
Lecture 4 : thermo review
,

& micro canonical ideal
gas

Basic thermo reminder
-

1st law : corEgy . Chose in internet

energy of
a system is canal to the amount of

hut transferred to the system
-

work

done by the system

s.E.mz.imme.int?nKsu
DE = 8g - Sw

, put 8 b/c depends or path
taken fran state a to b

different kinds of work include obeying
volume at canst pressure ,

and obeying number

of particles ul or against chemical gradient

Abl - Ella ) = fab ( Sg - Sw ) = fab ( Sg
.

- Pdu tµdN )

E is a shkfmehin

•
2nd law of thermodynamics

- r
.

-  -
-

-

④hut is not a state Reaction but

exists a quantity DS= SQA thet is a
state Rnc ha

ie SCH- Slay= fabSQA far
ay path frm

a to b



rearranging first law
,

SQ= DE t du =D E - ?Fidhi
where Fi  =

- 0%1
,

So dS= 804T -_ It DE
- tf IFI .li

for microwavedensemble,
S is a function of N ,

0
,

E
,

so

ds =
' ADE xPlt du - HH AN

ds = @shoe et (0%v¥¥ t ( ffnt.edu
( Chain rule )

so ( ft )
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② Quasi static process on isolated system ,

Ds -0 C no heat flow)

③ Non - quasi static process in an isolated

System , 6520



Next we will return to Shs tical

mechanics .

There we will deal

with large numbers of particles ,

often indistinguishable

hee already saw a bit how if we hare

N indistinguishable things ,
me may hare

factors of N !
= N . @- I ) . ( u - u ca - Cc )

far ever Small numbers of particles ,
this

is a large number
,

how first does it

grow
N ! x NN - s whet is NN

Important relation e
" S

= ×
,

×a=¢osH)h=eabsH

So NN = EN ' 9N
, grows faster then exponentially in N

but N ! is clearly a title Sneller then NN

In feet
,

we hare stirliysA.pro#imatin
N ! re NNEN far large N

,
or

log fN ! ) I N log N - N [ better appox Moon - N

we will use this later
t tacos Zan ]



Another C generalizeddefinition of N !

M ( Ntl ) = N !
, AHH forex

't

e

-

×dx

why?

ply = f ! Xo e-
×

tax = I

Recall integration by parts I udv = Uv - Juda

IT ( t the f ! # e

' Ix
I TT a

=L - xze
" ] I ! - f - e- ×zxZ

- '

dx

Tf so

⇐
t a f xZ - '

e

- ×
dx = Z Nz )

Recursive definition of N !

IT ( Ntl ) = N MN ) = Ncw - It PLN - it -
.  -

until I r 'll ki



What can we do w/ the micro canonical ensemble :

Given the previous statements
,

we should

k
able to complete c. g . Tor P of a system

System of obvious interest ,
N molecules loathes

in a box
,

b/c dilute system actually acts

like this -

Let 's
.

start w/ a simpler problem,
I petrie

→

|¥→j H=p%m
E

Reeall Almo , e) a Fro, fd SCUM - et

→¥not fully discussed
for I particle , D=

cfdgdpfcpyzm
- E )

x

= CL

fdps
( Pkm - e )

- X

p .

- En y , dp = Eidy

= CLEE I ! day842 - El



Appendix A. 15
,

SCH - ay = zita ,
fscx.atSatay

S Cx - xi ,

[ Gavel formula SACHI = I fix , , ]
→

K

roots
, fuk ) 20

So R = C Emi fipdy Sky-E) Lyt rest

= CFTy¥z . flag Sly . sext supra

= can 4oz = E¥f÷
-

Now lets get to the real problem

H= It
,

Fhm
,

in 3d

RCN ,
o

,
e)

=TIFf43fdp
.

. . . n SC - e )

fdq " fcp ) = info )

p
.

" i

= v
"

Hp)



do the same multidimensional substitution

for Byam
,PIEyi

di

?=fmd5'
i

r -

- go.ff.IE'S !; sci - e )

If we have fdxdg.dz → fdrdodofr 's no

⇒ 4h fdrrz
in higher dimension tar

op
he

area
dxidxz

.
. .

. dxsu = rn
- '

dr
Sm

,

" it
sky

and it turns out ( hw ? I we can solve

fdsm
,

in a similar way to homework an

Gaussian intervals

Result will here a gamma
function

MCN til = N ! = fix dx

crit

Jalsa
. ,

= Ty ,
so

T
A

3N
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[ this www.indistiry of particles
keep for nor

Finally ,
we can show Something familiar I

useful I interesting . . .



S ( Niv , e) = Krs log I

T.EC#4n.ulogr=logCE
" "

I t log ( other)

LIFE DIE = Ez
⇒

fE-e3zNksta31znRTJPIt-kB@oTyYn.c
, logs = Nl gov t . .  -

= Nkrslu
,

⇒

lpv=NkgT=nRiJ

In full

SCNNIEK Nknslog [ 4h , ( UngaE) %) TINK - Klos N !

Sobbing in E

= Nkrskog[ ✓ (2kf% ] t 3¥ - klogn !

[ QM

=/Nkskg[H2th'Tkft%##
s II ode



thermal wavelength A = F
-

- Est

So entropy depends or U

-Gibbsparadox , entropy of mixing
what if we didnt have You !

indistinguishable

Hw : what is entropy of

mixing w/ and w/o

indistinguishably factor Yn !


