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collision is rather long in comparison to hjAE,  and  
the transition probability is small. Moreover, 
transitions involving a change o f K  are restricted  
by selection rules prohibiting conversion o f A- 
ammonia into E-am m onia or viceversa. Hence 
energetically inelastic collisions should indeed be 
exceptionally rare in ammonia. This implies a 
drastic reduction o f the contribution from the term  
[J ] (2), and correspondingly a dominance o f other 
terms. Korving's an alysis2 indicates a strong 
dominance o f J[fF]<2>. This is not very surprising, 
since J [ W ] W  is the n ext sim plest term  in the  
expansion and since the dipole-dipole interaction, 
very far from being spherical, causes certainly  
m any collisions w ithout an inverse to occur, thereby  
allowing large contributions from the term s odd 
in J 14. In  the authors' opinion the positive sign of

the effect should not be related to the inversion of 
the molecule, the latter effect being m uch too slow  
to  affect the collisions. Indeed, if  inversion was 
important, the effect should be qualitatively  
different in  heavy am monia where inversion is 
15 tim es slower, in contradiction to experim ents.
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Simple and accurate expressions for the velocity slip coefficient, the slip in the thermal creep, 
and the temperature jump coefficient are obtained by applying a variational technique to the 
linearized Boltzmann equation for a simple gas. Completely general forms of the boundary 
conditions are used, and the final results are presented in a form such that the results for any 
particular intermolecular force law or the gas-surface interaction law can easily be calculated. 
Further, it is shown that, with little extra effort, the present results can be easily extended to 
include the case of a polyatomic gas. It is felt that the present work, together with a recent paper 
in which the author has considered the solutions of the linearized Boltzmann equation for a mon- 
atomic multicomponent gas mixture, provide the desired basis for the consideration of the various 
slip problems associated with the polyatomic gas mixtures.

I. Introduction

Recently, in a series of papers we 1-4 have con­
sidered the slip problems for a simple monatomic 
gas. In these studies, we applied variational techni­
ques (for some general remarks on the use of the 
variational techniques in the kinetic theory, see 
Refs. 4> 5) to the linearized Boltzmann equation and 
we were able to obtain some simple and very ac-
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Thus in this paper, for a simple gas, we derive 
simple and accurate expressions for the velocity slip 
coefficient (the Kramers’ problem ), the slip in the 
thermal creep, and the temperature slip coefficient 
by applying variational techniques to the linearized 
Boltzmann equation with completely general forms 
of the boundary conditions. Our final results are 
presented in terms of simple scalar products in­
volving only the pertinent Chapman-Enskog solu­
tions 8-10, the collisional invariants, and an opera­
tor A containing the effects of the gas wall inter­
actions 11-17. Since for any particular combination 
of the gas and the surface, the operator A may have 
some specialized form, and since the experimental 
and the theoretical work for the determination of 
these specific forms is still only in  the initial stages, 
we have found it advisable to present our results in 
as general a form as possible. However, just for the 
sake of illustration, we do show that from our ex­
pressions, for the Maxwellian diffuse-specular re­
flection at the boundary, the corresponding slip 
terms can be deduced in a simple and almost trivial 
manner. For the velocity slip coefficient and the 
temperature slip coefficient, these results, as must 
be expected, are in agreement with the results for 
these quantities given earlier by the author. How­
ever, quite interestingly, we find that the thermal 
creep velocity is only weakly dependent on a (the 
fraction of the molecules that are diffusely reflect­
ed) .

We have tried to keep our formalism and the re­
sults in a fairly general form, and an added ad­

vantage of this procedure is that our results can, in 
a straightforward fashion, be generalized to include 
even the cases of the gas mixtures and the poly­
atomic gases. We discuss these generalization in the 
Section V of this paper.

II. The Velocity Slip Coefficient 
(The Kramer’s Problem)

We consider a semi-infinite expanse of a gas, 
bounded by a flat plate located at x  =  0 , and lying in 
the y  — z  plane. Far from the plate, the gas is main­
tained at a constant velocity gradient dq?,  asy ( x ) / d x  
normal to the plate. For small values of this gra­
dient, we consider the linearized Boltzmann equa­
tion (to avoid unnecessary confusion, unless other­
wise specified, we shall retain all quantities in their 
actual dimensional form s),

3<2>P(X, C) y -r .
cx Qj. = L&j>(x,C)

=  - o ( c )  $ p ( x , C )
+  f d c ' f W ( c ' ) K ( C , c ' )  < P p (* ,c ')

==! — O 0 p  -f- K  ( 1)

where L is the linearized Boltzmann collision opera­
tor, (x,C)  is a measure of the perturbation in 
the distribution function /p (x, C) from the absolute 
Maxwellian i. e. /p =  (1 +  <Z>p), where

=  n0(m/2  5T k T0) ,,t exp{ — m c2/2  k T0}  . (2)

Here C =  (cx , cy , cz) is  the velocity and X(x,  y ,  z) 
is the position vector.

The boundary condition at x =  0 is, quite generally, expressed in the form

<PP ( 0 , C ) = A & P(0 ,C)  =  f d c ' V ( - c x') /<°>(c') \ cx' \ B { C , c ' )  < M 0 , c ' ) , c * > 0  (3)

where B ( c , c ' )  is determined by the properties of the gas and the wall. It satisfies the reciprocity rela­
tion. Some details regarding the various methods for the construction of its specific form have been 
given by several authors11-17. In particular, for the Maxwell’s diffuse-specular reflection, we have

A # P (0 ,C ) =  (1 - a )  # ( 0 ,  - c x, c y , c 2) + a f  d &  r ) ( - c x ) / (0) (c') | c / |  # P(0, c ')  (l/ra0) (2 n  m/k  (4)

In this rj(cx) =  1, cx > 0 ;  r](cx) =  0, cx <  0 .
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For x —>■ oo, the function 0 p  has the form

lim 0 P(x, C)  =  ( m / k T 0) c2 gP>asy(0) +  r^  cz x +  cx cz 0 p {c) dqp , zsy( x ) /d x  ^ ^ P)asy(x, C ). (5)

Here cx cz 0 p (c) is the solution of the Chapman- Note that
Enskog viscosity equation, i. e. { m c , c , , c x cz 0 p(c ) )  =  -  H (9 )

( m / k T 0) cx cz = L ( c x cz 0 p (c) )  . (6 ) . . .
where ju. is the viscosity of the gas.

Also, ?P(*) is the mass velocity of the gas, » , „ , ( * )  NoWj Eq (1)> wi(h ,he boundary conditions (3)
indicates its asymptotic value. j  /r \  • i . i • . • . i. 3 v  and (5) is easily converted into an integral equa-

We find it useful to consider the Hilbert spaces tjQn
in which the scalar product is defined by

(P i(x, C ) , q 2 ( x ,  C ) ) =  f  dC (x, C) /<®> q 2 ( x ,  c ) , (7)
0 p {x ,  c) =  U K  0 p ( x , c )  + U  E A 0 p ( x ,  c) (10)

oo where the operator E is  defined by
((e1( * , c ) , f t (x( c ) ) ) = / 4 t ( e i ( * , c ) , e i ( * . c ) ) . ( 8 )  E =  S{x)  v M  Ci ( u )

and, the operator U is given by

U q (x ,C)  =  ^ \ t ] { c x) S dx e x p \ o (c )  ~ ^ \ q (x ,C)  — r j { - c x) J dx'exp [o (c ) xj pOr', C) ) . (12)
cx [ 0 \_ °x \ x Cx J

It is convenient to carry out an iteration in the second term on the right-hand side of the Eq. (1 0 ), i. e., 
we have

& p (x, c ) = U K & p (x, c ) +  U E A ( U K + U E A )  0 j>(x ,c )  .

Noting that U E A ( U  E A) 0 P =  O, we can write this It is easily shown that the operators X  and ( X £ )
in the form are, respectively, self adjoint in the spaces defined

0 p ( x ,  C) = £ 0 p ( x ,  C) (13) by the scalar products (7) and ( 8 ) ,  i .e .

where £  =  U K  +  U E A U K .  (14) X * = X  (17)

Now it is convenient to introduce an operator X  

suchthat X  =  R K  (15)
(X  £ )  * =  £* X* =  £*  X  =  X  £ .  (18)

ive used the facts thal 
rotationally invariant,

R j  (x, C) =  j  (x, — C ). (16) satisfies the reciprocity relation 17.

Here we have used the facts that K ( c , c ' )  is sym- 
where R  is the reflection operator, i .  e. metric and rotalionally invariant, and tha1 B(C,  c ' )

Now, we consider a function Qp(x, C) defined by

0 p ( x , C ) =  [q p (x,C)  +  ( m / k T 0) cz x +  cx cz 0 p (c)]  3^P>asy(x )/3 a : . (19)

Substituting this in Eq. (1 3 ), we find that £>P is determined by the equation

Qp(x,c)  = £ q p (x, C ) + p p ( x , c )  (20 )

where pp(x,  C) =  -  tj(cx) exp - o ( c )  — [1 -  A] cx cz 0 p ( c ) . (21)
I cx |

Further, taking scalar product (7 ) ,  of Eq. (1 ) ,  respectively on m c z and cx cz 0 p ( c ) , and using the 
asymptotic solutions (5 ) ,  we can show that

( — fi/k T0) ( gP, a8y (0) + » — 3^ " ) = ( c x2 cz 0 p ( c ) , 0 p ( x ,  C )) . (22)
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Evaluating this equation at x =  0,  and using Eqs. (19) — (2 1 ), we find that

9p,asy(0) =  { ( cx2 cz @p(c) ,r] (cx) [1 - A ]  cx cz ® p (c) )  -  [(^P(x, c ) , p? (x, c ) ) ] }  ( k T j j u )  d q PtllSy(x)  / d x  (23) 

in this pp (x, C) =  X  pp (x, C) . (24)

Hence, using the Roussopolous variational principle (see, e. g. Ref. 4> 5) ,  we find that

9P ,asy (0 )=  { (cx2 cz 0 p ( c ) , r ] ( c x) [ 1 -  A] cx cz &p (c ) ) +  Fst [£P , j>p]}  ( k T j j u )  d q P>&sy( x ) /d x  (25) 

where F$t is the stationary value of the functional

^[£?p 5 i?p] =  — (({?p > Pp)) +  ( ( £ p > £p — £ & p — Pp)) (26)

and Qj> is the solution of the adjoint equation, i. e. we take
£P =  £* £p +  p p . (27) 6 p  =  a0 m c z , (29)

Also, ^p and pp are the trial functions, correspond- ^p = ‘K ( a 0 m c z) (30)
ing, respectively to the solutions of the Eqs. (20) where a0 is an unknown constant. Using the above
and (2 7 ). ,the Eqs. (25) — (2 6 ), we can write the Eq. (25)

Further, a simple analysis of Eq. (27) shows that jn ^ e  form

O p (x, C) = X qf (x , C ). (28) ? P ,a s y (a O  = t  ( 3 ? P , a s y ( * ) / 9 * ) ] : r  = 0 (31)

For evaluating Fgt , we use the asymptotic solutions where C is known as the velocity slip coefficient,
of the Eqs. (20) and (27) as the trial functions, and here it is explicitly given by

( c / c , $ , ( c ) , V (cx) [ l - A ] c , c , * , (c ) ) +  y  *■>(«=))»
v ' j  * * /  \ m c x cz ,rj  (cx ) [1 — 4̂] m cz)? -

Generally, £ is written in an alternative form

k T 0
(32)

C =  A P lp (33)

where YA (34)
P Qo \ 2 k T  0 

is the viscosity mean free path. Q0 is the mass density.
Thus,

. _ } L h T  (  2 k T 0 V/« f (cx* cz $ p  (c), rj (cx) [1 —A] cx cz $ p (c)) 
P — 2 0 £o \  m j  \ (m c x cz , c x cz $ p (c) ) 2

_|____________ (m CxCZ,7) (cx) [1 - A ]  cx cz $ p  ( c ) ) *____  I
{jn cx cz , cx cz $ p  (c) )2 (m cx cz , rj (cx) [1—A] m c z) \ '

Note that for Maxwell’s boundary conditions,

[1 - A ]  m c z =  a m c z , [1 - A ]  cx cz $ p(c) =  (2— a) cx cz @p ( c ) , (3 6 ), (37)

and we immediately get a result derived earlier by the present author 3; i. e.
oc

I /d re x p {  — v2} v7 $ p 2(v) j
. n 1'* , 75 o , (2 —a) 2 /  m \V.
P ~  2 P  128 °° 2 a  ’ V ~ \ 2 k T 0 )  C ‘  ̂ ^

[ /  Av e x p { — v2}  j;6 $ p  ( v )  ] 2 
v 0

Similarly, a simple calculation shows that for the model equation (4 .19) of Ref. 16, p. 167, the expres­
sion (35) yields the correct result.

III. Slip in the Thermal Creep Flow

Since the influence of the accommodation on the slip in the thermal creep flow has, as yet, not been
calculated accurately, the present work should be of specific interest. In this problem, we consider a semi-
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infinite expanse of a gas, at uniform pressure, bounded by a flat plate and lying in the y  — z  plane. The 
plate, and the gas, are maintained at a constant temperature gradient d T / d z  in the z-direction, and for the 
small values of this gradient, we consider the linearized Boltzmann equation

d $ T ( x , c )  j  /f. i  _ \  ( m  9 5 \  1 3 r(z )
° x 3 z L & t ( x , C )  c z [ 2 k T 0 ° 2 2 / T0 32 

where is a measure of the perturbation in the distribution f r  from a local Maxwellian /W , i. e.

fT( x , c )  = / W ( l  +  0 r ( x , c ) )  = / (0) ( i +  y ) y ~0 ^ Z + ^ T ('X, C )̂ ’

Again, the boundary equation at x==0, is  given by an equation of the form (3 ) , i. e.

=  ^ j-(0 , c ) ,  cx > 0 ,  (41)

while for x  —> oo the function (x , C) has the form

lim & T ( x , C )  = c z q T, M7 +  ^  ^  c2 $ t {c)  ^ 0 r>asy(x, C) (42)
ar-^cvj K 1 o ■* o 02

where asyj at present an unknown constant, is the asymptotic mass velocity of the gas in the z-direc- 
tion, and cz 0<(c) is the Chapman-Enskog heat conductivity solution, i. e.

C, ( ( m/ 2 i r 0) c « - 4 ) = L ( c ,< P « ( c ) )  (43)

and it satisfies the condition
( m c z , c z $ t { c ) )  =  0 .  (44)

Also, note that
( cz { { m / 2 h T 0) c2 - f ) , cz £>*(c)) =  - X j k  (45)

where X is the heat conductivity of the gas, and k  is the Boltzmann constant.
Now, as in the previous section, we introduce a function Qt (x , C) defined by the relation,

$ T ( x , C )  =  [ Q t { x , C )  + c z $ t ( c ) ]  (46)

and note that this function is determined by the integral equation

q t (x , C) = £ qt (x , c )  + p T {x,  C) (47)

where

Pt ( x , C) =  — rj (cx) exp  ̂ - o ( c )  ~ ~ j  [ I - A ]  cz 0 * (c ) .  (48)

Now we consider scalar product (7) of Eq. (39) on m c z and cx cz <&p ( c ) , then using the asymptotic 
solution (4 2 ) , we can show that

~  ~kY0 (l T, My =  (cx2 Cz <P p { c ) ,  & T ( x , C ) )  ~ ( c x cz & p ( c ) , c x cz & t ( c ) ) y - - (49)

Evaluating this expression at x  =  0, and using the Eqs. (46) — (4 7 ), we find that

q T , ^ y  =  { ( c x2 cz 0 p ( c ) , r ] { c x) [ I — A ]  cz [ { q t (x , C ) , p t  (x , C )) ] }  • - | j .  (50)

In this, Here F$t is the stationary value of the functional

p T ( x , C )  % p p ( x , C )  (51) F [ qt , Q t ]  =  — ( { Q t , P t ) )  +  ( ( Q t > Q t  — £ Q t  — P t ) )

where pp has been defined earlier. Thus (53)

<7r, asy { (cx cz 0 p ( c ) ,  r]^cx) [ l — A ] c z <P t ( c ) )  and Q t  is the solution of the adjoint equation

+  f s t [ e r , e ] }  - - 3 7 . (52) q t (x , c ) = £ * q t (x , C ) + P t (x , C ) .  (54)
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Now, with the use of the properties (17) — (18) it 
is easily shown that

Q t  ( x ,  C) = X  £P(:r, C) (55)

where qp is the solution of the Eq. (2 0 ). Again, we 
use the asymptotic solutions of the Eqs. (47) and

Q'T, asy =  |  ( c x  Cz p (c) , f] (c x ) Cx  [1 A]  Cz ( c )  )

(54) as the trial functions,

Q t ( x , C )  =  a0 m c z , 

Q {x , C ) = X ( a 1 m cz) , 

and after some algebra we find that

(56)

(57)

+
{rn cx cg,  rj (cx) [1 — A] cx cz <Pp (c)) (m cx cz , rj (cx) [1—A] cx $ t  (c)) k T0 1 3 T 

[x T0 3 z (58){m cx cz ,rj  (cx) [1 — A] m cz)

which then is the slip velocity in the thermal creep flow. Usually, this expression is written in an alterna 
tive form 4,

d T

where l t  =
4 X_
5 p

1 1 2 k T0 \ ‘/. 1 „  
qT,  a s y -  2 ^  m ]  Tq  d z  H

\  A  K  J O flQ \  6  f t  1 Q J \  \ 2 k T n

(59)

(60)

is a thermal mean free path 2 4. A t is a dimensionless number and is given by (note, p =  n0 k T0);

A 5 k  f (cx cz <Pp (c ) , r ] ( cx) cx [ l —A] cz $ t (c))
A t = ~  2 P T l ------- (CX cz $ p  (c), m cx cz)

(m cx cz ,T) (cx) [1 — y4] cx cz $ p (c)) (m cx cz ,ij (cx) [1— cx (c))
(m cx cz , cx cz ^p (c )) (m cx cz , rj(cx) [1 —A]  m cz) j *

Now let us consider the specific case o f the Maxwellian diffuse-specular reflection at the boundary. Then

[1 - A ] m c z = a m c z , [ \  -  A~\ cz ^ t { c )  = a c ^ j ( c ) ,

[ 1 - - 4 ]  cx cz 0 p (c) =  (2 - a )  cx cz &p (c)

and we have (a 4= 0 ) ,

A t ~ - I P X
5 k  \ (cx cz <Pp (c), rj (cx) cx cz (c))

(cx cz $ p  (c), m cx cz) a +
(m cx cz ,rj  (cx) eg $ t { c ) )  2 —a 

(m cx cz , 7] (cx) m cz) 2

(6 2 ) ,  (63)

(64)

(65)

Further, specialising it to the case of the Maxwell 
molecules

CX C z $ p { c )  = •
m  [A

k  T0 p Cx Cz

(66)
(67)

and we find that

A T{ a ) - \  +  ±  = A t ( 1 ) ~  I  ( 1 - a ) .  (68 )

Thus, our calculations indicate that A t has only a 
weak dependence on a. Quite interestingly, for the 
model boundary condition (4 .19) of R ef.16, p. 167, 
we find that for all intermolecular force laws

A t  ( a )  = A t ( 1), (69)

i. e. for this model boundary condition the slip velo­
city does not depend on the accommodation coeffi­

cient. Of course, for this model boundary condition, 
the above result could be directly shown by simply 
noting that there is no shear stress in the gas.

IV. The Temperature Jump Coefficient

Here we consider a semi-infinite expanse of a 
gas, bounded by a flat plate located at £ =  0 , and 
lying in the y  — z  plane. Far from the plate, the gas 
is maintained at a constant temperature gradient 
3^asy ( x ) / d x ,  normal to the plate. For small values 
of this gradient, we consider the linearized Boltz­
mann equation (we shall again use the subscript T 
here; no confusion should arise as the solution of 
this problem and the solution of the creep problem  
are quite unrelated),

d &T  (x , c )
=  L & t {x , C ), (70)
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where 0 t (x, C) is a measure of the perturbation in fr (x ,  C) =  / ^ ( c) (1 +  &T f e e ) ) .  (71)
the distribution function f r (x ,C )  from an absolute A . , , , ,. . t ,

' i. , Again, the boundary condition at x  =  0  is  given by 
Maxwellian f K , (c) corresponding to the tempera­
ture of the wall, i. e. ^ r (0 ,  c )  =  A ^ r (0 ,  c ) , cx >  0 ,  (72)

While for x —> oo, the function & t  has the form

5 \  1 3 r a8y (i)
2 }  T0 3x

1 • rf\ t n \  (  m  2 5 \  T asy (0) Tq . /  Til o ^  \  
h m  # , < *  C) _  c2 -  T )  +  ( j ^  c2 -  T j

+  c ,< P ,(c )  & $ t . w ( x , C ) .  (7 3 )

Here T'(x) is the temperature of the gas, r asy(x) indicates the value of its asymptotic component, 
c* &t (c) is  the Chapman-Enskog heat conductivity solution, and has been disussed in the previous section. 

Now we introduce a function Q t { x ,  C) defined by the relation

&T(x, C) - Q t ( x ,  c )  +  [ 2 k T 0~ c2 ' I )  x +  c*
1 3 T’asy (*) f 7 A\

Tn dx  (? 4 )

and note that this is determined by the integral equation

q t ( x ,  C) =  £ q t ( x ,  C) + p T { x ,  C) , (75)

in which pT(x, C) = - r j ( c x) exp -  o (c ) —  [1 - A ] c x 0 t ( c ) .  (76)
cx

Again, we consider scalar product (7) of Eq. (70) on ( (m/2  k T 0) c2 — | )  and cx 0 t ( c ) .  Then, using the 
asymptotic solution (7 3 ), we can show that

^ /T ’a sy (O )— T 0 1 3 7 ’aSy(x)^  t  ^  f \ rF\ t **\\  t n n \
~ ~ k [ —  f~o------ + X T0----- 3^ ~ J  = {cx ® t ( c ) , c x &T(x ,C ) )  . (77)

Evaluating this expression at x =  0, and using Eqs. (74) and (7 5 ), we find that

7’" r(”* ~ r '> =  { f e 2 0 , (c) , V f e )  [ 1 -  A]  c ,  0 , ( c ) ) +  ( ( « . , p 'T) ) }  \  ^  ^  (78)

where p * T = % p r-  (79)

Thus W 0 ) - r .  <8 0 >

In this Fgt is the stationary value of the functional

F[Qt > = — ((^r? Pt ))  + ((Pt,  Qt—£ Q t ~ P t)) (81)

and Qt  is the solution of te adjoint equation

q * t (x ,  C) =  £ *  Q t  ( x ,  C) + p t  ( x ,  c) . (82)

With the use of the properties (17) and (1 8 ), again it is easily shown that Qt is simply related to the 
function Qt , i. e. we find

q*t ( x ,  C) =  X  q t  ( x ,  C ) . (83)

For evaluating F$t , we choose asymptotic solutions of the Eqs. (75) and (82) as the trial functions,

Q t ( x ,  C) =  a0[ ( m / 2  k T 0) c2 -  f ]  , (84)

q*t ( x ,  C) = X ( a 0[ ( m / 2 k T 0) c2 -  f ] )  (85)

where a0 is an unknown constant. Thus we find that

(86)
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where Q, known as the temperature Jump coefficient, is given by

(Cx
Q  = (cx $ t ( c ) , r ] ( c x) cx[ l ~ A ]  cx &t ( c)) +

j f j T  o -  I )  , [ l - ^ ] c , 0 ,(c ) ) 2

m 9_  5 
2 /c r n c 2

Usually, Q is written in an alternative form Q =  e lt ,

where, lt has been defined earlier, £ is a dimensionless number 2’ 3 and is given by

'  /O I T  I I (cx8 $ t ( c ) , rj {cx) [1 - A ]  cx $ t ( c ) )
- 4 n0( Z k l  0/m)  j {cx[{m/2 k Tq) C2_ s h  Cx ^ (c))2

___________________ (cx [ ( m/2 k T 0) c2- |L ^ ( c x )  [ I - A ]  cx $ t (c) ) 2___________________
(cx [ ( m / 2 k T 0) c2—%\ ,cx <Pt{c))(cx [ ( m / 2 k T 0) c2— £]), r] (cx) [1 — A]  ((m/2 k T0) c2— f ) )

(87)

(88)

(89)

Note that for the Maxwellian boundary conditions, 

[ I - A ]  cx 0 t (c) =  (2 -  a) cx 0 t (c) , (90)

) - « ( d i - c2- 2 ) <91>.2 k T 0 2 

and the expression (89) immediately reduces to

J  di; exp{ —i;2} v5 <Pt2(v)

16 30
[ y* df exp{ — v2} v6 4>t(v) ] 2
0

+  -S i f L  ’ (92)

which is precisely the result obtained earlier by the 
present author [seeE q. (3.14), R e f.3] . In a similar 
way, the results for any form of the boundary con­
ditions are easily deduced.

V. The Case of a Polyatom ic Gas

It is well known that for a polyatomic gas, in 
place of the Boltzmann equation, one should use 
the W a n g - C h a n g - U h le n b e c k  18 (W C U ) equation 
(or for more complicated cases the W a ld m a n n -  
S n i d e r  19 equation). The distribution function now 
depends also on £*, the internal energy correspond­
ing to the i-th state, i. e. /  =  f(x,  C, £*). The lineariz­
ed W C U  equation can be written in the form

3<Z>(x,C, £j) . . ^ , .
Cx  ^ i)

+  2  f  f0(c , £ j )  K(C,  £t ; c ' ,£ j ) & ( x ,c ' , e j )
i

= L wcl] &( x , c , £ i )  (93)
^  _  0WCU (£  _|_ £W C U  0  ?

where 0 ( x ,  C, £,) is a measure of the perturbation 
in the distribution function /  from the absolute

Maxwellian /W (c, £*), i. e. /  =  / ^ (  1 +  <Z>) [no doubt 
if the linearization is about a local Maxwellian, then 
as in the Eq. (3 9 ), inhomogeneous terms may ap­
pear in the Eq. (93); similar considerations hold for 
the boundary conditions]. Note that K(C,  £;, & , £ j)  

is symmetric and rotationally invariant.
Again, corresponding to the Eq. (3 ) , for the 

boundary conditions we have 17

$ ( 0 ,  C , £j) = A 0 P ( O,  C,  £j)

=  2  f  d c ' r j i -  cx ) /W ( c , £j) (94)

B ( c ,  £j? &,£])  0 ( 0 , c ' , £ j )  .

While for x —̂ oo  we use the Chapman-Enskog ex­
pansions appropriate to a polyatomic gas 18. Thus, 
for the collisional invariants now we have 1, m C , 
and [ (m/2 k T 0) c2 — f  +  £* — £]. Also, the Chapman- 
Enskog viscosity and the heat conductivity solutions 
are, respectively, determined from the equations 18

(m/k T0) cx cz =  Lwcu (cx cz <$p (c, £*)) (95)

and

cx[ (m/2 k T 0) c2 -  f  +  £* -  £] =  I wcu (cx <Pt (c, £*)).
(96)

Now it is easily shown that the procedures em­
ployed for the calculation of the slip terms for a 
simple gas, can be equally well adopted for the 
calculation of the slip terms for a polyatomic gas. 
Only now, instead of the Eqs. (7) and (8 ) , we 
must use the Hilbert spaces that are defined by the

18 C. S. W a n g  Ch a n g , G. E. U h l e n b e c k , and J. D e B o e r , 
in: Studies in Statistical Mechanics, ed. J. D e B oer  and
G. E. U h l e n b e c k , North-Holland Publ. Co., Amsterdam 
1964, p. 243.

19 L. W a l d m a n n , in: Fundamental Problems in Statistical 
Mechanics, II., ed. E. G. D. C o h e n , North-Holland Publ. 
Co., Amsterdam 1968, p. 276.
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(£>! (x, C, Ei), q2 (x , C, £i) ) (97)
=  2  /  d c 0! {x, C,  £j) /(°> (c, Cf) Q2 {x, C, Ei) ,

i

{(Qi (x, C, Ei), Q2(x , C,Ei)))  (98)
00

=  /  dx (ßj (x, C, Ei) ,Q2 (x , C, Ei) ) .
0

Thus, it is easily shown that in the expressions (32), 
(5 8 ), (87) (and in  the other expressions derived 
from these), if we replace [ (m /2 k T0) c2 — \  ] by 
[ ( m / 2 k T 0) c2 —|  +  £t'— £]; &P{c) by 0 p {c,Ei),  
and <5t {c) by &t (c,£i) ,  and interpret the scalar 
products in the sense of the Eq. (9 7 ) , then these 
expressions give the slip terms for the polyatomic 
gases too. It is clear that some similar extensions 
should be valid for the gas mixtures also.

As an interesting consequence of this generaliza­
tion, it is a simple matter to show that, at least for 
the first order solutions 18 of the Eqs. (95) and (96), 
and the diffuse reflection, the slip in the thermal 
creep is dependent only on the translational part of 
the thermal conductivity. This result is in qualita­
tive agreement with the results derived via the use 
of some other theories20’ 21. However, quantitative­
ly, we feel that the results reported here should be 
more accurate.

We have considered some simple calculations for 
the temperature jump coefficient also, and for some 
special model baundary conditions our results im ­
mediately reduce to a result (derived via the use 
of the integrodifferential form of the variational 
principle) to be reported sh ortly22. The details of 
such calculations will not be given here.

sc a la r  p r o d u c ts

We have shown that our previous work on the 
slip problems can be easily extended to include the 
general forms of the boundary conditions. Also, we 
have presented the final results in such a form that 
for a simple gas, the numerical values for a parti­
cular intermolecular force law and the gas-wall in­
teraction law can be easily calculated.

Our formalism has an added advantage that our 
results, in  a simple manner, can be generalised to 
include the case of a polyatomic gas. We believe 
that in view of the present work, and a recent paper 
in which we considered the soultion of the problems 
associated with multicomponent monatomic gas m ix­
tures 23, it should be an easy matter to treat the 
problems associated with the polyatomic gas m ix­
tures. Also, the strikingly simple and sim ilar forms 
of our results suggest that, perhaps, it should be 
possible to construct a simple general rule for the 
calculation of the slip terms. These aspects of the 
problem will be investigated in a later paper.

VI. Discussions and Conclusions
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