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_ The recently observed non-exponential decay of the onelanon funcuon for the ds.polanzea Rayxexrrh (DPR}
. linein N3 is examined by a partial calculation of the cross section. The caleulation, which is based upon a distorted .
. wave Bomn appmxzmanon {DWBAJ, shows that the presence of inelastic collisions is necessary to account forthe -
-+ experimental tesults. Moreover, the inclusion of inelastic calhsmns has the consequence that the dmmv'al elements
B ef the reIaxatxon Inatrix are mtuany constant rathex than dymg off as { ;(;-t- 1)1 )

. Gas kme’ac phenomena are usuajy mterpreted in.
:terms of binary collision rates or effective cross sec-
- tions [1]. The simplest procedure i is ta assume that
there i is only one average collision cross section, or -
'equwalenﬂy, one mean free path or free time between
~collisions. From the point of view of time correlation
function theory, this is equivalent to assuming that
- the time correlation function is exponential Since
: ‘expenments actually measure the contributions from’

- -many individual molecular siates, it is perhaps smpns-~
* ing that this sunp}e approxzmanon works as weli as 1t

. does

‘ Measuremeqts of the depo]anzed Ray]elgh line -
(DPR) in gases show a non-exponential decay of the '
- associated time correlation function [2].The devia-
tion from exponential decay has been reported in .
. terms of the difference between the cross section .’

- €ppR ass assocxated with the initial slope-and the cross
section & ppg associated with the rec:procal of the "

' area under the time correlation function curve [2]. .

. Essentxally CDPR measures an average decay rate’

.. while' ©ppp is equivalent. to an average decay nme

" For Ny, the ratio CfC is 0.92. : .
For diatomics, the physwal observable in DPR is

:  f the dxagonabm-; component of the rotatjonal quadru‘-f{_: _
: ,»pole moment {r} disg and expenment 15 mterpreted in. -

‘1 * Perman&nt address Depaztment ot’ Chennst:y, Umvers:ty
‘ ef Bnt:.sh Columbxa, Vancomer Canada

| ’»'F(r.‘)' =

“terms ‘of t‘ié«tiine correlation function -

{r}@ :Jexp(—Re)] {r}‘”
«[r](z) (m(z) »

).
<p,)“’*’d [exp (n W E )] (o )‘“
— 5,2 |

Here n is the denszty, (u) the ave:ace relauve speed of:
. two colliding molecules and & isa collision cross -

section matrix whose’ Components

-lc:,,,r_‘n-1<u>-l«mo;|fmmo; y o @
. are matrix elements of the Waldmann {3} an_der [4]
- collision superoperator ‘R The notation and inner

_ product are defined i in ref. {S] The Bolmmann proba- .
N bzhty factors are

=27 +1) exp {—-Bmﬂ)fmg*i e

) ,whxle the exparnsion coeffi czents

4= 0+ DG -D @R B )

- _anse in the expansmn
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of the dlavona] 1n~] quadrupole momer-t m te-ms of
. the normahzed expansion tensors Agg;- see ref [5]

:.“-:P is the projection’ opéerator onto the angular momen- s
) tum’ rnagm‘ude] quantum states. Eq. (1) is equivalent =
~to that of Shafer and Gordon [6] except for the fact =

"';‘- that their & matrix it not defined in 2 symmetncal

T way, 50’ ‘their formula has a ccmpensatmg asymmetry

- Itis now mrmedlate that the initial slepe ofF(t)
dei‘ ines

. . _,_Ejf'(p}')yzd' ejj'dj’(pj;)llz

.._.D,PR. ‘_.Epjdz | o
, “J"n.le the area under the curve glves ‘
Ly (p)“‘d [6—1] 4 (p; )"2 SO
[Bppr] = L B RN
o ZJPJ J "

- "‘he latter thus mvolves the matrix inverse of &.

A distorted wave Born approximation (DWBA) to
the < mat-rx has recently been carried out [7]. Fora .

s pote'rtlal which is a reasonable choice for the
: N2—N2 interaction, the formula is :

fC r—C(ozomz)

N ‘ Y] ' - .
w= 5-—1/2 [: ;\/ (%) 6” [(2]+1) (2]~+ 1)]1/2
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mvclvmg 3-j and 6-f uymbols The quantlty < m(Ae)

. arises from an‘intégral over the translational degrees
-of freedom and deperrus on the energy melastlcrty of .
‘the collision:

" The ratio of & to & was calculated for N, by
Keijser et al. [2] as 0.30 if only energetically =lastic

* collisions. occur and the € matrix is then given either '
by settingj =;"=;"in eq. (8) or by eq. (83) of ref. [5]. .- -

;'Of course the € matrix is then dlagonal and has the
.interesting. reature that for large], c,” behaves as’
g+ DI '

“In ordnr to 1r'vestlgate the consequence of th" i

__‘-'elastlc terms th‘a matrix & was evaluated numencally N f
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' Table 1

.@npa/})m) "‘DPR/CQ)(O) EnpR/“DpR o

0060 0030 050 1.
0124 0110 - 089 .. 075
0439 .. 0128 . 092 .. 069 .
0254 .. 0250 - 059. - 7 0.25

0320 - 03200 160 . 0
CCoelasticenly - - L
030 . -

" from eq (8) up toJ 50 and the ratio LDPR/VDPR '

calculated. In doing this it was assumed that the energy

. inelasticity, Ae, was zero so that C(l)(O) appeared

only as a scale factor wluch cancels 1n the ratio. This
apnroxrmat\on assumes that there is no j dependence -
of € C( ) and that inelastic and elastic contributions are

- welgﬁt :d equally: In this manner the ratio CDPR/ Edrr
. increas:d to 0.50. As a consequence of the inelastic

terms on the diagonal, the elcments@ ; do not behave. .
as [j(j-+1)]17! but remain virtually constant

In order to test the effects of weighting the off-
-diagonul elements dlfferently from the dJagonal ones,
a factor 'y was introduced so that -

=y for j#j. o ©®)

| Itis fonnd_ that with decreasingy, ‘th_e value 0.92 for

the ratio is obtained for ¥ = 0.69. These results are

.summarized in table 1. Note that when y = 0, the
ratio of’ one md1cates that C is almost: mdependent
ofj.

A.lthough the introducton of y is empmca.l and is

_in many ways unsa_tlsfaetory, it doesindicate that _
" additional terms; such as arise from resonance CO]].] ‘
- sions, may be present. whlch compensate the off- -

diagon:] elements more than the diagonal contnbu- . :

. tions, This is so because 7y is not equal to

. C(U(A 2)/&W(0) since then the inelastic dmgonal
‘ -'ktenns wauldpbe weighted by 7 also. If both diagonal
‘and cff-diagonal inelastic contnbhnons are weighted
-by v, then the ratro of 0.92 cannot be obtained

withoutuse of an. unreasonablj,r large value of .

o "*(D(A )/g,(l)(O) In actuality, "'(U(Ae) isj depen- m '

_c_lent but thJs has not been mvestlgated Here.
The ca.leulatmn here does demonstrate the unpor-
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tance of inelastic collision. Moreover it shows that the :

[](] +1)] ~1 behaviour of the diagonal elements is not
.valid when inelastic collisions are included. Fmally it
“indicates that the DWBA may account for the true
non-exponential decay observed in DPR of Ny, but
greater knowledge of the non-spherical part of the
intermolecular potential and of \_1(71) are recuired for

~a complete understanding of the experimental results. -
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