
Physics Interview Course
Extension Questions



Extension 1:

Integrate 0
1
0
1−𝑥

1 − 𝑥 − 𝑦 𝑑𝑦 𝑑𝑥.

What does this integral represent geometrically?



Extension 2:

In a model of population growth, the population 𝑃 is given by 𝑃 = 𝑃0𝑒
λ𝑡, where 𝑃0

is the starting population, 𝑡 is the time that has passed since the population was 𝑃0, 

and 𝜆 is a positive constant. 

Assume that everyone survives until age 80 and then dies. What proportion of the 

population is younger than age 𝑎 for any choice of 𝑎 < 80?

Why is this an important result for our model?

Can you show a similar result if, instead of everyone living to exactly 80, there is a 
continuous probability 𝑃𝑑(𝑎) that a person will die at age 𝑎, which is the same for 
every person?



Extension 3:

A rotor has 3 equally spaced, equal length, massless arms. They end in masses of m, 
2m, and 3m respectively. The arms meet at a smooth axle and rotate under gravity. 
The axle is perpendicular to the ground, so that the arms and direction of 
gravitational acceleration all lie in a plane (i.e. the rotor is vertical like a windmill, 
rather than horizontal like a roulette wheel).

Show that there are two positions that it is possible for the rotor to rest in. Which is 
a stable resting position, and which is unstable?

If it is disturbed from its unstable resting position, what does its motion from that 
point look like and what is the maximum angular velocity it achieves as it rotates?

Finally, let’s generalise to other rotors. Show that there are always two possible 
resting positions, no matter the number, length, and distribution of the arms and 
masses, except in one special type of case which you should identify.



Extension 4:

We model the movement of a particle P in Cartesian coordinates by taking the x-axis 
to be level, horizontal ground, and the y-axis to represent vertical height above the 
ground.

The particle P starts at (0,0) where it is fixed to the bottom of a circular wheel of 
radius 1, whose centre is initially at the point (0,1). The wheel rolls to the right so 
that its centre moves at constant horizontal speed 𝑣.

What are the coordinates of P at a time 𝑡 after the wheel starts to roll?
What is the speed of P at 𝑡?

When P hits the ground again for the first time after the wheel starts rolling, what 
are (a) its displacement from the origin and (b) its total distance travelled through 
the air?

Sketch the trajectory of P between when the wheel starts rolling and when P next 
hits the ground.



Extension 5:

An infinitesimally thin, non-conducting rod of length 𝐿 metres holds a uniform 

charge per unit length of 𝜌 coulombs per metre. A particle with a charge of 𝑄

coulombs lies at a perpendicular distance of 𝑑 from the centre of the rod.

What is the total electrostatic force on the particle?

What happens as 𝐿 increases to infinity and all other quantities remain constant?

What is the net force if the rod is replaced by a non-conducting, thin disc of radius 𝑅

with a uniform charge per unit area of 𝜌 coulombs per square metre, and the same 

particle lies at a perpendicular distance of 𝑑 above the centre of the disc?

Now what happens as 𝑅 increases to infinity and all other quantities remain 
constant?


