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You will need the standard expressions for motion under a constant force: 

(x − x0) = v0t +
1

2
at2 

v2 = v0
2 + 2a(x − x0) 

Assessed problems 

There are no assessed problems in Mechanics this week. 

Homework problems 

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

1. A particle of mass 2kg has an initial velocity of (5𝐢 + 2𝐣)𝑚𝑠−1. It is acted on by 

a force of (−1𝒊 + 4𝒋)𝑁 for 4 seconds. What is its final velocity? 

 

2. A particle’s trajectory is described by the function  

𝐫(t) = (2t2 − t)𝐢 + 3t3𝐣 metres. What is its speed at t = 3s? What is its 

acceleration at t = 2s? 

 

3. Two astronauts, of mass 75kg and 150kg, leave the International Space Station 

to have a game of tug of war. Using a 400m massless rope, they move apart 

until it is taut and then each pulls in the rope with a constant force of 25N. 

 

a. What is the tension in the rope? 

b. How long does it take for the astronauts to meet? 

c. At what speed are they moving towards each other when they meet? 

d. What would happen if one of the astronauts let go of the rope? 
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Tutorial problems 

These are problems that your tutor might choose to cover during the tutorial.  

4. The Bremen drop tower is a 110m vertical tube that can have the air removed to 

create a vacuum: objects within it therefore do not suffer from air resistance and 

can experience short periods of microgravity as they are dropped from the top. 

For this question, take g = 10ms−2.  

 

a. When objects are dropped from the top of the tower, for how long do they 

experience microgravity? 

 

b. A catapult at the bottom can be used to fire objects upwards. At what speed 

must the catapult fire them to maximise the time in microgravity? 

 

 

c. The catapult takes 280ms (i.e. 0.28s) to accelerate the object to the speed in 

part (b). Assuming the acceleration is constant, what is its magnitude? 

 

5. The absent-minded professor buys a new picture and hammers a nail into his 

wall to hang it up. There are two hooks on the back, 50cm to the left and right 

of the centre, and each 10cm below the top. He ties a piece of (massless, 

inextensible, frictionless) string between the hooks and hangs this on the nail. 

The picture has a mass of 2kg; take 𝑔 = 10 𝑚𝑠−2.  

 

a. When he hangs the picture, the string makes an angle of 𝜃 with the 

horizontal. Draw a diagram of the forces acting on the hooks and the nail. 

What is the tension in the string?  

 

b. Unfortunately, he has made the string too long, so the top of the picture 

hangs below the nail (no prizes for naming the professor). He’ll need to 

make the string shorter, but is confident that everything will be fine because 

the string will only break at a tension of 20 𝑁. Can he hide the nail? 

 

 


