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Chapter 6 quantum statisticalmechanics
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Observables fluctuations average
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quantum operators e.g P I

E g is an operator such that xIP it xI

Take 14ps suits that calypis e If
then calp 4 it e it p e Ff p caly
14 is an eigenvectorof p witheigenvalue p

Consider a system in a state 147 The averageof an observable

over quantumfluctuations is given by 0 2418147

Typically we donotknow in which state is a system

If the system has a probability p to be in 14 3 the the

average of 0 over quantum fluctuations wouldleadto 4210143

Two senses of uncertainty statistical Pa quarter

All in all
pay Pa 24 181427

Classical COS Sdx pext Of Her OCA is itself anaverage
over quantum fluiterations



Density matrix Icsi
Take any

basis 1m

G
stat Ʃ I Pa 4a1m3cm 8th Chiya

PaCm181h 4h11 14 7 4 1 1m

I 4m18 b h 51ms

6stjan 2010
Properties

portivity 2815107 Pa

beticity 5 ft
proof cm 5ᵗ my Cml 51mF Cm1Yα Ya 1ms

24 alms m 4 3 cm 51ms

Nalization Tn 19 1 1

Tn 9 m m Epa m 4 Calm Pa 41 some

Pa 4 14 Pa 1

Evolution it E Epa it 1142cal it deltas 147

it de 24 1 Cat t

24 117



it Pa 14 7 4 1 14 7 4 114 4,5

Similarly its de cos 4,0

Quantum versionof it des 11,5

Steady state de9 0 9 0

As in classicalrecharis f It will do the job
Seq H1 replaced by 9am I

In the eigerbasis of I
s 8 1msCml f I 1mbar If E Intent

Pn f En as in classicalstatmish

Microcanonical

Pn
let if E E

o otherwise
i E JE.ee

Entropy S hla SLE

Canonical

Pm e BE g 1 e β

Tn 91 1 Z In e β e Pm validates theapproach

of chapters
Grand canonical

9 I e
β mÑ Q p in let ping



comment steady state requires 9 I 0

Grand canonical Ñ I 0 or µ 0

Heisenberg itide Ñ Ñ I ma conservation ofparticle number

requires 1
0 E g stimulated emission absorptionforphotons

Thermodynamic properties

I Tnf541 Tn 1 dp in e p Idp
211 Ophz as in classical statmeth

Maximum entropy quantum ensembles

Also wall here with S his in 5 kg

In a given basis 1ms the diagonal element of 5 give the proba that
the system is masand in 1ns crisis Pa

y e P

If 14 E 1ms 14 3 1ms then cm 191h 0

no intrication between 1m h in 9
Conversely if Cm 91h3 to see levelof intrication in thishasis

in the statisticalmixture

EI 14 3 Ii ids 14 3 1 1631 p k p

5 14 4 1 14 641 119 41 t last 19k local
Ii Cil l K l 1 SC l list


