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Formulas: 
T3 = 273.16K = 0.01oC   ;  water freezes/boils at T = 0oC = 32o F /T =100oC = 212o F  

1cal = 4.1868J    ;    NA = 6.02×1023  
Thermal expansion:  ΔL = LαΔT    ;    ΔV =VβΔT    ;   β = 3α  
Heat capacity and specific heat: Q =CΔT    ;    Q = cmΔT  
Heat of vaporization, fusion: Q = LVm   ;    Q = LFm  

First law of thermodynamics: ΔEint =Q−W;  dEint = dQ− dW  ;  W= pdV
Vi

Vf

∫  work  

Conduction: Pcond =
Q
t
= kATH −TL

L
 ;  R = L

k
     k,R=thermal conductivity, resistance 

Radiation: Prad =σεAT
4    ;    σ = 5.67×10−8W /m2K 4    ε =1 for black body  

Ideal gas: PV = nRT = NkT = nNAkT  ;  R=8.31J/molK ;  k =1.38×10−23J /K  

Pressure: P = Nm
3V

(v2 )avg    Kinetic energy: Kavg =
1
2
m(v2 )avg =

3
2
kT   

Internal energy: Eint = NKavg  ; CV =
3
2
R for monoatomic gas; CP =CV + R  

CV ,CP =molar heat capacity at constant volume, pressure        

CV =
f
2
R  for polyatomic gases with f degrees of freedom per molecule 

Adiabatic expansion of ideal gas: PV γ = const  , TV γ−1 = const    ;    γ =CP /CV  

Distribution of molecular speeds: P(v) = 4π ( m
2πkT

)3/2v2e−mv
2 /(2kT )  

Velocity distribution: F(vx,vy,vz ) = f (vx ) f (vy ) f (vz ) , f (vx ) = (
m

2πkT
)1/2e−mvx

2 /(2kT )  

Mean free path: λ =1/ ( 2πd 2N /V ) , d=diameter  ; vrms = (v2 )avg  

Entropy: dS = dQ /T  in a reversible process. S is a function of state. ΔS = dQ /T
i

f

∫  

ΔS ≥ 0  for a closed system. = if reversible process, > if irreversible process 
Ideal gas: S(T,V ) = nR lnV + nCv lnT + const    

Heat engine: ε =
|W |
|QH |

 ; Carnot engine: ε =1− |QL |
|QH |

=1− TL
TH

 

Refrigerator coefficient of performance K =
|QL |
|W |

; Carnot refrigerator KC =
TL

TH −TL
 

Statistical view of entropy: S = k lnW; W = N!/ (n1! n2 ! ....);  N!≈ N(lnN )− N  
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Fluids: ρ =m /V,   p = F / A,   1atm =1.01x105Pa = 760torr  
Fluid at rest: p2 + ρgy2 = p1 + ρgy1 ; gauge pressure=p-patmospheric 

Pascal's principle: Δp = F1 / A1 = F2 / A2  
Archimedes principle: buoyant force Fb =mfluidg  

Continuity equation: volume flow rate = RV = Av = a constant 

Bernoulli equation: p+ 1
2
ρv2 + ρgy = a constant  

Oscillations: simple harmonic motion: x(t) = xm cos(ωt +φ) ; ω=2π f = 2π /T  

spring:F = −kx ,  ω= k /m , energy: E =U +K =
1
2
kxm

2 ; U =
1
2
kx2,    K =

1
2
mv2  

torsion pendulum: τ = −κθ , ω= κ / I ; simple pendulum: ω= g / L  

physical pendulum: ω= mgh / I ; I = ICM +mh
2 = r2∫ dm  

Damped shm: Fd = −bv , x(t) = xme
−bt /2m cos(ω 't +φ) , ω ' = ω 2 − (b / 2m)2  

Forced oscillations: Ff = f cos(ωdt) , x(t) = xm cos(ωdt +φ) ; resonance: ωd =ω  

                    xm = ( f /m) / ωd
2 −ω 2 )+ b2ωd

2 /m2 , tanφ = (b /m)ωd / (ωd
2 −ω 2 )  

 
Waves: 
y(x, t) = ym sin(kx −ωt);  ω = 2π f = 2π /T;  k = 2π / λ;  v =ω / k = λ f = λ /T        

string: v = τ /µ ;    power:  Pavg =
1
2
µvω 2ym

2

    

interference:   y '(x, t) = [2ym cos 1
2
φ]sin(kx −ωt + 1

2
φ)

 

standing waves:   y '(x, t) = [2ym sin(kx)]cosωt;  resonance:  f = v
λ
= n v

2L  

speed of sound:  v = B
ρ

;      B = −V ∂P
∂V

)S;   ideal gas:  B = γP
 

 
s = sm cos(kx −ωt);   Δp = Δpm sin(kx −ωt);  Δpm = vρωsm  
 

interference: φ = ΔL
λ

2π;  constructive φ = 2πm,    destructive φ = π (2m+1)
 

sound intensity I= P
A
=

1
2
ρvω 2sm

2 =
Ps

4πr2 ;   decibels β=(10dB)log I
I0

,  I0 =10−12W /m2
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pipes: f = nv
2L

,  n =1, 2,3  or f = nv
4L

,  n =1,3, 5;   beats fbeat = f1 − f2
 

 

Doppler: f ' = f v± vD
v± vs

;   shock wave  sinθ = v
vS  

 
  


