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Formula Sheet

1. Forces:

Σ~F = m~a

ΣFx = max

ΣFy = may

F = mg

fs max = µsn

fk = µkn

F = −k∆x

2. Rotational Dynamics:

L = Iω
Krot = 1/2 Iω2

τ = r⊥F = rF⊥ = rF sinφ∑
τ = Iα = ∆L/∆t

3. Rotational Inertia:

I =
∑

i miR
2
i

solid cylinder: ICM = 1
2MR2

hoop: ICM = MR2

solid sphere: ICM = 2
5MR2

hollow sphere: ICM = 2
3MR2

rod (⊥ to length): ICM = 1
12ML2

rod (through end): IEND = 1
3ML2

4. Impulse & Momentum:(
Σ~̄F

)
∆t = m~vf −m~vi

m1~vf1 + m2~vf2 = m1~vi1 + m2~vi2

vcm = m1v1+m2v2
m1+m2

vf1 = m1−m2
m1+m2

vi1, vf2 = 2m1
m1+m2

vi1

5. Work; Energy; Power:

W = (F cos θ)d

K = 1/2 mv2

Ug = mgy

Linear (F = −kx) spring:
Us = 1/2 kx2

E = K + Ug + Us + Eth + Echem + ...

∆E = ∆K+∆Ug+∆Us+∆Eth+∆Echem+
... = W

P = ∆E/∆t = W/∆t = Fv

6. Using Energy:

e = What you get
What you have to pay = COP

1st Law of Thermodynamics:
∆Eth = Q + W

2nd Law of Thermodynamics:
The entropy of an isolated system always
increases

emax = 1− TC
TH

COPmax,cooling = TC
TH−TC

COPmax,heating = TH
TH−TC

7. Heat & Temperature

Temperature Scales:
TC = 5/9 (TF − 32.0)
TF = 9/5 TC + 32.0
TK = TC + 273.15

Heat Capacity: Q = Mc∆T

Latent Heat of Transformation:
Q = ±MLf or Q = ±MLv

Molar specific Heat (of an ideal Gas):
Q = nCV ∆T or Q = nCP ∆T

8. Ideal Gases & Kinetic Theory

Mole, Mass, Avogadro’s Number:
n = N/NA

n = m/(mass per mole)
mparticle = (mass per mole)/NA

Ideal Gas Law:
pV = nRT = NkBT

Kinetic Theory of Gases:
Kavg = 1

2mv2
rms = 3

2kBT

vrms =
√

3kBT
m

Eth = 3
2nRT

9. Constants:

NA = 6.02× 1023

R = 8.31 J/(mol ·K)

kB = R/NA = 1.38× 10−23 J/K

g = 9.80 m/s2
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