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Assessed problem 

You need to answer this problem on Blackboard Learn. 

Imperial College, in trying to maximise revenue from its purchase of the Imperial 

White City site, decides to build a roller coaster using new, frictionless technology 

developed in the Mechanical Engineering department. A sketch of the scheme is 

shown below. 

 

A carriage is lifted from the ground at point A to point B using a chain system, then 

released from B at a very low initial speed. It accelerates down to the ground at C, 

rises to D then descends to E which is at the same height as the start A, to which the 

carriages travel where they are stopped for the passengers to alight. Take  

𝑔 = 10𝑚/𝑠2. 

(a) What is the speed of the carriage when it has dropped a height ℎ from point 

B? 

1. 𝑣 = 2𝑔ℎ 

2. 𝑣 = √2𝑔ℎ  

3. 𝑣 =
1

2
𝑚ℎ2 

4. 𝑣 = ℎ 

5. We can’t calculate this. 

 

(b) The tracks around points C and D are arcs of circles with a radius  

𝑟 = 10𝑚. The acceleration of an object around a circle of radius 𝑟 at a speed 

𝑣 is 𝑎 = 𝑣2/𝑟 . In order to maximise excitement, passengers should feel 

three times their normal weight at point C: how far below point B should it 

be? 

1. 0𝑚 

2. 2𝑚 

3. 5𝑚  

4. 9.8𝑚  

5. 10𝑚 
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[2 marks] 

 

(c) At point D the passengers should be weightless: how far below point B 

should it be? 

 

1. 0𝑚 

2. 2𝑚  

3. 5𝑚 

4. 9.8𝑚  

5. 10𝑚  

[2 marks] 

 

(d) A carriage, with passengers, weighs 1500kg. How much work is done in 

lifting it from point A to point B? 

 

1. No work is done 

2. 1.5𝑘𝐽 

3. 15𝑘𝑊 

4. 15𝑘𝐽  

5. 150𝑘𝐽  

[2 marks] 

 

(e) The College is aiming to operate one carriage every 5 minutes for twelve 

hours a day. What is its average power consumption over 24 hours? 

 

1. No power is consumed 

2. 100𝑊  

3. 250𝑊 

4. 1𝑘𝑊 

5. 250𝑘𝑊 

[2 marks] 
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Homework problems 

Attempt these in your own time; if you have problems, ask at your tutorial. 

1. The ballistic pendulum is a method of determining the speed of a projectile. A 

large stationary mass 𝑀 is suspended by wires from the ceiling and the projectile, 

of mass 𝑚, is fired into it at an unknown speed 𝑢: it embeds itself in the larger 

mass. Take 𝑔 = 9.8𝑚𝑠−2. 

 

(a) Is this collision elastic or inelastic?  

 

(b) Is momentum conserved in this collision? Is kinetic energy conserved?  

 

(c) Derive an expression for the maximum height, ℎ, to which the masses rise on 

the wires after the collision.  

 

(d) Hence show that, by measuring this height, the speed of the projectile can be 

determined.  

 

(e) A bullet, mass 𝑚 = 12𝑔, is fired into a block of mass 𝑀 = 10𝑘𝑔 and the 

height rise is measured as ℎ = 10𝑐𝑚. What was the speed of the bullet?  

 

2. Consider a block of mass 𝑚 = 2𝑘𝑔 on a frictionless surface, constrained to move 

in one dimension horizontally. The block is initially moving at  

𝑣0 = −1𝑚/𝑠, that is to the left. A constant force 𝐹 = +10𝑁 acts (to the right) 

for 5𝑠.  

 

a) Calculate the acceleration of the block and hence its final speed and final 

kinetic energy. How much kinetic energy has the block gained? 

 

b) Calculate the how far from its original position that the block travelled in 

5s – be careful about signs. Hence calculate the work done by the force and 

show that this is the same as the kinetic energy gained by the block. 

 

 

3. A man of mass 75kg stands at one end of a 10m plank, of mass 25kg, which itself 

lies on a (frictionless) frozen lake. He walks to the other end of the plank: how far 

has he travelled relative to the lake? 
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Tutorial problem 

This is a problem that your tutor might choose to cover during the tutorial.  

Robert Millikan received the 1923 Nobel prize for physics, partly for his celebrated 

“oil drop” experiment in 1909 with Harvey Fletcher, which showed that electrical 

charge is quantised. Here, we’re going to run through a simplified version of the 

experiment. 

The apparatus consists of a chamber with a pair of horizontal parallel plates across 

which we can place a voltage using a power supply, along with a means for making 

fine oil drops and then ionising them – this was originally done with X-rays. 

(a) Oil drops are added to the chamber while there is no voltage across the plates: 

the drops drift slowly downwards and reach a terminal velocity. What are the 

two forces acting on a drop in this case? What must their relative magnitude 

be?  

 

(b) Spheres moving slowly through a fluid experience “Stokes drag,” with a drag 

force given by 

𝐹𝑑 = 6𝜋𝑟𝜂𝑣 

where 𝑟 is the radius of the sphere, 𝜂 is the viscosity of the fluid (here, the 

air) and 𝑣 is the speed of the sphere. In this case, “slowly” means that the 

flow must be laminar, instead of turbulent. If oil has a density 𝜌, show that 

we can calculate the radius of the drop by measuring the terminal velocity 

𝑣𝑡: 

𝑟 = √
9

2

𝜂𝑣𝑡

𝜌𝑔
  

 

Here, we’re neglecting the density of the air: how could we take it into 

account? 

(c) The electric field between two parallel plates a distance 𝑑 apart, when a 

voltage 𝑉 is applied, is 𝐸 = 𝑉/𝑑. The force on a charge 𝑄 due to an electric 

field is 𝑭𝑞 = 𝑄𝑬. The charging process gives the drops a negative charge: 

which way round should we connect the power supply to stop the drops 

falling?  We adjust the voltage until the drop hovers. Derive the (messy) 

expression for the charge on the drop. 

 

Crucially, Millikan did not find one result for the charge because the drops did not 

just hold one extra electron; rather, when studying many drops (this was the bit done 

by his student Fletcher), all the charges were multiples of one number. Millikan 

concluded that this was the fundamental unit of charge and actually measured it to 

within a few percent.  

  

The real experiment is a bit more complicated than our version here; you’ll get a 

chance to try it for yourself in second year lab. Astonishingly, less than a hundred 

years ago, the physics Nobel prize was awarded for the discovery of something that 

we now take for granted: that charge is quantised in elementary particles. We’ve 

come a long way. 


