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ABSTRACT
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1. INTRODUCTION

In th is  paper w e p resen t an ex p erim en ta l rev iew  of the m ore  

r ecen t Chalk R iver w ork on the d yn am ics of liq u id s. The w ork has  

been d irected  by th e p h ilosop h y that one should attem pt to deduce in fo r 

m ation  d ir e c t ly  from  the e x p e r im en ts , a s  far  a s  p o ss ib le  by in v ersio n  

p ro ced u res  ra th er  than by co m p a r iso n  w ith ca lcu la tio n s  based  on m o d els  

w hich a r e  a lm o st c er ta in  to  be m uch o v e r -s im p lif ie d .

At the tim e  the paper w a s sch ed u led  for the co n feren ce  w e hoped  

to  be ab le  to  d is c u s s  the r e s u lt s  of two new ex p erim en ts: one an e x p e r i

m ent to d eterm in e  the p a ir  c o r r e la t io n  function in liquid argon, and the  

o th er , on liquid tin , to  study the qu estion  of the e x is ten ce  of phonons in 

liq u id s . B eca u se  of c ir c u m sta n c e s  beyond our co n tro l, the ex p erim en ts  

w e re  not fin ish ed  in tim e  for the co n feren ce  and w e p resen t h ere  p r e l i 

m in a ry  and in co m p lete  r e s u lt s  of the ex p er im en ts .

We f ir s t  b r ie fly  r ev iew  the fa m ilia r  notation and id ea s  of the Van 

H ove fo r m a lism  [ l ]  fo r  d is c u s s in g  the d yn am ics of c la s s ic a l  liq u ids.

The fundam ental v a r ia b le s  a r e  the m om entum  tr a n sfe r  or w ave v ecto r  

tr a n s fe r  Q = I jQ I > and the en erg y  tr a n s fe r  hio. The sca tter in g  function, 

S(Q, u ) , the in term ed ia te  sca tter in g  fu nction , I (Q ,t), and the co rre la tio n

fu n ctio n s, G (r ,t )  (the s e lf -c o r r e la t io n )  or G (r ,t) (the p a ir -c o r r e la t io n ) , s

a r e  linked by the F o u r ier  tra n sfo rm a tio n  equations
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G (r ,t)  = J  I(Q ,t) dQ
2 ,̂  0 “Sr

+ 00

I(Q, t) = J  S(Q, w) c o s  wt dw 
-0 0

and th e ir  in v e r se s .

2. THE SELF-C O R R ELA TIO N  FUNCTION FOR THE PROTONS IN 
W ATER

The f ir s t  ex p er im en ts  w e re  c a r r ie d  out on w a ter , in w hich it 

w as found that th er e  e x is t s  a q u a s i-e la s t ic  com ponent to the sca tter in g  

w h ich , h o w ev er , i s  on ly  q u a s i-e la s t ic ;  th ere  i s  an en erg y  broadening, 

and th is  broadening is  re la ted  to  the d iffu sion  of the a tom s in the  

liquid  [ 2] . F ig u re  1 sh ow s en erg y  d istr ib u tio n s  obtained s e v e r a l  y e a r s  

ago [ 3] , w ith  c u r v e s  for  w ater  at 6°C and at room  tem p era tu re , and for  

ic e  at -50°C . The d istr ib u tion  for  w ater  at room  tem p era tu re  i s  broader  

than that fo r  w ater  at 6°C w hich , in tu rn , i s  broader than that fo r  ic e .

The pattern  fo r  ic e  r e p r e se n ts  s tr ic t ly  e la s t ic  sca tter in g  broadened by 

th e in stru m en t r e so lu tio n  fu nction , so  that it i s  a c tu a lly  the reso lu tio n  

function  for  th e o th er  p a ttern s. The w idth a s  a function  of tem p era tu re  

v a r ie s  som ew hat a s  the ex p er im en ta l c o e ffic ien t of s e lf  d iffu sion  for  

w a te r , but is  a lit t le  s m a lle r , and a th e o r e t ic a l in terp reta tio n  of th e se  

fa c ts  w a s g iven  on the b a s is  of the sp e c if ic  nature of the d iffu s iv e  m o tio n s.

A lit t le  la te r  it w as p rop osed  by oth er w o r k e r s , f ir s t  by H ughes 

et a l. [ 4] at B rookhaven, that in fact the q u a s i-e la s t ic  peak is  not
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broadened but sp lit . Now the s ta t is t ic s  in F igu re  1 are  not v e r y  good, 

and w h ile  it i s  not lik e ly  that the broadening is  in fact in terp reta b le  as  

a sp littin g  of the lin e  into th ree  com p on en ts, it i s  perhaps co n ceiv a b le . 

H ow ever, the c u r v e s  shown in  F ig u re  1 a re  L orentzian  functions b roa 

dened by G au ssian  r e so lu t io n , w ith  a s in g le  p aram eter  (the width of 

the L oren tzian ) fitted  to  the d istr ib u tion  in each  c a se . Thus the cu rv es  

ap p aren tly  have sh a p es c lo s e  to the L oren tzian  shape exp ected  for  a 

broadened lin e .

It w as ex ceed in g ly  d ifficu lt to understand how the com pon ents of

the sp lit  lin e  could s im u la te  th is  behaviour in the two p attern s of

F ig u re  1 a s  w e ll  a s  in s e v e r a l  o th er p a ttern s at d ifferen t tem p era tu res

and Q 's [ 3] . It w a s, in any c a s e ,  d ifficu lt to understand why the sp littin g

should have been o b serv a b le  in the B rookhaven ex p er im en ts  and not in

the Chalk R iver  ex p e r im en ts , in v iew  of the fa c ts  that the reso lu tio n s

_4
in  the tw o s e r ie s  of ex p er im en ts  w e r e  the sa m e , about 3 x 10 ev , and 

that our ex p er im en ts  u tiliz ed  a lin e  m ethod rath er  than the edge m ethod  

em p loyed  at B rookhaven.

M ore r e c e n tly , w ork has been  c a rr ie d  out on w ater at 25°C and
_4

75°C by Sakam oto et a l. [ 5] u sin g  a reso lu tio n  of about 2 x 10 ev.

F ig u re  2 sh ow s a w avelen gth  d istr ib u tio n , one of about 20 taken at 25°C

O
(though not to  the sa m e s ta t is t ic a l  accu racy ) u sin g  4, 06A neutrons and 

the ro ta tin g  c r y s ta l  sp e c tr o m e te r  [ 6] . The a rro w s on e ith er  s id e  of
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the e la s t ic  p o s itio n  show the p resu m ed  p o s it io n s  of the two ex tra  c o m 

ponents of the q u a s i-e la s t ic  lin e . The oth er a rro w s in d icate  the p o s i

tio n s  of o th er sharp lin e s  a lso  rep orted  [ 4 ] . No ev id en ce  fo r  any of 

them  w as v is ib le  in the p a ttern s.

F ro m  d istr ib u tio n s such  as  that shown in F ig u re  2, the s c a t te r 

ing fu n ction s S(QjW) fo r  w ater  at 25°C and at 75°C w e re  co n stru c ted  [ 5] . 

The p a r ts  of the fu n ction s in vo lv in g  sm a ll en erg y  tr a n s fe r s  a r e  shown in 

F ig u re  3. The broadening w ith  in c r e a s in g  Q that is  exp ected  from  d iffu 

s io n , and the stron g  in c r e a s e  in that broadening w ith  in c r e a s in g  te m p e 

ra tu re , a r e  both v is ib le .

The Van H ove tra n sfo rm a tio n s  w ere  c a r r ie d  out on th e se  data [ 7] , 

and the s e lf -c o r r e la t io n  fu n ction s for  the p roton s w e re  obtained, a s  shown  

in F ig u re  4. T h ere  is  not m uch that one can sa y  d ir e c t ly  from  th ese  

c u r v e s , but it i s  perh ap s p lea sa n t to  have a m apping of the m o tion s of 

the a to m s in th is  w ay.

F ro m  the c u r v es  o f F ig u re  4, the m ean sq u are d is ta n ce  the atom  

m o v e s  a s  a function  of tim e  can be com puted. T h is i s  p erh ap s b etter  

c a r r ie d  out by m ea n s  of a m a th em a tica l tr ic k  [ 5] , u s in g  data fu rth er  

back in the tra n sfo rm a tio n  p r o c e s s ,  n a m ely  th e in term ed ia te  sca tter in g  

function . (T he m a th em a tica l tr ic k  is  of such a nature that a fa ir ly  a c cu 

ra te  value fo r  the m ean squ are d isp la cem en t is  o b ta in e d .) In F ig u re  5
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th e m ean  sq u are d ista n ce  the a tom  h as tr a v e lle d  from  it s  p o sitio n  at 

th e o r ig in  at t im e  z e r o , i s  p lotted  a s  a function  of tim e . On such  a lo g -  

lo g  p lot c a lcu la tio n s  fo r  v a r io u s  s im p le  m o d els  appear a s  stra igh t lin es . 

F ig u r e  5 sh ow s ca lcu la ted  lin e s  for  s e v e r a l  m od els: for  a gas of m a ss  

one a to m s at room  tem p era tu re , for  a g a s of m a s s  18 a tom s at the two 

te m p e r a tu r e s , and for  a tom s obeying the d iffusion  equation [ 1, 8] w ith  

c o e ff ic ie n ts  of se lf -d if fu s io n  equal to th o se  m ea su red  at the two te m p er a 

tu r e s  by m ea n s of n u clea r  m agn etic  reso n a n ce  [ 9] . F or  t im e s  g rea ter

-12
than a few  t im e s  10 s e c s  the ex p er im en ta l poin ts a g ree  w ith the c a l

cu la tio n s  fo r  s im p le  d iffu sion . It is  m o re  in fo rm a tiv e , h ow ever, to look

2
at the ord inate  (d isp la cem en t) s c a le . F or both tem p era tu res  it app ears

that the d iffu sion  equation is  obeyed a fter  the a tom s have undergone

°  2m ean sq u are d isp la cem en ts  of about 5A , roughly  corresp on d in g  to  

R. M. S. d isp la ce m e n ts  of one in ter m o le c u la r  sep aration .

3. THE SCATTERING FUNCTION FOR LIQUID ARGON

O
W avelength  d istr ib u tio n s of 4. 06A n eu tron s sca ttered  by liquid  

argon  under it s  own vapour p r e s s u r e  (550 m m  p r e s s u r e , equivalent to  a 

tem p era tu re  of 84. 5°K) have been m ea su red  for  about tw enty an g les  of 

sca tter in g  betw een  17° and 110° u sin g  the rotatin g  c r y s ta l sp ec tro m eter  [ 6 ]  

T y p ica l d istr ib u tio n s at th ree  a n g le s  a re  shown in F ig u re  6, togeth er  w ith  

s im ila r  p attern s taken w ith  the sp ec im en  con ta in er  em pty. F or both 

s e r ie s ,  the fa s t  neutron background w as m on itored  at sh ort in ter v a ls
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by in se r t in g  cadm iu m  in  the beam , and has been su b tracted . The

ap p rox im ate  m agn itu d es of the fa s t neutron  backgrounds a r e  ind icated

by the h o r izo n ta l stra ig h t l in e s . The r eso lu tio n  at the incom ing
_4

en erg y  w as a p p ro x im a te ly  2% in w avelen gth  or 2 x 10 ev.

F ig u re  7 sh ow s an id e a liz e d  p ic tu re  of the sca tter in g  function  

fo r  liquid  argon  at 84. 5°K, obtained from  p attern s s im ila r  to th o se  of 

F ig u re  6.

F or co n v en ien ce  of the ord inate and a b s c is s a  s c a le s ,  the data

a r e  p resen ted  a s  S(Q,X ') in stea d  of S(Q, w). R eso lu tion  fu n ction s a re

°  -1shown fo r  Q = 0 and Q = 2A .

We had co n s id era b le  d ifficu lty  fro m  m o re  or l e s s  tr iv ia l c a u se s  

in th e se  e x p er im en ts , and th ey  have taken quite a lot of t im e . T h is  

w a s p a rtly  due to  a m ista k e  in the b a sic  d esig n  w hich  m ay be w orth  

recou n tin g . In a l l  our ex p er im en ts  w e have been  v e r y  con cern ed  w ith  

the in flu en ce  of m u ltip le  sca tter in g , and in th is  ex p erim en t w e took good  

c a r e  that th ere  w as v e r y  little ; in fact w e e s t im a te  that m u ltip le  s c a t te r 

ing am oiints to on ly  about 3% of the p r im a r y  sca tter in g  at la r g er  Q 's.

We a ch iev ed  th is  low le v e l  by putting h o r izo n ta l cadm ium  a b so r b e rs  in  

the argon  sp ec im en  ch am b er, a s  su g g ested  to one of us by D r. G. H. 

V ineyard  (p r iv a te  com m u n ication ), but in e lim in a tin g  m u ltip le  sca tter in g  

w e a lso  e lim in a ted  too m uch of the p r im a ry  sca tter in g . A s a r e s u lt  the  

s ta t is t ic s  a r e  not a s  good as w e would have w ish ed , and the background
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su b tra c tio n s  a re  not a s  a c cu ra te . Not on ly  th is  but the counting t im e s  

w e re  so  long that d ifficu lty  w as encountered  in gettin g  su ffic ien tly  

co m p atib le  ex p er im en ta l resu lts^  due to equipm ent fa ilu r e s  and 

ch a n g es. N e v e r th e le s s , w e think that th e r e s u lt s  a re  su ffic ien tly  a c cu 

ra te  that w e w ill  have e r r o r s  of on ly  5%, or at w o rst 10%, in the tr a n s 

form ed  q u an tities  in the r eg io n s  of in te r e s t .

F ig u re  8(a) sh ow s the fu ll w idth at half m axim um  of the cu rv es  

of F ig u re  7, c o r r e c te d  fo r  r e so lu t io n , and p lotted  a s  a function of Q, 

w ith b a rs  in d icatin g  e stim a ted  e r r o r s  in W and reso lu tio n  in Q.

F ig u re  8(b) sh ow s the in tegra ted  in ten sity . At sm a ll Q the s c a t 

te r in g  c o m e s  la r g e ly  from  the in coh eren t com ponent of the sca tter in g  

c r o s s  sec tio n . In th is  reg io n  th e w idth has ap p rox im ately  the value

2 r ,
21iDQ ex p ected  [ 2J fro m  d iffu sion , u sin g  the value of the c o e ffic ien t of

- 5 2s e lf -d if fu s io n  D = 1. 53 x 10 cm  / s e c  m ea su red  by C in i-C a sta g n o li and

R ic c i [ 10] . (It should  be pointed  out, h o w ever, that other w o rk ers  [ 11]

have g iven  v a lu e s  about 30% h ig h e r .)

At la r g e r  v a lu e s  of Q, in  th e reg io n  of the f ir s t  d iffraction  peak,

th e sc a tte r in g  is  p red om in an tly  co h eren t, and the coh erent narrow ing

°  -1of the en erg y  d istr ib u tion  is  v is ib le .  In the reg ion  of Q = 1. 5 A the  

w idth m a k es  a tr a n s it io n  betw een  the tw o ty p es  of behaviour a s  the s c a t 

te r in g  ch an ges fro m  p red om in an tly  in coh eren t at sm a ll Q, to coh erent in 

th e v ic in ity  of the peak.
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The n arrow in g  of the d istr ib u tion  due to  c o h e re n c e , p red ic ted  

by D eG ennes [1 2 ]  and o b serv ed  e a r lie r  in liquid lead  [ 13] , i s  str ik in g . 

(T h is  en tire  phenom enon, it should  be n oted , i s  o u tsid e  the sco p e  of 

the con volu tion  ap p roxim ation  [ 8 ] . )

We hope to  co m p le te  th e se  ex p er im en ts  by extend in g the range  

of Q, and to  have in the n ear  fu ture co m p le te  sca tter in g  and c o rr e la tio n  

fu n ction s fo r  liquid argon  n ea r  the m e ltin g  tem p era tu re .

4. A SEARCH FOR PHONONS IN LIQUID TIN

F in a lly  w e d is c u s s  an ex p er im en t d esig n ed  to  study the qu estion  

"Is a liquid d y n a m ica lly  lik e  a so lid  in any r e a lis t ic  and quantitative  

s e n se ? "  F ro m  the ex p er im en ts  of L a rsso n  et a l. [ 14] in p a r tic u la r , 

it i s  known that the freq u en cy  d istr ib u tio n  (in  th e s e n se  of E g e lsta ff  [ 15] ) 

fo r  th e liqu id , m u st be v e r y  s im ila r  to  that for  the so lid . In our v iew , 

h o w ev er , th is  fact d o es  not p rov id e  an an sw er  to the q u estion  posed; a 

liquid  h as rough ly  the sa m e vo lu m e a s  th e co rresp o n d in g  so lid , the 

p o ten tia ls  betw een  the a to m s in the liquid  a r e  the sa m e  as  th o se  in the  

so lid , so  th e m o tio n s a r e  n e c e s s a r i ly  co n stra in ed  in m uch the sa m e  w ay  

and the F o u r ier  com p on en ts of the m otion  m u st be n e a r ly  the sam e for  

the tw o. The r e a l q u estion  can be p o sed  a s  "D oes th er e  e x is t  in a 

c la s s ic a l  liquid  so m eth in g  akin to the d isp e r s io n  r e la tio n  fo r  the n orm al 

m o d es of a so lid ? "  S in ce a liquid is  iso tr o p ic  th e d isp e r s io n  cu rv e  - if  

it e x is t s  - can  depend on ly  on the m agn itu d es of Q.
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4
F o r  the quantum liquid He it i s  known that such a d isp ers io n  

r e la tio n  e x is t s .  E x p erim en ts  by P a lev sk y  et a l. [ 16] at Stockholm , 

Y a rn e ll et a l. [1 7 ]  at L os A la m o s, and H enshaw et a l. [ 18] at Chalk 

R iv er , a re  in v e r y  good ag reem en t a s  to  the form  of the cu rve. F igu re  

9 show s the p o in ts of Y a rn e ll et a l. a s  c r o s s e s  and of Henshaw and 

W oods a s  c lo se d  c ir c le s .  The in tegra ted  in ten sity  (s tru c tu re  factor) 

of the liquid as m ea su red  by H enshaw [1 9 ] is  a lso  show n, a s  open 

c ir c le s .  The d isp e r s io n  cu rv e  s ta r ts  at sm a ll Q w ith the s lop e  given  

by the m ea su red  v e lo c ity  of soiind, sh ow s a m axim um  at the p osition  

of the f ir s t  zone boundary* in the liqu id , fa lls  ra th er  sy m m e tr ica lly  

on the other s id e  o f the zone boundary to  a m in im um  near the stru ctu re  

fa c to r  m axim u m , then r i s e s  again  tow ard s a p o ss ib le  second  m axim um  

n ear  th e s tru ctu re  fa c to r  m in im u m , a l l  in ra th er  c lo s e  analogy to the 

behaviour of the d isp e r s io n  cu rv e  in a c r y s ta l.

The q u estion  to  be an sw ered  by the ex p er im en ts  is : "Can we 

s e e  at le a s t  v e s t ig e s  of such  a d isp e r s io n  cu rve in a c la s s ic a l  liqu id?"

We know that longitud inal sound w a v es  can be propagated  in a liquid so  

w e know that th e in it ia l part of the d isp e r s io n  cu rve  e x is t s .  We know 

that fo r  at le a s t  so m e  s o lid s , at tem p era tu res  near the m eltin g  te m p e r a 

tu re , the phonons for w ave v e c to r s  n ear  the zone boundary are  v e ry  m uch

The sp h e r ic a l zone is  defined to contain  one d eg ree  of fr e e d o ^  per  
atom . F o r  liquid h eliu m  at 1. 15°K th is  lead s to a value 1. 09 A '^ fo r  
the zone boundary.
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en erg y  broadened due to  sh ort l i fe t im e s  for  the phonons. In a liquid  

the life t im e  of a phonon can h ard ly  be lon ger  than that for  the c o r r e s 

ponding phonon in the so lid , so  w e exp ect any phonon groups n ear  to , or  

beyond, the f ir s t  zone boundary, to be v e r y  broad at b est.

Liquid tin  w as s e le c te d  a s  th e su b ject for th e ex p er im en ts  b e 

ca u se  it i s  a con ven ien t m a ter ia l w h o se  sca tter in g  i s  a lm o st co m p le te ly  

co h eren t, and e s p e c ia lly  b eca u se  of the fact that one can red u ce  m u ltip le  

sca tter in g  e ffe c ts  in liquid tin  by d is so lv in g  cadm ium  in it w ithout m uch  

a lte r in g  oth er p r o p e r tie s  of the liquid. T h is  is  d is c u s se d  in d e ta il la ter .

F ig u re  10 in d ica te s  the m ain fa c ts  known a p r io r i about the  

" d isp ersio n  cu rve"  in liquid  tin . It m u st s ta r t off at s m a ll Q w ith the  

s lo p e  g iven  by the v e lo c ity  of sound in liquid tin , 2464 m /s e c ,  and at
O _ 1

the "zone boundary", 1. 28 A , should have an en erg y  c e r ta in ly  no 

g r ea ter  than that co rresp o n d in g  to  the D ehye tem p era tu re  of so lid  (white) 

tin , 170°K. If w e a ccep t a p r e sc r ip tio n  of Mott [ 20] , the D ehye te m p e 

ratu re  of the liquid  w ould be ex p ected  to  be 110°K co rresp o n d in g  to the  

quantum en erg y  in d icated  in the fig u re . The d isp e r s io n  cu rv e  would

then be ex p ected  to bend o ver  sy m m e tr ic a lly  about th e zone boundary

°  -1and tak e a sm a ll en erg y  n ear  the p o s itio n , ~  2. 2 A , of the m ain  d if

fra c tio n  peak.

On th e fig u re  w e have p lotted  s e v e r a l  lin e s  w hich  co rresp o n d  to  

the e n e r g ie s  and w ave v e c to r s  w hich w ould be o b serv ed  in con ven tion a l
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ex p er im en ts  at en erg y  lo s s  for  s e v e r a l  outgoing e n e r g ie s , E ', at a 

sca tter in g  an g le  of 10 d e g r e e s , p erh ap s th e m in im um  rea so n a b le  s c a t 

ter in g  an gle  one can  u se . (At sm a lle r  a n g les  s im ila r  lin e s  would  

occu r to  the le ft of th o se  show n, at la r g e r  a n g le s , to the r ig h t .) Even  

for  E' = 36. 2 m eV  w e could  not o b se rv e  phonons on the lin ea r  part of 

the d isp e r s io n  cu rv e , although w e could  w ith in the f ir s t  zone.

The ex p er im en ts  a r e  m ade d ifficu lt by the fact that w e w ish  to  

study the reg io n  of Q b efore  the f ir s t  d iffraction  peak, the v e ry  reg io n  

that one o rd in a r ily  c o n s id e r s  to  have a lm o st zero  p r im a ry  in ten sity . 

Indeed under o rd in a ry  con d ition s m o st of the sca tter in g  ob serv ed  in 

th is  r eg io n  i s  m u ltip le  sc a tte r in g , so  to study phonons in liq u ids one 

m u st tr y  to m in im iz e  the m u ltip le  sca tter in g , and then m ake a rea so n a b ly  

a ccu ra te  c o rr e c tio n  for  what rem a in s . In our ex p erim en ts  w e used  a 

thin sp ec im en  of tin  (T 87%) in w hich  su ffic ien t cadm ium  (0. 78%) w as  

d is so lv e d  to low er  the tr a n sm is s io n  to about 50%. Cadm ium  d is s o lv e s  

in liquid  tin  to  any am ount, the tw o su b sta n ces  a re  both m e ta ls  w ith  

a p p ro x im a te ly  the sa m e a tom ic  w eigh t, and w e hope that the cadm ium  

a c ts  in liquid tin  s im p ly  a s  another iso to p e  but one that co n v er ts  the tin  

to  an iso to p ic  form  w hich  has a la rg e  ab sorp tion  and th ere fo re  for w hich  

the m u ltip le  sca tter in g  i s  red u ced  [ 21] .

To take background w e p la ce  a du p licate  em pty sp ec im en  co n 

ta in er  at the p o sitio n  of the sp ec im en , and at the sa m e  tim e  p la ce  in the
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beam  a th in  cadm iu m  a b so rb er  w ith ap p ro x im a te ly  the sa m e  tr a n sm is s io n  

a s  the sp ec im en . T h is  is  done a u to m a tica lly  at each  sp e c tro m e te r  p o s i

tion  and background is  su b tracted  d ir e c t ly  fro m  the s ig n a l p o in t-b y -p o in t. 

By th is  m ea n s  w e obtain  a background c o rr e c tio n  w hich  ta k es  a ccu ra te  

account in one op era tion  of the fa s t neutron background and of con ta in er  

and a ir  sca tter in g .

0 - 1F ig u re  11 sh ow s a p r e lim in a ry  se t of r e s u lt s  obtained at Q = 1. 4 A 

0 - 1
and 1. 8 A (a fter  background subtraction ) u sin g  th e con stan t Q m ethod  

and the tr ip le  a x is  sp e c tr o m e te r  [ 6] . The dashed  c u r v e s  rep re sen t  

m u ltip le  sca tte r in g  com puted in an ap p roxim ation  w hich  a ssu m ed  that 

two sc a tte r in g s  o c cu rr e d , both at a n g le s  of sca tte r in g  of 90°, and that 

the en erg y  d istr ib u tio n  for  each  sca tter in g  w a s  that fo r  a tin  g a s  at 250°C. 

Even w ith  th is  im p roved  sp ec im en , m o st of the sca tte r in g  s e e m s  to  be 

m u ltip le  sca tter in g . If sharp phonons e x is te d  in th e  liquid  w e c a lcu la te  

that th ey  should  be seen  w ith  the in ten sity  and ap p rox im ate  shape in d i

ca ted  by th e tr ia n g le s . At Q = 1. 8 A  ̂ it i s  c le a r  that th ere  a r e  no sharp

phonons in  the reg io n  of in te r e s t  but, a s  d is c u s se d  e a r l ie r ,  w e do not

°  - 1exp ect sharp phonons anyw ay. At Q = 1. 4 A th er e  a r e  no sharp phonons 

below  about 10 m eV , w hich at any r a te  is  above the Mott e s t im a te . The 

s ta t is t ic s  and a c cu ra c y  of the ex p er im en ts  done so  far  do not a llow  m o re  

d efin ite  s ta te m e n ts  to  be m ad e. We have p a ttern s w ith  b etter  s ta t is t ic s  

but the e x p er im en ts  w e r e  in terru p ted  b efore  the a b so lu te  n orm a liza tio n
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n e c e s s a r y  could  be c a r r ie d  out. We hope that the com p leted  e x p e r i

m en ts  w ill  a llow  con v in c in g  ev id en ce  to  be produced for  what w e think  

i s  the c a se ; that th er e  a r e  no sharp  phonon groups near the zone boun

d ary , but ra th er  a continuous d istr ib u tion  of in ten sity  (w ith perhaps  

so m e  s lig h t s tru c tu re). We think that the q u a s i-e la s t ic  sca tter in g  

o b serv ed  in F ig u re  11 i s  p robab ly  ju st the r e su lt  of an ex tr em e ly  broad  

phonon lin e , a lin e  so  broadened that th ere  i s  l it t le  s e n se  in ca llin g  it a 

phonon at a ll.
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FIGURE CAPTIONS

F ig . 1. E n ergy  d istr ib u tio n s from  w ater  at 6°C and 24. 5°C and

from  ic e  at -50°C  (open c ir c le s )  (R ef. (3)).

O
F ig . 2. W avelength d istr ib u tio n  of 4. 06 A neutrons sca ttered  by

room  tem p era tu re  w ater  (Sakam oto et a l. , Ref. (5)).

The r eso lu tio n  fu nction , a s  m ea su red  by e la s t ic  sca tter in g  

from  vanadium , is  show n a s  open c ir c le s .

F ig . 3. The sca tter in g  function  S (Q ,u ) for  w ater  at 25°C and 75°C

(Sakam oto et a l. , R ef. (5)). The reso lu tio n  fu nctions are  

shown a s  dashed c u r v e s .

F ig . 4. The s e lf -c o r r e la t io n  function  G ( r , t )  fo r  w ater  at 25°C ands

75°C.
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F ig . 5. M ean sq u are d isp la cem en t of p roton s in w a ter  at 25°C and

75°C a s  a function  of t im e  (Sakam oto et a l, , R ef. (5)).

F ig . 6. E n ergy  d istr ib u tio n s fro m  liquid  argon  at 3 a n g les  of

sca tter in g .

F ig , 7. S ca tter in g  function  S(Q, X ') fo r  liquid  argon .

F ig . 8. (a) E n erg y  w idth of sca tte r in g  fu nction , c o r r e c te d  for

r eso lu tio n .

(b) In tegrated  in ten sity  a s  function  of Q.

4
F ig . 9. The d isp e r s io n  cu rv e  and in teg ra ted  in ten sity  for  liquid  He .

F ig . 10. Inform ation  on " d isp ersio n  curve"  in liquid  tin  and e x p e r i

m en ta l co n stru c tio n s .

F ig . 11. E n ergy  d istr ib u tio n s  fro m  liquid  Sn at Q = 1. 4 and 1. 8 A \
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