Commonly Used Formulas
Physics213 2004-5

Mechanics
F=ma=madv/idt=dp/dt KE=%%mv/
Fdem = D(KEm), Won=D(KEem) + DU = FD
F=md®ud? =—ku, u=Asnwt, w=(k/m)¥?=2pf
Ideal Gases

denergyfi= %2 kT per quadratic term
U=aNkT=a nRT n=#moles=N/Na
Cy= (dU/dT)V =aNk=anR
cv=aR= (8.314 JK)a

Cp=Cy +nR ~""="=-==~"

pV = NKT =nRT Clev=(a+1)a=g
Poot =P1t+ P2 +...

Classical Thermo and Heat Engines
DU = Q —Why Wy = opdV R ,
Wiy = NKT In(V; /V;) 5 o 35/‘2 5513 ;
VT? = const., or pV¥=const., g=(a +1)/a : o 52 75 | .
Wby = aNk (Tl —Tz) =a (p1V1 — p2V2) el
dQ =dU + pdVv ds = dQ/T
DS = C/T)dT = CIn(T{/T)) C=CporCy
Why = Qnh—Qc =en e =1-Q/Qn €anat =1—T/Th

Diffusion and Heat Conduction

Xav> = 2Dt ra>=6Dt D= ((%3t)=vi/3 t=/(l
J=kDT/Dx Hy=JA=DT/Rp Rn=dkA

Spin Statistics ~ __ ________________
M = (Nu —Ndown) m = mm iV\/(m)= oN ’i e—m2/2Ni
U=-M:-B =- MB = -nmB ! pN
m=9.2848"10°*JT M=Nmtanh ("B/KT) P(m)=Wm)/2"

N! N!
N,N,,) = =
W Nyp) = Ny ! Naown up!(N- N,p)!
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Bin Statistics and Entropy
INN!'» NInN- N

w=MN or MV/N!

s =Inw Occupancy (N<<M)
VKT =ds/dU = b W Unlimited Single Dilute
S=ks =kinwW . \ M1 )
]JT — dS/dU Distinct M (M-—N)' M
_ (gN-1 u_u Identical N+M-1t m! [V
TN e (M-DIN: (M- NIN! N

Boltzmann Statistics, Entropy of Ideal Gas
Boltzmann Distribution: P, = C exp(-E/kT), SP,=1

Maxwell- Boltzmann Distribution: P(E) = C EY? exp(—E/kT), OP(E)dE =1

w=C(N) v U™

S= Nk (In(ro/n) + 5/2)

no = (mkT/2ph?)*? = (10¥m
=(1- e—dkT) gnokT

=CyIn (T/T;) + Nk In (V4V)
n=N/V = number density
) (m/mp)*2 (T/300K )*2
<E>=el(e”™" - 1)

Free Energy and Chemical Potential
F=U-TS WpEF-F am + bm =cm for aA+bB? cC

m=dF/dN  m=KT In(N/M) -D ne c
)= kT In(n/rbl) D acb = - ch_eCDkT
m _DI2KT n n n n
QA QB

po = anT— (404 104atm) (m/mo)3’2 (T/300K)5’2
p =nkT withn=N/V p = poe ° p(h) =

Thermal Radiation

/no = pl/
(n 4 ME)TPQ)

J=sgT", s5=5670" 108 WM K* | maT =0.029 mK
Constants and Data: Particle mass/mol

0K =—273.15°C = —-459.67 °F N, 28g
Na = 6.022 x 107/ mole 0, 3
k=1381x 102 JK =8.617x10°eV /K He 49
R=8314J/ mol-K =8.206" 1072 l-atm / mol-K Ar - 40g
1am=1.013" 10°Pa 1 liter = 1073 n? D 29
me=9.109 x 10~ kg mp = 1836 m; S o8
g=98m/s c=2.998" 10 /s Ge 739
h=6.626" 103 Js = 4136" 10" eV's 64g
h=Hh2p =105 10%*Js 1eV=1602" 109 A §g
1 Calorie = 1000 caories = 4184 19=10"kg



