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~vavg =
∆~x

∆t
, ~v =

d~x

dt
; ~aavg =

∆~v

∆t
, ~a =

d~v

dt

∆x = x(t2)−x(t1) = signed area under the v(t) curve from t1 to t2 =

∫ t2

t1

v(t)dt

∆v = v(t2)−v(t1) = signed area under the a(t) curve from t1 to t2 =

∫ t2

t1

a(t)dt

vx = v0x + axt; x = x0 + v0xt+
1

2
axt

2; v2x = v20x + 2ax∆x

~v = vxî+ vy ĵ; vx = |v| cos(θ); vy = |v| sin(θ)

v = |~v| =
√
v2x + v2y; θ = tan−1(vy/vx)

~vCB = ~vCA + ~vAB

g = 9.8 m/s2; G = 6.67×10−11Nm2kg−2; ME = 5.98×1024kg; RE = 6.37×106m

ax2 + bx+ c = 0→ x =
−b±

√
b2 − 4ac

2a

θ =
s

r
: θ in radians; ω =

dθ

dt
α =

dω

dt

ac = arad =
v2

r
; T =

2πr

v

v = ωr : ω in radians per unit time; atan = αr : α in radians per unit time squared

ω = ω0 + αt; θ = θ0 + ω0t+
1

2
αt2; ω2 = ω2

0 + 2α∆θ

~Fnet =
∑
i

~Fi = m~a; ~FAB = −~FBA

|~Ffk| = µkN ; |~Ffs| ≤ µsN

~Inet = ~Fnet∆t = area under the F(t) curve from t1 to t2 =

∫ t2

t1

F (t)dt

|Fnet,radial| =
mv2

R

~p = m~v; ~I = ∆~p = ~pf − ~pi
~pf = ~pi (for an isolated system with no external forces)

Klinear =
1

2
mv2

Ug = mgh (flat earth approximation); Uspring =
1

2
k(x− x0)2

1



W = ~F · ~d = Fd cos θ = area under F(x) curve from x1 to x2 =

∫ x2

x1

Fxdx

F = −dU/dx; ∆W = −∆U (for a conservative system)

Esys = U +K = constant, if there are only conservative forces

∆K = Wnet; ∆Esys = ∆K + ∆Ug + ∆Us = Wnoncons

P = ∆W/∆t =
dW

dt
= ~F · ~v

~rCM =

∑
imi~ri∑
imi

~τ = ~r × ~F |~τ | = rF sin θ

τnet = Iα, α in radians per unit time squared

I =
∑
i

mir
2
i =

∫
r2dm; ~L = I~ω rigid body about fixed axis

Krot =
1

2
Iω2; vcm = Rω; acm = Rα : rolling without slipping, angles in radians

~Fnet = 0 and ~τnet = 0 in rigid-body equilibrium

Fg =
GMm

r2
, Ug = −GMm

r
, Vsphere =

4

3
πR3

Esys = K+Ug; Esys = 0 for a projectile that can just barely escape the earth’s gravity

Fg = Fnet,radial for an orbiting satellite

Fnet,spring = −k(x− x0); T = 2π

√
m

k
;

ωSHO =

√
k

m
, ω must be in radians; f =

1

T
=

ω

2π
, ω must be in radians

x(t) = A cos(ωt+ φ0); a(x) =
d2x(t)

dt2
= −ω2x(t)

Espring = K + Uspring =
1

2
m(vmax)2 =

1

2
kA2

vwave =

√
Ts
µ

= λf =
ω

k
; k =

2π

λ
; ω =

2π

T

y(x, t) = A sin(kx− ωt+ φ0); vy =
dy

dt
= −ωA cos(kx− ωt+ φ0)

f+ =
f0

1− vs/v
; f− =

f0
1 + vs/v

∆t =
∆τ√
1− v2

c2

; L = L0

√
1− v2

c2

2


