Problem Review Session 6
PHYS 741

Zach Nasipak
March 19, 2018

Disclaimer: The problems below are not my own making but are taken from Pathria’s Statistical Mechanics
(PSM) and past qualifying exams from UNC (Qual).

Practice Problems

1. (Qual 2011 SM-5) A long vertical tube with a cross-section area A contains a mixture of n different
ideal gases, each with the same number of particles IV, but of different masses my, k=1,...,n. Find a
vertical position of the center of mass of this system in the presence of the Earth’s gravity, assuming a
constant altitude-independent free fall acceleration g.

2. (Qual 2012 SM-3) Consider a classical gas of N identical particles. The energy of the system is given

by
H=) 5+ 2 Ul = i),
i=1 i<k
In the dilute (atomic volume xN < V/N) and high temperature (|JU| < kT') approximation it can be
shown that the partition function can be written as

1 /1\"
Z(T,V,N):N!<)\3> QN (V,T) where A=

and the configurational integral Qn(V,T) is given by

QN(V7 T) = VN + VN72 Z/dgri\/dgrk(eiUik/kT - 1)

i<k
Assume the potential is given by the hard sphere potential

oo |7 =7k <ro

Uik (|7 — 7%|) = {

0 |/%—7l>ro’
where ¢ is the radius of the sphere. Show that the equation of state is given by

2T

P(V—N 3 rg> = NKT.

3. (PSM 4.4) The probability that a system in the grand canonical ensemble has exactly N particles is
given by

_ 2NQN(VT)

p(N) = 2V



where z = eP# is the fugacity, Qx(V,T) is the partition function and Z(z,V,T) is the grand partition
function. Verify this statement and show that in the case of a classical, ideal gas the distribution of
particles among the members of a grand canonical ensemble is identically a Poisson distribution. Show
that

(AN)? = kT (aN) |
ow )y

where N is the average number of particles. Calculate the root mean square fluctuation AN for this
system from the formula above and from the Poisson distribution, and show that they are the same.

Additional Problem

. (PSM 4.7) Consider a classical system of noninteracting, diatomic molecules enclosed in a box of volume
V' at temperature T. The Hamiltonian of a single molecule is given by

[ 1 K,
H(T17T27p17pz):%(P%+p§)+5|7’1*7’2|2a

where m and K are constants. Study the thermodynamics of this system, including the dependence of
the quantity (|7, — 7%|?) on T.

Page 2



SCSST'OW (o PVD\O\LW\ 1 Quat 2o\ SM-5

Twe tider of wmass for A odie mivtwie s yven b

"W

T whee L 15 P anor
Tem _u“_%_ivll*_ wﬁu&\;{l witue \af‘-
=

Thevetore we just nd o solve B 2, . Thic cam Le done frome M Canonicst
unsenbole app 4/\, what

oL [ p(Pmiagy)
%k_ T Q\" S ice L
|
Where Q‘T is He padkion Qundion of & sl pakice wf wass My,
Q- [t e
g W

A% 1 o\}?_

The iwhﬁ}mls vy Wik taneel . Additorally intesvals oww all spadal
Coodivodes Sesides Ha a-c?.fi;w will tanead. T ‘%ms 0s m‘—u.rﬁ

L3R % 3aa58 M ARDU BT EPS 0 an)
N 0
K e define = @ma Huwn

%)
:EL: ~ béj/\IL ""l ILE S&,o(% dx = L
(7S

X
6

’W\Nl&w £ AN Vo & e tam Fad A puder of nass of —Hre wiikdu

n

F e whye M= %{ m,




&CQS\'M (o on\o(mvx 7 Ao S 2

s,gwdﬁalhfh £or e problene we we ealedlading Hu Sorst vivied effoent
& Vion-1doal MM" i/\:\ve\m&m% %A& —\—WU?6 s appvb\dwjza( ""’K a
hard - sphee poteidiak,.

W con detemine the ¢quakivn of State ,’Vh' Vetallivg Hrock

== (QA, A A= -LTun?
oV

N

where T is Haw priétion Fnckon oo by e pvblum. Oaly. Hae
et Ry miv il

PHPHE =
Iy (a%’&\)w\/ QNGQ—%N h @

S v - d o evaluake Ry, whide s guan by
O VY N2 Tt (o (2 1)

W can —Efm‘;l;ﬁa Haie expressian \p\J}( Mr\‘mb e Aspleamuds Veetor
M= Ti-7r. Nste Hhad Hac® Jocobion

’a;—;‘ = Sd"'s (I S S dgnlk
> Q="+t S a3, So\‘nw_[e‘ﬁotﬂ'hu)_ 1]

<l
Novice ek e \N\'CSW\M o«l‘b du-?owli M IZU/-E l’—iik( ‘Hm—[:on we cane
Ry evoluwadie Abe shhar wekeaak | Lohide jus& gles Us oueto
woluwmne  4ov
PHGL N TN Rl )

i<

’r\(w/\&%«m%«& o spicar eovinates | ve see Yok s furthe Stwplres Fo
Qu= 1+ 4 Ty (et



Cun%idmw@ e ‘FD/VV\ of our ?Dl-cvdﬂai, e |vd'eﬂvzmi s MLeY Hoy-Fen for
nlk< v,

G2l conEEEatalSrRasal o RdP AR ARl R ERERN EEE

o : g <%, U=®
V- 2 ()]

Vo ik

PUL —= O

Wow we fost upd 40 eualuade Hu s, polucle 15 essaundallly Courdiag the
iumber” 682 Ao —padicle  jukevackvns drat could cconr We hae gpﬂ—,&s,
So if we choose a cle | thae ar (D1 poficls # coun deract With.
¥ we do e dype &?ww%m we wWouwld conidt
D(R-D paiisg
Sur Hus doude cowds Mo (evadbion betwesn ?ou‘l-\c.b. \NEP.& ?mrzhmﬁ
% olge  puvdrax e nderackion Lctueen ~pathele A8 Frbde 1. Thador
we nud o divale % 7 45 dctowd for dontle C,DUVJ'V\/.O~’WU'§ glas us
= yv[ 4. Yor? um)}
SN v [ 1 2V T =

~ \(N 3 ostwg, ok OS2 55 NAIZN)
Wil A e

Note Ak \&M ta glso wﬁwm\‘_MSm% revw»’h%?r as
B/ MBCERRD N R Rk TR B

N(O-D
<l 27 S| pam

Nows Ak wt b soled fo- By Mw%&*fﬁﬂﬁﬂ&&wﬁ%k@,@
2 Iy = N + jr\("%‘zﬂ‘?_:'\)B
As Skoded %—\bv. ?Vbhw_, Wt are aovsvo(w.%-HN. Scepane what
gdovic volung X Ny &£ \I/M & Sinee pdvme yoluwe = L%[F:
biagts) <1
e we ogpovinate Hae g as L (1- S8 | '%z-z

2
cu,”
3



?]\A@:% ol of cuv vesolts ivdo (’j}m O Hat

Lz amum L\—-—\—LL Z’\T\r3
T \/

Or PV = NET 4+.—- >
/\EJ %UF'H‘\A; fV\‘H/‘(-’FbHV\ oc +l/v-‘?\f0%w\
TV (4B e Py (|- Ry < olT
= |P(V-NEEE ) = it




\,\)b low ok v a c\sm,m\ Casvorieal ensonble {—I/u_?a,lmlo‘.[{-l— of &
State \MU/\V& O Qv evromA Es & nunmber o Poicles Ne \,?S@Nm 'v%

'P(\\\(/Es): CXM(,@ES ] %Na—?es ﬁ’ /(<_T
<N - RE T X
Ze EEc %.(%,\1,0 72 ﬂ/:‘@ Whm
If we uﬁward"\’bm mppaﬁ‘l’ﬂc[re]mm%i\& me
e WNSE S aCmss a.u ES
PNy T | S pre S s g pati
0 g B o funeion
%%,\1 D ZEVT

=lp) = 2" Qv

V;E(%,\[ 1T>

We. b thad for o classieal , ideak gus
— .z
SEHmE ‘&W‘ S T T Saidip:

: ‘ [ (& m”j
TFrom His vt can Solve ﬁwrm gmst 2o, ‘FUV\C:bw\
Zaym= = LR G [ .
% Zs NI %

QL/ 3us¥ an &(Pomthw( SN e>

o ?:Z‘\’\"



W can v P avang o partron Boucion & padikion fonckio, fo re-express

Hu. proleoks 05
Prolaling % Wi 5 ha
?(p\ = g g € Hrm of o
N eS Yoisson
Sistwlotion.

To Ld A yoot wean Séluzlm‘Cluc‘Hodfm% Z)Tj , recaul ot

wil T INEN
= T Nepedd W= 2N pORD

. 1T -RCEs- r _— Z | = TR
o ZM R JANID) Sl gwreﬁcesf«kl)
? R 5 R
Notrer ak @g :{s(ﬁi—T&)
oM TN
S [AY) = W(g_‘g : lJitQ(a?m))
Opm /TN ST
= N ﬁ —2 Nl i
(N' érxr 5 M'ﬁ ﬁ%\%i—
\')‘ ﬁ-:é_ A¥FTS Q\i—z H
S Y <~ T[4\ ‘<(Z g H i { N
( B N= (m)' M‘-'(-‘bi >
\J“)'-’ @n 5"“&"\"/\!- Swvs \0& d.!:GmV\% MA n+l
> (B ZAuNEn
Z—- ﬁe (Z v% (-1} V\ o ‘4 §_>
SRcEdad -ech —%*63—%

= | AN = & 2)\0*1 Huk e variana of Yoigsan dustubolie, is
<0 ave~ qg= IS \
e g* uﬂﬁama,m Fr e




