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1 Einstein solid microstates and macrostates
Consider an Einstein solid with four particles.
a) List all possible macrostates and their energies.
b) For each macrostate that corresponds to one of the three lowest energies, list all possible
microstates.
¢) Deterine the multiplicity of each macrostate.

d) Check that the multiplicity for these is also given by

O(N, ¢) — (N "";' - 1).

Aiswo a) The mocoshibs we desobed by Hu khal dunbe of gy wis.

g,=0,123,4,5,

N eadh case E= W (g+V4) = hw(gt2)

5], =
0 2Hw
[ Yt
2 ARW
3 Shw
4 Ltw
5 3t W
b),c) 51, Ny N&y Nez) ﬂ@.) mq]HPucf}a i d)
o[ o e o o (3=
[ 0 o o) |
O O [ O 8 - 4 -
( o o 0o
g O O o 2
O o z O
SI
0c 2 oo I= G~ o
< g <o O )] \
) o} [ < = o
O [ o |
[ 0 o | )
G | e
[ d [ O
17 1 s 0



n 3@'wal ong  con  sheo

FOF on Einskein  solid with N oscillators e Macreslzhe
wie 94 en.zfg\l.j units  has Mufﬁph'a”}j

N+g, - | (N+g-1"

Rwa) = ( ) e

L q/ %,(M‘f) -

lo prove consider Otl(ocah'ﬂg 9 vwgy wik  as Pllows
* lst g boxes each. iH4 an wyy it

x incluce N-1 cuvider boxes to Sepasake os cillators.

2.4 N= 6 ap S dindws (baxu)
12 boxes

r
oscillator ! oxillakr 2 osc 3 4 5
1wt 2Zunits | unit

(e ony  ned fp choose o 6[’/ boxes Hhar  conkur ong
gy wt  eadi ouwt of #ea N-1+q, bkl boxes Thare we

[y

Sucla dr(ol(@



ln I-cra,ch'nﬂ Einskein  selics

/“A-ﬂ a[.u.esh'on:

" Given oo Einstein solid wite N oscillabs  and owgy E ,what

is o most Prabab@ Macws!zzrc?

pumbes /9, IS deeuned  wa

TV.M 1S on% one possibﬂa macroshale

Rather we considar twa  Einsken a.ol(dsf
whiteh ae labeled A and 8. The hhk

ng S
E=Ert+tEe
We ossume that #4e tofal ewyy is

fxed  Then .
Ea= hw (ga tNaz)

Ee~ hw(ge+Najb)

N A+Ng

=) E = Tw <®A+61/5+ i )

2

sy slem A . syskmB

Np parncks  N& parhcles

madesiake | pmewcrp skede

G A 48

vegy &4 gy Bs

e fixed. Defne te  fokd numbe of owrgy units

Y= gatas
Tus  must be fired. SO we wn  cesabe He  syshem
Macrogales  nas .
“Tired NaNs o~ _— (label macresie Usng
B A 2 NaNs Gude

\_Vmable G », /
\l’“’“"_ _% /

._-_._____________,—-'

—

——




/TL(.& q_uesh'on Hon is

ff@i%en hxed parhcle auwnbers  (Na Ng) ond fixed tokl
N umber O'F ng unifs % ) Wt macroslzde is moest

Hkrzlg? H
A macrastde 1S descbed by Gn g8 S0 that G=Gatqe is
Ff»u{.
We pssume  that  He syslkems can excmje gy wifs rcrez\bj ond

Eadt micostkzke ok gves He same fokl m-gﬂ %
equally kel

L@.H\'nﬁ Jl(w,«.,ms,@j%) be #e mulnphedy oF a macwoskde
we  gelt

‘Pra]:)('\ln; Ns, q,qa) = J(Na,Ne a,, g
el # Micresledes.

-
llee “dﬁ (ompul-ah'cna‘ resuld 13

JUINAN®, G, 9a) = S (Naqa) s (Ne,q)

4
%A




2 Interacting Einstein solids
One Einstein solid, A, consists of 3 oscillators and another, B, consists of 2 oscillators. The
total munber of energy units is 10.

a) List all macrostates using giving g4 and gg for each.

b) Determine the multiplicity of each macrostate.

¢) Which is the most likely macrostate? For this state determine the energy per oscillator
for each subsystem. How do these compare?

d) Suppose that each subsystem initially had 5 energy units. Determine the energy per
oscillator for each subsystem at this stage. If the systems are allowed to interact and ex-
change energy which way does the energy flow as they reach the most likely macrostate?
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