Trent University: PHYS 2700H — Thermal Physics

Formula Sheet Based on Finn’s Thermal Physics,4™ ed., by Rex
(When quoting a formula from this sheet write down the formula and its number)

1. TEMPERATURE

PV =nRT = Nk,T (1.1)

T(K)=273.16 lim P (1.2)
Prp—0 ' TP

t(°C)=T(K)-273.15 (1.3)

2. REVERSIBLE PROCESSES AND WORK
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3. FIRST LAW OF THERMODYNAMICS

AU =Q+W ; dU =dQ +dW (3.1)

C= I| Q ﬂ (3.2
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H=U+PV (3.4)
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L=Q (3.6)
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tmv? =5kgT  (if ideal gas ;)

C, =C, +NR (3.7)

PV 7 =constant  (for adiabat) v
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(P+n’a/V?)(V —nb)=nRT (3.9)

4. SECOND LAW OF THERMODYNAMICS
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n =1—(—2j (if ideal gas) (4.4)
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5. ENTROPY
99 <0 (5.1)
TO
cﬁd_?R 0 (if reversible cycle) = dS = dQR (5.2)
ds >4 (5.3)

0

dU =TdS —PdV (if work is compressive only)  (5.4)

6. INTRO TO STATISTICAL MECHANICS

a(N,n)="c, =(E‘sz(l\'l\"_n)| 6.1)

o(N,g)=g" (if N distinguis hable particles)

(N, Q) _(@+N-1) -1 (if N indistingu ishable particles)

N!(g-1)!

S=k;zInQ (6.3)
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= ) —E; kgT : P(E)=——aq. —E; /kgT 6.4
§i gie (E;) Zm)9e (6.4)
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f(vx,vy,vz)z {272:? Tj e ™ 2T (if ideal gas; )
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32
f(v)= m Gay2e ™ 12T . (69)
27k, T

f (E) — %(kBT )—3/2 El/Ze—E/kBT
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7. MORE ON THERMODYNAMIC POTENTIALS

F=U-TS (7.1)
G=H-TS (7.2)

8. GENERAL THERMODYNAMIC RELATIONS

C,=C +TB%B,V (8.1)
[Qj =T (@j —P (if only work is compressive)
ov oT v (8.2)
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9. MAGNETIC SYSTEMS
Zn :% (high temp approximation) (9.1)
C
= 9.2
tn=tr 9.2)
dU =dQ - PdV + B,dM’ (9.3)
10. PHASE CHANGES
P _S,-5 L (10.1)
ar v,-Vv, T(v,-V,)
d_P — CPl _sz _ ﬂz _ﬂl (10.2)
dr Tv(ﬂl_ﬁz) K, — Ky
11. OPEN SYSTEMS
dU =TdS — PdV + N (11.1)
(3),-5), -3
ON Jsy, \ON J,; \ON )i, (11.2)

% (if only one type of particle present)

APPENDIX A. SOME PHYSICAL CONSTANTS

R =8.314 J/(K mol)

N, =6.023x10% mol™
kg =1.380649x10 % JK™
o =5.67x10"° W/(m?K*)
h=6.626 x10"* Js
e=1.602x10" C

€ =299792458 m/s
g =9.81m/s?

L, =47 x107 NA?

£, =8.85x10™" Fm?

1atomic mass unit =1.661x10"% kg
P, =1.013x10° Pa =760 mmHg

atm

1cal=4.184]
1Btu=10551J

1hp =746 W
1kWh =3.60x10°J

APPENDIX B. SOME INTEGRALS

je'axzdx = E\/Z (B.1)
0 2\Va

More generally:

Ixz”e'axzdx _ 1.3.5...(up through 2n-1) \/E B2
a
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Ix2n+le—ax2dx = (B3)
0
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