MATH327: StatMech and Thermo
Thursday, 19 February 2026
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Something to consider

Should we expect a system’s internal energy expectation value (F)
to depend on whether or not we can label its particles?

eap BT
: f}gé(/ - [F C
Cavowical esomble (T Y) P = é— ¢ e

Pwﬁ /fw»\ fuufmn ~-pE _

Z* % e 3
H&(M«Lw/f% 7to~u ety F=-T /072

Shot agphcatan = obsermble efichs Fom tfractin

'Do”/\mff\f@f A4 F (T) IR ) and ST
RO Y 2 (E)= 2 (pF)

LT Jp
| > 1J [ F
| _ ¢TI (B2 L\:,Tf—w—
" p 7 T ﬁ(f)
,_Q—E-r /2— — = | 1/2__' Z
T Tl = lgz - Tirhy
_ K> . -¢
7 _/)072 —
g 1) T



AW“ Cf‘?{l‘om . 'Im?drwmﬁdv\
T3 oatl = dysaally  observble o s
buowalble 1 ,ormc«pl/;
(,dmrﬂ"rt (/!S+’V\?“5.AGIJ[Q vs. "”‘/"Sf‘/”‘f““'«“}olm 5(ka)
'1 15} HL 5le45 % ';/X&J W&l%ldws IVI 5010)

%

z vaiard s fes Wt WH«\ (e Ed
i QW/? /5/(

{

am/ fc ‘g

Cﬂ{( (fjm) SAZ'/ anli ~ Ayw) §h:"/
Tl’\"‘“ ﬁo = "HZ b “FOr W S(f:ci?tl(d L)’ N iS}

S?‘«,»’r WIH4 ()W ]me ?Mmc (O

o % “a
(g, @) (5

folh = 28+ % [ 20hp]

o el 16Dy 7 »ﬁ?(ﬁﬂﬁ), W by Dreb(s)]
Sha ) - = H n | H

_ A ) H - - kP
S, = JLEY, ~Fp) 7 ~MBH bl (3] + Wl [ 20 (P1)

(‘;)z,'ij



S"rmta%f M{UI Z"WMAJ S!/prl&n ,fm;'{\S

Lm" - Jr@W’V )Z_>M @ - "MML(}BH
WV H

)= -1

Zo;sLy(ﬁH) > Q)ZM 50 _;%__7 _);/-(+ )3}{ =0 -

//AL;(/IM?LQ de“ - S?W'ﬁl& I/,/dum/“ (rm‘w*}ﬁqﬁ &; "‘/VH

—> Flro @,M/\erl)/
Ex/ams[o»« @}mfdlva wwf}i\whg %@M //(;X(//’h(/u 5%4&
w/(H/x 5( >66
— SMWN/SJ&(J ‘?[i?c d6~€c/r

Fo. Has spm sysha ey loves

we sepratd Ly condual - gap
AE = E,,,_sq . EV[_ = 2H
Ca? &wfmls ”[WWWCL’ /Lo T—)O lr(mét»

7 — ;
R R Ut A o
—FW /Ylé( ]

| o _ _o pAE
pue 5 _ )ZAE Q)UB’ fy PE U/()Zﬂé Q,—L)ZA ) RiE» I



0.8

0.6

 —

i v
T

=== |0g2

Sp/N
mmse (E)p { NH

w - SN - " — o -

5

o)



Hl% ’{U\,\V ]'?7/-}0 ( 3 | _ .
}?H) W) — [MUr’
@B — ~ Jadh ()?)H) = ‘ﬁf( 4 z T 01(5 > 7 4
Wi |

< OB - lyZ - Jop (b (PH)
= /(fﬁ) ¥ ) » 1+ L(pmi + mﬁ“w"))

L (pHl+ O(P'H)

A/ - _ ‘A"n
SD._» /\/}071 CIQ,V l /o’f M ~ i —Canoni

S ;:,'/ ﬁé(" ~ —_— z -
Al Z &\\, 2 X M A
N ped” 5

dooly) i gos o)

\AIV\J(.\S}\QLL; 5V’ ns o Move

’WH I I i M1 spis = T HT Zﬂ(}; al
RS 7 mird S 4;5

not § L

Pt

Om|y l‘dfwwau.t M?ﬂ s ol Em,n,} . 5,4’
OM 'VV\\Q"U'S}GTQ J:J,: QML &M/ lL\/t("

| Coampls Mo shilvg Joe W24 b E2-H4H,2K 0, 28, T
(ﬂI/ ur,) lél((/awn,
=i I"\ ;ZW"’ ] _0“_4()' -MI: & A/"“[
Lobl wy ke Gz WHA2HR ~H(W-2h) kW

\Ag = 1H

ny?.
f



S Jm,»f Wi HA fﬂrmwm ;mmf (bm % k.
‘ - A/) g -
Z, v fe - % eﬁﬁ(ﬁl k) _ 3 Mg (e, Z)w) x=” el

kcn ¢ ktﬂ
% ko= 2 Xk - Z xt
k=0 k=0 k=ptl - WAl
o T X z (- x
—2(M=()FH
Ly = CWH ( R U )
’ - ,7_)?)1
| 2 ) FH &
= 9 Tz A )+ A — ZPH)
T:f, ; = -NH - “’-( b [07(’ ¢

Fs X Fp 7 LED & <E>1, ml S5p 75 % el ()

Prrevrew ¢ Classical,  nom- Ve’("/””w"’#" ‘J{q( A
> Not 1!44:4{7}#\,\
slow VS, 5)”“) of k?“

/\/yh/l ‘re(» negns

-
E, i;'?; S mass m20
\ ~ T s [N

QMW pm/uc{' P F%fo*f/*fz

f/m( Mans  wnd ¥ w%*tdmg lg&‘hﬁ,@u,, par (“«lu



0.0 : . o)

as | 7%
AMV& &S.QEA%& i

- Um,mnsocﬂ_m:mc_m ‘.
—-= Indistinguishable

I L

4 5 6

w 14—

Il

B
Samg T—0 \:us_.\,m T.:QNN M.\qs:\ m\.inmv
AmMH s@é&%w QFQM\T
Dl ® Finh wuezgs T
i\vﬁnn:\ S)ngk\ur( Sﬁnb? ._w&s\, \Sku\\xoﬂ\c ,:\:m ncx\z@x‘..



v

0.8

— — —
- — ¥
o —

o —

B log2
—— Distinguishable

1
- M_Om_ 5
— = |ndistinguishable

Il

wHH

4 5

Tl

6

<

Mp=2" = \w\,\., @P g

I

oW



