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ABSTRACT: U'e evaluate the force consrams for Kr single crysrals, usiog the

experimenral results of Daniels er al, and compare ow values
with those obtained directly from rhe calculadon of rhe phonon
specuum.

lNTRODUCTlON

The angular distribution oC neutrons which are coherently scattered
by one phonon IX'ocesses consiscs oCpeaks like delta..functions whose po.
sition is governed by che conservacion laws 1:

k = k' + G + K

2 2-..!..- k • k = -..!..- k' • k':l: 15", ,
2M. 2M. k

where k is che wave vector oí the incident neutron, k' chat oí che scattered
one, Gis any reciprocallattice YFctoc and, K the wave vector oí che phonon
created (+) ex absorbed (-) in (he process. M is the mass oí (he neurran .•Studies oí the phonon spectla have now been carried out íoc a number
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of solids.2 Ir can be .'icen rhar such an experimcllt provides a derailed survey
of rhe phonon spcctra. one which goes (ar beyond rhe ¡nfarmarion hirhcf[oa'"'
\'ailable, obtained by mean .•• of long-wa\'c •.lcngth dispcrsion r('lations.

The purpose of this fupcr is to evaluare rhe force consrants for Kr
using rhe expcrimenral r('sults of Daniels et alJ and [ocornptre them with
rhose obrained directly (ram rhe calcu11.tion uf rhe phonon spectrum byllorton
and Leech4 using a Lennard ..]ones interaction porcntia1. For the firs! P.Uf

wc shall use rhe metlHxl proposcd by Foreman and Lamers•
In rhe Born.von Karm.'Ín theory. restor ing forces bct\\'ecn atom ..•de •.

pcnd lineady on rhe relari\'c displacements of rhe atoms. Th(' equations of
mor ion uf rhe ¡.th primitive unit ccll for a J:xl rticular m(xlc in a parcicular
syrnmetri<..' direction is 6:

Mü 1=- ~'" (1,1')11 l'a. /' a.a. a (1 )

whcre Ua./ is che dispL.'l.cemenc of atom 1 in che particular di..eccion a ( of
poL.'lrization) considered, and ,\1 is che mass of the atoros. <Paa (1-, 1') reprc"
senes the festoring force exerted on atom 1 in the d ireccion a whcn awm /' is
moved a unit distance also in direction a.
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Fig. 1. J)clx.-mlcncc of <1>'1 with [he numbcr of planes
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Fig.2. Depcnuence of <t> wi,h [he number of planes (J[anch [001] Tn
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1..et the soludon of (1) have the forro of a nave ling wave:

U",/' = U", exp (iq' R/) exp (iq' RIl, - iwt)
(2 )

4)

where R 1 is the vector dismnce of the ¡-th atom from the origin and Rll, is
the vectot distance £rom I-th atom to I'-th one. Substituting Eq. (2) in Eq.

(1)weobtain,

= ¡<!J (/, 1') exp (iq' RIl,) •
l' a.a.

This can be written as

N
,llw2 = n~ 1 <!Jn [1 - cos (nq7T/qm)J,

(3 )

(4 )

where qm ishal£ the distance to the nearest rec.iprocal lattice point in the
direction of q, q = I q I and <!J is a linear combination of <!J (/, 1') for which

n "''''the phase q • R
ll
, is a constant. <t>n effectively represents a force between

+n
103

dllIcm
10

n

[ooTI T

Jt--

n

Dependence of <!J with the number of planes Branch [00 1J T
n
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.a tnr tic ular atoro and (he (two) planes oC atoros normal to q and n planes
away. The sum is taken up ro a number oí rerros N such thar ct> ~ O f.)r

n > N.
Usin~ Eq. (4) and Daniel's resules we obtained che values of<1l foc

. .
,he direction \[001], [110], [111] and ,he transve,sal and lon¡¡i,udinal
branches oí che phonon spectrum oí Kr. Theseresults are presemed inTable L

In Figs.I,2 and 3 we show ,he val"es of ,he coefficiems fo, ,he [OO¡)
T .branc h as a Eunetion o( [he number oí rerms used in Eq .. (4); and fo r [he
same branch, Fig. 4 shows che interplánar force conscants. Far (he rhecreti ...
cal calculations oí che el> (he following potencial was used,"•

wirh

"J
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c'= é (~)m -6

z= r /<7
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Fig. 4. Inrerplanar force cons(a'1ts.
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and where, for brevity, we have used the notation

{/(m)}" /(m) - /(6) . (8)

. 47

Clcarly 4> (l) = - €, 4>' (l) = O. Here m is a parame<er which measures ,he
steepness of the repulsive ;Jart of the potential well; for nurnerical work we
have used m = 14. In Eq. (7) r is the distance between atoros, O" and € are
constanlS w i,h ,he values 0'= 4.056 A, " = 236.7x 1 O' 16 ergs. andh = 2.8235 A
is the interplamr distaoce4•

'l/e ncw put

froro which we obtain

and

2

<t>"" :;4>"(')/
, ~ R

II
,

,~

(9)

(10)
RII,

€

0'2

6m
m-6

Ta king into account the fact that the

u" I
, ~ R/I'

has diff~rent values for different syrnrnetrydirections,the followingformulas
for the mtcrplanar force constants are obtained:

For [he [lOO] direc[ion •
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111 ~
123 b(l2+12+12)'
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w ¡th (he e 000 ition

8] 1
2

"'(12+/2+12)
1 2 3

where

1 + 1 + 1 = 2n
123

J ,1 ,1 are aH integers.
1 ~ 3
[n che [ll O] &rectian.

if>n = € • 6m
0-2 m - 6

o- )
%

b(l2+12+12)'
1 , 3

m +,
(m + 1) -

7( O- .8J
b(l'tI2+12)Y,) x

1 2 3

w íth (he e 000 ¡tion

1'+12+211
1 2 1 2

2(12+12+12)
1 2 3

1 + 1 + 1 = 2n1 2 J •

Far che. [111] direccion

12+1'+1'+211 +211 +211
1 2 3 12 13 23

3(12+12+12)
1 2 3

6m ¡
m-6 III

.1 2 3

7( O-
%

b(l'+I'+12)'
1 2 3

with (he condition

O- )~
b(l2+12+12)'

1 2 3

m +2

(m + 1) -

12+12+12 =6n.
1 2 3
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T.\BLE 2

.19

Calculatcd force constants (t> (in IO\lvn/cm) for single crystaln .

us ing a Ilorton- Leech potentia 1.

001

01 1

III

1.935

3.875
-.023

- .071

-.023

-.0009

- .0035

-.002

- .0003
- .0002

h can be seen that (he experimental va Iues for the intcrpbnar force
constants sllOw the same qualitative and quantitative behavior as in thecas('
of Pbo( anJ A lo(. The results for the force constilms obtain(,d directly from
the Horton and Leech potential are ver)' similar tl) those founJ for the trans-
v('rse branches of idcntical crysral dircctions. calculated from (he experi-
mental \'alues. Tile results for (he (ilc(Tc(ical mojel are shown in Table 2.
For [he [111] branch (he d isagree rncnt be[wee n (he ca lcub( ion and (he ex-
pcrimental rcsults is c\'idcnt. Prohablya bctter a,greemen( could beachie\'ed
by u.••ing (he anharmonic approxima[ion.
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