
 

Formula Sheet 
 

 
 
Kinematics & Forces 

  

v x = dx
dt

    ax =
dv x

dt

v x =
∆x
∆t

     a x =
∆v x

∆t

 

Constant acceleration 
x(t) = xo + vot +½ at2

v(t) = vo + at 
vf2 = vo2 + 2a∆x 

2
)vv(v 0f +=  

x(t) = xo + vt –½ at2

(compare the above eqn. 
carefully to the first constant 
acc. eqn. before using.) 

Projectile motion 
vx(t) = vox

x(t) = xo + voxt 
vy(t) = voy – gt 
y(t) = yo + voyt – ½ gt2 

 
ΣF = ma 
 
Uniform circular motion 

ac =  
v2

r   

v = 
T

r2π
       

f
1T =  

 
Friction 

fs < µs Fn 

fk = µk Fn 

 
Fgrav = mg 
Fspring = –kx 
 
Vector Operations G

• θcosABB =
G
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A
G

× n̂sinABB θ=
G

 
i × j = k 
j x  k = i 
k x i = j

Energy & Momentum 
 

K = 
1
2 mv2 =  

p2

2m  

W = ⌡⌠ F|| dx (=⌡⌠F•dr ) 

 
Wnet =  ∆ESYSTEM 

             =  ∆EMech+∆ETh 

 

∆ETh = fk ∆s 
 

Pinstantaneous = 
dW
dt   = F•v 

 
∆U = –W of conservative force 

F(x) = – 
dU(x)

dx   

 

Uspring(x) = 
1
2 kx2

Ug(y) = mgy [near the earth's surface] 
 
 
p = mv 
I = Impulse = ⌡⌠F dt  = pf – pi   

   = Favg ∆t = ∆p 
 
Collisions:  
Ptot,f = Ptot,i 

 
Elastic collisions: 
Ktot,f = K tot,i

  
Center of mass: 
Mtot rcm = m1r1 + m2r2 + ... 
Mtot vcm = m1v1 + m2v2 + ... 
Mtot acm = m1a1 + m2a2 + ... 
 
Ptot = pcm

 = Mtot vcm = m1v1 + m2v2 + ... 

ΣFext =  
dPtot

dt   

 

Rotation 
 
∆θ = ∆s/r 

ω = 
dt
dθ

 α =  
dt
dw

 

vtang = ωr  
atang = αr 

arad = 
r

v2

 = ω2r 

Constant acceleration 

θ(t) = θo + ωot + 
1
2  α t2

ω(t) = ωo + α t 
ωf2 = ωo2 + 2 α ∆ θ 

2
)( 0f ω+ω=ω  

 

I = Σmiri2 (= ) ∫ dmr 2

Icm = mR2,  ring 
Icm = ½mR2,  disk 

Icm = 
5
2

mR2,  solid sphere 

 
Icm = mL2/12 for rod 
Iend = mL2/3 for rod 
Id = Icm + Md2

   (parallel axis theorem.) 
τ = r x F 
|τ| = rFsinθ = r⊥ F = r F⊥ 
Στ = I α 
 

W =⌡⌠τ dθ  

K = 
1
2 Iω2

 
Rolling without slipping:  
 vcm = ωR  
 acm = αR 
Angular momentum
L = r x p 
|L| = rpsinθ = r⊥ p = r p⊥ 
L = Iω 

Στext = 
dt

d totL
 



 

 
Gravitation

   

|Fg| = 
GMm

r2   

 
The force on mass 1 due 
to mass 2.  The unit vector 
points to mass 2. 
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GMmF ˆ
212 =

G
 

 
Principle of Superposition 
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Gravitational P.E. 

Ug(r) =  – 
GMm

r   

 

Oscillations in simple harmonic 
motion. 
x(t) = xmax cos(ωt + φ) 
    so d2x/dt2 = –ω2x(t) 
θ(t) = θm cos(ωt + φ) 
    so d2θ/dt2 = –ω2θ(t) 

ω = 2πf = 
2π
T

 

m
k

=ω : spring 

MgD
I2T π= : physical pendulum 

 
Fluids
ph = po + ρgh 

 

 

g = 9.8 m/s2

G = 6.67 x 10–11 Nm2/kg2

Rearth = 6.38 × 106 m 
Mearth = 5.97 × 10 24 kg 

Units related to Pressure 
1 Pa = 1 N/m2

1 atm = 1.013 × 105 Pa 
ρwater = 1000 kg/m3 

 
 
 
 

 
 
 

γ Law of Cosines: C2 = A2 + B2 – 2AB cos γ 
B A 

Law of Sines: 
sin sin sinα β γ

A B C
= =

 
α 

β 
C 
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