IRREVERSIBLE EXPANSION OF- A GAS
Suppese that & Vvessel i divicied,

info L equal ports by 4 partition, with |

0 gas comtained (n the 1eft haif ¢

. = -

IF the portition ruptures, the gat wil)
recdistribute over the whnele volume,
WHY 1S TH1S IRREVERSIBLE?

e, Why wWom'k We ever See the Moletutes
all g0 back to Lmg.?

[nvesrigare by calculating dhe probabilities k

of different tonfigurations...
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. ASSuMeE that the molecules are mdependent
anc equally likety To be found fn either
half of tue coutainer; ,
Pr[motecute on left] = f ='i'
Prmotecute on rigut] = ¢ = &.
 for N motecules, due probabitity of
finding o Oof them own the (eft s
| = [N\ pkaN"k fRINOMIAL
Po=(k)re™ L

Ly DISTRIBUTioN]
- - N
=0

4 N=6 : P, = 0016 € s nok ve unlikel

Ed R !
Pp =0 Molecnies wilt be
on the left |

§g NS20: R = 45x10™F «="one in & mil)lon"

chance now,
Po = 0136

Py= Py = o-uo]._m“ of these
Py = Py = 0120 = 0336




[IRREV. EXPANSION, CoNTR]

Even for amite Iman N, the configs,

With foughly 24ual number? of Wolecules

on lebF andt right are condiderably

more (Tkely thaw thele with alt on one Side,
and this (s cvem wmore true for large N,

I dhe general age,
Mean: <k> = Np = ¢N
Sd: O = \,N'_q, =4 N
for large N, the asteibution for ke (s Very

‘hﬁf’g fince fn/(*, = '/m A}_o'Q"” for
N~ 10> molecules

N

he GAWSSIAN near max,

width ~
N

e
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| ['RRFV. ExP, Lont?] .
| §6, WHY (RREVERSIBLE?

When N (s large [10*%, Say], tne gas
i§ overwhelmingly likely fo be [neariy!]
whiformiy difrributed between the two
halves, (n particuiar, the chawce of

| finding all fue wmotecutes bocle on the

lefr is 2™V = (o=N%* = (o= 03N

1§ We checieed the ftate of the gas once

avery Secovdl, we’d axpect to Ste fhis
 hoppen  about

. I
onee tw (077N see. ~ 107 see for N0,

This i effechivety NEVER, Since the age

of the Univerte 5 ouly abour (0' sec.




DENSITY FLUCTUATIONS (N GAS POISSON LIMIT OF BiNoMIAL DISTY
Althowgh huge ‘Flucruations’ i which Re- weite @ wiing p= Kfy
a gas contracts down fo [Say] half its k (\N=k @
volume con “never" happen, fmcruations A = H(N- )l( ) (' )
0n G SMAW Seale Wit be happeniug Very Now
brequently. | v ",’ - -
E.4., Swppose we cowsider N-k R Nb ke = (': A
#* of Metecules k (n vol. E]‘W Qur ->1
AV forming & fmant . for N=> o
pavt of V. Aiso, (I- %)“ - e"; [$ee note ak end]

feneralize earlier approach !

| buomcs
Pr[mol. iw aV] = p= 4 i 0 @® , =k _}
Pelk morwadv] =R = p (-p) |- F/u
g « = (¥ ® " poIsson
Can be Simplificd for N,V —> oo With Reglect DISTRIBUTION
% = N/v fixed 5o thab average k, for Wy st
v the ‘mit 5 here: N=—p oo With
=k 4 |

We/ll Show that (W #his limiP, the binomial Np=k fixed!]

B reduces to the Polesow dithribution,




BXAMPLE : Light S Scatrered by
fwmctuations in the density of air on
lmgfk:cau: ~ wWevelength of light, ;.-os,«m
Find k onet G for vol. av =
in air at 233K and atmospheric pressure,

|
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TotUuTION
P . = Nav N S
=0t = Nav= Xy
To gk L;/_ ) wre e (elead gas law
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