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Two state paramagnet

@ Assume the two state paramagnet, assume two possible energies,

—uB and +uB,
—Es uB —uB B
1
7 = kT — pkgT kgT — 9 h
zs:e e +e Ccos <kBT>
@ The probabilities would then be
uB —uB
k kgT
p=—"2° p=—2"
2 cosh (,é;—%) 2 cosh %)
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Two state paramagnet

@ The average energy of a molecule would be

B B
— 1 _BE e’j:sT ek N
E=—) E(s)e ?P = —puBP; + uBP, = —pB———
Z 2 cosh (“—T)

____BQS””1<BT>_<__Btanh pB
-k uB) K keT
2 cosh T B

@ For the collection of IV, the internal energy would be
uB
U=—-NuBtanh [ —
uB tan <kBT>

NE

Kunok (KHU) Thermodynamics October 2, 2024 5/10



Table of Contents

© Rotational Kinetic Energy of Molecules

NE

Kunok (KHU) Thermodynamics October 2, 2024 6/10



Rotational Kinetic Energy of Molecules

@ In Quantum mechanics, angular momentum of quantum system is

h2
Erot:EJ:ﬁJ(J‘i‘l):&](J—'—l) J=0,1,2,---

where J is the orbital quantum number and considering orbital
magnetic quantum number, the degeneracy of state at J orbital
quantum number is 2.J + 1.

@ At classical mechanics limit, dJ — 0, in other words, kg7 > ¢, the
partition function is given by

o Ey\ —eJ(J +1)
7 = ;exp < — k‘BT> = JZH(ZJ—F 1) exp </€BT >
o0 —eJ(T+1) keT
~ 2 1 —_—— |dJ = —
/0 (2J 4+ 1) exp < Tl > J 5
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Average energy of the system at given temperature

@ The average energy of the system at given T is

Y. Ecexp (- BE,) _ Y Bsexp (- BE.)

E= Zexp(—ﬂEs) Z

@ Since we have 87
% = Z —FEsexp ( — BES)

therefore,
192 9z

ZaB 0B

E:
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Average energy of the system at given temperature

e At high temperature, kg1 > ¢,

10Z & 0 keT a<1

_ 1
=35 = iror s = Pas(5:) =5 =heT

which yields the average rotational energy.

NE

Kunok (KHU) Thermodynamics October 2, 2024 10/10



	Two state paramagnet example
	Rotational Kinetic Energy of Molecules
	Average energy of the system at given temperature

