
Possibly useful relations:

~A = Axî+ Ay ĵ + Azk̂ A = | ~A| =
√
A2
x + A2

y + A2
z rotate the right hand fingers

~A · ~B = AB cos(θ) ~A× ~B = ~C, C = AB| sin(θ)| from ~A to ~B to get ~C
cos θ = adjacent/hypotenuse tan θ = sin θ/ cos θ v = ωr

sin θ = opposite/hypotenuse x = −b±
√
b2−4ac
2a

a = αr

~vavg = ∆~r/∆t ~v(t) =
~dr
dt

ω(t) = dθ
dt

~aavg = ∆~v/∆t ~a(t) =
~dv
dt

α(t) = dω
dt

~vf = ~vi + ~at vavg =
vi+vf

2
ωavg =

ωi+ωf

2

xf = xi + vit+ 1
2
at2 ~rf = ~ri + ~vit+ 1

2
~at2 θf = ~θi + ~ωit+ 1

2
~αt2

xf = xi + vavgt v2f = v2i + 2a∆x ω2
f = ω2

i + 2α∆θ

~vAB = ~vAC + ~vCB

Σ~F = m~a ~FAB = −~FBA Σ~τ = I~α

~Fg = ~W = m~g ~F12 = Gm1m2

r212
r̂12 = −~F21 ~τ = ~r × ~F

fs ≤ µsN , fK = µKN FD = 1
2
CρAv2 τ = rF | sin θ| = r⊥F = rF⊥

ac = v2

r
= ω2r v = 2π

T
r = ωr I = ICM +md2

Static equilibrium: Σi
~Fi = 0 Σi~τi = 0

dW = ~F · d~r = |~F ||d~r| cos θ WAB =
∫ B
A
~F · d~r WAB =

∫ θB
θA
~τdθ

E = K +Krot + U K = mv2

2
, ∆K = Wnet Krot = I ω

2

2

Ug = mgy, U(r) = −GmM
r

Us(x) = k (x−x0)2
2

ICM will be provided

∆E = Wnon cons P = dW
dt

, P = ~F · ~v P = τω

~P = Σimi~vi ∆~P = ~J =
∫ t2
t1
~Fextdt ~L = Σi(~ri × (mi~vi)), L = Iω

d~P
dt

= ~Fext,
~dL
dt

= ~τext,

Is energy conserved? yes → elastic interaction no → inelastic interaction

Fb = ρflV g, subm = ρo/ρfl, P = F
A

P1 + ρgy1 + ρ
v21
2

= P2 + ρgy2 + ρ
v22
2

Flow rate: Q = v1A1 = v2A2

ẍ = −ω2
0x x = A cos(ω0t+ φ) v = ẋ = −ω0A sin(ω0t+ φ)

ω = 2π
T

= 2πf ω0 =
√

k
m

, ω0 =
√

g
L

E ∼ A2

x0 = x(t = 0), v0 = v(t = 0) A =
√
x20 + (v0/ω0)2 tan(φ) = −v0/(x0ω0)

ẍ = −ω2
0x− γẋ A(Te) = A/e x(t) = (Ae−γt/2) cos(ωt+ φ)

ẍ = −ω2
0x− γẋ+ F/m cos(ωt) A(ω) = F/m√

(ω2−ω2
0)

2+(γω)2
x(t) = A(ω) cos(ωt+ φ)

A(ω0) = F
mω2

0
Q Te = NT , N = Q

π
, Q = ω0

γ

∂2y(x,t)
∂x2

= 1
v2
∂2y(x,t)
∂t2

, k = ω/v y(x, t) = y(x± vt) , k = 2π/λ y(x, t) = A cos(kx± ωt)
y(x, t) = y1(x, t) + y2(x, t) y(x, t) = A cos(ωt) sin(kx) k = nπ, L = nλ/2, v =

√
FT

µ

G = 6.67× 10−11N m2

kg2
use g=10 m/s2 instead of 9.8 m/s2


