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A systemconsistof N non-interactingatoms.Eachatommay bein two statesa low energy
statewith energy, E= 0 and an ‘excitedstate, with energy.

a) How manyatoms are in the excitestate?

b) Whatis thetotal energyU of this systemasa functionof N, E, k (the Boltzmannconstant)
andT?

Considerasystemof N distinguishableon-interactingspinsin amagnetidield H. Eachspin
hasa magneticmomentof size i, andeachcanpoint either parallelor anti-parallelto the field.
The magneticmomentis givenby n,;. wheren; = +/ — 1. Note thatsincethe systemis made
of non-interactingparticles thetotal energyof the systemdoesnot dependn thearrangementsf
thespins, i.ethe energy i€onstant.



(a) Determinetheinternalenergyof this systemasa functionof 5, H, and N by employingan
ensembleharacterized by these variables.

(b) Determine the entropgf this system as a function of H, and V.

(c) Determine the behaviaf the energyand entropyfor this system ag” — 0.

(a) Forthe system described in the previqueblem, derivedhe averagéotal magnetization,

N
(M) = <Z /mi>
=1
asa function of3, H, and V.
(b) Similarly determine((5M)*) , where
SM = M — (M)

andcompare your result with the susceptibility

(or)...

(c) Derivethe behavioof (M) and<(5M)2> in the limit 7" — 0.
(Note: (M) denotes the averageo (M) = M)

Considerthe systemstudiedin Problems2 and3 above. Usean ensemblen which the total
magnetizatiornis fixed, and determinethe magneticfield over temperature3H, asa function of
thenaturalvariablesor thatensembleShowthatin thelimit of large N, theresultobtainedn this
way is equivlentto that obtained in Problem 3.

Consideraone-componergasof non-interactinglassicaktructurelesparticlesof mass mat
a temperature 7.

(a) Calculateexactlythe grandcanonicalpartitionfunction, =, for this systemasafunction of
volume,V, temperature, and chemical potentjal Your result should look like

= =exp (2V)

where zis a function ofl” and .

(b) Fromtheresultof part(a), determinethe pressurep, asa function of 7" andthe average
particledensity, p.



(c) For 1 cc of gasat STP,computethe relativeroot meansquareof the densityfluctuations,
1
(6p)?) | 2
p? )
(d) Calculatethe probability of observinga spontaneoufiuctuationin 1 cc of gasat STPfor
which the instantaneous density difféfrem the mean by one part ir°.

(a) Provethatif the energyeigenvalue®f a systemcanbe expresse@dsa sumof independent
contributionst = E4 + Eg + Ec (eg,electronicenergy,vibrationalenergy,rotationalenergy)
thatthe heatcapacitycanbe written C,, = i+ ct® + cf?. In addition, showthatthe heat
capacityis independent of zero point energy.

(b) Deriveanexpressiorior the electronicheatcapacityassuminghatthereareonly threesig-
nifigantelectronicstatesandthattheyhaveenergiesanddegeneraciegivenby ¢, g,; €., 9, €5, 9,

(c) Giventhatthe energiegequiredfor electronictransitionscorrespondoughlyto u.v. light
(750, 000°C"), showhowthecalculatedoomtemperaturdeatcapacityof adiatomicmoleculewill
changef the electronicdegreeof freedomearetotally neglected.Whatif the groundelectronic
statedegeneracys included bugall excitedelectronic states are neglected?

(d) Showhow the room temperatureentropyof the samemoleculewill changein thesetwo
cases.



