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FORMULA SHEET 
 
Damped Harmonic Motion 
 

� 

m˙ ̇ x + b˙ x + kx = 0  
 

� 

x = Aeqt  
 

� 

q = −γ ± γ 2 −ω0
2  

 

� 

γ = b
2m

 

 

� 

ω0
2 = k

m
 

 
Forced Harmonic Motion 
 
 

� 

m˙ ̇ x + b˙ x + kx = 0  
 

� 

x = Acos ωt −ϕ( )  

 

� 

A = F0
m ω 2 −ω0

2( )2 + 4γ 2ω 2
 

 

� 

tanϕ = 2γω
ω0
2 −ω 2  

 

� 

ωr
2 = ω0

2 − 2γ 2 

 

� 

Q =
ω0
2 − γ 2

2γ
 

 
 
Central field 
 

 

� 

Ueff (r) = M 2

2mr2
+U(r)  

 

� 

ϕ = ±
M r2( )dr

2m E −Ueff (r)[ ]
∫  

 

� 

t = ±m dr
2m E −Ueff (r)[ ]

∫  

 
Lagrangian 
 
 

� 

L = T −U  
 

 

� 

d
dt

∂L
∂ ˙ q i

= ∂L
∂qi

 

 
 



Question 1 (5 marks) 
 
A force is given by: 
 

� 

F x,y,z( ) = 2xy + z3( )i + x 2j+ 3xz2k  
 

(a) Show that this force is conservative. 
(b) Find the potential energy, V. 
(c) Determine the work done in moving an object in this force field form 

(1,-2,1) to (3,1,4). 
 
 
 
 
Question 2 (7 marks) 
 
A simple harmonic oscillator is described by the equation: 
 

� 

m˙ ̇ x + kx = 0 
 
This oscillator is altered by the addition of a damping term: 
 

� 

m˙ ̇ x + c˙ x + kx = 0 
 

(a) Give expressions for the resonant frequency of the original oscillator 
and the subsequent damped oscillator.  

(b) How are these frequencies related to each other? 
 
The damped oscillator is now driven by a harmonic driving force given by: 
 

� 

F = Fo cosωt  
 

(c) At what frequency will this system resonate? 
(d) Describe the behaviour of the resonance as the damping constant is 

increased from zero to infinity. 
(e) Describe how the phase of the oscillating particle motion is related to 

the driving force as a function of frequency 
(f) How does this relationship depend on the degree of damping? 

 



Question 3 (8 marks) 
 
A particle moves in one dimension under the action of a conservative force. 
 

(a) Show that the formal solution to the equation of motion is given by: 
 

� 

t − to = dx
2
m

⎛ 
⎝ 
⎜ 

⎞ 
⎠ 
⎟ E −V x( )( )

xo

x∫  

 
where the particle is at xo at time to. 
 
A stationary central force in three dimensions is given by: 
 

� 

F = f r( ) r
r

 

 
(b) Show that this force is conservative. 
(c) Show that the angular momentum of a particle moving in this force 

field is a constant of motion for this system. 
(d) How does this restrict the motion of such a particle? 
(e) Derive an expression for the magnitude of the angular momentum 

of such a particle in terms of plane polar coordinates and their time 
derivatives. 


