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Mathematics 
 
Quadratic equation: 

 

€ 

ax 2 + bx + c = 0  
     

 

€ 

x =
−b ± b2 − 4ac

2a
 

 
Trigonometry: 
 
 2π rad = 360°    

€ 

x 2 + y 2 = r2        
 

€ 

sinθ = y /r
cosθ = x /r
tanθ = y / x

 

 
 
 

Vectors: 
 

€ 

a ⋅b = abcosθ
= axbx + ayby + azbz

 

 
Calculus: 
 

 

€ 

d
dt

t n( ) = ntn−1  

€ 

xn dx =
xn+1

n +1∫  

  
 
Constants and Units 
 
 k = 103, µ = 10-6, n = 10-9 
 g = 9.80 m/s2      c = 3.00×108 m/s 
 1 N = 1 kg m/s2      1 J = 1 kg m2/s2 
 1 W = 1 J/s 
 
Translational Kinematics 
 
One dimension: 
 

 

€ 

vavg =
Δ x
Δ t

=
x2 − x1
t2 − t1

 

€ 

v = lim
Δt→ 0

Δ x
Δ t

=
dx
dt

 

 

 

€ 

aavg =
Δv
Δ t

=
v2 − v1
t2 − t1

 

€ 

a = lim
Δt→ 0

Δv
Δ t

=
dv
dt

 

 
Three dimensions: 
 
   

€ 

! r = xˆ i + y ˆ j + z ˆ k  
 

 
  

€ 

! v avg =
Δ
! r 

Δ t
=
! r 2 −
! r 1

t2 − t1
  

  

€ 

! v = d! r 
dt

 

 

 
  

€ 

! a avg =
Δ
! v 

Δ t
=
! v 2 −
! v 1

t2 − t1
 

  

€ 

! a = d ! v 
dt

 

 
 

 
Constant acceleration in one dimension: 
 

 

€ 

x = x0 + v0t + 1
2 at

2

v = v0 + at
v 2 = v0

2 + 2a(x − x0)
 

 
Projectile motion (ay = -g): 
 

 

€ 

v0x = v0 cosθ0
v0y = v0 sinθ0
x = x0 + v0xt
y = y0 + v0yt − 1

2 gt
2

vy = v0y − gt

vy
2 = v0y

2 − 2g(y − y0)

 

 
Uniform circular motion: 
 

 

€ 

a =
v 2

r
      

€ 

T =
2π r
v

=
2π
ω

=
1
f

     period 

 
Relative Motion 
 

 
  

€ 

! v AC =
! v AB +

! v BC
! v AB = −

! v BA
  (AB means A relative to B, etc.) 

 
Particle Dynamics 
 
   

€ 

! 
F = m ! a       

€ 

W = mg     weight 
 

 

€ 

fs ≤ µsFN static friction
fk = µk FN kinetic friction

 

 
Kinetic Energy, Work, and Potential Energy 
 

 

  

€ 

K = 1
2 mv 2                 kinetic energy

W =
! 
F ⋅
! 
d =
! 
F ⋅ Δ! x      work by constant force

ΔK = K f −Ki = W
 

 

 

€ 

W = F(x)dx
xi

x f

∫       work by variable force 

 

€ 

W = −mgΔy      work by gravitational force  
 

 

€ 

Fs = −kx        spring force (Hooke's Law)
Ws = 1

2 k xi
2 − 1

2 k x f
2      work by spring force

 

 

 

€ 

ΔU = −W = − F(x)dx
xi

x f

∫       potential energy

F(x) = −
dU(x)
dx

 

 
 

€ 

U(y) = mgy      gravitational PE  
 

€ 

U(x) = 1
2 k x

2  spring PE  
 

θ 

r y 

x 
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€ 

Emec = K +U                   mechanical energy
ΔEmec = ΔK + ΔU =WNC   work by NC forces
ΔEmec = ΔK + ΔU = 0        for conservative forces
 

 
  

€ 

P =
dW
dt

=
! 
F ⋅ ! v    power supplied by force 

! 
F  

 
Momentum and Collisions 
 

   

€ 

! p = m! v       
  

€ 

! 
F = d! p 

dt
 

 

 
  

€ 

Δ
! p =
! 
J =

! 
F (t)dt

ti

t f

∫ =
! 
F avgΔt  

 

 
  

€ 

! r com =
1
M

mi
! r i

i=1

n
∑  

 
  

€ 

! r com =
1
M
! r dm   continuous body∫  

 

 
  

€ 

! 
P = ! p i

i=1

n
∑ = M! v com       

  

€ 

! 
F ext =

d
! 
P 

dt
 

 
Two-body collisions: 
 
   

€ 

! p 1i +
! p 2i =

! p 1 f +
! p 2 f  

 
Totally inelastic collision: 
 

 
  

€ 

! v f =
! v com =

m1
! v 1i + m2

! v 2i

m1 + m2
 

 
Elastic collision in 1D with target at rest (v2i = 0): 
 

 

€ 

v1 f =
m1 −m2

m1 +m2
v1i

v2 f =
2m1

m1 +m2
v1i

 

 
Rotational Kinematics 
 

 

€ 

ω =
dθ
dt

=
vt
r

(tangential velocity vt )  

 

€ 

α =
dω
dt

=
at
r

(tangential acceleration at ) 

 

€ 

ar =
v 2

r
=ω 2 r (radial acceleration ar ) 

 
Constant angular acceleration α: 
 

 

€ 

θ = θ0 +ω 0t + 1
2α t

2

ω = ω 0 +α t
ω 2 = ω 0

2 + 2α (θ −θ0)
 

 
 
 
 

 
Rotational Dynamics 
 

 

€ 

I = miri
2

i=1

n
∑      rotational inertia

I = r2
∫ dm      continuous body

I = Icom + Mh2  parallel axis theorem
I = 1

12 ML
2         (thin rod, about centre)

I = 1
3 ML

2          (thin rod, about end)

 

 

 

€ 

τ = Ft r = Fr⊥ = Frsinφ
τext = Iα

 

 

 

€ 

K rot = 1
2 Iω

2  

€ 

W = τ dθ
θ i

θ f

∫  

 

 
  

€ 

ℓ = rp⊥ = (mr2)ω dℓ
dt

= τ  single particle 

 

€ 

L = Iω dL
dt

= τ ext  rigid body 

 

€ 

Li = Lf      isolated system, τext = 0 
 
Rolling without slipping: 
 
 

€ 

vcom =ωR acom = αR          magnitude only 
 

€ 

K = 1
2mvcom

2 + 1
2 Iω

2 = 1
2mvcom

2 (1+ β)  
 

€ 

I = βmR2 β =

1    hollow disc
1
2    solid disc
2
5    solid sphere

⎧ 

⎨ 
⎪ 

⎩ 
⎪ 

 

 
Special Relativity 
 

 

€ 

L =
L0
γ

Δt = γΔt0 γ =
1

1− (v /c)2
 

 
Velocity addition: 
 

 

€ 

u =
ʹ′ u + v

1+ v ʹ′ u /c 2( )
 

 


