HHOo 1]

We denve the themal Cohenhity

p1

Thermaf Becoses for THesl Ga

befere :© Tdo=dU+ pdV

TRS (b the nfinitesimal Brm Brthe 15 Qud.

Tre 1% Gowr i» nothing bul energy

[ AU = *
il Ayt W (macrs-)
dU = ©do —po/\/ B
| RANRL
R (micro-)

Corgervafion.  The work done usith mocroscpic change w W
Whike the work done Withoud any mecroscopic Ohange < refermsl

ad @. Loa;erspe:lé:hé infemal energy U ckepercls on (1) st
OF partile caoupation (2) energy Gevels.
= e > En femany the ame Tdo+ o
v o= o but A&, o FE/ enfrbpyda/bcc@
== e
oo T SGLRfezme [ pdvio ]
E b5 mape LSl
U=Z &7(&) —» | dU = Z £ dE, j
Energy charge can be + ; EnAFE)
S@pa/vf&d into Two parls.

D reveritle othermsl expannon

111

HAF

.

%

NN

—
7T

2V

———

AN

VTR sl

Lerr o

cnifiall

J\;I:w 7
Cxpandion -H\rcx%/\ £raf
revers66o.

B EEABYIER(FRAR R



p2.

Q= dU-W = Nteg2

W= -[pdV = ~NTlg2 }

U = %Nt —i Al

Collisions oQoer onBy iF U

Yo

= el ol g B Leo

SRS

lé_..o
U)(

TITED VLT /!IIJ

= =omut (Y~) <o

MMWMW We can estimate

WO‘W&%WE o < ameming
A _ ,__)s . << U,
= (faey = (zmag>> .

- .Y 0 2 From equdpariion theorem,
R (Emyy=3T =2 PV/N
LE _-Hu . PXA _ _ Ay

== 77\6#&75013625, AE = —PAY ab expected @& Thws,
ColliSiory with the mocroscopic pidton give rise To energy
change egual & W =~ [pdv.

— Microscopic collidions with thenmmal reaerveir

Ih gerem’, th s had o calbwlate. the
Qwagym&mii. Bul since the femp T
remaind condtant, - means AE >0 To

Cmpe/\bate the 8/16{87-@0):0 (W<0) sothat
The avermge Kinehc energy S the dane.

- Q+W =0 To keop © condfant
A%TCdea,Qg@a

1y

NE>o o

Reep T Coraf.

Eiil.baﬁk%ﬂ?ﬁi%(ﬁﬁ)ﬁﬁ%ﬁ%ﬁﬁ



PR3
@ reversible. ®><pomz>:‘of\ ad cornt a\m%.

_ Q=0 + reversitle praces
V, ‘ —V \ Vo J =i dcp=o,1‘-e. A=

No reSenenr,

Fom Sackur- Tetrede. eguation,
= Neo%(ﬂ%)*zgf\’\ —w C7=N€ogt%+/v@>8v

+ Other Termd .

b—

AT=0 —» T2V = conot for dexl .
NMekirg wse of Py=N<T, =%

P2y2=compt —> fl?vhcmfj
The exporent 8= % = G/c,- Ore aan aQSor*e@‘fe the

SfmianQy, o*ne.ccmcampuf‘z W B
W“fpo‘v . “Bw*deV - (=)

Ve gy’ -a’+f>

C?f—»t) (_LﬁH 1] = 3nw [(v X—‘J] ol

\/\W.AW

s Joar that AU = W becawse Q=0 here i3

D dudden exparvion. oo vacuun.

enhopyfw
ooo ool & [o O‘t/(:)
o oo | o = 00‘]0 ° $AO‘
to
Mo A tl LS tz_

T = tz éfme.
B EE KBYIER(FHFEZE R



P
—> ﬂU‘”Q*V\/:O« The femp@aju/‘er%w%etdeo&ﬁab
(> the dame U "R o pv Strengs ...

The fricky part & W=0 w (G=0is quife iuiaR, ha ! )
AT = N Qog(vz/\/') = Nblg 2 arsuming =2V,

Nete that TE) (» por wel defined &< €<t, begauae the duten
Ihayr\o‘f' be clese to the WTDMQQCEYW@’)

@ Qitbs parodox.

e © p © | l.OOL‘OJ O.D OOO
he | |%e e =l ez el | e
1a% a2, g B Qquilibriwm Fral
A o) ot ) O, )

WAt are the relahons between Tlt,), (), 718, ° The answer
IS quife Simpla | orey < ey = o, )

—

TE)=Ot,) = ATy + LG = N¥g 2+ Neog 2

- ez evbepy of mixiog i

it

ro ® I \I ® = b' ,I ® o ® © o

® ® ® ® @ o o -] o) ® [}

® o .. ] ;: O-I—g ® Lo ] ® °
Tty % Tt 0Tt )

— O = 0 ) = o8, }
AL EEREBYIER(FNA R ELL %




p5

Let us go back To the Oiths fEctor;
Z = BT ey (OQ\/)N —w F-:—thgZ

N = —NT QOS(“@V)

From the fthermal identty o = _@'Ec:)@v
o= N Leg(yv) +§I\IJ Lets compule. Tky) and o)

O*(f:o)= a+ 0 =[N QOS&\QV)-F%M ]—1—[/\)@08 (QPV)"'Q%M]
= 2N gV ) + 3N,
o@,) = @N)- g (2rbv)+-2§(2/\)) = Ott,)+ NCog 2

— (:AO‘E CEN-TE) = 2/\)@082 * O\

But this cannct be true. dince. T)=0)=01t,) 1! Therefzre,
Gibbs come up with the smart Soluton

A
4= @- —  AF = NtlgN -NT girngrise
KG‘\&S% an entropy Correction

— That & To bay, the nabion AG:“N@@/\)H\JW
of "Wenkical parile, )
reduces the entepy by the amcant

— This N| foctkor rescdres Qibbs paraclox (¢ aﬁfhougﬁ\ rot being
Completeldy corect™ cn #he Guariee regime ).

2001218

BT 198,

BISEERBYIER(FTMAZ LR



