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The Boltzmaym Fqudlion of
Gas Mixtuve of Havd Balls

Shigeru Tanaka ( Tsuda College )

The Boltzumann ,Qzucd;f/om of gas of havd ballg (
S‘Pao{aﬂﬂ «&omoqemeous coase)} (s

(t, '
U _ L gy fleg-x, 0 {uteo e 4

(o) SxR3
S UEOUED) dedy
Uo, x) = 'S’(')’;\ R o

wheve W) (s the density of distyibulion of
molecules wath speec( X € R gt timet, A s
the uniform distribution on S*, amed (x,4)—
O YD) glves the chawge of speed of moleewles

4‘3 elastic coision :

§oF = A+ (9-x, 4
(2) {x ik ge st
4

W= Y- (Yo, L) g
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and &, N ¢s the yadius amed mumber of molerules,

. vespe cT’u»e,@a .

When we set uwt,r) = éU(f-X)&h( y  we Carn
easi% extend (0) 1o the ecguaﬁom ot measuyes,

QUED) — Ly (4-x, ] Sem - S P}
2 R R R
(1) PARAR y
we.r) = ()

We assume that £, (nitiad distribulion, (s
the FYob&JocﬁLTﬂ measure on R3.

We say that uct,-) presevves mass, momenlum
ov energy F the ‘)CoMothj condition

{ uctan = § S0 |

R? R}

) Xty = § afidn) |
R R

S 1) Ut dr) = S | [P dx) |
R R

s solistied | ves Fccﬁue!@«j .
Povzner's vesults are the followmy thrvee theo-
YEWS . (Y,i-f, see also [2‘]) . |
Theorem 1. T [, 0§00 is finite, thew

2
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theve exists a salulime of (1) wiiich precerves
voess Gl momenTun | |

Theovem 2. T+ ;ESDCEN‘,L{&!X} s findte for some
O( ,2.3 B ‘H\ew ‘H«ewe GX’QE"{S (0% SOQ(,{KDM o‘,ﬁ (.’“ (,}L\z'ch

makes MU focally finlte , wheve HYH =

SR})X‘O(“('C,&(’Q , M\o( this gdﬁc{tém /b~re§erve$"ma§;/,
momenTum and energy .

Theovew 3. If [ 04" (s finite , then the
solution of (1) which wmalkes f’tm(ﬂ ;@c:cé{ﬁfﬁ ‘yr“L'm{,‘{e,
(s uncque , anel morever it f has /Ofe“f{%’ , So

has UL, -).

We extend ‘these vesults 1o the case of @ag
mixture . In the case of qas mixture of Tivo
species of molocules , (1) ,.(2)‘ Mo( (3) are €x-
tended To

AUUED - 5 gy Sl<v-x,mg(%“if’>%@

( SXR3XR3 [
(4) ‘! | CAL g (4 VU (1)

e (o,P) = Fm ((=1,2)
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{ 2 | o=z |
wke,ve an =% B—( y, A2 = T 02 ocumd Anr=Qa =
(X-f&)

M, + % (e st
?J:?-W%fT;n (-3, 04, '/

| ‘)U') = X+ -—‘?‘-n-1¢—~(‘j~)f',£)ﬁ
(5)
(L wtd = Spj\{dm avel fu.ztfdm = ( $(a1),

RB .
® | > Now, gxw(mb() > N M iy,
. L(

ZNMM U () = ZN mLS LR ERE

wheve M, , My s the mass of two gpec(eg ot mol-
ewles Ye.SFee.Tﬁvcﬁy L (037)
Avd we cam exTend Th.1l ~ Th.3 . the follo-
i | |
Theorewm 4. iRt § EOS Ny, finite ((*/ 2),
“t\mev\ theve exisls a so,Q«,CCum of (4) which preser-

ves mass omek momenlunt .
Theoyem 5. I S ™ (A s finite ((=1,2)
for some A 23, 'H«en there ex(sts a solulion of
@)

(4) which makes My and /Mz (£) ﬁocﬂffm “VC(MLTQ,
oheve Pty = |, p0Tuttd0) (i=1,2), andl this

<{~
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S‘D,QMT@W J’JY? Ser /e MmAST , wmowe T 0,4;{ ey\@;/qjx
ﬂef?’fem £. I'p J\(BV—’(%"&U*’-”’ s WC(mTe ( (= )
_ R

(“Lleh 'H/\e_ ('C‘/QMI!’”{ o'€ (4\' w)fv'\ck ‘fma}?@? {'ﬁr'(f)

ok [,\(4\ (€3 ,roo.gfﬂ mte s {,m,»t,‘Lz ue and wo%
evevy %l' onnel —?z fave dens! Y s S0 have U (T -)
anol U (€,

The Frosi: ot these theovems (s eé‘!%ﬁaﬁej The
same as that of H. Tanaka [2], f we Trans-
form (), (5) and (4) i the 'FOQQOK)';WC? manney.,

Let Ry and R: 4e two cofa(’es of R’ a:md Jet @
be the d(sjo'mt union of Ri amd Ra . Andk

Ret us consideve He ‘]CoﬁQow:AAj measures om @,

| i
[uery = e 1 NG TARD + NaUa (£, PRy

1 ) = ,\,LN { NFUPARY + Moy (PR |
‘H/\ev\ the equa Wi () (5) and () can easuej

be Tramstovned To |
JEELLQ':QZ?‘?,Q) D(l‘)OJ(PLo(g)

ot >
Weo,rYy = F(r) | /

(7)
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where Z‘('i,‘g,ﬂ)=dc/'\(@~x,ﬂ)\, f X¢R: and
YeRy,
= %Y (as lement of R

‘3 = ‘3” [as Wement of ? ),
i %fRL amd\‘aeﬁ",

(%) {

witdny = { fany o cisp.2)

Mox X U (F,d) = grm,(xf(p(gz) é
M0 UCE ) = § X2 el
2N

—

(q)l

‘wheve My =My o AeR;.

| It vs eaS‘uQ\u) seen 't‘ﬁwd‘ Wem 731‘ the
Same vesults Fov s mixTure of wove than
Two sFecces_ o‘f‘ molec.uzes MA, "(’t\e, Same mann-

V. .

Refevences |
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