
Lectures - Ideal Gas

Last time :

Entropy : state
function

which does not decrease in

changing the state of
a system

For isolated system, canst N,4E :

1=1--1%1
.
. =/¥1m.

Now lets consider the properties
of a gas : generally ! p=NHow

"feel " eachother÷÷"
""" at



Can say approximately ,
Uli/ = {

° if ✗ i c- 10,4 Hi

✗ otherwise

71 (E) = Ép→i%mt { ✗ ×: outside
box

-1=1 o otherwise

D= Ethan
.

fdp"84-24? - e) fdx"

R=¥n-µVNfdp"8lEPi%m - E)

What is this prefaetar :
Eo : 81 ✗ ) has units ¥

otherwise fd✗ 81×1=1 would have
units

N! : how many ways relabel

N particles? N.CN-D . . .

These arrangements indistinguishable
[or NA ! Nrs! Nc ! . . -3



without N!
,

will get a paradox cuter)

FPN : - cancels units of dxidp
• hand wavy : enumerate

all states
,

take all possible ✗ & p ,
cannot

know better then sxlp -h

• find result will connect to

anothe QM concept

To see strategy, Id first
:

1-7-1
-4,

42

quiff
5- KBINRLI , 441

42

r=¥ÑpslP÷ -44¥
- A



Rid = 1¥ f.d% 8 ( Pi%n - E)
'

ya = p 4am

( dy = Edp
= LINE fd? Sly 2- e)

-✗

§(y' - E) = § ( y -E) t Sly 1-E)ftp.
= Eo E.¥ ✓



Now what happens for 3N ?

RIN,4El=h÷uµ.VN/dpWSlEP;-I-e)
first sub y ,? =P:L-

= EIwww.V?(2mP%fdjs~8lEy;-- e)
%

If 3d and we had ✗
'
+y2+z? r

'

Jacobian -- fdo-fdyrzsin-odrdo-de-4I.gr?fdr
there, 3N dimensional version>
sphere Sn- i
dy3N= r

"-15
,n .,dr

In HW
,
rest of details filled in

final result :



✗
largeN

D= ¥:(y:(
" '¥4
" )
'

Trobe'
. depends on N,4E , and also

5 = kg In .r
m
'
but denies
will not count these

tri -- 0¥ -- In - d-

⇒ E = ?Nkzt = ?NRT
✓

¥= + kso"¥= Nks .I
PV = NKBT = NRT

✓



D= ¥:(¥1
""¥F#%u↳

[ approx messes up
units
,
but still ok]

= IV. (2.2-11)%1:"
A- = [%ÑsT - thermal wavelength
Ni particle

✗ ¥3 - how nanny boxes
In = IN: I? ←

Ntn-N

5- kslnr = Nksln[ Ya:] - koku! + ?vkstc

=mii÷:i÷÷÷÷-
Sucker -Tetrode equation

VINA? >> 1
,
classical regime is where valid



Why do we need N! ? Gibbs paradox

1: → I]¥÷
Remove wall

what is Sz - 25 , ?

Compute with & without N !

factor (see HW)


