m _ r n ’ p m h i ’s-I  1 m m _ m m .

( 7 )  s - I  n ’ m _ ’ n ’ n ’ ( ’ I me ’ n ” I n n t  en - - i - I  I I n ’ s - I  rn - n m _ i  T r a n s l  n ’r ‘ u ’ , u s - I  j i m _ m m _ u n  ( \ n -~i -’)

‘a min u t e - il . n I u n u v ,’ t I m _ n -  m i nim _ st j im _ in , I  tim _ n ,’ ti l t ’ s - h  ru ’s :  t e , u unn n i-c u : u ’ s - I . uum _ j ai’ i s -

v u - n ’ :’ i ‘‘1’ u- n r t u n i t  ‘mm _ c ’ , m m _ t i l l  I m_..,’t m _ i s n ’ t 1 ’ I a .‘~u m n  hu n’ I ’ m  m ‘ I t ’ n u t  u - n i  . n ‘ m n - u  n - n t  t im _ i - s e is

t i m e ’  ‘‘ I l c m _ p j n n - ’  i’ , n t m n ’ I ’  mm _ s n ’n-m l m _ m _ ’n’ n;Se u l im i i t - u - n t I n m _ m _ i  2 .  ? ‘ n ’ I i n ’pj ’n - ’  t n - n m _ s - u i is-

, i m _ n - u c ’ i m _ n m h l  t ’ I n u  ‘ ‘ I  n i  n ’ ’’ m m - u i  l u - u i !  i u u v n - n ; t  i s - m I  i n - n m _ i  I h m _ t ’ n’. i i s - i m _ p c i - I - n, ‘ 1  j im _ t i  , ‘I  s u m _ — f a n - u ’

s - I m i n I mm m _’ n’ : - n i m _ m _  s - l ’ h n ’ l m _ I b m _ i -  m ) / R  f’ u’n - n m i b m _ i m n i ,u~ m m m i -  , i t t u u n ’ I u n ’ n I  i u l f i m m u n - ’ t  i c m m _ m m m _ I l n - ’, ,- .
~~ ‘ n .

mm _ I I m i s - h i s - u i  I n ’  “ - i ” ’ I h a m _ i  , n i - i -  a 1kv  I m mii i I nit’ si is - t m _ nm’ s - hum _ I nn , hum ,m rtlm’e tm- n

u n - I  m i n i  i s - h  t I m e ’  n m _ s - u ’ l ’ s- p m _ ’  h a t  n ’ m ’ I n n m  i m _ m _  i n ’ m _ m _~t t h i , m_ m _ ’n ’ cnm _ r m _ ’ i e n h  n m _ nu t s- s - u t  n- n I

‘ u ’;, I s-m _ i l  s i r  m_ u i — i  n ’ : . .p n ’  m i n ’ , n ’ m n l  s- ’ us I tip . m b i t  m i - i - I  I nm _ m _ mmi I e, ’ , m _ : n - n ’ m i l  n m _ ni h  m m _ i l  F ’S( ’ , \

n - i ,  n ’ -  mm _ I I i s - s - i  m _ i t s ; t ’I m n -u ’ n ‘ wIm I n’I m_ n l n - m _ m _ ’m - n mis - t u , m  t i - n d t im _ at in t hin - n un’ r i t ’s
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n i l  i n  (I ’ l l ) i- 
‘ m u ’ ?  , , n , s - m  mm i n s - i s - t i ’  n ’ m n r m m ’ u n l ’  ‘ m u  I m u ; ’ I n ’ ml i i u s- t n , ’  n - -n u n , ’ n I I

2’ n l I t ’ n , ‘ m i s -  I I i t s -  , n-n - I - n i - u  c t In n -cs - i n - u m u i - hum ium  t n t  i t ’ l l ; ’ t In I t m  mm = a m n  I t _ I s

- u t n -I -n ‘ ‘ n  n- n I u , ’ , n I c I n- ‘ i i i  h - n  I I n m _ t n  i - t  i m m _ m m _ u ,  I t i - n i h ’  I I u n -I - ’ . ‘Flu i a ‘‘
i ’ m ’ 1 , ‘ s - u n  1 ,u m u ‘ m I u ’ r e n- , n - i ’ j —

(n - -. l u i s - h u h a  s - i - m u m ; ’  1 m _ mn ’pnm _ r i - d i n- n m pm _ ni - n i i s - m m _ I i c m n )  s- I n - - n m ’s-; m i s - i - u t ~~ -n

( ‘ n i l - n m ’ m s-hin- n li - u’ ‘ n  I - n  I I 1 m m _ i t ’ ll  , ‘ n m m u  I i’ ,’mh ,un -’, m u I r - u I  s- t n ’  i n n -  i~~ n - - n :” s - u n  l n u a (  - ‘1 I ‘:1 n ’uu

u ’ I t l u ,  ‘ s - I ’ m’ n -n t ’ s - u i :  i s - I m _ n - ’  ,n I ’ t_~ l m _~ct  m u m _ m m  t rmuni n - ; u m u , . R~’ an - n- -n ti s-m-.’ i i i  m l i i  n- i - m m c ’~,

n m _ i  s - m m  u m i m i : nunut n’s - .I n u ’m _ ’ i ; t , ’ m m t  a w i t  Ii  n ’ r r t ’ s - m ’ u m _ n ’  m m _ in s - I e t c u u t I n i t ’ t’u _ m _ l n - - n u u1~ ’un t - m,’i ;j,,’Im

s - n m _ m i t  m i i i  u- n  I t h n u ’ m , ‘ u n u ’  n - n c  ‘ m u I i s- I t ’ t’m m r lm n n n - -m v ,liu ’ nit _ - n i t _ I (‘ rn- n t _ m s - a It_m r m u m - i  i n n - m t  is - ut—

i - e m _ m i s -I l  m i s -  I n - n  mm _ l i-n :’ I , n n ” i u m u ’ s - I  I m n i i , ’  s m n r l  ~m _ c n - i ’ s -  . Pci-i iu” i m _ m _ m i rv im _ mu h jcat i ’ m _ i a  mm _ ru ’

I I n , ut b- n i  t m _ u n i t - I i um u n ni 1 s - c m _ i m p ] i n s -  i n s - m i - r n-u m_- jIb t l u u ‘l i ’s- m’ s , ’  I i’ m _ u  It ’ , n-nn !uicI1 n - ’ i ,, I t _ i s  mm

u - m m m r n , m s - n ’ s-t r u m s - t u n e ’ ’  n n l ’ s m ml ’Iis -ie n’u l r h~’, iui h In - ’ tIm _ n t t ’lt -n n ’t mu m _ mu tm _- n-m m _ m s - f m - c  wi th t n ’~

s - I t _ e l  ru n t _ in’ s u e t  ,m s - t ’ uI ,u n’ s - m _ m _ u m _ I 1 m m _ k m - n  p l a s -m ’ . ‘ i i ’ i s  s -m e l i r ’ i l m _ u m r y  d a t a  : m ’ n ” i d i - n - ;

a l l  t ’ m u i :  c l i ,  ‘ u u n n ’, n m t  mum _ mt i m m l  u - n n - ’ i t l n ’ um s - i ’  f o r  Ih u ’  n - m i ] i c h i t a  , m u nu cl um m ’s -t - n a s il v . u- n i tint’

“ I I t ’ s - s - nv  u- n; u ’ n I s - i  .“ ‘ s- m s - I  1 m m _ t m  2 .  l i n e  at  e m n ’ m m _ m s l m _ t - r ’ j m’ u n i I m  m l  m u m , , - , m m _ I  s - l it’: ’ i n  m i l l y

‘ ‘n I  I I i i ’s- ,‘ I u ’ s - I  m m ’ m h u -  n m m u m  l uc ia a’ m I I u-mu ’ ,’ i U t  m’ um s- I n--n t ’ mm _ I t i - n u t  i cm mm n- n an - n m t i n - i -  iii ’s-

rn - ’ n ’ -n ;c ~ , ,  n - i - n i l  - —  
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I ’ m n ’ m _ m _ ( I v  M- ’u m u l n n - m :  ( m i t - I  m I s - u  4 , ’ I n m , u u - u ’r
, \ n , n , , ns - I n n ? ,’ i’ i’ofn’s-s-,’r n- u t l ’ h u m ’ ’; is-s

Fm ’ , u n i ’ u , mt n- St  n n d m ’ n m l : m l . S. l’l nm iu (:IRi. — Fs - u )

s-cs-m i  1 n ’nm t i s - n m _ —u i

I ) .  Ss- u n — i - i -  r mm _ mm _ mi  R .  I , .  I n u m b , ’ , ‘ Ni - as Iuui cuu ’r I, m ui ,-ns -’ m d i i i  m n - n m ’ Eu u s  mi n i
I :in~s-m r it:’ , ’ 11 mm I I  . , n-~n:m . l ’ Im n - ’ s - . Snus-. 2 2 , - ‘+ 7 1  ( i s -  ‘7 )

I n . s-s - hurt _ u i - m r . “ ‘I n ’ , ‘n , - ,’ l n , i n i s - r  S l u m c h  1, -a i - I ’ R n m r e — F , n r t l m _ s -  i n  ‘ n i F  , ,
“ B u l l .  , \n n u .

s- I n ’ , a .  s - nm _ s- . , ‘ ,‘ , 4 ’L’m_ ( 1 9 7 7 ) .

Snul;itim mir m’ n m _ I  I n s - m t _ n i  cs - l u ‘nc I in - ’ I I I n ’ s ;

I ) ‘I’hit I m _ i , um n I , u: ’ m in ’t f ,  I n i l m u t  i s -m i tm _ I’ h is -nm_ nm_ I I I i - ;  Mh- n I I ,— s - s -l- ’ _

C I i , m n u i n - n ’:; 1 m m  t h u s -  I i t - n r i m m _  I r u i n s - i t  i s - u i  I t -mmm _ j m _ m - n r m n l m ,ir n_’ j i m _ _ F s -’ ,~ ) 
m dos-ed w i t i m

m l , ’  ( u m u n ;  l m _ n ’ t m m _  n un - , u : m m m r n ’d . s - h u n,’ rn ’) , i t 1n -’ m ’ j u n 1  im us -n s-u ’s of I: u n - s -i t  in n ’  uh i l t _ n I  m u m

, u ; n , i  n t  i - I n ’ s - I  e n ’s - l i t  u s  - I s - I  I it ,n- n’— s -h umus - inn in - s-i’, ,nu n n n - ,’s- s-lum I-n m -n s m - n p m m m u t t ’d .

( 2 )  R u m _ m n - — s - u i  thus i u m _  , \ l k , m I  i — s - m u — t i m  D i I ’ l m _ m o u — i , i n n -u i ,n- I k l — l ’ ~SI ” .

‘Flu— l’l, ’ n ’n mn nlm _ , u uui ’r I i mm _ n ’ wiuitnh m _ n m _ I En u
2+ n m ; .  m m _ m m  i m i m _ I n m i r  i t  ~ 

dm m _ p um _ ui t  i n s - r e m u s - e s

u n u n n u u , ’ Io u m _ Is-- n u l l  y mn- I t  Ii cit -i - m n - n i : ;  i in s -  t _ h s - p m  nn ~’, l i ’vm ’l . s - s - mis - 1 june ‘cs-m i s - i-mn inn s - is-

t i m _ u n  t o  m ’ , ’ l , i x , i t  i s - mm n i t — m is- i i m i l n u i ’ um d liv s - s - i n i — s 1 u 1, mm _ i m m _ I  , u ’ , u n -’t  i o n s .  ‘i ’I m _ i s

mu ’ 1~ t i n ’ m n ; , I m _  
~s- n ’ m l n t  be ,’ ~‘ , u I j Im  r um _ I m ’s- I , um ’ n ih ’, u’n jan- un hm_ e j a I 1mm _ n m _ I r ix. L i m e s - , I I ’

t I u ~ n ’ n i m _ ’ m u s - u u m u m _ l  i s  ? m , u m i m n u ~n - t _ ’ n n e o m u s -  l ’~’ u h i s i r i l m _ u l e c l  I l m _ r c m m i g l u s - c i t  - nu n i - a n  u , n m t r L x ,

I lit- -n s- , , u -n m_~n-’ n- -n , i I I u i , ’ s - ’ I m I l h m ’ u n n m _  1mm ,’ m m _ s - u ’ u h  tum ts -u t ,‘ m ’;:u m u ’  I nt ’ ul n ’p iun’ s - I ‘n - n -- n i .

A l  t , ’ r m n , m I ,  i n - u i - i a , I I  t i m _ i’ ulu i l m i i m _ g li -V t’1 i s -  k n i m m w m m _ , 11 mm - m m  t i n t ,  lj n in - ’s-n c n - nn - I m  ,‘,m ,:

I v , - i u m t i- ls - m _ iu m _ t , m m _ u n , , i - n s - i i t  t i m _ nm ’ ex t  u ’ m mt c m _ I i n n u m _ ’op i u m  ,‘ Im m s - t e ,’m ’ t i m _ I n -  j n n u n - ’ m m —

h u em _ mmm ou n - ,’ m _ m _ u ’om m n ; uuj m _ m _ m _ i m _I i- u ; , n m _ u n  mit _ m r  i n s -  m m - n i l  t i n s -  ‘ros-, ’ ’ ; s - n -’s.  I 1 m m ’ p s-~~-; i l m i l i t  I , ’ ’,

n u t  t I i i n  I j m _ im ’ w i t _ i t l n u m m m , u I n - ’ s - i s -  t u ’u ’ l i - m _ i q m m i’ s - i l l  bn’ il L Us - In ’ n i tm ’n-I by  L I t ’ n x —

s - m m _ t i n - m i , ’  ‘ I  f’s- i n I , n l - n u ’ tI  u n t o  s - i F , .

( ‘ I n , ’ > i , m _ , ’n ; s l u , u , u n ’ r  is- ,uu n,’u ’ s - b u i l t  a n it ’ 
s-mm 

I m l 
inn S n-’V m m _ mi nI Has- lu au ’ imt ’n’li

n n t m i , I  l i - n i l  m a  u I num _ m _ n’l ,im m _ mu u t ’ t _ h tm _ p i u m p  l e n - n i .  I mu ’ m_ h s- , ’ m ’vi -u l  u - n i~i en ’t’ — m m _ r u ’ m ’tol

t i m _ m n ’  t n - n  in l , - n s - t  m u m _ s t  ;m _ i I s -n ’ I )  eu’tn-i  j i m  t l ’~ ’ 1 m m _ L i  I n ’ u ’ i m _ m u t  1 m m _ I  h e r  s - mm _ c tm - n d m m  —

it’ ri m_m t mux \ ’ ;n - m ’m n— a t,,m mhm I I i u.n -m i e,- miro i~ 
it_ mnm _~ m lu I m ’n-’I  i’ n.’ im _ I ’ i s - t m _ rum I j,m m_~s-

l)xv s -u’mm _ —sI s - h i l l  is - n - i- u i I r i v n i I t ’nt ,ivnm 1 i r o s 1 111mm mIt ’ ?  n u t  m- n u m t i gurm ml l in us - n h m _ nm _ vu’

h i - n - t m u m l - n s n ’r v n ’ nI or  i)v 
[h i  

in ( l i i ” ,.
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h” s -t _ ’n m _ i  I s - ’  ‘l, ’ m n m l m _ t ’ m ’ I , mm _ m ’,m r nm’ m _ m u - n ’  N .  Si ilk i,m u

i’ r t m t  n — n u n , ’  u ’ m m _ I  h ’ b u v s  1u 5

k u a u a n n h h m  n\ ,s u ; m m _ c i m i t n e_ ’ . A .  l i m i t  r . m  (> 11-11 ,— s -I s - i ’ , , m ’ - n l  I
I , . (n- m u irm (>11-1 1 ,— N S F )
E .  i l u i l m h t - r m n -  ( ‘ I F ?  -n -m d-’)

td’. un lum m m l  n- S I un - I s - nt a : N. i)mu n li’1 u r (n - s - Fl — NI - n i -’)

S. hIt _ - n  r , u m u  ( N E t — I S  i’ , Is - I-

(IL l i t -c  Su uj’ j ’ n n C I, i n u n -  A n n - i - u n ,’: : N SF

I’ n n hm I i  s - u i  ions

P. Ihm m lrnb u’m ’p m inis -  I , .  S l I f k l m m , ‘ tn - SR i - I’ N i ’ i nn  ,\~‘, m I - n ; ~ au n- \~~? 1n ’ , ” , i n - ’ n ’ u ’ l ’ t n ’ n i

tm _ n - ’ ,I . PIuv s- . us- : Sn -n h — i SLut , ’ .

- ‘n .  B a l m ’ s- minis -  I,. Si it kim _ i , “ l ’ nm _ h i t  l t ~’ f t _ - m ’ t s -  m u  t i n , , ’ S dan - - n c  1 m m ]  m n l u~a .

m m , ’ ‘ ‘ i-p t  n-n d hi ~i m m _ I . n - l u ’ I’ Inn - ’ a in s - nc’ .

I , .  Si j fk  1mm , “ n - l I t ’ I ’ n m s  i m ’ u m  n m  Cui i i s -u u I i  vj , n s- ‘l u :;:, li -a Cr is , m n m s - m  l o u m  i n s - m n ’ s-n
Sim h m _ l m ’s- ,” I’ru,ut ’ . H)tIm _ I n - n - - n i l .  d,’ N,n- t , mlli m r g i e (to In s - I n c u r , L’~7 7 )  .

.\ . B a i r n  mm _ n i l  K .  S I  I I  k i t m , ‘ ,\ Sm m m d ’ , 01 I l m _ u ’ I i i p l m — I u ’ u n n n u t ’ r n u i t i r e i’ r,m: n a ; ,nmrt

,\ m n n u r n a l, v i nn  A s- Br , nv  h i t  f c i s i o m m _  n - n i  F m  ‘Fr ,u s -m ’m .’ as - s - , ‘ n s-ti ha ,J. I’l n n - ’ a
(n - lit -nm . Sob iui’ n.

K . Si II ki u m , “ s - m s  - i - m v  u ’ , m_ u i f m ’ r t _ ’n n s - e  0mm ( i i i  n u n  j im _ t i 1mm Cmm l’m s - u ’ m l s m ’ ni N i - c l  m i , ’
IINF—I,om _ m uh m ,uu m tl n n m n l  e r ,’m ns - i - Rn-port K— I I — 7 m  (1~ I P )

I,. Si It  kim _ i m m md 1 . S h m m m h n s u , , n m , “ I, ,u t l j s-t’ s-n-’f,’s- t s inn lm ,m m _ m i n ’ i r v s u n m U n-n :
In - m s - I .  n - n t I b m _ i’ I n  7 m _  B em _ ’ I ~ h m _ ( ‘n u l l  I n m - r e m m _ u’e,’ , u ’ n - n,’ i - n I — l , n i m _ m _ n l m m _ m _ m _  ( I t - n m _ i l t ’ n ’t ’nu , ’ m ’
Ru ’s-um ct (I— 3 7 — 7 1 u  ( I ’ )  h )

S mu rnm _ m _ m _ m m _ r v 01 iIn ’’ u u ’,mm ’ n ’ ln ‘\, ‘ i in - ’ i t  i n ’

(I) S imm _ g in- Vu u , ’ n i u, u ’ i i’ n-n m unic h n - m s - n m _ s - v  p a i n s  Im i ,\u ’II r — —  ,u r s-,m _ nl u m _ l a a i s -  ( i i

t i m _ n ’  n ’ m n m ’ l  i , ’u ’ t h a t - n m ;  n - Is - I — n- - n - S i , 1151” .

n \ .  h t u i i r , m  mm _ m _ m _ mI  K .  S I  j I k i m _ i

‘F lu e , i , m I  ,u  n m _ u i  s - n i  I — s - u ?  I mi s - it _ mum n m _ ?  ‘ Hr  mm _ n ‘‘ m u ’ u’ m m _ u I  m n , n - ’  i i  v— u]o p eul

n\ g H r  w i - r n -n s - n u- v i o u ~;l y cinmmm _ I n - u n - i , n u s - i m m _ p  I h u e  , \ i ’ , n , i : n - v t ’— b” r I , u u i t  t n - n ’ s - - nu n ’ ; ’ m u m - n- —

nI i - h u n _- i n t i i n m _ n t  n - m _ i - t  iva I b u m  t Ilt’ mmlv i’m m_ r I ut- n I t ’ r nn ,u I I n- ’ n m _  m m _ I  .i F m e t m _ k u ’ I du  f i t ’ I

hi~~(I’) , l i i  oh t , m,l l h m _  t ’ n ’ m m _ I  r h l ’ m u t  i u ’ m _ m _ s -  to - m m _ m _  1 c m _ m m  m , i - ,n ;  t r , u m n s - l ’ n ’ m ’ t 1’’n-~ a l u m _ u n - i ’

vs- am _ u s -in’s - atm _ ui vuus-,’uns-n-’ s-mu i r a .  ‘ I u t ’ m u ; m , u  I n - ’ ’ - I n-c i m m n - i  I i - m m  i-tb v j u t  m _ m - n u i  I v  mm o

m ’ m m _ m _ m l r j,hmutm ,u m m _”m_ I ri-rn t i m _ n’ h m _ m u i r s  , m _ l h i s - tm t n ’m ?’ n ’ r , i I m i r n ~5 1 “ t , m _ r n ’ r i -l i - m n - n i t ’

1l~. (‘I’) hu ;uv s- m _m_u)m_, ’ b i n - n m  m n l m _ l , u  i m _ n- d I ron n - n u n  own u b ; m I  ,i t m _ mi - tm _ n h i m _ u m _ im _ —t _ l i t ’ f u n sl i m m _ i

in  b u m _ i  r i i-s i t ’ A s - Hi  , m u m _ nI I I i i ’ cnn -’ ot  h u t - n u t ’ v i m _ I n n , ’:, n- u - n m , ’ , \r  r i m _ n - m i i t _ m a —  t v s - n -’

l ” ~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - _ i ~~~ --- ‘- 
~~~. ,~~

- 
_______



t m _ i

es - p u l l ’ i l u m m t mu m , ; li l t ’ I m , ’ l m m s - m m _ s -In ’ Vuis-- ni c u s -  ti - u ; mi - mi  V , i m ’m l i - i - \  h m _ ,u i i ’ s- ‘ ‘ n - s - u’

tI m , ’ t u - uu u u uu ’ r . t l n i t ’ s- m , m u u g i ’ i (,It —4 1 (t~ i,n- . ‘ 1 1 m m -  m i s - I  i v , it  i_ t i  m n m n n - ’r : ’, v , 1~ . / m t  s-V ,

m m _ n m _ t i  s - r n - — n ’X I- n o m u t ’ u u t  i m i l I us - L , u r  “n ”n 7  cn - m / s -n ’s- t i m e  t i n , ’ u - n irs :m l n l u t ’mm _ r um t ’r—

u n nm l  . ‘l i i i ’ s - n ’  i mi ’s - p s - l i t _ h  i u m _ g  v n m _ i  t im ’s 01 1. ~7 , ‘ V s- mit _ I 1 . I s-u 10
1 Ii 

c m / s-m’s-

t t m _ r l i l t -  s - i u mu n - ,I n’ vnus-:m _ i mu’ i , - n - n  m c i ’ s - , - n r t  , m i n  I n- , u n m o n m m u  I oti s , n u n s -  t i n - u s -  is-

I u ’muu u ’ li ’d to mi s - n - m m _ s  -i :tl n’ I I m is - tm n uus -um u I hm, ’h,uv is-c n - n - il In t i n , ’ n - s - I  ,,‘ n s - i v i’

Fm n ,’um _ kt -i ci j s - i - r t _ i e ,- m  h m _ m n s - ; t ’ u u l  m m  .-\~n- iir , m t  Ii i n - l u  t n - n u n - u s - u- r a t  u i e , -n a .  ,\ t  t i m is

I I nm ,  ‘ , I n c u s - n -- n v  , - r , I lii a [ ‘ l i t ’ i m _ n m _ n Tl t ’ m u o m n  a t  i i  I m~ ‘u:n mm i n n s -  mu p u i m n - z  In ,’ .

( 2 )  1 ) 1 1 1  m u : ;  m m _ u n  m u m _ u i  j o i n i m ’  s - m m _ m m _ d u c t  i v i t  y — ,\s -, C I :  l u n ; - n t i l I ,~~N i- n F , N SF

U.n I m u  m u m _ uI I,. s - h i  I’ kiun

‘ h ’ Iun , ’ a t  m m d v  mm m i t i m _ i ’ ui j f l t _ i s - j c m _ n  t m _ I i nmm i im n m [mm , \ :n - ; ’I, h m u i d  n-’ l m , ’ i d mn -’t_ I mm _ i

m m _ s - I  in -’ , it is - mu t i m _ u r n s -n-’ 01’ 1 . (“ n n - V  s - m m _ mi  a p r~- — u ’ x p o m _ m e n t  [n i l m m  b r  n m _ f

.3 . Ii x 10 — 
s-t i n ” /s - en ’ [mi - I  ow n ulm , t _ mt 38 5 ° ; ’ , m int _ I 1 . 1’) m \  m,mrm_s-

‘ u . I x 11) n ’m ” / s m ’s - u i - n i - V u’ . ‘ I n s- m i s - I  in - nt ion  s - n i t _ - n i ’s-v in I h u m  I s - s - c c —

Ii ’mnn p i - r - n ulmn r u’ r m _ ’p iom _ m _ , u s n - m ’ n ’ , ’ c I s - ’ I I I m _  tim n i l o l m t a i n n i ’u h Ii >’ s -u ’ is - s - li n- ’t  s - i .  ( H e r .

i lu m n n a n - ’ u m ; n - n -’s I’ ; n v s .  ( ‘ l i t ’; : ; .~~~~~~~~~ , 5 13  (l’)7 3 ) ) .  - n i l  L l u o m i g li I s - n ’ I ”  ill ?‘ i’nis - i mm_ ui u’ t ’~~

n - n t  I i s - i n - n u t s -  net - ‘ m I m n  I ‘c n m _ f  t n-n -” ’ l n - n w n - ’ u ’ .

l i i i ’ s - n i t ’s - I  i n m _ t m _  1 1 1 m m _ I  l i n u s -  1, ’ im _ n,’ , u unn - ms - ’ n- ’ rm ,’mI i m-i ’, n- ’’ , i m ’ i l n n i ’ i ’  in n s -  Hum d i t ’ t l m s - m ’ u’-n

in .u ml in - ’, u I n- n mm t n - nc nu t c in - ’ , u l i - m i t  ,- l m _ , m _  m n -’,l st ,utt ,’. For ih is - lit _ ir s - cm _ s e . i s - u n  in - :

,‘, ‘u m _ n hi m u ’t i v h  I n - ’ m is - .u mint - I ion 01 t i ’ui m jm _ u ’r nu t m i r m’ w~us nncn ’m _ s m i r m -n c I oum ~~Wn -n sam—

li lt ’s-. Ihe , , H n - n  I a s - I  l~~
n- ’
~
’ u p  1 1 m m _ I  u s - m u  l i t ’ s - m m_ mi - n v  i s - i - m m _ I  n t  , m l ’ n - ’i !t  1 ? m c ) ° C

lu im thu t ’ ’ m , u’ - num l n l u ’  ,‘,n n n l  . m i n u j m i g  m tli n ’ nu n ‘K) s-pm of i n s - i t _ m m  ( u : l m c m i i ’ m m _ l  mm na lv sis

v u  i n i n ’ hn-’ ( n m _ i n n  n ‘ n - n  ‘ I n  — 11, 1 1 I n n - -v ) . I ’ m u n  a en - ’ -c m u l l  s-m -nih r. m a t a n-, i t  h n - i n  m ’ rmm n- m_~~—

I i u n n 1 ’ m_ ’ r m i l u m m n ’  : , n j i n u i u l l i t n - ’  t m _ I  251) P I’i-~ r i- b m _ m_ m_ r t t ’mI ha  ‘m_ ’r h s - n ’ n i  i- n t  s - i .  ‘l ’1n eat ’

m m _ n i l  1c m _ r u-n  - n i l  n u n ’  u ’ i - n m h u m  I m n ’ [ n t_ I I curn in - -n un I m u lit ’ d in- ’ ,u l m ’ , nt . ‘I ’ Imn - ’u ’ n ’ n --n m i t - n t mu

[ tm _ mm _ p t’s - m _ ouighi miss - u - n c i ,mt is -m n ru ’ nn - [t m _ ui i mm n m _ l i e  , hn m _ I In tn- n tl u ’t t_ i ’ l n ’  m u —  , i  s- m ’m n - i

v m i l m u n n  i’u m _ i’ h u n ’  i s - s - s - n, ’ i - n u t  m m _ u  m ’ u im ’r gy ,  Im um u I t  ,m _ mn n - I l l s - t i m _ i -  u n - u t _ ’ , u g m ’ n- - n - m m m t , m

n u v ~u h i s - h i m ’ t ’ ’  i l u n - ’ t ’ u m _ n m V n ’ u n l  i n m _ u m n u l l , j u l  j , u m ’ n I ’ — l ) ,  ‘ - n,’ ,’ — l i m m i - k e l  u n - m s - s - el Inn-’n- m In-’ iu i n-

d I n - u  I u -n  I n ’ ml In- n m _ i : ; , , m vmu I h un ’  n m _ f up s-t’t~x 
[nm_ni l i ly  1) . 31 c\ mum _ nu n - ’  m i ’ m m _ I ” t m  i n , ’u I

f t c  I b i n ’ s n n l p i t t ’ — v n i t ’ m ium s-a  lm l i m _ d h I s -  i’nu ’r: n - v . I ’ I m is - v,u i m _ n i ’ t ,” mm _ imu,m m _ i L I h i-n ’

scm _ m e mis -  I I m .  it t m _ c  s-I hu u i’ d i  v ;m _ l i - m m  L n - n u t  icimm s- jun ,\ ;‘, ; . I I  w om _ m i s -  I h i m ,’ m n ’ —

I 0 rn- i m _ i c I i n ’ , m l  i’ I l i m i t  ‘‘ i l i u m -c  i n s -  i m _ m nu I a u n - a n - ’ it  n a  I h m _ n~ d u n - ’ nm _ 1 cs-nt i n m _ m _

o r u - I s - u ’  l i m i t  nu  a m ’ s - n m _ i u u h  v n m , ’ , uu ms-a  i s -  1 m m  i - q m _ u i l  i l- n c m u m  w it Ii . m lii —V nm _ ,’ n m _ Im _ u ’n - ’

n - mu m _ nm _ p i n ’s-
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‘t I ’ l l  I m i s - h  n m _ n m  n t l  n - t  I r h . n m m j u n  A n n - ) ’ I ‘ ‘ I I - n - I _ —n -d ’, I - ’ , , -ns-~ F .

‘n . 13 m m In ’ nm ‘m t_ I I - S I i  1k [mm

1m m mm ‘;, ‘ ur , ’i u f,m_ r mu u- mm _ I [cm _ n m wh’u it - lu m l i t t  n m n n n -’s- mm _ a mm I n  I \‘ , m  [ u n i t  i s -n  i i i
imp

n - ’ m t e i m u m  s - m i s -  l u i t ’d .  ‘ i ’ h u i s -  i s - n  I u , u s -  h m u u - n t ’ n n  - m u  ( n un ,  1 1mm’ ‘H un - - n r a n - u

s- ~ i’ t m _ i s - i’ . m a V im i N i P  1 . l i m i t  i s - i  r i m _ n m _ s  n-n-’ i t l m _  aim n -mum _ il - n is -nm I at mos-plutn rc

n i l ’ n - h i s - r u m ,’ p r o v e s-  u m u n s - m _ u c ’ ,’ m ’s - s l c u i , i u r , ’ s - u i m m m _ l m h v  d um -  to  h u e  ‘ r n - s u i t  i s - m m _ i

ol  , u m _ m  o x v n ’I i  l u n r  i , i u ’ c m _ f  n --t i c i I nn : . i i u ’ u ~ n ’n - ’ m ’r , rn uu ua [mm n’ ,’ n - li ’n ’n n - n -’um chlorid e

r i - s - m u l t i - ui i i i  s- i s -mm _ i t  i t _ mint I ti- m m _ u -n t - n m  pt ’t m_ m ’I m n u t i n - - n n .  ‘I ’he d n m t u m  s - n - i’ m, ’ u ib’’

im _ is - c I  c ’n - ’n ’r t I n t ’ I n- ’ u u m [ m _ n -’ r n m t ; u m m ,n c u l l s - i’ 3 7 7 — -~~ 3 ° C. ‘l I t , ’ p s - n e t r n t  is - u n

Im l c m _ t s - , u ’ s - n t ’ s - I  l ump t i m _ m i t, u i  tim _ i’ hu j s - n - hn t :aL Lc-un - I~’u’l ’n-n t cml ’ u’ , -cmis -’u~~-n - nI nun in 1

I 1 m m _ i  I t i m i - — n i p  w u m i s - h u  I mt - , - um m u-  p m u i t n - u ’ e s s - i v e ly s ’ s - r a m ,’ ,ia I i i -  d~ ‘ l o s - i n n - u

t i-mm n s-n’m ,ut u cn ’ un-- n - ms i ow i - m~m -n n- l - l ’ i u i a  mi s- h u t  ; m n m n - ’ m ’ i - n , ’ , ’ m ;  i- m i n u s - u - mi i-n v t ine  inn s - ’

s - u n - n i  t ub  i i  i t  n- s - I ’ a l l  m i t _ i n n  I i i  As-s-i . h h o w u -v m - m , i l i m ,’ i n ‘in s- p nuns - s is-mm L m u l l

r , ’ n n - i m - n n m _ s  i i i  t I m , ’ s-u - i n s - I  t n - m t  in s - mm p i n - n t a f t _ u n  tim _ i - uhu mtuu cn _ ’ [nn’rL ed In s -nm ’ gin --u.’

s - m i t  i s - I  u s - t o e ”. v n i i m _ m n ’ :n 1 m m _ c  t i n t ’ d i f f u m a  i s - n m  c s - e l  f j t _ n ’ i u n ’ m _ i t a .  , \u l  I n  t i v a t i o n u

,- nu m, ’ m s-v n u t  1 1 .9 2  i -V nu u im i  i m _ r i - — e x p , m i u e m m t  1 m m _ i  Is-s - tor  of  Id — tn- nTC ”/ s in c m n - n -- e m, ’

o l m _ t m u i nun ’u h .  ‘ l i i i -  - n u n - I  i n - m t  is -ui em nm ’cm s- n-’ be rm ’ i n-u s i m i l a r  to  t I m _ m m _ b f m - n m t ile

ml i n - n m u n - m t  , u  I kn ’u  1 1 i m u ’ — u - m u r t h  [0mm _ a . ,\ i t  t - n cu l m l L ivn ’ I n- , i f  > t im  i t_ t m d i l l  in s -i’s-

n m _ a  ~
‘ ~~~~

, I i n n ’ i n s - r n - u s - , ’ I n n  t I m _ i ’ s - t m _ h u h -n i n i m n - r , m t i o n  en e rgy  cou ld  m u m _ a c  i - n i - c : ;

, ‘ u m l ; l ( m _ n ’ l l n ; i t  n-nt _ i  liv t i m _ u  I n i r g i ’  \ s-+_ v , ns - , i mns - v h m u m _ d i m_ i s - e m n e m s - v

(-n ’n) Fm u - m _ m k n ’i Du ’ I c ’m ,’ts bum N j n--: n- ’ - n i  S i l v e r  his - h ides : >1RL — ’n- n--~i

K .  S. Lu i i i , I I .  “l , imi m _ m _ I i n n - , n m _ ni t _ I  K .  S I  j f k i u n

I mu ’ I n s - m m _ i s  -t - S i n s - h  iv  i t  n , ‘ : n  t m _ I  r n i x m,’t_ I ,\ s- ; I / , \ ; n - I i c , , - \ : n - h ( n / A m ,n - I  , ,m _ : m _ , m

,\ n n - m ’ i / Ai n - i s-rvs -t ,i I n n  mum , ’ I m _ i - h u n - n I nun ,’, n ’ mmn n ’il - T i m _ n ’ u n - n . m  or  m i t t - m t ’ s - ta  n i t ’ t I m _ i

s - t i - tm: ’ , m _ u ’ n’ t h e  uI~n’p n’ m_’i c i n - ’ui i - e n m _ f  tIns -u’ om _m _ d uc t n i - I l : ’  n - intl  t i n , ’ i’Ii u.’n ’s- in - - na n m _ I

I n n - m i n I  i n - n i l  n m _ u m _ , I  m i n i s - n - - ni t ion m f  I l i t ’ m _ m m m _ t ~ V m ’ b” mc ,’nk e l  l i l t ’ ’ I n - -’ miii  u’u m mp s - s  i t  ii m i m _ .

liii ”’ s-.m c. umn - t ’mn ’m w i l l  hi ’ m ; Im _ t , m _ lm _ m _ tn ’ t _ i tm - n ’ i- tm_ m s- in n- ‘ u m u m - n m  I v a i~~ c m _ I ’ t I m , ’ t_ ’n ’ni—

‘ 1 m m ,  1 i v i l v  i - n :  a I i u m u , ’ I  i t _ n h  n - n t’ h i ’ m i u u - r - n u l u u u ’ u ’ i ’s -n  t ’ , u , ’b u , ‘ m ’ ” , s t m i l .  R e s - u u l n - s

‘n - i l l  b i - m _ 1 ’ t ’ l  m u l i v  s i u n n u n -
, h m n w  t i m e  I n s - s - n i L i l t  I ’ m ’ , n t m _ - , t i u u s -  I i i  t i m _ u , anu h is- s - s - l u —

l i - i  ‘s -u -t im_ li ens- mum :  at’ t t n t  t i m _ n ’  n m _ h i o v n ’ d el  , ‘ n ’t  li , m m u m _ m u - t t - u ’ a .

‘Ii u - - n ’  r ,  ‘:: n n ‘n m _ I  s- t m _ m u  a cs-m s- i i-I m’ set  t m _ I ’ nm _ i  s - i - u i  A s- (c/A nn -Cl i - r n - a l  cii s hm _ s - n - ’n ’
I,, - ‘ u  Cn ,m_m _m _ p l ’ t  ‘ ‘ i .  F lu -  I w u m  t u - n r m i m _ i n n m m _ I  n ’ n m _ m _ m _ s - I  i t u m i ’ m _ m t a  .u ~ ‘ n - n i l  s-a s- s-miN i m ’s-

~‘ I  I n  ‘ n m , - ‘. 1 , ‘m _ (u , n m ) , s -n t _ I “ ii )  mu) I n ’ Z ‘ n u n - P  I n u n - - n- ’ i ’ m ’t ’ u u  n un ’ , m _ a u r e d  t’ r t m m

3 , u s - ’~ u ,  - ‘ m ’ I °t ’ . i n n ’ l u h , n - I m _ t em s - u ’r ;m _ Ii umu- s - , ’ I u n l u u s - t  i V i t v  s-eu- r n --mm _ s i’s- n- u , - n i mu - n —

I I a t’.’ I i i  ‘ ‘ i u ’ ’ i ’ m m _ t  n u t  1 m m _ t m  oum s - m m _ i i i i -, I m_’ , m _ m nn - Au n n - i3m _ ’ I n  ,‘\~.n- ’l . Pn t ’l i r u m _ iun , u i ’v

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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,_ _ “ n ’  

-
. 

- - . -~~~~~~~~~ ~~~~~~~~~~‘ s-



- -  ~~ ‘~~~~~~~~~~~~~~ ,:n-~~~~~~~~-”-  -m_’-, ’ -.’--’--- - ~~~~~~~~ - “—-.—

‘ m u m  n I m’s - i s -  n n I lime uu m m _ I ’ m ’ ,‘ I liii ’ Ii is-lu I n- ’ uunj ’ m ’m mn I u u n ’ ( 1 m m _ i  m I m m _ a  ii ’ ) s - m m _ m t  is - un

s - n  i i i  ‘I ’ )  V u -n ms - nm ’ ; I 1100/i ’ m i s -  i s - m i t  i’s- I 1 m m  1 hunt’ n i , I h i - m u m  n mm _ m u m i - s  - m n n - y  is-

— n u t  u ’ ~ I m m m l  I , u  n As-C I s - s - m m _ i - i - n m  I r , u  I n , u n s -  I n n  ‘ n I :n m , u  I t s-  i~ i mu ‘n ,. R u  mm_ n h i i  — I s -u

l i i  ‘ n - h u t ’ r \p P I n ’ , i um _ m ’ m ’ m _ m _ t c m i i  i s - m m _ a  h im is q u a ni  i t  ‘ -n ’ h e n - inn s to s-r i -a ’, c i m a m u g i n g

i m _ n - ’  mu t n ’ t , m l  , - n m ’ u i - n i - m u m  s o n - .  N m _ m n -’ pc i - ,’ I s - u ’ v n m i m u n ’ s , as- w i - I l us -  v c m _ i u ,u , ’s-

m u m ’ 11 m m ’ i ’ u n h  h v [ d m m n m _ i  n , ’ u n l l m n m i p i u n n - n , w i l l  hn ’ , ‘ I ’ I m l [ime s- f rnmrnm t im e  c o m p u t e r

m m _ m um _ I “a Is - t - n t  t i n , ’ r n - - s - m i l l s - .

Nm ’s- u -in - un  , ‘i : n - n , ’ m n  Is - tm _ f I mn - -n c t _ m i - m i t _ i s - h  l v i  t v  01’ m lx i i i  A s - B r / n -s- -n, I m i n t _ I  As-s- I / A n n ’  I

~m r n - - ,, u i s - u i  t m n m c l n -’rw ni n - ’ . s -m i - an ti s - s-I’ ,-\ g Rn mm _ mid n \ s - ( n -  I w i t h  1 n- ’s- s- n - H  mn - n

S n a t i l m , ’ / 0 A l  w i l l  l~, h i m _ V t ’s-i l l n - , m t m c l  It _m n t i n - ’ s - nut s - s  - s - - u  u ’s - I s  u ’u ~’’ n - t  is-i i i’s-

n m _ l m _ , m n - ’n- ’ . ‘ r i - i  i u m i i u n n i r v  mn - m n - ’ n m s n u m u n ’ n m t ’n i t s -  u - n t  A n n - B r/ An -n -i a , u u i u p  m ’s o f  7 . 5  mo I m’ ~n-

A s - I  si’nui w u u u m _  n ’ n - - n l m  I l I n ;  i i-  s -n mm m _ ui uc t iv i t y  h i s -m m -c  I iY t WO o r d e r s  -n - i f  u u m a g u n  u —

I m i m i c ’ t h u s - n i  t i m _ m m  I s - I  p n m r i ’ - \ n th i m mi t  room t i - nm _ p t _ rum I un ’m -n - Snc s -  n - n  I u r g e  . n —

f t ’,  t a  u ’ n m i ’i i m _ u )  t s-os-a il - ni y h n ,’ mit_me inn i m p u m m  i n . ii’s- . h ’ l mc ’ u’c ’ um mlun s - t iv m i i t ’ s

m i t  I u I m ; l m  ‘I ’ (250 °C), om u t i m _ n -  n m _ t i m _ e r  Im _ in m u m i , m i r e  s - i m i l n m _ r  i n n  m a g m n - i t u d n !  to

I h m _ o n ; t ’ i m l n \n -n - Iir. ‘ ! ‘ i u m ’ i’ond n n n - : t i v i t ’n’ of  mm 2 nm _ s - in ’ ‘/~ , \p, i samp le his - s  t n - m n -’

as -mm _ nt ’ , m n l n - ’m n - n f  n n l . u n - m n i l i i d t u  ‘ m a  t l m ; u t  n m f  , \ n - B n  h i s - t h u  m i t  n’ , ’nuuu l  m i nis -  h igh tem-

p~- n c .  m l  u r n - a .  ‘ n I l  t I m _ i ’ s - i ’  n- ’ , m n m d u -  t iv i t  lea m e n - ’ i m i s - i n n  r v — c i c n p e m i d e n t  , p c m ’—

suurn :ub I y mlii ’,’ Is-mu th in -’ - u s - n t  m , ’mn ’ ,’ u I is-fl s-c pc i-c’ i s- i t a t  j oin of  h u l a -  ‘na I , a is -us - nun

we m m m i ’ u s - o n - - ne t i m _ i -  s o i i i h i l i in - ’  l i m i t  s- I  ms - s-nm i n - m s - s - r i m  m n r e .

( H )  i s - m m _ I n n -  I n - u m u m _ u j u u s - t  I v i t  a t m _ f  B m ’ I n i — m ’ n i t i n s - i n - n m ;

I , .  S. i - n m  i i i  m u m _ m d  I , .  SI  i f k i m m _

I , x ’pu ’r i n n m _ & - u n t ’ u  m m _ r i -  u u m _ u m h u ’r un -’ m u ” , ’ tu m umn ,,’n i n - ; u ; cn - ’ t I m _ — n- ’i ’f~’s- Is- “1 var I n - ’ n c-, n- s - u n - u—

ps-a i t  i o n s - i  ; mmi mi  In - I ; , ‘ c n n s - t n u i n ’ t m u r a l  p - n m r m m n u n ’ t n -’ u ’n - s - n m 3 m m _ u n  I m . m u m _ s - p n i u t m m  t u n - -n

s - u 1u , ’m i n - n n m _  Ic ’ m ’s - i - ,Imus -I ‘c i m t ’ i n m  a h i m m i u m m u . Ion i s  -n-- t m _ i -n t _ h u m s - I  l a i t y  m n i ’ u n - - u m~ un - nt _- i l l s -

u r n ’ u n - m i t ’  s -m ’ r f m u m m m u i ’ m I  s - mm 5 i m m u t l e  n ’ r - n,’ s - t n m _ i m i m i [“I s - i - i ’ s - m I m I  u - I s - n -’ ,’ inns-: :, ’

- n u . ’ u lmmm _ ms-t [s-u 0 1 ’ t n ’m h m c c m i t  u r e , f r e q m u u u n n t’v , m s - b u m’ n : , m I  j i m _ m u  compn - s m l  u s - u m ,

, uun d I u r m ’ i u m u r m u t i u n n  h u i s - t m m r v .  ‘Lii i ’  s l m m d  i n ’:; ,m s - tu u nml lv inmn -’ n -’ i n-’ m ’ t i n s -  u n - m _ n ’ , m a u m _ ’ u ’—

m i - m m _ i  u - n i  l i m e  in -s-ms-in ’s- n- - I , ’t ’ Ir i n -’ ;n ’m im _ nm pedm u m _ nin -i’ . i - m s - u n - u  t h i n - n - n m ’  s- i s - 1 m n ’ mn -- i u m m _ m

u ’ u u r v e s  wu’ h m _ nm _ I i i - hum (1) im_ iV u ’s - t i s - s - t i’ t i n t ’  s - I m , u u m i n - m’ - n , i m _ m  c t _ i n d u c t  i v i t v

u ’ , i m _ i s - i ’ d  I m _ n-’ in i x i ’ t I  m s - h i l t ’  i n - n u t  I tm _ mi s- , I . . , N m _ — K  s -m i t _ i  N n m _ — \ u , ;  , in n m _ r u i n -- n m  i t -n

i- h u n ’ s - k  t I m e  t h i n - - m u m m u m  o t  m um_ i  t r i m _ m m _ s - s - m m _ n t  in  h i m ’ s - n -’ m n u t u ’ m  j n u l s :  i n n - n - I  ( 2 )

t l m l ’ ’m m j im _ tn - I iii- u - I  I i - n t of in - r u l i m ~ i u-n- ,’ m in t_ I t_ -n I h i t ’ r s - i  r i::;, tt’m _ ’s- m I— i- t n u

u -n r n  - ~‘ - m m  m l i s - m _ i  h u l a  l u m e n - ’ . ‘1 1mm ’ eq mm i j m _ mnmn ’n t  in ’s -m, ’ a : n , I  r ’  10 lies- in t Im _ e s - i’ ms-nm—

‘ ; u p t ’ ’n n m n ’ m m l a  I a  mm _ ow n u v , i i i n m _ h m l u -  mm _ mi d s i m m _ g in ’ u - m a s t  n m _ i a  ; muu , I  ‘, ‘ l v e m n - ’ a t a l s
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‘ m u ’ m m i -  u - n m - n i - n - u  . I ’ m - I  c u m i n - i r a  - n: m , ’ n u s m u r t ’ un - m , ’ u n t  n -- n m _ m m  m m m cd i m u m _ m m — n l , ’ m m : n  m l :  n i - I : ”

n ’ m _ ’ n-’ ’ ’ I n u h  ‘n uu u m s - i t ’’ n  m i — u ’  I n s - i n - m m _ t n - —uI 1 1 m m _ I  ~~ 1 j i m  n ’ :’c ,’ I m n u u n n n - i ’  i s- m _ n ’ . m a m , n l m -

n n m m _ i v  w i t h  n- - n r a  t I n -u m s - n -  - n ,’nn -s - i h m’:- ; , (2) - n ; ,  i s -  s - u s - n un - i l l s  s -I  n.~ n , ’ h m n i k  n - I ,

I n i n - u t  p m’ n n j ’ n ’r l  lu ’s- n u m n s - I  h i ’ m is -mi t ’ nm _ i i - i t ’’,’ i i  t i n - i n  I u— n- ’ m h u n n - ’ : n i ’ l u ’ s - , U) t h e

u ’ s - m m _ n - I  n u t ’ I I v i t  ‘~
‘ t m _ I  a 1 m m _ I  u n - u am nmp i i ’s- i s  t w o  I n -n tIn ru-n -- n ’ u ’ u in - ’ c ’n  s - u  ins - -. i n i—

U i - n t , ’ h u n ’ I n ’W t i n - n i l  n m_ I ‘ n  i m u g  I n -’ c r v s -  t u n i s -  , , m n c , n 1 ‘n )  n - Ill t u ’ r m , ’ n m s  -n--n i n - n i s - n - - li

n i t _ m m _ s  it n- cn I I ) . I i n - ’ i - m i n i s -u -s  m m s - i f  I m ’ r n - m i s - i’ s - I t a n ’  n - n  cmi s- rn -- 01’ m I n i ’ s - u n  I t us - — is-

t h mi ’ u um um _ u l mu u l iv it n - .

( i ~ ) ESR s - I  m i n i  It ’s-n s - I  I I , ’ f t _ u  I s -  i nm 511 v t _ c  11mm 1 i n - I n n s  a m _ i t _ h  I u m _ s c u l a t  i n s -  m n - x i s - c s

> i R I , — \ Si ’  , n - - s - - ni-’

C.  i- , . O s - I  m u m - c I t  m is -d I .. N . S I i  1k i n

ium _ A n n - i n - i  : N j  n m _ I  ‘n K nu ‘m arrow 1 inn , ’ s - u ”  t m _ h am ’rvt’mi inn t ’mm m’ t ’ m u u ’I  l i -n  w ,m _ u’ l-n

w h i c h  w . i s -  s - u m i u m ’ u ’ i m n p o s i - n l  n u n  him _ n ’ I l it P ,n-’ j , I l I u  i, sn ’I  ms -I ’ is - i -n - sw I 1mm _ c I c, ’:’

ul i n-’ ,u l u - m m _ I  u ’ m i c k m - 1 im i  ‘ u  s - n i h - n a t  i t  u t  I n - n u m n u  I s - i t t_ ’ w i n .  : nn ’u ; t mu lis-a ri m _ n - ’ n ’ u r n ,’

m - imm_un pn num s nm _ I i m n s -  v s - i - m m _ m i t _-v  ( u - n u n -  t n m _ h u u ’ m l r , m  i s i - mum _ nine t c v )  - ‘ti m us - u n i t- rein --n I l u - n  u-,n- ,ms

mum I , m _ 1 s -n ’ r v m - n i  m m _ I  1 mm _ a ’ m s - l u’ c m _ i n - n un -’ ’ -n s - mm _ w i - c m  , m m m l  h u m _ i -  n . m  ‘;,‘n l r. m _ s -  l u l l s- i n  in-n --

s - I  I I u c h e  w i t  in m i m i c ’ m m m _ w n m _ n - - n, ’ p n m w n  - r u t  h i s - lu  uu; u s -  cm ’s- m a n - ’ ‘n tm ’ n-’ n - n r  ii an -  Is , n a I l  1 c im _

s- m i s - g m ’s - I  m n - I  l i t - n i l  i t  w n m s  H u m , ’ I n ’  - ni u ls - Uh m _ ln -’ m i nn mi m i t u n ml I r , n u u s  i n -  i n - n u n  n - ’  i n -’

> 1 = ‘ 1  s - t a t  n -n - ;  n O t h e  m i s - k u - n i  is-n i . gn- i , m m n - ’ m ’ , m m ; , n l : ’ , ’s-n - l  a m _ m I m i - r i m _ V s - n -  I ’ m  i n n - m

s l n m _ m c t u u r n -’ s - r n ’ s - n - n u t  u m _ m ’m t h i s  11m m _ i’ mum _ md I i ntl tim _ at time Si m i s  - t u r n ’ i s  , ‘s- u n —

s - i s - h - n u l l  w i l h u  mu n m _ i s - k m i imi t n ’ c u l c t i n m g  w i t h n  s-ix m m , ’  m c i ’s -I n e i g h bor  s-m m [, ’ ’ u ’ i n n m ’

m _ m _ m _ ns - l n ’i  - ‘h ’ bm _n n -  s i i p t ’ r h n a j u n ’ r I  I u m _ m ’ s- I  r i m u l ’ u r —  I n c  ii n i l  u s - i n - n -  lO ’t~~, I i i ~~ , : u n n - , m

[ I  l i i i  ‘nm _ mm 1 -n , ’ f i t  l iv mul tI [mi s - ,‘m_ I u’rm t n - n  n l u - n -n m i i c k n -’ I s-p i n  11m m _m i tt m m m is-m n
mu 
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m m m l i v  7 . 1 5  C m u m _ m d  h )~ I s -  m i n i m _ c s- I n - - i t t - I a 2 .~ P b r  ~
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-

( h h m _ n - ’ s - .  Rn-v. I t ’ll . 4, 125 (191u5)) n- ’ I m _ s - n -’i ’ \’ n ’ n l  ‘ i  t I , ’m , ul’i I n - ’ s - u u a m u t  ‘ m m  I n - ’ n - n - h —

I i s - u i  I m m _  -I s-c) : Ni ,  [ mm nm _ n ‘‘n - ’I s- u t - t h r u m _ I  s i t n - ’ h u t  s - mm _ in -’ m o  i’ n ’n -- n- n l  ‘n - n - m t  a t l l i m , ’ I f  1 m m _ i ’

‘:1 m us-t m _ i r n  a l um _ n’ ” t h u  u i u ’ n m m m ’st mm n .’i g h m b t m r a  u t -n r c  e n- -n a n - n - n ’ I I  i ’ u u n - n  t a i t i m  u n ’

i ’ m _ l i t ’ l i -n un  as- 1mm . E m _ u m lii- A m — P h :  N i  e n s - i -  t i m _ u ’ m m u ’ , m u ’ ’ ’ ’ ’ I mit ’ i s - I n s - n m _ c  - h u l o r  t in es

inn -Vt’ mu m i mm u,’ I ‘ ‘ u i ’ sp i m _ m _  aunt h h m _ i - m _ ’m ’ i u n - ’  hm _ a v ,un su p m _ m i ’  n u n - s - i - r I  m i ’ ium _ it _n r nme t is-na

w i t h  l i i i ’ i - I n - k u - I  1 m m _ u i  - i l n u s - - n n ’ v n -r , t b m _ n - ’ a n -’ h i n t  u - r u n t h n m _ u n n - , -n u r t ’ I ,u t ’ sn - i’n tIm _ nm _ u n

n- u - u s - n ’ s - I  n ’:i ; , u m _ u m n u I e ’ n ’ m u i n m n  m m c i i  j t ; u i  n m _ n m _ n i l  v s - i n - n  “I tim _ n -’ i mi m -k t ’ I -’ ,’ l m I n m _ n i m _ m _ u-n l u n t e r —

;m _ u ’l i u m _ m _ m _ s  I n - n  h i - l u g  t ’ m u r m _ in -’ d m m m l  to  u i e t i - r m i ni- w h y  t i m _ I s  i s  t I m _ i ’  i’ m _ s n -’ . m u

our  km _ mow I n ’ n I s - t ’ , t h u  La I : ;  t i m _ c  f i n a l  , u I m _ : ; m ’ m _ ’ v , ’ u I  I s-u i s - I  r t ’s i ” i v i - t i s u u p u ’r —
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m n - i n n -- m l  i n - u ’ n ; t  c n n , ’ I m u  r , ’ i n n  m m u in - ub I t  n i mun u mu I m _ u m m m _  I m u m - n -  i t  l u - n u n .

s- i n- ’n - hnunn m i n us - tm _ s - In - t nmm p p lu l s- t -n xp~’r him_n m _ its - mm vi- hu ’n’n p -u’ ’ ‘ i ’ : : n -~ ’ I n-in

A n n - u i : i t  -n , ,‘ \ m , u I : h m i- , rn - n - t n - I :P d , A g C I : S n , ,\ t ; P 1 : l ’h m _ . m m u i n - i  n - m u m 1 ’ i n . I I n - m n -’

n ’ ; u s - m ’ s- i’ As-Cl :U g ,  nm _ mm u i u m s - ,’, m l m m _ i m m _ t’ d s-SR s m n - ’, u n , u l  is- n - i t ’ v t- l n ’~ n n - ’n i  n u n  i l , ,L u n u n i —

u i _ u t  i m m _ m u  w i t i m  h i l m m _ u ’  I I n - n - l i t  m m ’s-n —lO O °P. Ex im u- n’iuunn - - n -mlm . ; a - i l l  liu ,,’ I n n - ’ r I n - n m _ ’meti

t n- n ch , ’ t n -m mi m n e ii’ tim _ is -s - igu m nm _ 1 i n - - n  ~ r t ’ n u u  FI g~~. S t u m i  Lea s - n m  u - l , ’ s - t r s -n m u m - n :

l m n m l u ’  I [‘n u p i m  l u g  u t  r n -s -u u n -n ’ nI t u ’m m ip t _ ’ m n m l t _ m m’ n ’’; b y ‘‘ni -i l : i n - -n s - m v ,  n t- n m- ui m_’ n- ‘ ‘;‘ r t m ’ nu

s- n-’ lI m it- n - n t  him -u ’ n ’ n- ’sn - ’ muu ’n ’h m u n - i’n u mq,us , hut t h m i ’ i m ’  u , ’n- -u m m l  t n - n  w i -u - n- ’ smm mn ,n un-’im _ m t m,

n - n - u n i t  c m - ni is -I nm _ rn - ’ . I n - n - ’ nm _ mn -’ I nn - - mt s-nm _ nm m u ; ’ , m u m i u l  in in ,n u m; m _ I n ’ s-s -m r m m _ n -- m t  a It i hr v t n -n

n - ; n n r h  s -nut , 1 mm _ u i t h i a m ’ n e pm m _ i m _ n ’ Ii ’s - A r e m - u n i t  s- ap i -n  i- n m _ i  n-n- n t ;  I : Pd s - I n - nm _ s - i’m1 t ’  m l

h n I
+ 

tn - mm _ mm us - I - n u n - ;  nm _ mu ,‘ i t’s- I noun n- n r him _ is - I cum i n imm _ s- i f  le n t ’s- i t i - nm _ s - n -ru m I s - - r i-

rn --n - n - is -nm_ s . [‘hit ’ heh muu v is-mn n-’ I An n - I l :1-n t_ I un— nm _ c ru - nu ns - t n - -n n n i p t ,’ r u  t n - m i ’ ,’ v ,n s  u m u i t r n - - n —

I mn ~ m t  n- - n i , w lmm ’ r,’, u n - ;  we I h u n t _ h  t I m _ a t  A ; n - P t  : h ’ , i n- ’ x l n i h m i t a  s- n m _ u n - u s -  5n - ’s - uu i  m n m _ r  p l u n ’ t n —

c , ’ m m _ d , u u n - t i v n - ’ i - f I n - s - t  a h i n t _ - ni ’ , d e s - e n -n - mi ‘ins -  s- mu 1 m m ’ t r n -’ m m t u n n - n ’ u u l  s-f  t h i n - ’ ‘; , mn - ’ n s - l n - ’ -

We w i l l  I r a  Is -  r u n - m m _ I t - h u n - si- p i u t _ m _ l s - s - uu m n n l u m s - t i n - ’i-n s - I  I n- s-ha m u  n ’ niuuu ” r m t v—

c , m _ r e  i s - n  I r u m _ h u m ’  i n s -  b m _ ,’ I > mF
+ 

is -mm _ s. Sin l a m , n- l i - u t  r n - n u n  ,uu: u l hum I n - -n I m m _ c s -  ins-

n m _ V t ’s- h I I n - m t  lu - n m _ s s- mi , ‘ n t n -P I : 5:; , A gC ,I : I’s - , l I n t :  ,\ s- l’,r :  Phi m u ,  m n - n -,’ V I n  1 s - n - a  I n n - ,’

n-’v I H , ‘ m i m ’ t ’ n m _ f  t i m _ i ’ u l t -n p m m n n t  m’h m u m _ i g  I n u n - n -  t n - u ,u i m _ , l r , m _ n n m l s - u m i’ t I , ’ vum I ~‘ u n n - ’ n- S t  n i

n m i un - n u’n i i i  mm mi m m m l  m m _ n m n - ’ I  t h e  sam _ im p I ,~ s-- i l  Ii hi 1 m m - n - I I t n - l i t

In  n ’ n i m m _ j u mn i n ’ t I s-ni w I I  hi K.  I i .  I , n ’ m ’ n - n  f ‘ m , u m v  ft_ I tn-I ‘ a n- , rs -mu p , ,m mm , ’un - s-,u e n  —

iflmm _ gi um ’ l it ’ n h  m l  m s - I  , u i-vt’ m i s - u-nI whit -mm ‘h u t m t - nt in - - ; s-n ih n-~ -n ’ t u -n tI t n -n n n - , m _ mim u ’ ;  , —

i, r u , u s -  1 m m _ I i s - m m , l i n u s  h u t _ n i - u i  s Im _ owu n I t ’ he i n - u ’ i n  am _ i n m_ s - h m mbm _ n -’thr , n h s i t s - .

.u s - - n’ u n r u m _ t  s -n u u i n i i v s - i s -  i s  u m n n u h u ’ r w n m v , h u t  u 1m m - n i  i m i n m . u m - -n s - s - n -  i u n u , l t m - p in i~ -

I h u n ’  Fu ’mm i cou n t m u t t h u m _ I  n - i ’s-u- h  is-n m I in -’ I ’ ns’ m ’c ’ u u  t i m e  (s-n I h um_ mu n s -  n- I s - n - I u - n ’ - ; .m i mut

1 tn - - i  nuwu n m m m c  l n ’ m u s  -n u t  a i - n j - n n m - n x i m m i t t ’ l v  ~~~. 
‘-n Chin f u m _ r  ~‘ m n - u .

( 7 )  [ m i t t - r u m_mm _ I l’n i , ’I  m m _ nm S t u d y  t m _ f  i m s - m m _ r i t v — i ) i s - l u’n- ’ , n t  i ns - mm l u n l n - ’r , m t ’ t  i - n :n - ;

iii As-B r ;  NS F , MRI —N SF

S. lit _ u r u i m _ m _  nm _ tnmh I ,  — S I  i f k  1mm

Ws - n m _ r e  i - t i m _ m t  i m m m l i m _ m _ s -  s-mi i n tt ’ n u m _ , u l  I r i — - h i~ - n mm _ stuu m l v n- - n i  t i m _ u’ d i s i , m_ n i n  is -m m _ -
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n - u h i u ’s -t flm_i’ im _ . ‘1-hut - u - in -’ nl m uh; i met ’ s-n m _ mm _ S h s - h ,- n mi t n- n-’ i t s -  f n - m _ m u i u n u t  m u m  n i l  Sr u n - n - n - u n  —
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n - ’ I m m _ u u c n - n I , m v m-n i’ s- ; N u n I  1 m m _ m i m i  I I n s t  i t  u I  m n - i  u m t  H e a l t h , N m u t  i n - n t i s - i  5m ’ i n - n u n - n-n m -n F o m _ m n d m m _~ i o r m _ .

n -n - .  , I , - ~
-n
~’-,- , I’ . ln-’, n i - s - h u~m _ i n , ~I . R l i - l i t  er , m u m _ m d  1) . C . Wli I I  t c m i

‘1 1mm ’ u -u y n t  I s - - s - i s  - nI n - ut ’n-’ u ’u-n ;m _ i pTìot ou ’im _ e m _ u m _ IcaI 1 s- amid  si -n t_ ’t - t n ’ n - n s t’n uj-n i c s - l l  n-

m m _ i - n t  i n - - n -n i m _ y u i r s-t ’ ; u n l u s - m _ m _  s - m o m _ u s - n - i  m m _ m i n i  s - u i  f -n m _ m i ’ t n m m~i I  cx inm ’umrp n - n nnut i’d im_ i t c-n mu sunt’,un ’I,i nt

f i t  l v  m m —  I ml ( h e n  I vn m _ t I vu ’  s-n i a h t ’ t ’m _ i  s - n - n - - nt - I  s - h u n - n I  . M n ’ n- n I of t hu e  ms-i ecn m i c’ s- t m m m v t - n  t lie

atrium- I mmcm- lun d I n — mit s-ni hue 1,-nw:

“-

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

- 
m - s-u H

— ‘ ~~~~~~~~~~~~~~~~~~~~~ T ’~~ , ,  L-’~~~~~~’~~ ~~~~~
‘-‘:
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“_____________

s- -n i un -n i n ’ I 1 m m - n  i t  ‘ n - i t t I n - ’ , i’ s-i s-n, i t , I s- m n m u ’s - r p s - r -  I n -n - n i  i n t O  I hi t ’ l u - n - n - n I  m’ t - n l m _ l nnm l m _ i n -n 1 m n i’t i - n - nm _ n -

n n -  ~m n - m i m i ’  ‘ m m _ n ’ l i m i t  mum _ s - I n -n ’ n u I u - . ‘l Im e ju l io  t ou ’ i n s - m i s t  rn - - n  n ‘ I  I I un ’ s - n - n - ’ : ’ ’ ’  I n - n -’ m m l i ’ s  I ‘ n- ’ 1 m m , ’

i u i v e s - t  i s - m u tt ’n- l imi n- n m n ’ n -’ u ’ r’uu I n - n  c s - m i m i  j Zi ’ t _ h met_ I 1m m 1mm _ n ’  l u nd  i ri s- un - ut _ um _ n o 1m m s--i’ m I I im munch

n u a s e m _ m m b l i i ’ s-; n m _ m i t _ i  u u u i u ~u~i l i - s - .  I i i  u ’ s-I l n m _ i ’ n u m n ; m _ t ’ i n m n  w i t  Ii Pr tm _ I i ’ s - a n n - u -  i-I . in - . 1 - m m - n ’ :

I mn - ’ “l”S (’A ” um f n - u u v u ’cm i i s m _ i i ’ f n u s - t ’s- n ’ u m _ m m _ l e s -  w i  t ’ im _ n n m u u u m _ o l n m y n -- n r s -  n u t
’ I s - n ’s-i’ s - t _ u h a t n m _ n m n : n a

Is - in-c- b u n - n -  e x n m m _ n  i m _ i n ul

lb 1~bu s-toc Iui’m Is - I m_ ’ v n m _ I hhvt l i ’ n n j - nl u t b  i s  - n - it t mm _ i Cs -mm _mp h ext-s inn - So Im ut bom ’m~ s- nut i s - mm _ mu ]

Sn ’ I ( ‘ m i n t ’ I ’ s - m u m _ m s - n m _ I  i , u u , s-- n ut is - mm _ mn I in s -u t it mit m n - - s - n  n - - n t  h h e mi  I I i i .

I’ . .1 . M m i i  ivt - mm m iii I) . C. ls’ln i t t  m m_ m -

I mi u ’ u ui m _ u a- t ’ I i n m _ n  un- i t  lu I In n n - - n I  mmt i In- u -n m _ n ut I I mm _ s - c l inn (I) m i s - n m _ n - n --n

-mn - ’; n ’u’ m n I n m _ m n- n t mm _ I ‘ n - n un ;’ I u ’n - -n n ’ n - n (n un - n -nt 1 n- u- mi t s - c-mn - I m mm ii (I I ) In- un - - n t - n i u u ’ mu p u ’n -~- n i  mt _ n - ni

1mm s - I n I i ’s- I i m _ n ’ -n im, mi - n ‘ t n i  t ’t ’n Ti Im_ I u’x I ’ -, n -n I t (‘C t I n - n’ I’,’ n- - tim _ni ) I t,’t i - I n - -  s - m i r u ’ s - m u m _ n - n - i  u -ui

Iu n-’ mm i uv nhmt m _ j m _ I u t nIm _ in ’ s- hi i n ’ I m I  . ‘I ’bit ’s-i’ n ’n m _ i n - u I n l s-x is -s m is-n- s- ’um li-r h u n t - n i  ub lu’ ‘m i t cjnu i t t ’

s - n - m _ I u u h I -n i m u  j u n m _ I - n n u ’  mm _ m i u n n n m u — l n n l , u u ’ n m ’ s - m i n i s -  m - n n ’ I n - - c ’ m _ n - t s .  ‘i h n ’ 1 i p h i t — i n d c m c m -n n- i m I n d  rn - - nm_n

m’, u um s-I n- n m ’ m_ -n - n j ’  I I ,‘nn s- mm _ I ‘ - n - n - n - - n-n m - n m  1 mu I I m _ u - :u n-  n- — t m _ ni h ) 1 (‘X c’s Im _ nu v u ’ h n ’, ’ mi s - I  mud I n s - i .

ui ,m, ’mm s- i; i i i  -n n ’t  t h i n’ n ’ i m _ u ’ u s -  l m ” n - -, n ’\s-  I t  s-n i  a t m _ t n - n - n  tm _ v  h o t  l u u’ ?c’ i’t rum _ ru n - I s - r u n i r a  , u n n i  i-n’li’n ’trn -n un-

-n us-t _ n - n t m _ t  t m _ m a lu mmum ‘u i - m m n m _ h - s - u n - n ’ s -. l i n u s - t n - m r . I I n n ’ c m l  u’s me , ’ i n n s-n ’v u’ rnn l n - nun - ut’s s--n n sn - n - i ’ s - ’ In ,iI

sl , m_ s- ’t’ u’ , ,- n ’ m n - n -n c L i i i  n- m_ s’i mt ’ m _ m _ p s - s - i l  l v n ’ I \ - n  n - l m _ m m _ r g m ’ i l  q u m t ’ rm_ t - h m e r s  m m _ n m ’  mms n ’u l  n m _ n u t _ i  t ic m v n i n t -m i uh m _ n - m _

f ’ j u  ‘ i’ s-n u n - n - n - ‘ n i ’ ~ ’ h u m ’ ; ’ , ’ . 1 mm - n ,  t n’s - n m _ - n ; , ’ : ;  t h u s -  l imi t — k  u-n m -n - n i - n - n t  i , ’uu s - u I n m l i n m _ n - - n’ i u m 1’ 1 n - P i n t  ‘m_ m _ u d um ce d

- ‘ I n n - n ’ I rn - - nuu  t m ’ m m _ m n - n t m m ’ .m u ’ ’ ‘ml own ’,1 ‘I s-n . m _ u n - ; nn t l im i t h I s - l u  r ’ n u m ’ u ’s-\ ’ j m m _’ t ’n n l m n u ’ t s-n- ‘ m u m :  1m n-— s - t n - n m - n c-c l .

Th in -- n m - c - n - m c I  i ’ m  u- n ; - ni l’s - n- m r  s - mu i t t ’ p m u m _ m i n -u i m _ i g  mis .u nn - u , ’ nu rns n - n t  cn mm n - ’ , ’ u - n t  l u m ; n -  I n s - u t

‘ mu - - n c - n - n-n 1 m m _ t n - n  Ii In-In t o m - i n n - v i m _ u m l [ a s -m Im i ~‘ c I ui - mum ic mu I ii nu u l m m n ’ I s.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _  

-
~~~~~~~~~~~~~ ‘ _ _ _ _ _ _ _ _ _ _ _ _
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7th

(n -r n - st - n i n - n - n u n - n- ’ i - nu m l u t y

S t _ i s - u n n- I n - ; - n u r :  I, . M. s - u i  I -n - b u n
I ro ft ’n - ;umr n m _ f  Ph m _ ys - it -a

Pt - n ’ s - tn iu m _ c i :  ( n - h u m _ m m ’s- i n - . ( n - b i l l s - s. M u m _ u n - n - n- n m  i n - - is - i  — s - n-n- h- ’)

(
~n- IJ m_-n t_ ’ ,~, SuWis u m t i u m _~~ Ajj i-unn -’v: N,u L i om _ m _ s - i  I A c ’ r o u m _ m m _ u i l  i s - s  m u m _ i d  S pas -e

As -mm _ n j u n - i s - I  rum _ I m m _ u , I a m n g l i - n - ’  i- n n -n - n s e m i r u ’Im
(n - n -n u t i- nm

[‘u s - I I n - n i t  n - n u n :

C.  1~. Cl L i t _ I s- , ‘‘ h i g h l s - u r i l n - ’  S L i v i ’i’ Br on ul u lc ’  m n - r u ’ s - i  u s -  n - n - n u t s -  in  n-s-
I n - s-s-n li nn uum -Si-vt_- m u  P a r i s -  p t- n 11111 i om _ m u - n t  Is-cl i s - n -’ , ” m m _ s - s - n-n ’p t  u.n - i s-v

j  . C m _ ~n- -n s -t  m l  s - m m _ w I  i m _ .

~ m i m n i m u r v  of ’ K u ’s-ca r;- n lm A n - I  I V i l L s - a :

( 1 )  S i l v u r I In i [ it_ l u ’s

n\ vs-n iu’ I V m uf ~)mi r -n - nm _ mm _ ui s -I- ni-n c i n m _ i  I v s - O h s - u si 1 vn -’r I m _ mm _ 1 is -i -  c n v s t m m _ i  a

s-ave s- s -i -mm s - rn - u s - nm In- n c vmm _ r 1 m m _ mi s - st md ic -s .  ‘t i m _ i -  1 m m _ I n - I t’ In -n -’ lu -n w s-hu m _ s - s I unn - ’

d i a t  m ’ j b m m l i s - m _ m _  n ’ I  t h u s - n - u i-n n - : m ’n - ’ a t m m l ; u  t _ I u i’ i ng  1 -n I m u m m s -  1i 7n ’— ii n - I n n - ’  l n i n - ’ J .

Pi e s - n m _ u n -  I n n  s - I  i t  n i l  l t ’n un - ( m ’ y s - I m _ l

B mmtn - k , It . iin - - n s -’ , P lus - nm i s - I  rv  A s-B r  n\ s -) S

( n - , m j u m _ , I , .  I ’ s - t n - , l ’ l i n - ’ s i t ’s- A n - h r  ,\ g I
‘C I “i n - I

s - n - m m  i s l u , 1 . I ’ u n - i v u ’ c s - i l v  ( n - n m _ i  i s - s - n --n A s -h r  Ct_ i
M mm li i u n , Rt’pm _ mh I b m -n

‘1 1 rn - - n i mum _ nd

In - nm _ u-t m _ mm _ a , In-i . l’n- m ,m _ s h n u n u m _ m _  Ks - s - mm _k u n - , s - . A s- s-m n s-n u n - , ’

Umm _ i m h u s - r g  , P .  Us - un -, I ’ t i v s -  I , s -  n \n -n - t i n  N i  +
As-Br Pb

A s -Br ‘n - i + Pb
As-i l Fe + N i
n- m n - I  n - n - i  + Pi n-

, \ m _ n - I n -  I n -n h
-n -\ m n -( ’i Sm _ n ( ‘ b i n  h i s - rn )
An n -t n - I Sum (4;l;( p s -ni )
A s- Cl  Sm _ u (500 ppm)

I I s - m ; u m _ m _  , S. l I S P , ‘ I n n - s  i n - s  A s -Br  Cd ( I  u s -  pp m)
- n \ t n - Br Cs- ~, -nn -, - ‘+ 1  p s - n m )

n - n - i
n\ glbr Sr (2n-) Ins-mb
An ”Il r Sr ( h O  In - p m )
‘n u n - B r  n - t m _ m m _ i ’



— 
-- 
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7 1

‘ c c - m s - u  I i m _ s t , i t t t t  i s - in  c n - n ’ ; ’ s t ,u s -  n ( n m j ? - n i n u t

n-n- ~~ l os-’ , i n - .  0 m m _ k  In- Is - s-c- s - nut ium m m _ u m _ I A~’, i( r  (2  tn - I) Non-n -n

u s - s -m u m  s - m y

I I ’ s-I u s - a  i mum _ nm h t r n - m _ u u u  i n - i n - n

h-t m _ mum’ s - nm _ I us - s - i nur m i I n - noun i n - i t ’ n -n mn - ’ s- I nu is h u ~ un - - n -n ’ St - n t _ ui i n - m s - m i  i - n v  1 1 m m -n

( ‘ ‘ t n t - s- n ’ m l  s k i  mi n i - n t  i s - u i  us - i u m g  - n u  u n - m I - n u t  i ’ m _ m m  m a t e  n - u I’ 3 i’m ’ v / u n - d m _ m _  am _ m ci a s-u 11—

l u m s -  r u I n ’ t n t  I n u n - i / s - m s - m m _ i ’. i n - m i s - l u  n- ’ r v a t m u i  u s - n I  mm u n - m _ u u s - s  o l  (‘u n - ) — 7 0  s- nun s- , mm

I u ’ n u , ’ , I Iu , ‘ i  i t t — Li ‘ -n m_n m i d  mu s - r o n -- n - a  s - n - - nt - I  i s - n m  s-I - nn - u - n n m _ . ‘l Im e i m _ mnnn --n

-n - n m a I u I a n u , u , t - i n n  011 s-um _ mm _ l i -n i t  1 n - s - s  I l n - n m _ u m _  t i m _ u ’  m i  m m i mt _ u r n  n - i n -- n m  n - - n t  I un -nm 1 j un - n - i ~

n t  I ) . ’, -‘ i - n )  i n s - i t  f m u m _ m t i s - n . ‘l i m e s - u ’ c’r v s - t a I : ;  u . n - m n --n 1 n - r u m _ s - - nul u m r

u ’ m ’- - n, - , u m n - n i u  h un - - n t i m , ’ (‘,u’ m m _ uu l m i m i -n ,m _ d e ml in - n - ’ .1. m l u ’,uwl mm _ nub .

L ~~~~~~~~~~~~~~ ~~~~~~~~~ 
‘- 

~~~~~~~~~~~~~~~~~~~~~ - n - n  -- - -~~~~~~~ .,: 
‘
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7 7

‘I i i  I i i  F i i mun “ m u ’  l i l t
S m i s - n -’ u - v i s - s - i  : 1’ n i I n - .  n -- n I i t  -n -n m n - - n i  I

b ’ i ’ o f m - n s - s - n, ’r u n f  l ’ i m _ y s  i s - s

1mm

P u m u u n n n - u , u  m y  ‘ i  Res i ’ :u r s - i u  n-n - u ’ t ,i v i  t i n - - s

‘ i ’ b u i s  s- n - ’ i i  I t m _ u  i u r ’t _ u v i t _ i e a  a m u m p  I n - ’ l u n u ’ I u n m _ r n m t  i n n u m  1 m m , ’ i i  i t  in ’s- t’ c m u ’ u n - n fl—

i t s - u i  r u  i ’ m  i l int work inn t bun - - n u l u ’ l m _ m u r t m u m u ’ n u t , s i m _ n v m m _ 1 vm,-n u l j u n 1 mc- n - t i n - u ’ s - u n ’ s - n -n u n - i n

‘h im i s  f m i n ’j l i l \ ’  - n i t Is-i ’ s - r m ’ s L ’ m _ m I  I m u , ’ n ’ s -n m _ Is -i i m n s  t s - l m ’ fn -m _ i l u u s - ’ j u m _ ;’

utnmm _ j  s -u — i t  c- n umm _ s n m _ I  t s - q u i  i Iumt _ ’um _ I-

( I )  0 m m _ i ’ h’I [ t n m _ n -’ I m _ I I l l -n t i l , - \ c u — d rum _ mm n m m m n - -n r n u s - n -- n o l n t ’ , ( 2 )  I s - n - n -  n- ’ n u u m n - - n- n n - ’ l  i

m i m i  I ct i p v —  I ‘i s - v a p i n r n m  I i  s- un f mm _ c ’  11 i t  [ u s - , 3) 0m m _ i ’ t n - I  t i - k  1 2 — i nc - l i  m i l l  r u m _ l i  i s - n - ;

n-’ - n us-umu n i  c’n - ’ u m _ p t u r u t  i s - u i  f , u ; ’ I l  i Iv , ( 4 )  One \‘u ’ u ’ m ’s- s-m u— 4 mn - mis am _ m m I ‘u n - cr ,

( 5)  M m m i ’ m ’VE — 14 n - n v n u p o n n i t i , s - mm _ f n n n ’i l  i t s - ’ , ( 6 )  d u n - i ’  M 1 C I n - O — ’ L - \ ’ I ’ I C  h m _ m n , -n n ’ i s -  1 cm _ in

s - m u t e r  iu m _~n- mum _ mu — - h i m _ m i ’ , (7) 0mm_i’ Vu -n - n m -n o m ’Iu ’ u’tromm h i - - n m _ in - n - n- - n n - - , m ; m _ - n ’ m n m t  [ n m _ i n  I - n u u ’ [ l i t  n- .

( 5 )  M m _ n - i’ T ,u I u ’ s- t urf 4 S m n r f n m u ’ u -n P ro f  i l i - n r  , ( Y b  0mm_ c i - n - - n\ i — . 
- m_ SC , ,l 3 . ‘s n - i ; .

in- i-’ a p n m t  t n - n  [ u n - u n -  po wn -’ r  supj ) l n-- n

I m _ m _ s l m _ - n uunmnu ’ I m t m I l  i’n m _ p m u b i i i t  i s - s  mm _ rc ’  a v a i i m m _ I m _ i ,- I s - c  I u u n - -n f m m _ i m _ r i ,-n , m t  c m i  i n - n - n - u

t - n v , u i , u i m u l  j n n m m _  n - n t  h u m _ n  I i i ,ma s-n )  mos t  i m _ ’m _ o c g m u u m _ i n’ mm m _ m , t - n u - n i - n u l n ---n t l n m ’m_ t t’ -n m _ mn -  but _ -n

mm u d , - i - n v  u n - - n m j ’ o c m u t  I n - n - r i  in vs-i- m m _ t u r n .  i - ’i i rns  (i ’i l ln i ; r j n -n - n l  us - m u s t s - i  n m _ r  s h u n s - I~-

s -r n - - n a t  m l  ) s - mm _ n - -u ’ I ’ , -n n- - n um _ mm mii i ’ In - v  t’ v m m _ l n - u u  r a t  i s - m u  I’ n u n  h m n - -n , m i u -n d n u ’ ; u  I s  mm _ mm ul I i ( m u —

mum _ c - m n - I s -  or l m _ v u - n h  m s - t n t _ m n  h m s - m l i m m _ r d m n -- n m u t  of t h i n s -  s - t m _ ui’ s - n --n n u u , m l u r i m i i  . [ t m ’  n - n - in n - - n- n t

n ’x l nn ’r jem _ icu - l i n u s  Iu u ’ t ’ m _ m _ mus-t - min im _ mu i - n i t  n- ’s- wi tim mel ,i I I I Inn s- ( t  j u n . i n - n m _ n i  , a i l vn - - n r

s - t m _ I n -h , m m _ i n k s - i  , I r n - m _ m _ m, n m _ i m i u m _ m _ i m _ m m u m i n, c h i r o m u n i u n n - m  - n umm _ n - b im _ n s - i u u r n  n - e r  i - n t i s - r u m _ p h i l  b u t

s - s - v n ’r a  I j u m _ s u m i m u t o n s  i m _ m m _ n - ’ t ’  b in - s - ui  f n i l n - r i c , m t , -n.- n - h (Su i t ) , ,  S i t ) , ,  1-Is-F ’ , nm _ m m _ t i

I ’l i (N0 1 ) - n ,  f m - n c  i ’x mm _ rnp l u ’ ) .  ‘I ’s-n ’ i’,’ m _ p m m _ h j i i t v  mn - I  f m i l m r i s - , u t  i n n s -  f i l m s  t n - n -’ in - I ’

a i m _ m m _ t i c - n j i m _ i n -  I u , m _ u - n  hu i’im_ m m _ u l d t’n-I . ‘ I ’ h m _ j s -  mum _ u i I i - u  i - n t ’ inn s - uma s -t I t n - i ’  I ‘‘i’m ‘ n -  n - - n m u u  i n -

t l  l inus h - n y  RF s - o i u ’ m u n t _- m ’ i - n n - n m t  i u ’ m u  m m _ n m _ t i  to I ’orm t i m _ j u n  I i  I nns t m _ I -n is-,u n m _ u i m m u n - t , i u n u n -

s-i as-- u ’s - - n .

P s - i - n -’ i r m n u - n s - h u m — n -’ b m ’ u,’ m m _ f n n h r  i n - - n m  l e t _ I  on mu v m m _ r  1, ,’ tn - - n  cm_ I s-u s-s  t m - n i l  u ’ s-- n t h u - n m _ t i - n - h i

I I n , ’ nm _ n - -I n i l  ,n , a I km u I i h m _ mm _ i in - h i - s , s - I  nuas - , n l r i m m _ r l, un - , m b , - n m u , mum _ ni l  u ’u u n l m _ n ’ mu  inn - u ’ I- nt - n i-mm -

, i n - u n ’n I  u mm _ ui n - ;t f e t ’ n t m u n - ’ n u t  I v .  s- p t - n t ’ inn -u - na of t l m i c k m m u - s s e a  r u i n - s  - 1 m m _ i n -  t m _ - mum , m _ h o u t

‘n - n )  ,‘ u n n - : n - - n ; t  m_ s - m _ m _ m _ s- t n  2 ( 1 1 ) , b t t )O nm _ un - u n - al rt’mmns - hm m _ vi  Im p s - e m _ i 1mm _ br  h - n -n - n i t  tn -ui

n - n - I  c m_ u i - I m m _ m u  I c-n -- n - nil  u n i t  l o m _ m _  m m _ n - ;  s - u - c - r n -  p e r t ’ onm u -n i  n u n - u  I un - m n - c - i  u n - - n t  r u m _ i n u n - i n - ’ u-n m s - ; —

n ’ s - l u ’,’ , t i n - n - I m m m i d i )  f r u i t - I  i s -m i , x — r ,’m_ v ~h i t  f r , n u ’t i o u n  m n - m m _ u i  c - n ’s i s - t  l v i i — ’  m s-m m _ -

a m _ u  ru -mis - -n t  s . S m _ m r  t i n - n- -n q m _ u m m _  1 it n- -n 1m m _ s ln -m m _ n - e m _ m _ c-va i mmii  tn- i l  mm _ a i nm g mm _ mit i s- i s- I m _ n - ’ m m n - n

i r i t  u - n i t - m s - m e t  m _ n - ’ , o p t i m u m _ I m m _ n i t ’r ’ n m _ s - u - nm _ l m _ u - n I c u ’ h m _ m _ i i q m _ u s - s -, mm _ i nt l  s u n f u m _ c u’ 1 m _ m _ , n f  i i i ’
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I t  t - n b u m u I s - n u t - n n - m . - n u n ’s -i n n - n m m  t h u — k i m _ n - s-s I u , u - m  I - n - s-u m n - m i  n - i  s - u h i t - n i  I n ’ , - n i h  i ’ n- ’~ - u ,  n - s t -n i ,,; n - - —

i n n s - ,  m u m m u l  I i s- l i ’ i - n n - - n n u u u u  i m m t e n l ’ tn - r o u u m _ i— t n - n n -’ , , u u m n i  u — m i n i  - n u n -n t - j - n u ’ n ’ n - I L’ :r n i- n

mi- m s

1-Is-inn-’ u i it ’ fu ’r u- u m I t ilu m _ m strut-lures t or cs-s-c mm -n s- n - u s - l u  i n  - n u t  I n s - n ,’, - n u n ’  -n - n

h u e s - m m  1 mm _ in - n t _ m i t i-il c -n I  mm wit _ i t’ v ar  i s - t v  n-n-I tim _ m i t c’ ri nm _ i s- . S, ’uu i n - - n- - n t  t h u s - u n  .‘x —

im _ rm’ss -n -m ’n- I i mn li - runs in - f I m u m _ n -’ I In - mm _ i mum _- ni-: mirror s- , tm _ t _ i , ,’ I - n u n  I u r n - n - i-n t a ,  n - m s - n - ,’ 1—

m i -m i s  f m - n m  u ’ s - m m _ m m _ n u n -’ I ins- s tuc h i i - s -, quartz I rm u u n s - ul min -’ i’m n- - n i _ _ u’ t r-n ’  lu - n a , m -n n - . m ; mu ’  r i—

m n - - m m _ I  m m _ i  t u u m _ m u s -  I s - i t _ n -d c’s , u n i n m _ i g r  i t _ i  i - i  m n ’ I rn - -n t_ i i ’ s-; I n ’ r n - i s - - n ’ m m n - - n  u n - u n - n -i -n , u  1

s t u d  is-s , co i n - n - lin t _-n t imm _ mm ui-s-C t nodes for or gm m _ u m ic fIlms - , in- - nm _ rI i n - ’ 1 , ,’ s- n - n -  n- -n -n

i-i i ’s - t rodc n -a , c l i f f  m u m _ n -- I  b u n  s-r a t  br ig  c omm _ I 1mm _ s - s , 1-t i i s - a luum _ muc-n r as-ms- i t ’s- , ti ni nu

I Urns f o r  m i — u ’ 1cm- u p l i u n -t o e m i s s  ion slu t_ i lu’s- of nm _ s -mm! ti-C - u Li -nd s - mum f - n u u s - in- s-

s-c lvmem iu ’ 11 m i s  tn- cu r s- h o In -n -vo l Ia i n - -n s - I  mud l u -n a , t ’ v - n s - no ma t n - - n i  L u ,, ’ ru :in -n s-m’nm n - - n I m ’ s - .

‘i’ hm _ is p u m a  L V m ’ m i m  i’OnS ide rm ib li ’ n-’I fort im _ m is l m _ u ,’u ’ m _ m _  n ’ -n’s-’e m _ n - du’d i n n -  n - s - u k  1m m _ n - n -

i- nt - n i ymnenic t
-n i ims of t t_ - t r m u m n e t h m _ y  I s -h um _ m m _ u- (‘ 1 1-I S)  i my RF’ polymer I mn - m m _ I ion of

tim _ i ’ nm_ omi ome m ju n mm m l  n-i im i r e  n m _ f  m m _ r g u m n m ind I i n n - ’ u m u n - n m m n s - n - u n -’ u  . ‘[Ii bu m t _ mn i t  iu m m _ s

n m _ l a o  l m _ t ’ e m m _  used Ic-n in - mi - n i m _ m i m d’ p r ol ot  y p u ’ samples u.nt s - s - n m _ n - b u m :  t i m _ m g  ( t n - I SA)

s-i - m s - u s - un- s. ‘l i i i -  p r i m _ n - is -m i t l u m _ n -’ um _ i im mlm , n - m m ’s -- nt [mm I b m _ s - s - c’ g l um _ s -s- i’s- is c m n l n m _ t n - u d

t o  s m u n f m u m ’s- n- - mi t n m _ i n - n - m i s -  ‘ m l  u t _ i i i’s- pu - n r f o n m i - m h  in  t n - u n -- m n - b m _ m - n u i s - I n - n v  )m - 1 m _ n u m l u u i c -i n t

O t i m _ i - r  s-p t - c’  i f  ii- u n - - n t  i v it  ic ’s- ~ l m _ l u ’ hi s - mm _ v t _ n -  n- ’u ’ n-’ untm _ ’ u’n- l t i n  is- t n - m u s t  \‘ m ’ m u u - n

mum - n ’ n- ’ m muun um _ n- ’ u- nil n - n - I  h m _ u  I n n s - ’ :

I .  E l i t E  min t _ I t ’ l u r m ’ I n - n u n s - t  i n - m u m  I or s - u i j n t ’i -n n ’ m ’ m _ n -u l t _ i c’ l l v i  I v  s - t m _ i t _ I  it s -s .

2 .  1”i 1 mns - n m _ I  I a i m _ t i m _ a m _ m i t _ u r n  i - o s-p t- n m  mm _ r n - il l m u m _ n t l u n m u m _ u i m  s - i - i t _ I  l ’ s- r s t _ m i m e r —

u’numm _ uluu i n - t iv it v sIt _ it_ i ies- .

I .  1-iun - , ‘h ’ s- mm _ m i d PIn - i, aot o lu i -n ta r s - n - i’ 1 s in-n t_ ’an b oum ft _ m n mm _ tm _ c l e n i n

s- t m _ m n - I  in - - s .

4 .  s - r n,,’ s - m m _ r u m _I j o in  mm _ mm _ ui  c ’ V 3 I n m , u t  ; n ’ u i  of  1 [mm ox it_ I t_ -n -ns- i - n i --m s - i ’s- .

5. V a p n m _  r p1 mi t  i mug of j i m _ u n -  n- _ u _ n-’ i n n - I  rom i m _ n -’ s o m u a u m _ i ’e n- - n c - l l u - n -  ‘s-c

mucus - s s- I ’ m ’s -I rum _ nm _ c t rn --n o f o r g anm ii ’ mm _ it ) l i t ,’ mu i i’ s-n

In .  Cou n s - m u l  1 mm _ mi t 1 0 s -ui-rn i s - I s -  on s - r u n - s - m m _ r a t  in - sm s - I  u -n 1 c-n an i i t h u  it _ mm

I u rns - .

7. Shuns-ow s- mis - nt lung mm _ m _ m _ d rein- I i cmm _ t i cm _ mm _ for c-li -ct m s - mm t i n - l i’ n m m u-n m’ i m h m n, ’

s- tm _ mn - li e s of im _ s - I ,n-~’mers-.

S. s - r i - s - m m _ n - n m _ I  i cm i n m _ f  m et a l  s-al  Is-c’s- In’ u’vap ormu t i u mm _ m _

‘ i - n -n m ’ m m _ u  m i - n -  r o sun - op e  oval  o m i t  I u m _ um of s i l v e r  b u s - i  I du ’

m is -n - ru m - m u’ s - m t  m m _ I s .
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i n- l b’ s - n -’ ,; I I u :  , m t  L i  I i l i um _ s  m _ un - m I mu g ,m i s - nni n l , - nm ’um — s - I  I

I i .  E I m ’ u ’l m_ ’tu m m _ i , n - n , u u u  pm _ ” n- ’ l m _ n u m m u l i n - u m _ n -  m _ I  I I ims  of  S i l l - n , n-n- mn’),

m m _ m i m i  1- I - n - n

1 2 .  l’ r s - l m _ m _ r , m _ t  i t - n u m _  c u t  oxn - ’ s - i - nm _  s-os -s -cl  Al  f i l m s .

i ‘3. t n - u - n u n s - , ,  I t ,u I i t m _ mm cm _ u th us - s -mn - n -I n - ni rnm _  I b t m _ m m  o I Al —h’ lm _ tm _ u nm _ um~’ I

m _ u m u t _’ I, m u m _ n m _ n - ;  t n n r  i m m e l a s t  i n - ’ s-li’s -I r o n m _  I ‘ m m m i i i -  I i nm _ s - a t  mm ii  i t s - s

t_u I ’ o m ’ n - n - , u m m _ i s  -nut _ u i n - n - m u  I i ’ s - .  
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