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R E L A X A T I O N  IN 

An e x p r e s s i o n  is obtained for the t ime  of longitudinal nuc lear  sp in- la t t i ce  re laxat ion  in t e r m s  
of the s p e c t r a l  in tens i t ies  of c o r r e l a t i o n  functions. The l ibron s u b s y s t e m  plays  the role  of 
the la t t ice .  The co r r e l a t i on  functions of the l ibron s u b s y s t e m  a re  ca lcula ted  in the random 
phase  approximat ion .  

1. I N T R O D U C T I O N  

Grea t  i n t e re s t  has r ecen t ly  been evinced [2-4] for invest igat ions of the nature  of e l e m e n t a r y  exc i t a -  
t ions in solid o r thohydrogen  below the phase  t rans i t ion  point [1]. Apar t  f rom its own physica l  impor tance ,  
this s y s t e m  is also in te res t ing  f rom the point of view of the genera l  many-body  theory  in that  it is ano ther  
model  in which a phase  t rans i t ion  is poss ib le  [5-9]. 

Calculat ions show [2-4] that definite col lec t ive  exci ta t ions  ex is t  below the t rans i t ion  point. These  
exci ta t ions ,  which a r e  known as l ibrons ,  a re  due to the i n t e r m o l e c u l a r  quad rupo le -quad rupo le  interact ion.  
These quas ipa r t i c l e s  a re  "rotat ional  waves"  in the sense  that  they propaga te  like a wave and a re  a s soc ia t ed  
with the exci ta t ion of ro ta t ional  deg ree s  of f reedom.  However ,  s ince the ave rage  value of the angular  
m o m e n t u m  of each hydrogen molecule  vanishes  in the l o w - t e m p e r a t u r e  region,  one should speak  r a t h e r  of 
l ibera t ional  motion and not rotation.  In o ther  words ,  the q u a d r u p o l e -  quadrupole in terac t ion  slows down 
the rota t ion of the molecu les  to a s l ight  extent,  doing this in such a way that  the total  angular  momen tu m of 
each  molecule  r e m a i n s  the s ame  (i. e . ,  J : 1) but the z component  of the angular  momen tum va r i e s .  

No d i rec t  expe r imen ta l  conf i rmat ion  of the exis tence  of l ibrons has yet  been made [10, 11]. It is 
t h e r e f o r e  impor tan t  to make fu r the r  theore t i ca l  and expe r imen ta l  invest igat ions of p r o c e s s e s  in solid hy- 
drogen such as sp in - la t t i ce  re laxa t ion  [12-15], nuclear  magnet ic  r e sonance  [16], in f ra red  absorp t ion  [17], 
e tc .  

In the p r e s e n t  pape r  we shall  study the longitudinal re laxa t ion  of the s u b s y s t e m  of nuclear  spins r e -  
sult ing f rom its in te rac t ion  with the l ibron subsys t em,  which is t r e a t e d  in the random phase approximat ion .  

In studying this p rob lem,  Homma [13] t r ea t ed  the l ibroa  s u b s y s t e m  in an approximat ion  analogous to 
the G o l ' s h t e i n - P r i m a k o v  method in the theory  of spin waves .  The o r d e r  of magnitude of the re laxa t ion  
t ime  obtained by Homma is conf i rmed  qual i ta t ively  by the e x p e r i m e n t a l  r e su l t s  [15]. P rev ious ly ,  nuc lear  
sp in - l a t t i ce  re laxat ion  was cons idered  by Moriya and Motizuki [12] and Ha r r i s  and Hunt [14] for  t e m p e r a -  
t u re s  above the phase  t rans i t ion .  A number  of invest igat ions into sp in - la t t i ce  re laxa t ion  have been made 
by Sung [18-20] for dilute sol ids solut ions of hydrogen and hydrogen and deuter ium.  

Following Moriya  and Motizuki [12]~ we a s s u m e  the following re laxa t ion  m e c h a n i s m s :  1) i n t r amo le -  
cu la r  d ipo le -d ipo le  in te rac t ion  and IoJ coupling modulated by the i n t e r m o l e c u l a r  quadrupo le -quadrupo le  in- 
t e rac t ion ;  2) i n t e r m o l e c u l a r  d i p o l e - d i p o l e  in te rac t ion  modulated by the la t t ice  v ibra t ions .  However ,  the 
second m e c h a n i s m  makes  a smal l  contr ibut ion c o m p a r e d  with the f i r s t  [13], and we shall  t he re fo re  r e s t r i c t  
o u r s e l v e s  to the f i r s t  re laxa t ion  mechan i sm.  In the l o w - t e m p e r a t u r e  phase,  one can say  that re laxa t ion  
occu r s  as a r e su l t  of i ne l a s t i c  s ca t t e r i ng  of l ibrons by nuclear  spins.  The main  contr ibution is made by 
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Raman p r o c e s s e s  and d i rec t  p r o c e s s e s  a r e  forbidden since the ene rgy  gap in the l ibron s p e c t r u m  is of  the 
o r d e r  of 10~ which is much g r e a t e r  than the dis tance between the nuc lear  Zeeman  levels .  

In Section 2, we calcula te  the co r r e l a t i on  functions for  the l ibron subsys t em in the random phase 
approximat ion .  Equations a r e  obtained for  the o rde r ing  p a r a m e t e r .  In Section 3, we obtain an expres s ion  
for the t ime  of longitudinal nuc lear  sp in- la t t i ce  re laxa t ion  in t e r m s  of the spec t r a l  in tens i t ies  of the c o r r e -  
lat ion functions of the lat t ice.  In Section 4, the t ime  of longitudinal sp in - la t t i ce  re laxat ion  is ca lcula ted  for 
t e m p e r a t u r e s  below the phase t rans i t ion  point. 

2. CORRELATI ON FUNCTIONS FOR THE LIBRON SUBSYSTEM 

We shall consider an orthohydrogen crystal below the phase transition point. The Hamiltonian of a 
system of orthohydrogen molecules in the rotational state J = I and coupled by the quadrupole-quadrupole 
interaction can be written in the form [4] 

N : =  -~J i j , re, n = 0 ,  + t ,  §  (1) 
t j  m , n  

m m  
Here ,  7i j a r e  coupling constants  [4], and the o p e r a t o r s  Oi m a re  re la ted  to the o p e r a t o r s  Ji  z '  • in the 

subspace  J = 1 as follows (J• = j x •  iJY): 

O? = 3(L~) ~ -  2, 

0~• ---- Lqi+ + IAI,~, 

O, +-~-= (J,+-)". (la) 

The Hamil tonian (1) is wr i t t en  down in a s y s t e m  of coord ina tes  (henceforth known as  the subla t t ice  sys tem)  
in which the z i axis  of each  molecule  i is d i rec ted  along the s y m m e t r y  axis of the molecule  i. It has been 
found [21-24] that  the m o l e c u l a r  la t t ice  of solid hydrogen below the phase  t rans i t ion  point const t s  of four  
s imple  cubic subla t t ices .  For  each subla t t ice ,  the quantization axes  a r e  al igned along the di f ferent  d ia-  
gonals  of the cubic unit cell  of the f a c e - c e n t e r e d  cubic la t t ice .  

We now go ove r  to the F o u r i e r  r ep r e sen t a t i on  for the o p e r a t o r s  o i m :  

Yt~ = Z Z Z Y'~' (k)Ca ~ (k)O~" ( - -k ) ,  (2) 
T Tr~,n 

where  

v~"g(k)= ~ e:p{~k(R(~) - -R(g)}V~7(R(a) - -R(g) ) ,  
(a)--R (~) 

co ~ (k) = } _  ~ 0 ~ (n ( .))  e:p (-- ik. R (~)). 
V N a (~) 

Here, (~ and fl are the subscripts of the sublattices, c~, fl = I, 2, 3, 4, and N is the number of uni~ cells in 
the crystal. We note that the set of operators {oim , Ji z' +} forms an algebra (see Table i). It is there- 
fore convenient to introduce the following notation: 

1o,"', o?]  = K,.o(L)~,~, 
[.1; "~, 07]  ----' L, . . (O,)~,j ,  (3) 

where  Kmn(Ji) and Lmn(Oi) a re  ce r t a in  functions of the o p e r a t o r s  JiZ'  • and Oi m,  r e spec t ive ly ,  whose 
specif ic  fo rm depends on the values  of the subsc r ip t s  m and n. 

The equations of motion are 

V N  q,-~,~,., 

We l inea r i ze  these  equat ions,  using the random phase  approx imat ion :  

K~,..(Y~,(k + q))Of"(--q)  ~_. K,.m,(/~(k + q)) <O,'~'(--q) > --}- <K:.~,(]~(k -4- q)) >O,'*~(--q), 

L,.,., (O~(k -k- q))O~'~'(--q) ~ L . . . , (O~(k+  q))<Oa"'(--q)> + (L..=,(Oo~(k+q))>O~'(--q).  

(4) 

(5) 

(6) 

(7) 
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TABLE 1 

O~ 

(90 0 
O + X  _ 3J + 
0 -x 3J- 
0 *~ 0 
0 -~ 0 
J+ _ 30 +l 
J ,  30-t 
j z  0 

O+t 

3J+ 
0 

__ 2 , I  z 

o 
2J- 

_ 2 0 + ~  

- -  2 0 ~  

0+~ 

- -  3 J -  

2 J  z 

0 

- -  2J* 

0 

2O o 

20-~ 

0-1 

O+, 

o 
0 

2j + 
o 

- -  It.] z 

o 
- -  20§ 

204 ' 

0- '  

o 

4J* 

0 

20-i 

0 
_ 2 0 - ~  

J+ 

3 0 + 1  

2 0  ~ 

__ 20-I 

0 

__ 2 J  z 

J+ 

j -  

_ 3 0 - I  

4o =-' I 
gjz 

0 
_ , j r -  

j z  

0 
- -  O~1 

0 - I  

_ 2 0 + ~  

2 0 - '  

j -  

0 

Taking into account the resu l t s  of calculat ions in the molecu la r  field approximation,  we also assume (see 
[3, 51) 

<O~(k)> == 0, n=#0; <Ia" (k) > ----- 0. (8) 

Using (6): (8), we t r a n s f o r m  Eqs. (4) and (5) to the form 

dO~X (k) 19F r :F i - ~  ~ -T - 2 - ~  (k) <0o>, 
r 

- -  v . ~  (k)Of (k )  , O~(k) + ~ • 

where  we have introduced the notation 

(9) 

(101 

OO t9 F ~ u 
t2 

We have r e s t r i c t ed  ourse lves  to the nea res t -ne ighbor  approximation [4] (allowance for  the nex t -nea re s t  
neighbors  [25] does not lead to significant changes).  

F rom (9) and (10) we deduce the equation 

d~Ja+(k) - (   tgrz~176 (k) J f  (k) -T '@ +l (k) ] f  (k)) . 
d t  ~ = ~. 

We introduce the notation (see also [41) 

4 +l.-x 4 
fa~(k) = i ~  u (k), ] ~ ( k ) =  t ~  u § 

~(k) = 

and also 

+1 +1 ~ 1 

d.x-(k) i {cx(k) 

J, (k)l = 

+.I + (k) I 
J,+ (k)J Los(k) 

, ~ (k) = 

](k) --~(k)], 

-- ~"(k) ?'(k) .I 

~r (k )=  (i29-~F <O~ -~-2F-(k)] 

(here, the b a r  denotes ma t r ix  quantit ies).  

In o r d e r  to calculate  the co r re l a t ion  functions, we shall use the method of Green ' s  functions [26]. 

(11) 

(12) 

(13) 

We introduce the Green ' s  function 

G(E, k) ----- <<C(k)IC+(k))>~, 

which sat isf ies  the equation 
- -  i 

E 2 G  ( E ,  k) = ~-~ {E < [C (k), 0 + (k)]> + <tIE (k), ~1 ~+ (k)]> + ~ (k) G (k, E)}. (14) 
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Fur the r ,  we introduce the diagenal iz ing m a t r i x  ~r V- l (k )  = V+ (k), 

~[~ 2~'  ~ Y(k)~ \ - Z  -V*(k ) /~ (k )V(k) :  (0  ~ + (k) (k) = (O~ [ i - ~ 2 ~ ( k ) ]  = ~ ( k ) .  (15) 

Here ,  ~o2(k) is a diagonal  m a t r i x  with the e l emen t s  

o)~ ~(k)= l__F(O0) s~ 2(k), ~ = 1 ,  2 , . . . ,  8; 

where  ~ ( k ) _ a r e  the e igenvalues  of the ma t r ix  [1 + 2~-(k)]; w#(k) a re  the l ibron f requencies ,  which, like 
the m a t r i x  V(k), mus t  be found numer ica l ly .  E s t i m a t e s  show [2-4] that for k = 0 and T = 0~ the ene rgy  
gap in the l ibron s p e c t r u m  is of o r d e r  10~ and that  the width of the l ibron band is of o rde r  4-5~ One 
can new read i ly  obtain equations for  the Green ' s  functions of the o p e r a t e r s  J~: (k). As an example ,  we give 
one ef  the equationsi  

Making the s tandard  calcula t ions  [26], we obtain exp res s ions  for the spec t r a l  in tensi t ies  of the c o r -  
re la t ion  functions,  which we denote by 

We have 

/S+(k)j ~'(_k)(C0) = I,+s-(03, k, a). 

Is+s+ (o ,  k ,  a)  = i ~  e~ "~ - -  t 

_ 2 E f8 (~ - ~ 0 x ( k ) )  

,~ (,o + ox (k)) t 
e -~--{  j ,  (16) 

(~ + ~x (k)) i 6 
e-~--: { ) �9 (17) 

These spec t r a l  in tens i t ies  will be needed l a t e r  te ca lcula te  the re laxa t ion  t ime.  

We shal l  a l so  obtain an equation for  the s o - c a l l e d  "order ing  p a r a m e t e r "  ( O ~  
the re la t ions  J - J+  + J + J -  = 2(I j l2-(JZ) 2) and (la). 

The following equation holds: 

2 Is+s-(r k, a)do = T ( 4 -  (O~ 
4N a, k_oo 

Using (17), we obtain 

To this end, we use  

(O ~ ) : 4 -- ~- (O ~ ) ex (k) cth ~ (0  ~ ex (k), (18) 

where  N o = 4N is the number  of e r thohydrogen  molecu les  in the c rys ta l .  Our r e su l t  c o r r e s p o n d s  to the 
analogous equation of [3] but d i f fers  f rom the co r respond ing  equation ef  Raich and E t t e r s  [4]. This  d i f fe r -  
enc~ is cvid0ntly due to the fact that  Raich and E t t e r s  did net use the o p e r a t o r s  j z ,  �9 te inves t igate  the 
l ibron s u b s y s t e m  but ce r t a in  o ther  o p e r a t o r s  whose co r r e l a t i on  functions were  ca lcula ted  en the bas i s  of 
Wal lace ' s  s t a t i s t i ca l  method (see [4]). 

Setting w#(k) = 1 in Eq. (18), we obtain the weIl-known resu l t s  ef  m o l e c u l a r  field theory  [5]. The 
r e su l t s  of [3, 4]and the p r e s en t  pape r  a r e  evidently s i m i l a r ,  s ince in all  these  inves t igat ions  the e x p r e s s i e n  
for  ( O  ~ ) ca lcula ted  at  T = 0~ d i f fe rs  by only a few pe rcen t  f rom the r e su l t s  obtained in the m o l e c u l a r  
field approximat ion .  

3. DERIVATION OF AN EXPRESSION FOR THE RECIPROCAL TIME 

OF LONGITUDINAL NUCLEAR SPIN-LATTICE RELAXATION 

Bearing in mind the relaxation mechanism discussed in Section i, we write the Hamiltoniaa of an 
orthehydregen molecule in an external static magnetic field H 0 as fellows [12]: 

(19) 
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Here, 9~, = - a I Z - b J  z is the Zeeman Hamiltonian; I = I 0) + I (2) is the opera tor  of the total nuclear  spin of 
the or thohydrogen molecule;  9~,~= - c . I . J  is the Hamiltonian of the I .J  interaction; 

t (~ .  r ~(~). r I(L) ~(~} 
71(,,,, : -- 5d 3 - r  . . . . . .  r . . . .  (20) 

is the Itamiltonian of the in t ramolecular  dipole - d i p o l e  interact ion of the nuclear spins of the protons in 
the molecule;  and r is the distance between them. We use the notation 

~ J  
a = 2rt~Ho, b -~- J" He. 

c -= 2~iH', d -~- ~ t ,~r  "3) 

(the determinat ion and numerica l  values of these quantities are  d iscussed in [12~]). 

The  Hamiltonian (19) determines  the profile of the nuclear  magnetic resonance line in solid hydrogen 
and leads to relaxation p rocesses .  It can be conveniently represen ted  in the form 

V : - - d , J ! I  ~ -  c - - - ~ d  I . J + 3 d ( I . J )  2. (21) 

Using the nonequilibrium sta t is t ical  opera to r  method of Zubarev [28], one can show [27] that the probabil i-  
t ies of t ransi t ions  between states with different I z = m can be represen ted  in the f o r m  of spec t ra l  intensi-  
t ies  of the cor re la t ion  functions of t h e  lattice opera tors  alone. We shall assume that the state of the spin 
System is cha rac t e r i zed  by the spin t empera tu re  /3 s. Then the t ime of longitudinal spin-lat t ice relaxation 
is de termined as follows: 

dt T1 ' 

Z (m -- mtyW,.-~, 
l I m ,  ~'t  I , ( 2 2 )  

T~ 2 ~ ,  m" 
rn  

where - 1  ~ m and m~ -< 1 and Wm__,m~ are the t ransi t ion probabil i t ies expressed  in t e r m s  of the spec t ra l  
intensit ies.  Using the method of [27], we represen t  the express ion  (22) in the form 

T--T = - ~  du(O-l(R(a))lO~(R(cO))a+ -2- d2 (O-~(R ((z)) I (R (r + ~-<J  (R(a))[ J+(R(a)))~ �9 (23) 

Here, < . . .  ] . . .  > a is the t ime Four i e r  t r ans fo rm of the corresponding cor re la t ion  function taken at the point 
w = a. Since a is ve ry  smal l  compared  with the libron energies ,  we shall henceforth assume tha t i tvan i shes .  

The express ion  (23) is wri t ten down in a coordinate sys tem rela ted to the external  magnetic field. 
We note that it can be reduced to the express ion  used in [12]. In o rde r  to calculate the relaxation t ime 
below the phase t rans i t ion  point, we write the relat ion (24) in the sublattice coordinate sys tem 

y', a~ [w~,-2 o" = L ~'m <O n (n (~)) l (n (~))>~ 
�9 R (a )  m ,  n = - - ~  

1 

~-Tt  R~l,~,~_t (o  ~ (R (a)) i o~ (n  (a)))~ + T - . ,  m 

Here,  we have introduced the notation 

R,,m (a) ---- ~ D,~,,, ((p(~, On, O) D~,,,. (%, 0r 0), 

m, n = +__2, ___+i, 0, 

A~ = --'-5- \ ' - ~  ) ' A+~ = ~ - - ~ -  I, 2a ) ' A• ---- - - - - ~  ( , . -~  ) , 

~,,~, B,~B,,, D~, T.~ (a) = ~ ..~ (tpa, On, O ) n ~ .  (cpa, On, 0), 
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{ 3 ~v, 3 ,~", . 
] / ~ '  

w h e r e  0a  and ~a  a re  the ax ia l  and az imutha l  angles  of  the quant iza t ion  axis  in the sub la t t i ce  ~,. 

4 .  C A L C U L A T I O N  O F  T H E  T I M E  O F  S P I N - L A T T I C E  R E L A X A T I O N  

B E L O W  T H E  P H A S E  T R A N S I T I O N  P O I N T  

The s p e c t r a l  in tens i t i e s  of the c o r r e l a t i o n  funct ions o c c u r r i n g  in Eq. (24) can  onty be ca lcu la ted  with 
di f f icul ty  on the b a s i s  of the r a n d o m  phase  app rox ima t ion  deve loped  in Sect ion 2. The d i f f icu l t ies  that  a r i s e  
a r e  of  the s a m e  na tu re  as  those  in the ca lcu la t ion  of  a c o r r e l a t i o n  funct ion of the " d e n s i t y - d c n s i W "  type in 
the H e i s e n b e r g  model .  We f i r s t  wr i t e  the e x p r e s s i o n  (24) in the f o r m  

i -+I -~ ,] __ 2 n ~ - ~  [ 9d' ~ [R*"-2(a) -}--~--/~='. (a)] 
T: - N ~ . ~ : T  __~+,,o[ . . . . .  

k, CL 

+:-: c~ k)),~=o} • <od' (k) I 0,," (--  k)),~=o + Too --~ (Ja z (k) I Ja' (-- �9 (25) 

Att the s p e c t r a l  in tens i t i e s  with m,  n = ~1 have been  omi t t ed  s ince  they  a r e  not r e s p o n s i b l e  fo r  R a m a n  
p r o c e s s e s .  In o r d e r  to ca lcu la t e  the s p e c t r a l  in tens i t i es  tha t  o c c u r  in this e x p r e s s i o n ,  we adopt  an a p p r o x -  
ima t ion  of the fol lowing type.  Cons ide r ,  for  example ,  < Oa-2(k) IOa+2(-k)>  w =0 

(On (k) a ( - - k , t ) ) d t  
k - -co  

# 2 2  
k q ,  q ~ - - o o  

2 
"~--ff~E : d~176 k - q '  a)Ia+a-(c~ q' a)' (26) 

k ,  q- - -co  

i. e . ,  we sha l l  ignore  the fourfold  c o r r e l a t o r s  of the o p e r a t o r s  J•  which  cannot  be e x p r e s s e d  in t e r m s  of  
b i n a r y  c o r r e l a t o r s .  As an example ,  we shal l  a l so  ca lcu la t e  ( O n ~  (k)Oa ~ ( -k ) )w = 0: 

9 

k ~ k ,  q 
c~3 

• Is+z- (o, q, a) + f d~Ia+a- (-- o~, k -- q, a)I*s+a+(r q, a)}. (27) 
- -oo  

All the c o r r e l a t i o n  funct ions o c c u r r i n g  in the e x p r e s s i o n  (25) can  be r e p r e s e n t e d  in the f o r m  of  fourfold  
c o r r e l a t o r s  of  the o p e r a t o r s  J+ and e s t i m a t e d  in a c c o r d a n c e  with t he i r  type  by (26) and (27). 

As an example ,  we give one e x p r e s s i o n  for  the convolu t ion  of s p e c t r a l  in tens i t i e s :  

Z I s+ j - ( - -  co, k--q, ct)Ir+z- (r a)do~= , IV.x(k-- q)[2lV.x.(q)] 2 
k , q  - -co  k , q  X,X" 

[ef~X'(q) q - e ~'~ (ox (k - -  q) coX, (q) 5 ((ox (k --  q) - -  ~ox, (q)). (28) 
X (e r~x(k-q) - -  l) (e e~x'(q) --  1 ) 

We in t roduce  the notat ion k - q  = k; q = kl; z = - 1 9 T / 2  ( O ~  We make  the subs t i tu t ion  

N- ~ dak, 
k ~*  

w h e r e  ~]* is the vo lume  of the f i r s t  Br i l lou in  zone and ~ is the vo lume of the unit  cell .  

Equat ion  (28) can then be r e w r i t t e n  in the f o r m  

2 ~2 
dak: Z l Vttx Vax, (k:) ]~ Fxx, (k, kl), (29) t9r <~176 ~ I d3k (k)i~l 

w h e r e  

(e ~z'x(k) + e ~"x'(k')) ex (k) ex, (k:) 
F}~x" (k, k l )  = (e ~zex(k) - -  i)  (e ~Z~x'(k') - -  i) 5 [ex (k) - -  ex. (kl)]. (30) 
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Calculat ing the spec t r a l  in tensi t ies  of the type (26) and (27) that occur  in the re la t ion  (25) and wri t ing the 
co r respond ing  convolutions in accordance  with (29), we r e p r e s e n t  the express ion  (25) in the fo rm 

t 18:~d ~ -q~ 
T----~ = -Tg--P -I (0~  I "" ~-~ ~ d3kdak~ Gxx, (k, k~) Fxx, (k, k~). (31) 

X,X' f~ 

The quantity GXx,(k, kt) depends onthe e lements  of the m a t r i c e s  R and V (see the Appendix) and, hence, on 
the la t t ice  s t ruc tu re .  In o r d e r  to s epa ra t e  expl ic i t ly  the t e m p e r a t u r e  factor ,  we shall  a s sume  that the 
dependence of G~k,(k, kl) on k and k 1 can be neglected.  Introducing the spec t rum densi t ies  (see also [13]) 

we obtain finally 

where  

gx {~) = ~ ,x( )=, I VkBx {k) t ' 

t 18gd 2 2 
T--T = I T  t <0~ t Cxx,Fxx, (13), (32) 

Xk" 

emax e~Zt (* de 
Fxx,(~) = 2 ,~ 

tmin (e ~* Z ])2 8~gx (8) gx' (8), 

( e m a x - e m i n )  is the width of the band of l ibron waves  and GXX, is  a fac tor  connected with the lat t ice s t r u c -  
tu re .  

5.  D I S C U S S I O N  

Thus, we have obtained exp res s ions  for  the r ec ip roca l  t ime  of longitudinal nuc lear  sp in- la t t ice  r e l ax -  
ation in s olid~orthohydrogen in t e r m s  of the spec t r a l  intensi t ies .  These a re  v e r y  convenient  for  studying 
re laxa t ion  p rob l ems .  The calcula ted  re la t ion  for  the re laxat ion  t ime  (31) enables  one to cons ider  this p ro -  
c e s s  in a wider  range of t e m p e r a t u r e s  than was poss ib le  in [18]. Es t ima te s  of the o r d e r  of magnitude of 
the re laxa t ion  t ime  ag ree  with H o m m a ' s  r e su l t  [13]. Our r e su l t s  a r e  based  on a number  of s impl i fying 
a s sumpt ions ,  such as ,  for example ,  (26) and (27), and they a r e  t he re fo re  of a quali tat ive nature .  

In a l a t e r  paper ,  we intend to give the r e su l t s  of some  numer i ca l  calculat ions and e s t i m a t e s .  

Final ly ,  we should like to point out that  our  r e su l t s  obtained in Section 2 give a ve ry  convenient  and 
fairlY s imple  method for t r ea t ing  the l ibron s u b s y s t e m  on the bas i s  of the r andom phase approximat ion.  

We should like to thank D. N. Zubarev  and N. M. Plakida for  a ss i s t ing  in the invest igation.  We a r e  
gra tefu l  to B. V. Vasf l ' ev  and V. B. P r i e z z h e v  for  d i scuss ions .  

A p p e n d i x  

T h e e x a c t  exp re s s ion  for Gkk,(k, k 0 has the fo rm 

= ,~ -2 ~ ({0] (v~ ,  (k) V~ ,  (k~) Gxx,(k, kD 2{2[B§  ) +  t B+1,-1 ~ .2 " ~ -  +2, +2 

+ V~x(k) iv I {,x, (kl)) + 

[9R+2, -2 + [" ~, -~ (~) + 2R_~: 7] (c,) +2, -2 +~, + 9R0, o (~) + ~ -  R ~2, :~ (a) 

+ -2- n_~: +2 (~) + T 

~2,-~ i _+, _t(a) ] (V .~(k ) lV~v(k , )12  § V~x(k)lV~x,(kD]2)} 

We have used the read i ly  ver i f i ab le  p r o p e r t i e s  of the m a t r i c e s  if,. 

I ~  

2. 
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