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Theory of light-induced drift. V. Roles of accommodation of normal and tangential momenta
in surface light-induced drift
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Surface light-induced driftSLID) of a rarefied gas in cells with flat-plate and circular-cylindrical geometries
is studied, and exact analytical solutions to the model rate equations are obtained in the limit of large Knudsen
number. The model rate equations, which have not appeared before, have been tailored specifically in order to
study the roles played in SLID, in a physically realistic setting, by both the tangential momentum and the
normal momentum molecule-surface accommodation coefficients. Because the model equationgtarthaew
best of our knowledge the results are generally different from those of previous work, although emphasis is
placed on obtaining relations between the present and previous results; applications to experiments may be
made by means of those relations.
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[. INTRODUCTION The quantitied appearing above are integrals over the mo-
lecular velocity distributions, first defined in Appendix A of
In Papers I-1V of this series of papdis-4], the phenom- Ref. [1]. Vaksman[11] has tried, without success, to con-
enon of light-induced driffLID) was discussed, and exact vince the author thah «,, does, in fact, play a role in SLID.
treatments of models of surface and bulk LIBLID and The problem is that Streater and Vaksman’s pgggron
BLID, respectively, in both one dimensio(i1D) and three  SLID, in which it is claimed thatA «,, plays an important
dimensions(3D), were presented and compared. In order topart, is not relevant to the models of SLID of the tyde2]
understand the material hetéhere” means “in the present under the present discussion because it makes assumptions,
paper”), it is necessary for readers to have read and undembout the roles of the accommodation coefficients, which are
stood Papers | and I, which considered 3D SLID in, respecquite different from those made here. It is the purpose of this
tively, flat-plate (FP) and circular-cylindrical(CC) geom-  paper to make, and to work out the consequences of, a model
etries, and at least a partial understanding of Papers Ill andf SLID that takes proper account of thay,, and to try to
IV would be beneficial. As in the previous Papédis-4] resolve the issue discussed above. To be specific, we concen-
where SLID is discussed, the limit of large Knudsen numbettrate on exact calculation, in 3D, of the ratidgs/lqq,

(the ratio of molecular mean free path to cell width un-  1¢/144, andlyq/qo with y=0 for smallqy, for both FP and
derstood. Dimensionless variables are formed as in PapersdC geometriesy is a rate parameter that models the spon-
and II. taneous relaxation of molecules from excited state to ground

With the exception of the model due to Streater and Vaksstate, and the reason we sgt0 is explained in Sec. IIC
man [5] earlier work [6—10 on SLID has considered below. The model is described, in the context of FP geom-
Maxwellian-type molecule-surface tangential momentum acetry, in Sec. I, and the changes necessary for CC geometry
commodation  coefficients (TMACs  «;), with  are documented in Sec. Ill. Section IV contains discussion
j=(g,e)=(ground,excitefl state, incorporated into the and conclusion.

Maxwell-Boltzmann rate equationdBRES), whereas Pa-
pers | and Il used “overall” accommodation coefficients
(ACs q;) in the MBRES[1,2]. The authof11] has expressed  |I. THE MODEL IN THE CONTEXT OF FP GEOMETRY
the opinion that, with a physically realistic model of
molecule-surface collisions that takes proper account of the
differences between the ACs for tangential momentum and The geometry is as described in Paper |, with the laser
normal momentumfNMACs «;,), the important results for beam running in the direction, the plates perpendicular to
SLID, namely, the three ratidss/l g, 11e/1qq, andlqq/do the z direction, and with Cartesian coordinatas, (v, ,v,)
[1,2], should depend essentially only on the differedce,  used for the molecular velocity space. In steady state, the
between the TMACSs, and should be essentially independemholecular velocity distribution is piecewise Maxwellian in
of the differenceA «,, between the NMACS, with the obvious v, and, at tangential momentum accommodation, molecules
notation are redistributed into #one-piecgé Maxwellian distribution
in vy; also, at normal momentum accommodation, mol-
ecules are redistributed into a Maxwellian distributiorvin
Aay= agi— aeg k=(n,t). (1D For these reasons, the analysis is greatly simplified if veloc-
ity variables 6;,s,) are defined such that the bulk Maxwell-

ian distributionm(s,,s,) is constant, that is,
*Also at Department of Physics, University of Waterloo and the

Guelph-Waterloo Physics Institute, Ontario, Canada. (s1,8,) = (erfv, erflv,]), (2.19

A. General considerations
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1 ®jcomb= XinmodT XitmodT Xin®ijt= inmodT it
m(31,52)=§:—1<51<1, 0<s,<1. (2.1b Jeomb - nmes s imed s TN jnmod=

= @jtmodt Wjn - (2.8
The third velocity component, is trivially integrated out as o fyture use, we define the following differences, products,
in Paper I. - , and sum involving thex;, and thea;comp:
We define intervalas) of s, as follows. The interval of
s, inside which the laser excitation operates is denoted by A= ag— aek=(n,t), (2.9a

As() and the remaining interval of; by As(®, with u
=(i,0)= (inside,outsidgin an obvious notation. Thus, we  A@comy= @geomb— Xecomt= (1~ ag) Aan+ (1—agn) Ay

have
+Aa,Aq, (2.9b
As+As@=2, (2.2
. Hak= agkaek:kE(n,t), (29@
In practice,As®") will be a single interval §,,s,) of s;, but
it could consist of several disjoint intervals; if we use the Hacomp= ageomttecomb: (2.9d
language of a single interval, then
) 2 @comb= AgcombT Xecomb- (2.99
AsD=s —s,=d(erf), (2.3
in which d(erf) stands for (erb,—erfv,) as in earlier Pa- B. The Maxwell-Boltzmann rate equations
pers[1-4]. 1. Contributions to the MBRESs
In Paper I, only two distribution functionf entered the _ . )
analysis, but here, because of the redistribution of molecules With the notationf=4/4t, there are four different types
overs, at tangential accommodation, we have four functionsof contribution tof{*). The spontaneous relaxation from ex-
£ for example,f{)(s;,s) is the distribution function for ~ cited state to ground state, modefad by the rate parameter
excited moleculese) inside (i) the laser excitation interval, v, gives contributiongyf{" to f{" and — yf{") to {. The
and is independent af; in that interval. The two concentra- laser excitation, modeleld.] by the rate parameter function
tions ¢; of Paper | are replaced by foaf") here, that is, q=g,, q®=0, gives contributiongjo(f 1) to O

and —qo(f'—f{)) to f{?, with zero contributions td(® .
CJ(U):f ds(lu)f dszfj(“)zAs(“)j dszf,(u), (2.9 During molecule-surface collisions, there are also “annihila-
tion” and “creation” contributions tof ).

where [ds{") stands for the integral with respect $p over The annihilation contribution, denoted by{", is of the
the intervalAs™ and [ds, stands for the integral with re- form —vpf{"), wherev stands for the average frequency of

spect tos, over the interval (0,1). The normalization condi- the collisions ancp stands for the probability of accommo-
tion on CI(U) is as follows: dation, given that a collision occurs; as=|v,| and p
= Qjcomp, WE have

¢+l +cl)+c@=1. 2.
g g e e ( 5) A](u): _Uajcombe(U) ’ (21@
The following definitions help in simplifying the analysis. _ _ _
Modified (indicated by moyl a; are defined by wherev stand for|v,| (=erfis;) in Eq. (2.10, and in the
remainder of Sec. Il, in order to simplify the notation.
®jnmod= @jn(1—ajp), (2.6a Each creation contribution is of the forapF, wherev,p
are the analogs of the corresponding annihilation quantities
@jtmod™ @jt(1— ajn), (2.6 listed in the previous paragraph, but whérés more com-
S plicated than simplyi{*). F is given by(f)v/(v),, where
and combinationgindicated by compof ajy by (f) is an appropriate average 6’ or f{°), overs, if tan-

gential momentum is accommodated and oseif normal
momentum is accommodateft ), is the value ofv aver-

We note thatej,meq iS the probability of accommodation of aged over the Mavwellian d|str|but|onif(sm) (g‘)norma(li)mo—
normal momentum, but not of tangential momentum, duringMenNtum is accommodated, and _O\fé.') or fj7 ((=17 or

a molecule-surface collision, with the analogous meaning of ) otherwise. The factov/(v), is, in fact, a gas kinetic
jtmod» @nd thata;omy is the probability ofsomeaccommo-  theory “streaming correction” td= [12,13. If normal, but
dation (normal momentum or tangential momentum or hoth Not tangential, momentum is accommodated, we say we have
during a collision, that is,jcom=1— (1~ ;) (1— a;y). a “basic contrlbut!on” of typeN; if tangential, but not nor-
The analogous probability of accommodation of both normafmal, momentum is accommodated, we have types; if

and tangential momenta during a collision is given byboth normal and tangential momenta are acc_ommodated, we
ajnaj;. We note the following “closure” relations that fol- have typesN T, Table | contains the information necessary
low from Egs.(2.6) and(2.7): to construct the five basic contributions téﬂ“). The term

Qjcomb= Ajn T Ajt — Ajn - (2.7
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TABLE I. Information necessary to construct the five basic cre-
ation contributions td{*). The abbreviationgds{"’ and [ds, are féo):lf

defined just after Eq(2.4). Additional factors ofz and (1—-2z) must

1 A A
Eagtmod(fg)As(l)_|_ fgo)AS(O)) + agnmooc(gO)/AS(O)

be inserted in appropriate places when forming the MBRES, as 1 0 ©) 1 0 ©

discussed in Sec. 11 B 1. + Eagnagt(Cg +Cy)+ EZaena/et(Ce +C”)
Origin of . .

Type contribution v p (f) k _a’gcombfé;) + 9t (2.13b

N f]((u)) <|Uz|>1((u)) ®jnmod deZfJ(U) r(n) 1

TO fy' (o) @jimoa  3SdsPED F() (i) A (D) & £(0) A «(0) () A <)

R v R AT

NT® fv (lo)f? e 37dsPfds,f m 1 , -

NTO Y (el apai 37dsPrds Y m + 5 (1= aguag(C+CE) |+ ag( )~ 1)

— 0, (2.139
basic contribution is used because, in forming the MBREs,
additional factors of and (1-2z) must be inserted in appro-
priate places to account for the modifications to the prob- ff;’):v
abilities which result from the collision-relaxation processes
that are modeled by the probability parameteHere, we 1 _
assume that those processes occur only in collisions in which +5(1- z) agnag(CY + Cg’))} —yf), (2.130
both normal and tangential momenta are accommodated, that
is, they occur only in collisions of typedT [14].

It is convenient to define the following analogs of the
quantitiesc; 3; which appear in the earlier parts:

1 : )
5 @emod 10ASD+ 1I459) + o CL/ A

A crucial check on these, or any MBRES of this type, is the
“unitarity check,” that is,

. 1 1 .
> X =3 f dslf ds,f("=0. (2.19
Iou iou J-1 0

o=l =(w)s’ [ o) [ aswif?, @11

C. Steady-state solution to the MBREs

where it follows from Table | and earlier definitions that the The steady-state solution for th:éu% denoted hereafter

basic creation contributions, denoted ®§”, are given by by simply (9 is obtained by solving the foulinean equa-

tions, which result from settiné*)=0 in Eq.(2.13, for the
C{)=vjnmodC{/ASY, (21238 four functionsf{). The general form of the results may be
written as follows:

1 . )
=S vajmod {IAS+H{IA4s9), (2128 f_ (WATGoBJuH+(VEFF)y (2.15
I (vC+qeD)v+(vG+H)y
1 where the eight quantities—H, which are to be regarded as
CW=>vajpap(Ch+cl). (2.129  abbreviations oA{'—H"), are polynomials in the several
2 parameters which appear in the MBREs13), but are inde-
pendent ofv.
2. The MBREs for FP geometry Thus, in the general case, thi are ratios of two qua-

As this is the first appearance of these equations, anflratic polynomials in, which renders the remainder of an
because it is essential for readers to understand, and hopgX@ct analysis exceedingly complicated, if not intractable.
fully to criticize, them, we write them in full. Previous PaperEl—4] of this series of papers have devel-
oped methods that are able to handle cases in whicfi{the
1 are ratios oflinear polynomials inv [15], and we keep that
- () A (i (0) A (0 0) i restriction here. It follows from the form of E@2.15 that
2 agunod g A+ 157 A5) + argmodCy '/ As? linear polynomials are obtained =0, and we now restrict

discussion to that case. This restriction has been commonly

O

1 . 1 : .
n —agnagt(Cé')+C§°))+ —Zaenaet(CS)+Cé°)) made beforeﬁl,Z_,lQ,lZ, but not fpr the reason here, particu-
2 2 larly when applications to experiments have been considered
[1,2].
_ agcombfg)} —qo(fP—19) + 40, (2.133 With y=0, thef{) may be written in the following form,
which is a simplified version of Eq2.15):
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(u) (u)
pw VAT 0B

J vC+qyD (216

which serves to define the ten quantit&’ ,B{"),C,D, the
last two of which are chosen to be independen,of

D. Exact analytical solution

PHYSICAL REVIEW A68, 013403 (2003

X(W=g{W/D—-AM/C, (217
where thef (") may be written
fO=AW/C+axW/(v+a), (218

Proceeding by analogy with the working in previous Pa-wherea is the important laser excitation quantity, given in

pers, we make the definition

E _ (agcombaetmoda’gn'i' aecombagtmodaen)d(erf)/z"' Mo, Qcomb

terms ofqgg here by

Yo Macomlay 219
|
With the integration written now in terms of rather than d(erf) lys HagomA et MIaAagmp
s, (2.18, and with(v) = Y2, it follows from Egs.(2.4) d(exp) Tag Halla +0(|7Inqel),
and(2.11) that[18] qd tH @eomb
(2.29
Wasw— [ (U) — A(U) (u)
ciVlIAs —f dv|ds,/dv|f}=A"Y/IC+XiVG,, I 1+\za
. o VI0s /Aol FiT=A P w*lleﬁz—z Z+0(rIngg)),  (2.26
(2.20 qd Aenlet
PN lqa/9o=d(erf)/2+O(|7|), (2.27
c}”>/As<U>=<v>m1fO do|ds,/dv]|f{ qd’Ho |
w o) where the parameteis, r are given, for the present case of
=A"IC+m XY aH,, (2.2)  FP geometry, by

where the function€,=G(a), H,=H(a)=1-G(a) are
defined in Appendix D of Paper I.

The exact solution is now found by solving the system of

nine equations, four from each of Eq2.20 and(2.21) and
one from Eq.(2.5), for the eight quantitieacj(“) ,C]-(“). The

)\FP:_l_(U+2 |na)/’7T,

(2.28
(2.29

7ep=JolN do,

integrals over 1¢(v,), vy, analogous to those in Paper | are Whereo(~0.58) is Euler’s constaritL]. Thus, for FP geom-

as follows:

lyj=c{+c(,

(2.22

Iquqof ds(i)f ds,f{V=qqc!”, (2.23

Ixj=fds(i)vxf dszf,(i)+fds<°>vxf ds,f(*

=(cV/AsW+ (/A d(exp)/ 72 (2.24

etry, unpleasant logarithmic behavior in the term of largest
size, for smallgy, found also in Paper I, seems to persist in
the present model. However, that logarithmic behavior in the
present model may be negligible in practice, making its pre-
dictions very different from those of the model in Paper I, as
discussed in Sec. IV below.

Results(2.25—(2.29 were obtained by solving the sys-
tem of equationg2.5), (2.20, and (2.21) exactly, and then
expanding in terms of increasing order in the small param-
etera (or qp); this is perhaps the best procedure, because
making smalla simplifications before solving the system is
dangerous, easily leading to results that look reasonable but

in which d(exp) stands forQ*”ezx—e*"ﬁ) as in earlier Papers which are wrong. Howevera posteriorj it turns out that
[1-4], and where thec}“) are already calculated in Eg. Egs.(2.25-(2.29 are still obtained if terms of order larger
(2.20. The general exact results for the important quantitieghana are neglected in the system of equations before it is
are readily obtained from the procedure described above, bgolved. TheaH, (=a—aG,) in Eq. (2.21) contains a term

are too long to be usefully presented héi®]. However,

of the order ofa and one of the order dfa?lnal, and the

interest lies in the special case of small laser excitation pasecond one may be safely neglected; that isatHg may be
rameter, that is, Eq(2.19 of smalla, and we now present safely replaced by in Eq. (2.21). The G, must be kept in

the exact leading terms for this cas0]. (It turns out that

Eq. (2.20, as it is of the order ofalnal; it is helpful to

the results for FP and CC geometries have the same formeplaceG, by ag, with g,=G,/a after solution in order that

when written in this manner.

the a may cancel nicely at simplification.
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For completeness, exact expansions of the FP results withefore it is solved, may be made now: thél, in Eq. (3.4
v=0, both of the present model and of that in Paper I, in-and that in Eq(3.5 may be safely replaced b4 and zero,
cluding all terms of order smaller thdaIn al, are collected respectively.

in Appendix A. For completeness, exact expansions of the CC results with
v=0, both of the present model and of that in Paper II,

1Il. THE MODEL IN THE CONTEXT OF CC GEOMETRY including all terms of order smaller thEH] are collected in
Appendix A.

The analysis follows that for FP geometry in Sec. I, with
changes as follows. The geometry is as described in Paper II,
with cylindrical polar coordinatesu(,V,¢) used for the mo-

lecular velocity space. At normal momentum accommoda- |t is clear from Eq(2.25 thatl /144 does in fact depend
tion, molecules are redistributed into a Maxwellian distribu-on both Ae, and Aea,,, on the latter through\ egom, EQ.

IV. DISCUSSION AND CONCLUSION

tion in V, and Eq.(2.1a is replaced by (2.9b. However, the dependence dn, is likely to be neg-
5 ligible in the context of current experimental capability for
(s1,52) = (erfv,,e™V), (38.1)  the following reason. With the molecule-surface systems in

current use, they;, are sure to be close to unify-10,23,

the third velocity componenf being trivially integrated out  which implies that theA e, and (1— aj) are “small.” In
as in Paper II. The bulk Maxwellian distribution(s;,s,) is  fact[1,2,7-10, | A« is probably no larger than about 19
again given by Eq(2.1b. Now, in Sec. Ill, thev used in  and (1- «;) no larger than about 1G. This in turn implies
Section 2 stands fow[=(—Ins)"?] instead of|v,|, with  that|Aa,md is probably no larger than about 1®(indeed,
the Maxwellian averagév)n,= 72 instead ofr "2 Aagom=0 if either of ag and either ofa are equal to
The frequency parameterof Sec. IIB 1 is now[2] given  unity). It follows that the A .., term may be safely ne-
by v=2V/m, which means that the MBREs for CC geom- glected in Eq.(2.25 provided that\ is not too large. Of

etry may be obtained from thos@.13) by means of the course\cc (=0.57) is of the order of unity, butgp would

following replacements, in an obvious notation: be large for sufficiently smak. With the «;, close to unity,
. ) Eq. (2.19 which relatesa to gy may be safely23] simplified
- (m/2)f{V, (328  toread
q0—>QOE(7T/2)q0, (32b) a*zqo, (41)
y—I=(m2)y. (3.20  just as before[1,2,24. It follows that, wherea, stands for

, , the parametea used in Paper |, we havge~=a, in practice. It

The replacement of Eq3.2b) is also made in Eqs2.19  {,ns out from experimenf1] that a~10"2, giving Agp
and(2.16. In Eq. (2.1, the replacement (~1.7) also of the order of unity. For thea ., term to be
of the same order as thew, term in FP geometry\ -p must

a—A=(ml2)a (3.3 probably be of the order of 10, implying thatis less than

about 2<10°8, that is[1] the laser radiation intensity*

must be made, witl\/Qq (=a/qg) given via Eq.(2.19. . :
Results(2.20 and (2.21) undergo more severe changes gbsorbed by the gas is of the order of nW/fron less, which

: e is entirely outside, by a factor of the order of®1@he range
because of the difference between the substituti@$a ; A, .
and (3.1 and the difference between the values(of, of current experimental capabilityin current experiments

Y _ [7-11], r* is of the order of mW/mm). Thus, in the context
(=772 now; we get[21] of current experiments, Eq2.25 may be safely{23] sim-

C](U)/AS(U):A](U)/C+ WllZXJ(U)AHA, (3.4 plified to read
CO/AS = A/ C+ 2 Y2XIA(L— 7 2AH,). b _dlexp 42
(3.5 lqa d(erf)
The “final” results (2.25—(2.27) remain of the same form for both FP and CC geometries.
[20], with the parameterk, 7 given for CC geometry by Now we relate results here to those of Papers | and II. It
follows from Eq.(2.25, with the A a,mpterm neglected, and
Acc=ml2—1, (3.6 the analogous result from Paper I, which comes from Egs.
(5.50 and(5.9b therein, that, in an obvious notation,
Tcc=Yo- 3.7
. . L (Aat) agiaer (—2INa;—o)
Thus, for CC geometry, logarithmic behavior in the term of —| = , 4.3
largest size is pleasingly absent, as was the case in Paper IlI. Aa/p, agae 77

Remarks analogous to those made at the end of Sec. Il,
concerning safe simplifications in the system of equationsvherea; is given from[1]
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a; (agtae) steady-state equations, and, independently, by integration of
—=— (4.4  the MBREs with respect to time, as thoroughly described in
Qo g% Paper |.

The models that have been presented here are physically
whereAa, aq, a, refer to the quantities in Paper I. The ana- quite different from the earlier mode(Bapers | and )I[1,2].
log of Eq. (4.3 for CC geometry is For example, it is not possible to choose the four AGsin
the present models in order to reproduce the earlier ones. As
given in Table |, molecule-surface collisions of types
(%) L Joet T 45 N, T,NT occur with respective probabilities;,mod @jtmod:
Aa cc g% 2 aj,aj; here, as opposed to respective probabilitiesa,®
Papers | and II; it is worth emphasizing that the chaigg
= aj;= a; here does not reproduce earlier models, as it give
the respective probabilities;(1—- «;), a;(1—«;), ajz. Itis
for future experiments to decide which of the two sets of
models is more realistic physically, and, more importantly,
whether or not either set is adequate.
Although a clear distinction between the NMACs and the

1 TMACs, as is made here, renders the treatment relatively
In(2X)—§}/ m, (4.6

For FP geometry, it now follows, using Eq®.8) and (6.9
of Paper | with Eq.(4.9), that Aa, here is related td\ @,
which standq1] for Aa; quoted in previous work, for ex-
ample, Ref[9], by

(Aat/Ta)Fp~(1+s) straightforward, it should be borne in mind that the various

accommodation coefficients are in fact related; that is, they
may be considered as being different weighted averages of
where we have set thej, to unity on the right-hand side the same relaxation probability function. These consider-

(RHS). The analog of Eq(4.6) for CC geometry is ations are discussed in the theory presented in Rél, a

good summary of which is given in R¢R7].

Ao/ Aa)cc~1. 4.
(Rai/Aa)ce @7 ACKNOWLEDGMENT
The explanation for the peculiar-looking RHS of £4.6) ~ The work was supported by the Natural Sciences and En-
is that it is the ratio,kgp/xgp, Of two free-molecule-flow gineering Research Council of Canada.
parameters [25]: in Paper |, xgp was chosen as

27Y2[In(2X)—3], whereX is the dimensionless cell length, APPENDIX A: EXACT EXPANSIONS, FOR y=0 AND FOR

whereas, in Ref[9], for example kg Was chosen as 2(1 SMALL qo, OF THE RESULTS FROM THE MODELS
+¢)/ 72 wheree is “a small correction” depending on the HERE AND FROM THOSE IN PAPERS | AND II

dimensionless cell widthy. Peculiar-looking quantities are : : !
. . The expansions off,4/qo are given by Eq(2.27) in all
absent from the RHS of E@4.7), consistently with bottkcc  aces The parametergdsedoin Paper | is namea} here and

in Paper I alr/12d7<cc in Ref. [9], for example, having been s given from Eq.(4.4). The a used in Paper Il could be
chosen as 3774. nameda, here, with[24] a,= (7/2)a;. However, we do not

here may well be unnecessary in order to interpret existingple to use the result

experimental results, except perhaps in helping to put earlier
work on a firmer footing, and this seems to be most clearly
evident from qu(i?), which indicates that the previous cal- aslna,=(m/2)ajlna;+0(qg). (Al)
culations, givingA « for the difference between the TMACs,
are adequate.
In the same context of existing experimental work, ourWhere @,p)= (earlier,presen the expansions of the quan-
calculations indicate thak a,, may, after all, play no mea- tity Q, defined by
surable part in SLID. This is an interesting and important
point in view of the fact that, under other conditions, it has
been claimed5,11] that A a,, does play an important part. Q=7 "1/l 4q, (A2)
It would, of course, be very interesting if SLID experi-
ments, which need the full form of E.25 for their inter- ) ) ) )
pretation, could be done, for example, using systems ifnay Pe written, in an obvious notation, as follows:
which the aj, are not close to unitf22]. The difference
between the forms okgp and A clearly emphasizes the

conclusion[2] that CC geometry is more preferable than FP QP — —2Ina, 1 o +ia na
geometry for SLID experiments. e T z 327

As with the modeld1-4] presented in Papers |-V, nu-
merical results may be obtained by iteration of the analytical +0(|qolnqol), (A2a)
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—2lna 1 o 4 (=2Ina;—o) 4
(FPp) — 11— — - 2 (FPR)_> ~ =~ 7 - 2
aeQ — Zo 1 —|+ 7Tslzaln a R Sa+ 7T3/2(‘>‘aalln a;+0(|geInqel),
(A5a)
+0(|goIn gol), (A2b)
2 o
” RFAD) = — p Sacomdna+| day—| 1+ p S comb
1 = T
aeQ(Coe): E +§ 1|+ Talln a,+ O(qo),
4
(AZc) + Tz5acomtaln2a+o(|QOln dol), (ASb)
aa
( ) T 3/2
a, COP:( + 5 —1|+——alna+0(qp). m 32
a2 Zag 2 2 (%o R(CC) = — 5q+——Saajina; +O(qy),  (A5C)
(A2d) 2 2
We define quantitiesa, by - 7302
R(CCp) = 5at+ E — 1) 5ac0mb + T 5acom@ Ina
5a§=Aa§/Ha§, (A3)
+0(qg)- (A5d)

where ¢=(t,comb) in the present models and wheres
absent in the earlier ones, whetw=(ay—a¢) and lla
=aga.. The expansions of the quantiB defined by

The similarities and differences among resy#) and
(A5) are obvious and somewhat pleasing. The results fgr FP
are consistent with, and extend to a higher order, the results
obtained from Eq(5.59 and(5.9) of Paper I, and those for

R= d(erf) E (Ad) CC, are consistent with, and again extend to a higher order,
d(exp lgq’ those obtainable from E¢3.2) of Paper II. The FPand CG
results are consistent with, and extend to a higher order, re-
may be written as follows: sults (2.25—(2.29), (3.6) and (3.7) here.
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