Math

df =adx +bdy —

(g—z)z (gj) (g—z)z [Triple Product Rule]
g=f->1;X;; I; = ;Tf] [Legendre Transformations]
fOx) = A" f(z) = f(z) =+ = (%) z; [Euler’s Theorem)

0n) = & (5L) 6%
< G >= 3" P,G, [Expected Value]

~

%Z)I = (%)y [Maxwell Relations]

Is = [5° fr.p.(€)g(e)de [Sommerfeld]
= [ gle)de + Y azi(kpT)?*d?*~'g(e)
ag; = 2(1 — 21729)¢(24)
>_exp(—B(e - ))i = (1 — exp[—f(e — m) =t [Sum [z] < 1]

dx [Riemann-Zeta Function]

() =" = r(b fo &7

I(s) = [;7 o~ te %dz [Gamma Function]

Laws of Thermodynamics
dE = 4dQ +dW [First Law]
(AS) 0 [Second Law]

adzabatw =

Thermodynamic Variables
{T'dS,—pdV,udN, fdL, Edg, M dH,~vdA} [Conjugate Pairs]
T= (8E> > 0 [Temperature|

EE}
Cx=T (g‘;) . [Heat Capacity]
Kx = —% <%)X,N [Compressibility]

Thermodynamic Potentials

E=TS—pV+3 p; N; [Internal Energy]

dE =TdS — pdV + 3 p; dN;

0=SdT — Vdp+ 2;N; du; [Gibbs-Duhem Equation]
A = E — TS [Helmholtz Free Energy]

dA = -SdT — pdV + > p; AN;

H = E + pV [Enthalpy]

dH =TdS+Vdp+ > pidN;

G =E+pV — TS [Gibbs Free Energy]

dG = —-SdT +Vdp+ > p; AN;

Ensembles

Q(N,V,T) =3 pexp(S/kp)exp(—BE) = exp(—A)

E(p, v, T) = ZN Q(N7 Vv, T) eXp(B;u'N) = eXp(ﬁpV)

A(N,p,T) =3y Q(N,V,T) exp(—BpV) = exp(—BG)

¢(V, E, Bu) = 35 QN, V, E) exp(BuN) = exp(BH)

v(V,T, p1,N2) = ENl Q(N1, N2, T,V)exp(BuiNi)
= exp(BpV) exp(—Bu2N2)

W(p,v,T,N) =3y 4 Q(N,V,AT)exp(—BpV)exp(ByA)
= exp(—BG)
Equilibriums

($E)g ¢ > 0; (AE)g
(6%E) ‘>00<(ax ).
0<sE=Y;

¢ > 0 [Equilibrium]
[Stability]
2

i
#(I(J) — IM)§X () [Equality of Intensives]

Entropy

Q= (N_Lm'),m, [Number of Microstates]

S = kp log(2) [Entropy]

S = —ky Y, P,log(P,) [Gibbs Entropy Formula]
pP,=3%

P, = Q lexp[-BE,]

Phase Space

% = isv((j;) [Clausius-Clapeyron Equation]

f=24r-— v [Glbbs Phase Rule]

9p _— 8V2 [Critical Point]

ov
M =1® [Equality of Intensive Variables Across Transition]

Su=0%& a“ = v [Equal Area]
Ideal Gas
Q= %qN [Partition Function]

dmona = Qtransqeldnuc [Single Monatomic Partition]
Qdia = GmonaQrotduip [Single Diatomic Partition]

Qtrans = %; where A = [Translational]

27:;}’7,2
ger = exp[—Beo] (g0 + > gi exp[—B(ei — €0)]) [Electron]
(N.B. large spacing makes higher terms ignorable)
Gnuc = (2Snuc + 1) exp[—Beo, nuc] [Nucleus]

(N.B. €0,nuc = 0 is a general good approximation)

; where ot = % [Rotational]

(N.B. Only when ©,ot < T & I = ur?)

Quib = [2sinh(Bhw,;p/2)] T [Vibrational]

(N.B. If hwysp < kT then equal to (Bhwysp) 1)

_ _T
drot = [

Chemical Equilibrium
For [vaA+vpB — vcC +vpD|

X _ (ac/V)"C(ap/V)¥D
A 7B = (aa/V)"A (a5 /V)"E

vc VD
Kp(T) = [ b = (kpT) et /p—va="5 Ke(T)

Fermion/Boson Statistics
f(©Fr.p./B.B. = lexp(B(e — p)) £ 1] [Statistics]
Erp./p.p. = [1+exp(—B(e; — p)]F [
Density of State

D(e) = %Sd—l (hiﬁfw )d €d/7=1 [d-space D.o.S. of € = a|p|7]

<E>= [eD(e)f(e)de [Expected Energy]
<N>= [ D(e)f(e)de [Expected Number]

Grand Canonical]

Virial Expansion

Q= hSN J - [exp[-BH]dp; ..
= A3NN' Zn [Classical Partition Function]
Zy=[...[exp[-BUn]dri ..

=— ZN N
~N S

s = exp[ﬂp}//\?’ [Activity]
p=kT Y b;s* [Activity Expansion]
Bp =3 Bn(T)p™ [Virial Expansion]

.dpydry...dry

.dry [Configuration Function]

]

fij = exp[—pu(ri;)] — 1 [Meyer s f-function]
ba = 5157 (Z2 — Z3) = 517 fdr1fdr2f127%v[-—~}
by = L(ZS — 32271 +273)

3V
= % Jdry fdrzfdl"s f12f13f23 + 3f12f23]
= ﬁ(A-{-Z’)/\) A 2v2[_] since A = V71— ]2
—— Sins=A
Bn(T) = (Zlvl) Sl Siasei0+i8 [Virial Coefficients]

NkpT
p= "3 — W <Zi<j Tij Wu(r”)> [Virial Pressure]

Reduced Distribution Functions

N) _ _ NI N— exp[—BU (rN)
pl/N) = (N—n)! Jdr nfdrN exp|—BU (rN)]

g(r) = p(Q/N)/pQ [Pair Correlation Function]

(N.B. For ideal gas g(r) = (1 — N~1))

<Zi<j u(nj)> = w% Ju(r12) exp[—BU]dr
= & [ pg(ryu(r)dr

<E>= + % S g(r)u(r)dr

Cu® (ry,mn)) = NTPQ Jdriz [ drag g®u®

B2 — 1 B [rg(r) 2

55— dr [Virial Pressure]
Random Equations

<Fl gl{{ > = 0;;kpT [Generalized Equipartition]

3NkgT
2

2 =

<(BN)2>=<NZ> — <N>2= G082

Random Identities
_ _ (9log(Q)

<E>= ( e )N’V

9BA _

] >N,V =P
<(82E)>= kpT?C,

9 1og(Q) _ (084 _
< BV )T,N -\ )p N = Ap

dlog(Q) _ (9(=84) —

a(—pB) >VN - ( 9(—pB) V,N =<E>
ou _ ,op

v o




HANG IN THERE




