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Introduction 
 

Problem-solving is the best preparation for studying physics at university because it 

develops the habits that physicists rely on every day: turning unfamiliar situations into 

clear models, choosing the right principles, making sensible approximations, and 

checking whether an answer is physically reasonable. My university tutor told me that 

we do problems because the physics is in the problems – they are the true test of 

understanding. 

 

This booklet is designed to build those habits through carefully chosen problems rather 

than passive revision. By working through challenging questions, you will test and 

improve your understanding of core ideas. Problem solving also improves your 

mathematical confidence and teaches you to persist when the route to a solution is not 

immediately obvious. The same skills are essential for admissions tests like the ESAT, 

where success depends less on memorising facts and more on applying familiar physics 

in novel, time-pressured contexts. In short, the more thoughtfully you solve problems, 

the better prepared you will be for both the admissions process and the demands of 

university-level physics.  

– Leo Ball 

 

The material in this booklet has been written by Mr Leo Ball with some material adapted 

from publicly available records of university admissions tests – many thanks to Leo for 

the hard work involved in producing this material. We all hope you enjoy the course. 

- Kathryn O’Brien Skerry, Physics Access Officer, University of Oxford 

 

 

  



Types of Problems 
 

The problems in this booklet cover five broad categories: conceptual, estimation, graph 

sketching/interpretation, pure maths and unstructured/challenging problems. 

 

Conceptual Problems 

Conceptual problems test the understanding of ideas, not the ability to plug numbers 

into formulae. They ask you to reason about: 

● Principles (e.g., conservation of energy, Newton’s laws) 

● Relationships (e.g., how force, mass, and acceleration interact) 

● Qualitative outcomes (e.g., what will happen, not how much) 

● They don’t require detailed calculation. They check whether you genuinely grasp 

the underlying physics. 

Example: Taking air resistance into account, when you throw a ball into the air and 

catch it, is the time taken for the ball to rise greater, less than, or equal to the time taken 

for it to fall? 

 

Estimation 

Estimation problems, often called Fermi problems, are not usually tested at A level but 

they’re a key skill used by professional physicists. 

• They reveal whether you actually understand the physics 

• They train physical intuition 

• They teach simplification — the heart of modelling 

• They’re essential in experimental physics 

• They’re how physicists check whether an answer is nonsense 

• They connect physics to the real world 

• They build confidence and independence 

Example: How fast, in metres per second, do your fingernails grow? 

 

Graph Sketching/Interpretation 

Although not usually included at A level, graph sketching is an important part of 

undergraduate physics, where the solution to a problem is usually an equation rather 

than a number. Sketching the graph of an equation reveals the underlying physics of a 



system, building intuition for how the system behaves. An essential skill in advanced 

physics, graph sketching is also frequently tested in university admissions interviews. 

 

Pure Mathematics 

Maths is the tool for physicists; it’s the language we use to describe and predict nature, 

and studying physics at university demands mathematical fluency. In admissions tests, 

interviews and undergraduate study (particularly in the first year) there is an emphasis 

on pure mathematics, ensuring you have the necessary skills for tackling fascinating 

physics topics such as quantum mechanics. 

 

Unstructured/Challenging Problems 

At A level questions are usually scaffolded. You are led, with increasing challenge, from 

one point to the next, often with accompanying diagrams. At university and admissions 

level much of this structure doesn’t exist, and you need to be more creative. Questions 

are often brief, with no diagrams and relatively little information. It’s up to you to decide 

how to set up the problem, draw the diagram, identify the relevant laws and conditions 

unique to the problem in hand, and solve it. 

 

Note: Turning Words into Mathematics 

In physics, many problems start as a description in words, but they only become 

solvable once you can turn those words into mathematics. The skill is to spot the 

important quantities, decide which physical principles apply, apply the information 

relevant to the problem in hand, and write down equations that capture the situation 

clearly.  

The words help you understand what is happening; the mathematics lets you work out 

what follows. This translation is a vital skill: a question about a braking car, an orbiting 

planet, or interacting electric charges may look very different on the surface, but in each 

case progress begins by turning the situation into a model using diagrams, equations, 

and logical steps. If you cannot make that translation, you are left with a vague idea of 

the physics but no reliable way to calculate, check, or extend your answer. Learning to 

move confidently from language to equations is one of the key differences between 

recognising a physics concept and being able to use it. 



Problem Set 3: Skills for University Physics 
Issued on 17th September 2026, presented at webinars on the 16th and 30th September - 

written by Leo Ball 

 

1. ENGAA, Paper 1, 2017 

 

 

2. PAT Specimen Paper, 2017 

 

A radioactive sample contains two different isotopes, A and B. A has a half-life 

of 3 days, and B has a half-life of 6 days. Initially in the sample there are twice 

as many atoms of A as of B. At what time will the ratio of the number of 

atoms of A to B be reversed? 

 
 



Note: like most questions at this level, this problem can be solved in several 

ways. Once you’ve solved it, try to think about an alternative approach. 

 

3. PAT Specimen Paper, 2017 

 

A jar contains buttons of four different colours. There are twice as many 

yellow as green, twice as many red as yellow, and twice as many blue as red. 

What is the probability of taking from the jar: 

a) a blue button; 

b) a red button; 

c) a yellow button; or 

d) a green button? 

You may assume that you are only taking one button at a time and replacing 

it in the jar before selecting the next one. 

 

4. Question 4 – BPhO Senior Challenge 2017 

 

A spider of mass m hangs from the end of a single, elastic, thread obeying 

Hooke’s Law, of a web attached to the ceiling of a room. The extension of the 

thread is equal to the natural length of the thread ℓo, when the spider is at 

the bottom end of the thread. 

 

a) Explain why the work done by the spider in climbing the thread all the 

way to the ceiling is less than the work done to climb a vertical distance 

2ℓo without the thread. 

b) What fraction of the work that would be required to climb to the ceiling 

does the spider save by using the elastic thread to climb up? 

 

  



5. Question 5 – BPhO Senior Challenge 2016 

a) When a particle falls under gravity it falls with a constant acceleration. 

When the particle has an initial speed u, the speed time graph is shown 

below. Using this graph, show how the equation of motion 

𝑠 = 𝑢𝑡 + ½𝑎𝑡2 

is obtained, where the symbols have their usual meaning. 

 

Two points A and B are located on a vertical line with point A vertically above 

point B. A particle is released from rest at A and at the same time another 

particle is projected vertically upwards from B at velocity v. The particles 

collide when the top one has fallen a distance y. The height of point A above 

point B is ℎ. 

 

b) Show that the time, t, from the start of the motion to collision is given by: 

𝑡 =
ℎ

𝑣
 

 

c) How does the distance the particle falls, y, from point A depend upon v, h 

and g? 

 

d) Sketch the velocity-time graphs, on the same set of axes, for the two 

particles. If h=100m, v=20ms-1 and g=10ms-2, mark on the graphs the (t,v) 

values where the particles collide. Take v to be positive upwards. 

 

  



6. PAT 2022 

 

The Trojan asteroids share Jupiter’s orbit around the Sun: approximately 

circular with a mean radius 5.2 AU (1 AU = 1.5x1011m is the mean radius of 

the Earth’s orbit around the Sun). The Trojans are clustered around two 

points labelled L4 and L5, where the L4 point is 60o ahead of Jupiter in its 

orbit and the L5 point is 60o behind Jupiter in its orbit. 

 

a) Determine the mean distance between the asteroids 588 Achilles (at the 

L4 point) and 617 Patroclus (at the L5 point). 

b) A spacecraft travels in a straight line between the two asteroids, 

accelerating at 10ms−2 until the half-way point between the asteroids, and 

decelerating at 10ms−2 from there to the endpoint. Assuming that the 

asteroids are approximately stationary on the timescale of the journey 

and neglecting any gravitational effects of Jupiter or the Sun, find the total 

travel time. 

c) Explain why the assumption that the asteroids are approximately 

stationary during the journey is well-justified. 

 

 

  



7. PAT 2006 

 

 

  



8. PAT 2007 

 

The current in amperes through a certain type of non-linear resistor is given 

by I = 0:05V3, where V is the potential difference in volts across the resistor.  

 

This resistor is connected in series to a fixed resistor and a constant voltage 

source of 9V is connected across the series combination. What value of 

resistance should the fixed resistor have so that a current of 0.40A flows? 

 

 

  



9. ENGAA 2017 Paper 2 

 

 
 

Try using calculus to solve this problem. 



 
 

 



 
 

 

 
  



10. Question 10 – PAT 2022 

 

 
  



11. BPhO Senior Challenge 2016 

 

 
  



12. PAT 2006 

 

 



13. PAT 2015 

 

Using your knowledge of solar eclipses, estimate the radius of the Moon. You 

may assume the radius of the Sun is 700; 000 km, the distance from the Earth 

to the Sun is 150; 000; 000 km, and the distance from the Earth to the centre 

of the Moon is 400; 000 km   [3] 

 

14. PAT 2015 

 

A non-rotating ball of mass 2 kg slides on a smooth, frictionless, horizontal 

surface at a speed of 1 m/s. It collides elastically and head-on with a 

stationary ball of mass 1 kg. What are the speeds of the two balls after the 

collision? 

 

15. PAT 2015 

 

A garden hose with a cross-sectional area A ejects water at a rate of x, usually 

measured in units of m3s-1. 

a) What is the speed of the water leaving the nozzle? 

b) The water hits a wall close to the end of the garden hose, perpendicular to 

the direction of flow. What is the force on the wall if:  

i. the water falls to the ground when it hits the wall, or  

ii. the water rebounds horizontally?  

You may assume the density of water is ρ, usually measured in units of kgm-3. 

  



16. NSAA 2016 Section 1 

 

 

  



17. NSAA 2016 Section 1 

 

 

  



18. NSAA 2016 Section 1 

 

 

  



19. NSAA 2016 Section 1 

 

 

  



20. BPhO Senior Challenge 2024 

 

The Lorentz factor, γ, is derived from Dutch physicist Henrik Lorentz’s work 

on electrodynamics. It appears in Einstein’s Special Relativity equations and 

describes the observed change in the physical characteristics of a body 

(length, time, mass, momentum, and energy) which is moving relative to an 

observer. 

 

The equation for γ is commonly written as γ = (1- v2/c2)-1/2, where v is the 

velocity of the moving object and c is the speed of light (3 x 108 ms-1). 

 

Which of the following graphs represents γ as a function of v? 

 

 

 


