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1. Linear Motion; Constant Acceleration:

v = v0 + at

x = x0 + v0t + 1/2 at2

x = 1/2 (v0 + v)t
v2 = v2

0 + 2a(x− x0)

2. Forces:

ΣF = ma
fMAX

s = µsn

fk = µkn

3. Work; Energy; Power:

W = F‖s = (F cos θ)s
Ktrans = 1/2 mv2

Ugrav = mgy

Linear (F = −kx) spring:
Uspring = 1/2 kx2

P̄ = W/∆t = F v̄

4. Linear Momentum:

p = mv∑
F = ∆p/∆t

5. Gravitation

FG = Gm1m2/R
2

UG = −Gm1m2/R
whereG = 6.672× 10−11 N ·m2/kg2

At earth’s surface:
FG = mg whereg = 9.8 m/s2.

Satellite Motion:T 2 = (4π2/MG)R3

Sun: MS = 2× 1030 kg

Earth: ME = 6× 1024 kg
RE = 6.37× 106 m
from sun= 1.5× 1011 m

Moon: MM = 7.4× 1022 kg
RM = 1.74× 106 m
from earth= 3.8× 108 m

6. Rotational Motion:

ω = ω0 + αt

θ = ω0t + 1/2 αt2

θ = 1/2 (ω0 + ω)t
ω2 = ω2

0 + 2α(θ − θ0)
s = rθ
vt = rω
aT = rα
aC = v2

t /r = rω2

L = Iω
Krot = 1/2 Iω2

τ = R⊥F = RF⊥ = RF sin θ∑
τ = Iα = ∆L/∆t

7. Rotational Inertia:

I =
∑

i miR
2
i

solid cylinder: ICM = 1
2MR2

hoop: ICM = MR2

sphere: ICM = 2
5MR2

rod (⊥ to length): ICM = 1
12ML2

rod (through end): IEND = 1
3ML2

8. Vibrations:

For Simple Harmonic Motion:
x = A cos ωt
v = −ωA sinωt
a = −ω2A cos ωt = −ω2x
whereω = 2πf
andf = 1/T
E = 1/2 kA2

For a mass/spring
ω =

√
k/m

For a Simple Pendulum
ω =

√
g/L

9. Waves & Sound

Wave velocity:
v = λf

Intensity:
I = P/A
I = P/4πr2

vair= 343 m/s (at 20◦C)

vstring =
√

F/µ
µ = m/L

β(dB) = 10 log(I/I0)
whereI0 = 10−12 W/m2

Doppler:

f ′ = (
v ± uo

v ∓ us
)f

Organ Pipes:
fn = n(v/2L), λn = 2L/n
wheren = 1, 2, 3, . . .(ends open)

fn = n(v/4L), λn = 4L/n
wheren = 1, 3, 5, . . .(one end closed)

Vibrating strings have a mode structure like
open pipes.

Beats:fbeat = |f1 − f2|
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