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I ri T 

The sner I' 0 - • e th ut OnE i 0 the L e 

or or as ohat of "ho 1 ~tic i b a ion~. So hen the 

th~ al. neutrons .... s hrou",:>h a cryst , the cner ained 

or lost b..; nou "rons can 0 c · "'urcd and ' iva valu ble 

informat1 about the i ersion rela ions for the normal 

mo e vi _ This o.koo tho therBaJ. ncut ons as a 

to 1 or J. 1 10 S d t c uency 

~V ~rum rcferab C to x- . o. C 1 0 

if IC x- "'yo 

l u tice vibrations, e -n r of the x-r s i so uch 

laI.~ r t e eoer oi:' tho l' ttice vibrations that t 

rela iva ner' xch o be co radiation 1 tieo i 

n i.)lic.;iblc . 

he ner of the the al oeutron~ is of the order 

of agni u e of 0 . 1 eV hieh corr o e Bro 1e 

ve length of the ordor of in e ata 1c ovac1n i crystals . 

a re'ult 0 ~t ' io ' the ca terins centre i~ the 

lattice b the neutr n ' vo , t 0 ~c - aves 

interfere . ere i teo rent cat-erin~ and the inchohcr nt 

se tterin . f tc ncut 00 ar att ro by nuclei n. th no 

... ,t; in and no isotopes , the in or renco i 'L-e t at an it is 

- -



-
in this case coherent . If the neutrons are scattered by 

nuclei with isotopes and s pin randomly dispersed through 

out the crystal , the interference will be incoherent 

because they tend to scatter i ndependently of each other. 

In studying a specimen usino thermal neutrons, 

the atoms composing the crystal should have good nuclear 

properties. i.e. the incoherent scatt,ering cross-section 

6inc s hould be small . Due to their high capture cross

sec'tions Lithium and Sil ver may be amont::) the difficult 

subjects to study the thermal nuetrons (Brockhouse 66). 

Because of the l arge incoherent spin scattering cross-

section of Hydrogen, one should be sure that his specimen 

is free from it . Because of the fact t at the scattering 

cross section is inversely proportional 0 the frequency , 

the frequencies should not be too high. 

Iron hich we studied is one of the elements which 

have 'ood nuclear properties. 
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i.e. W~,q)'s are real which means j(q) is either al or 

purely . naginary . 

The . croscopic c onditions for the stab lity of t he l a ttice 

is t hat each Wj(q) be positive because a purely imaginary 

value ofWj(q) would i mply a vibrational motion of the 

l attice which eru t G e~oncntially either into the paEt or 

intothe fuii1.ll:'E . 

In vie of 0ql.lation (14) ·this condition poses additional 

rest~rictio:1S on the force con£tants 4? ("-: ) whichare 

suppo.sed to bE~ satisfied. ~p 
The 3n functionsw~(q) for each value of q can be resarded 

as ranches 0 :';: a . :u1tivaluedfunetion tJ ( q). 

j = 1, 2, ••• , 3n 

is call.ed the dispersion I'elation. 

(l.?) 

Wj(q) does no+-have a c1 Bed expresslon in general. 

expereE .. sions can exis t; _ spGcial simple mOdels. 

exists a ector _ (k" \ 3) for =}ac of' he 3n. value 

Bl.lt such 

The1'e 

The co'n.-)On(~ntD of t~1 :J " eotor ::u.-"e the soms ·to the set of 

equations (13) • Equa.tions (1:;) can nOt be n'i tten in the 

f orm 

e quation (17) ithin a constant 

fa.ctor. 1Ms CODotant f tctOI.' can be chosen in such a way 

so t at e (k/J) satisf'ies t neorth0norma1ity conditions i.e. 

(1?) 
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11 
W(x) = r::::: ---------- \ Q •. e(k 3) \ 2 

q,J 2NMk W j 

on the thermal average nj(q) was replaced by 

1 

(8) 

Ii .(q) = ------------ (the Bose - Einstein di stributianffunction) 
J e flfl uJ j (q) _ 1 

Expression (7) can be simplified and the cross-sections for 

one - phonon creation and ~~hilation can be given by the 

expreosion. 

2 
d 6 ~ (q,j) 

---------------------- = 
dJ"\, dE ' 

k' --
ko 

11 _~gJ[2.~_ (~j C(Q»i-l) 
4lf v (nj q ) 

2 
I ~ (q + ~ - : )~(Eo-E.!':; hYj ) 

(For N unit cells/steradian/unit Energy) 
(9) 

where (Brockhollse and Iyengar 58): 

' q ~Q.e (k) .) - W(x) _ ... _~-___ :.!..s:l.__ e 

I Mk lJj 

E' = '1i2 k , 2 
(10) 

Integrating over E' we end with the expression (Waller & Froman 

1952). 
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Fr quencies(in uni s of 1012o/50c.) of onons at room tempera
ture ill ' u.ce at som.e speci:fj.c points in the reci rocaJ. space 
(chalk river) .. 

['[001 [ 'raol 
r )J ?' .v 

0 . 25 . 2}I-O. 04 0 . 25 4 . 49+0. 06 
0 . 50 5 . 94+0. 3 0 . 50 7 .44+0.08 
0 . ?5 7 .747'0. 06 0 . 75 8 . 64+'0 .13 
1.00 8 . 52+'0.10 1 . 00 8 . 52+0.10 - -

(rrtl [rrrl -r )) r lJ 

0 . 125 2 . 22:-0. 06 0 .125 4 . 5 +0 . 05 
0 . 250 4.5 - 0 . 06 0 . 2;;0 7 .72+0 . 04 
0 .375 6 . 26+ • 6 ' • 75 8 ,.38+ .11 
0. 500 11 . 1 - 0 • . 8 . 5 0 7.15±0. 08 

.625 7 .90- .10 0 . 625 5.78+0. 8 
0 .750 8 . 24+0.1.0 . • 75 6 . 22+0. 08 
0.875 8 . 4 -0.25 0 . 875 7 .72'+0 .10 
1 . 000 8 .52-0.10 1.0 0 8 .52+ .10 - -, 

f-r?"o] rrrol 
r .l> T )) 

0 . 125 2 . , 1+0 .05 0 .125 3 .58+0. 8 
. 0 .. 250 4.A5+0 . 03 . 250 6 . 6}+0.14-

0.}75 5.9Z-0 . 0} 0 .375 8 . 82+0.12 
0 .500 6 . 491: . 08 0. 500 9 .19'+0.16 -

L~t r]" ['2 ~r]iT .. 
I r )J r y --.~ -'t: -~ . 0 6 . 49± • 0 . 0 4 .56+0. 08 

0 . 25 6. 75+0.18 0 . 2,5 5 . 58+0.05 
0 . 50 7 . l5+0. 08 . • 50 7 .15+0. 8 
0.75 6. 75+0. 18 0.75 8 . 6}+O. 09 
1 . 00 6 . 49!: • B -

[rrl]" [(("/1 rr~ 
'{ lJ '( .l> 

0 . 00 8 . 52+ .10 ( . 00 8 .52+0.10 
. 25 6. 87+'0.10 0 . 25 7.3+0.10 

0 . 50 4. 56:!: • 0 . 50 6.49*£0.08 
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Frequencies (in units of 1 1 c/sec) o· ph nons a.t R om 
te~peruture ~asurc at so e specific pOints i n the 
rec'procal space i h c ~ster Unive 'sit ti l e axis spectrometer. 

0 . 0625 
0 . 1250 
0.1875 
0 . 250 

. ,75 

. 50 

0 . 80+ . 0, -
1 . 63+ . 04 -
2 . 40+0. 04 -
, . 13 0. 04 -
4 . 20+0. 05 -

0 . 125 
.1875 

0 . 25 

1 . 66+0 . 6 -
2 .48~ . 04 

, . 9± • 5 
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Born von-Kw.'man. b no O.lr gon.era t.., 

- ===.;::::=======--============:=-==:":========'::========-"':':::::-:::';==========;========-================= 
(Ill) .. , 2 ( 200) 

0<" 1 ~ l ~ 

(n) ( XJ) ( ) 

1 . 1 . ;t.U5 1 . ,2+. 1 ..... 

) 

~ OC' 

( ) (xx) 

. 118 

~ 

(zz 

- . 08 

~. 
;J 

( 

. 1 

) 

====~================z===============:===~===:=;===================================~==== 
" ( t:!. ~2 ) 

oc: ~ ii" ([4 Co
4 ~5 P5 

) (yz) (~(Z) (xx) (xy) 

. 024- .0..19+ . 03 . 007+ . 02 -.046 -.O.>+ . !"Ir: - -- . 0 

====:::::============================.:::..:==========:::=:::===.;.:=:.========-===================-===== 

u i ven, t 
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~ror t i~ t he ubOV~ 
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>" r co cans t; 3 i 3 u. ut 



Table (6) 

Force constants calculated f rom the A-S Model 

===========================.=.====================-===:================::================ 
a/2(lll) a/2 (200) a/2 (220) 

"'1 ~1 <J'!.2 ~2 oC~ ~3 }) 3 

(xx) (xy) (xx) (yy) (xx) (zz) (xy) 

1.594 1.464+. 026 - 1. 547.t.053 .079+~034 - .090 -0.076 0.165 , 
\.D =====-============================.============,===========-=======================-===== 
I a/2(31l) a/ 2 (222) 

0:1:. P4 ~- G,,+ 0<:'5 ~5 4 4 

(xx) (yy) (yz) (xz) . (:xx) (xy) 

.007 .026 -. 003+.002 - -.008+.00'7 - -.032 -.003+.019 ... 
===========================.=========-============================;===================== 

unless given. the estimated error i n the above f orce cons t ants is about 

+ 0.025 x 104 dynes/em • ... 
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Table (7 ) 

oree conot t calculated rom the C. • t,odel 

==========-========-==============================================================-========= 
a/2(111) a/2(200) a/2(220) 

oC 1 ~ l 0"2 ~2 0( ,3 ~ ,3 ° 3 
(xx) (xy) (xx) ( yy) (xx) ( zz) (xy) 

1 .622.1. 02 1 . 462!._ 2 1 . 541:!:. 5 • 981.. 5 . 078,±. 01 -. 74+ . 02 .15 + . 2 -
===============================-============================================================ 

a/2(j11) a/2(2'-2) 

'J oC 1 ~ 4. '6 4 CZ> 4 oC 5 ~5 
• 

(xx) (yy) (yz) ( xz) (xx) (xy) 

- O. Ol6j:. Ol . 019±. 1 -.0 4.:t . 01 - . 0 ,±. 04- -.043±.Ol . Ol,!. 09 

------------------------------------------------------------------------------- ---------------------------------------------------_._---------- ----------------------------------------
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