
Difficulty ranges from (*) (least difficult) to (***) (most difficult) 

For questions that require approximation, explanation, or discussion, make this clear when asking 

the question, so they are aware there might not be a straightforward right answer. 

For physics topics besides simple mechanics, ask if they have studied the topic at school first. For 

maths questions that require the chain rule, product rule, integration beyond powers of x, or angle 

addition rules for trig functions, likewise as if they have studied the relevant material at school first. 

 

SET 1 (Physics) 

 

(**) 

Notes 

Get them to draw a good sketch first. Make sure they acknowledge that the ball reaches the same 

maximum height after every bounce. 

Ask them what goes wrong if the ball bounces too early (it will bounce twice on the 1st step). What 

goes wrong if it bounces too late? (It might unnecessarily skip a subsequent step). How can we get it 

ask far back as possible without bouncing twice? (Have it just miss the edge.) Are there any 

symmetries they can use? (Yes, the parabola is symmetric in its mid line.) 

 



 

(**) 

Notes 

The key points are that I9=0 (*) and also I1=I4 and I3=I5 (**). 

On (*), if no current flows, how does that mean we can simplify the circuit? (We can completely 

erase CO) 

Coming to (**), wouldn’t it be nicer if we could split the circuit into simple parallel branches? How 

could we use (**) to do that? (Imagine the AOF route and the BOD route did not meet at O and just 

became separate branches AF and BD – after all, no net current goes via AO to OD or via BO to OF.) 

NB: Students might also just say that by symmetry there is no PD over OC and that the branch 

‘doesn’t matter’ – it’s fine to just accept this. 

 

 



 

(***) 

Notes 

(d) is much harder and doing just (c) is likely to be enough for most students. 

What ranges of values for x and y are allowed? What symmetries does the curve have? What 

happens when x becomes very small or very large? 

  



SET 2 (Engineering) 

 

(*) 

Notes 

The point is that they might be told at school that high voltage and low current minimises power 

loss, which is true, but power loss in a component is proportional to both V2 and I2. 

They need to identify that the ‘V’ in the power loss equation means the potential difference over the 

component power is being lost in (here, the electrical cables, thought of as resistors), and this can be 

low even when the voltage delivered by the power source (in this case, probably a transformer) is 

high. 

Is they are stuck, ask them to clarify what voltage means. 

 

 

(**) 

Notes 

How rigorous they need to be about limits depends on how strong they are – if they can do an 

accurate sketch quickly, get them to be more careful about the limits (e.g. if they say ‘exponential 

functions beat linear ones’, how do they know that?) 

 

 



(***) 

Notes 

Ask at the start if they have studied circular motion. 

If they say centripetal force is the cause, ask what is providing the centripetal force. 

Some hints for (a): if you cut the ring into 2 halves, what would happen? (they would fly apart – most 

should have this intuition); if the ring was made of a fluid, what would happen? (it would also fly 

apart)  

In (b), ‘that force’ means the tension – say it this way when moving onto (b). Get them to draw a 

force diagram on a short piece of ring first. Note the tension forces can’t be tangent to the ring or 

there would be no component towards the centre. If they don’t quickly suggest adding an angle 

themselves, suggest naming the angle between the tension and the tangent. Ask them how this is 

related to the angle at the centre. Ask them if they recall the formula for centripetal force if they are 

stuck on how to find the tension. 

 

  



SET 3 (Physics) 

 

(*) 

Notes 

Express at the start that you only need a rough approximation. 

Going via atmospheric pressure is better, but if they go via volume and density, their estimates for 

those just have to be vaguely reasonable (e.g. passenger aircraft fly at 10km and the ISS is at 400km, 

and drawing the edge of the atmosphere anywhere in between and calling its average density half 

that of air at atmospheric pressure is acceptable, as long as they give some kind of justification and 

acknowledge there will be an error). 

 

 

(**) 

Notes 

In practice, we normally precede (a) by asking about a square, and don’t get on to (b) and (c), unless 

they are very strong. We often describe this as pushing on the axle of an n-sided wheel. 

Make sure their diagram is large enough to be usable. Check if they remember how to find the 

angles in a regular n-gon. 

Ask where the forces are acting when the wheel is about to tip (at one of the bottom corners). 

 



 

(***) 

Notes 

They probably won’t have seen the formula for photon momentum before. 

In (c), make it clear you are asking them to produce an approximate answer. First ask how photons 

hitting the sail speeds it up (conservation of momentum). Then how many photons are hitting it per 

second. If they forget about distance, just ask if distance matters. They will need to estimate an 

average photon energy (assume visible light is typical – after all, it’s the average energy of photons 

the sail actually reflects that matters, and for a shiny sail it makes sense for visible light to be typical 

of this – and then assume 500nm because it’s a round number). 

It’s unlikely they will get to (d) unless very strong. 

 

 

  



SET 4 (Physical NatSci) 

 

(*) 

Notes 

If they assume the area will be multiplied by a factor of 1.012, ask them why it isn’t the case that, as 

the metal expands, the metal pushes into where the hole was and reduces its area. It’s acceptable 

for them to say that all parts expand equal, so the overall shape is the same, so the hole takes up the 

same proportion of the total area as before. If they are stuck ask them to image cutting the metal 

into very small squares and ask how each changes as the plate is heated. 

 

 

 

(**) 

Notes 

If they don’t know were to start, ask them what lines they can draw on, and how they can use the 

fact that the radii within each packing are all the same. 

 



 

(**) 

Notes 

If you are asking a student who is interested in space, the question should go quicker, as they should 

have seen the idea of rotating spacecraft already. 

For (b), ask what might cause you to feel a force in a car besides gravity (they should get the idea of 

both turning and accelerating forwards causing you to feel forces). 

For (c), it might help to ask what the walker is doing relative to the centre/axis of the space station 

 

  



SET 5 (Physics) 

 

(**) 

Notes 

First ask what sources of error there are; if they are stuck, ask what would happen if the flour was 

poured from 1 mile above the pan (but still didn’t miss); can also ask what happens when the flour 

first starts to be poured – is the reading immediately accurate? 

 

(**) for (1), (***) for (2) 

Notes 

Drawing a tree diagram is useful for (1). Ask them how symmetry helps if they are stuck. 

Only do (2) if they are strong and already know how to define expected value. 



 

(***) 

Notes 

Ask them why density would vary. Do they know a law that gases might obey, and if they mention 

the ideal gas law, do they know how an expression for density can be found from it? 

You will probably have to introduce the idea of looking at one small region of the atmosphere and 

drawing a force diagram. They might need to be asked whether the parcel of air is in equilibrium 

(and told to ignore things like wind etc.) 

Ask them what causes air pressure – this might have come up earlier in the day if the ‘mass of the 

atmosphere’ question was asked. 

  



SET 6 (Engineering) 

 

(*) 

Notes 

Make sure all their forces are acting in the right directions/at the right points. 

Ask when during the motion the force needed is greatest (get them to think about the opposing 

force). 

This can also be done by resolving horizontally and vertically and assuming that both the net 

horizontal and vertical forces are 0, as F is the minimum needed to begin to accelerate it. (But is it 

obvious that both components of the acceleration can be 0 as the sphere leaves the ground? You 

would have to argue that the sphere can’t accelerate in either direction alone, as the path of its 

centre must be a circle.) 

 

 

(**) 

Notes: 

Give them time to propose and evaluate ideas – it’s an open-ended question. 

For (a), ask what we use to look inside human beings without cutting them open. 

Anything that depends on material properties, like propensity for thermal expansion, can’t tell us 

which is which as the materials for the two spheres can’t be the same (else the hollow sphere would 

have lower total mass). 

If they mention ultrasound or x-rays, ask them what exactly the experimental setup and results 

would look like. E.g. we don’t know if the total x-ray flux will be less on the other side of the empty 

sphere, as its shell is made from a different material than the other sphere and may absorb x-rays 



better. But we do know the distribution of flux will be different, with a peak at the centre. (NB: It’s 

best to assume both spheres are uniform apart from the hollow in the first of them.) 

If they mention floating the spheres, get them to explain why that won’t in fact work. 

If you get on to (b), get them to think about the net KE of all the constituent particles, as they won’t 

have studied moment of inertia. Look at the two spheres when they have fallen a vertical distance d. 

They must have equal net KE, so the empty sphere must have a smaller angular speed. If the spheres 

roll without slipping, then speed down the slope is r times angular speed. So the empty sphere must 

roll more slowly. 

 

 

(**) 

Notes 

The key in part (a) is to get them to talk about phase difference and how it varies with path 

difference. 

In each of (b) and (c), let them think/talk for a bit and, if they aren’t making progress, ask them 

about how the phase difference is affected. 

Make sure they justify which direction the pattern shifts in. 

 

 

 

 

 

 

 

  



SET 7 (Physics) 

 

(*) 

Notes 

If they don’t try to conjecture a proportionality relationship for food intake and size soon, ask them 

to do so. Why do we eat food? (For energy.) Why do we need the energy? (For activities – ignore 

this, as we don’t know how active the animals are – and for respiration, i.e. conversion to heat.) 

What is heat exchange proportional to (surface area). 

 

(**) 

Notes 

Ask them what external forces are acting on the car. If they say ‘braking force’, ask them what 

external force causes the car to brake. (The brakes just slow/lock the wheels so that friction with the 

ground slows the car.) 

Likewise, ask them what force allows for turning. If they say centripetal force, ask them what 

external force supplies that. 

In both cases, you could ask what would happen if the car were on ice instead. 

Ask them to sketch the trajectory of the car in the turning case. 

An intuitive explanation of the result (maybe one to give after they finish, or after the interview 

ends), is that, if the car’s initial momentum is p in the forwards direction, both forces must produce 

a net momentum change of p in that direction, but the turning force must also produce a net 

momentum change of p in a perpendicular direction (the initial sideways momentum was 0, but is 

equal to its initial forwards momentum after turning). 



We rarely get to (3), which is a well-known problem anyway. 

 

 

(***) 

Notes 

Assume that if it hits a corner it bounces back along the line it came in on. 

It can help to have them draw trajectories that will return to the start after 1 bounce, 2 bounces, etc. 

to get familiar with the problem. 

Another preliminary step is to think about the angles that will produce special cases, such as i) 

bouncing once on each cushion and then returning, or (ii) bouncing twice on the top and bottom 

cushions and once on the side cushion, or (iii) n times each on the top and bottom cushions and 

once on the side cushion. 

Note that the ball leaves every cushion at the angle it meets it. They might get the idea to represent 

the trajectory as cutting the board into series of similar triangles. In a case where the ball bounces 

many times vertically before it bounces off the far side, ask them how far the ball travels horizontally 

as it passes from top to bottom cushion – they should see this horizontal travel is constant. Then ask 

them what changes if the ball bounces off the far side in between vertical bounces – they should see 

that the net travel is the same, even if the final displacement isn’t. Finally ask what this says about 

the speed of the ball. 

Alternatively, focus on what happens to the perpendicular and parallel velocities at each corner. Get 

them to see that the magnitudes of both are constant for the whole trip. How can they use this? 

(What do they know about the total distance travelled if the ball does return to the start. 

NB: We can also picture the billiard table being part of an infinite lattice of identical tables, where 

the ball does not bounce of the edges but instead just pass through onto the next table each time. 

What does returning to the start correspond to in this space? (returning to the midpoint of a side, 

but only even numbered sides, counting the original as 0 and going left to right), and what does the 

trajectory of the ball look like? (a straight line). 

 

 

 

 

 



SET 8 (Physics) 

 

Drug test 

Suppose a drug test is 99% sensitive and 99% specific. That is, the test will produce 99% true 

positive results for drug users and 99% true negative results for non-drug users. Suppose that 

1% of people are users of the drug. If a randomly selected individual tests positive, what is 

the probability that he is a drug user? 

(*) 

Notes 

Get them to draw a tree diagram. 

Answer: 50% chance 

We want P(user | test +ive) 

This is P(user & test +ive)/P(test +ive) 

(1) P(user & test +ive) = (0.01)(0.99) 

 

(2) P(test +ive) = P(user & test +ive) + P(not user & test +ive) 

 

= (0.01)(0.99) + (0.99)(0.01) 

We see that (2) = 2*(1), so P(user | test +ive) = ½. 

 

 

(**) 

Notes 

Part (a) is normally enough. 

First establish what condition corresponds to leaving the surface (R=0). 

What type of motion is it? (Circular.) 



What determines the beads speed? (Conservation of energy. If they propose integrating tangential 

acceleration or equivalent, ask for something simpler.) 

Where else can we draw an angle? (At the centre.) 

 

 

 

(***) 

Notes 

Students typically find this hard. Check they know the chain rule. 

First ask what will affect rate of mass loss. (NB: The solutions should talk about heat flow rather than 

heat loss per se, but students don’t need to make this explicit and should be allowed to just 

conjecture that rate of mass loss is proportional to surface area. They might have seen this idea 

before on the day if you have asked the hose and mouse question to someone else.) 

Once they get the relationship to surface area (or you tell them to use it), note that we have dm/dt 

in terms of area, so we want to relate area to either mass or time somehow to reduce the number of 

variables. Can mass and area both be related to some other quantity? (Yes, radius.) 

Encourage them to work in terms of dr/dt rather than dm/dt unless they are making good progress 

anyway. 

Once they find dr/dt is constant, direct their attention back to the question to ask if they can use this 

directly. Ask what the change in radius must have been for A, and then ask what it must be for B. 

 

 

 

 

 

 

 

  



SET 9 (Physics) 

 

Best clock 

How do you know if you have the world’s best clock? 

(**) 

Notes 

Get them to propose criteria for a good clock. Note that we care about accuracy in some sense, not 

less quantifiable things like usability. See what they say, but lead them towards consistency as a 

criterion – there’s no ideal unit of time, so what matters isn’t the size of the gap between ticks, but 

that it’s always the same size. 

The key point of this question is for them to identify the problem (with your help), which is that if 

two clocks disagree, that alone doesn’t tell you which is right. 

If they propose comparing the clock to a fundamental physical time period (e.g. oscillation of a 

physical object), note that a clock basically is a measurement of such an oscillation already (e.g. a 

pendulum), but either the physical oscillation can vary or the clock’s measurement of it can be 

inaccurate. Even if theory says the oscillation must have constant period, we’d like to be able to test 

that result. 

The answer is to compare the clock to itself somehow, e.g. via a recording or a time delay (like each 

tick triggering two laser flashes which travel different distances to reach a detector – if they are 

always detected at the same time, the clock is very consistent, whereas if gaps appear between the 

detections, it is less so). 

 

 

(**) 

Notes 

See if they can conjecture a trajectory first, and then try to derive it. If the conjecture the wrong one, 

it shouldn’t count against them at all. 

Get them to write coordinates for the rung if stuck. 



 

(***) 

Notes 

They might have seen photon momentum if you asked the solar sail question. If you did that part of 

that question, this one is much easier, and maybe shouldn’t be asked on the same day. 

Ask why there must be a force (photons experience change in momentum). Get them to quantify 

what happens for each photon first. 

At the end, you might discuss that this can be used to move small objects around via “optical 

tweezers”. 

Also, the change in reading on the scales will correspond to e.g. the slight decompression of a spring, 

i.e. a change in energy. Likewise, if the prism were light enough to accelerate, work would be done 

in moving it. Where does this energy come from, as no photons are destroyed? There must be a 

slight permanent redshift in the laser exiting the prism to account for the energy lost. 

(This could also be discussed after the solar sail question, as there the reflected light must be 

redshifted compared to the incoming light to account for the gain in KE of the spacecraft.) 

 

 

 

 

  



SET 10 (Physical NatSci) 

 

Ruler on fingers 

If I balance a ruler on the first fingers of both my hands and gently bring them together, what 

happens? How can you explain this phenomenon? 

(*) 

Notes 

Get them to try this with a physical ruler (ask if they have one handy). They must move their fingers 

gently for it to work. They should see that one finger moves and then the other, in alternating steps. 

Get them to draw a force diagram. What are the forces on each finger? (Note Newton’s 3rd Law – 

start with what the forces on the ruler must be to keep it in equilibrium.) 

If they forget friction, ask them what would happen with a perfectly smooth ruler – surely your 

fingers would easily slide together underneath it. 

If they draw the diagram too symmetrical, ask what happens if it isn’t (you can even get them to try 

the experiment again with one finger starting closer). 

Answer: To keep moments constant, the reaction at the finger nearest to the centre of mass is 

greater, so the maximum friction there is also greater. If you move your fingers gently, you apply just 

enough force to overcome friction. So the outer finger moves, until they are equal distance from the 

CoM, at which point one moves a bit closer than the other due either to random changes in the 

surface or the force you apply, or to the difference between static and dynamic friction (the moving 

finger will tend to stop a little after becoming the closest finger to the CoM as dynamic friction is 

lower). Then the process repeats. 

 

Carbon atoms 

How many carbon atoms are there in a full stop made with a pencil? 

For each assumption or estimate you made, can you justify it? 

What experiment could you try to do to check your final answer? 

 

(**) 

Notes 

The typical approach is to estimate the volume of a full stop (picturing it as a cylinder) and the 

density of graphite, derive the mass, and use the molar mass of carbon to find the number of atoms. 

The main estimate that might need justification is the thickness of the dot (the height of the 

cylinder). A good estimate would be around 10,000 atoms, or 10-6 metres.  

Answer in that case: assuming diameter 1mm and height 10-6 m, volume of cylinder is pi*10-12 m3. 

Density of graphite is similar to water, so mass is around 3*10-9 kg. 1 mole of carbon atoms is 



around12g and we have 1/(4*106) of this, so we have around (6*1023)/(4*106) i.e. around 1017 

atoms. 

You don’t need to say the part about justification at first, but insist on it later. 

The question is quite open ended and they might not have a lot to go on, so allow any suggestion 

that is not completely ridiculous. 

 

Possible justifications for the thickness: 

i) Suppose drawing a 1m line of pencil shortened the tip by about 1mm, which seems reasonable. 

Then a 1mm full stop would have a thickness of one thousandth of 1mm, or 10-6 m. 

ii) As the full stop is opaque, but wouldn’t be fully opaque if much thicker (if draw lightly), its 

thickness must be a bit larger than the wavelength of visible light (as waves don’t interact with 

objects much smaller than their wavelengths). That means around 10-6m. 

 

An experiment someone could do to check the answer is to put a large number of full stops on a 

piece of paper, then measure its total gain in mass and divide by the number of full stops, then use 

the molar mass argument as before. 

 

 

 

 

3D Sketching 

Sketch the trajectories of particles with the following coordinates as functions of time: 

a) (
𝑐𝑜𝑠(𝑡)
𝑠𝑖𝑛(𝑡)

𝑡

) 

 

b) (

𝑐𝑜𝑠(𝑡)
𝑠𝑖𝑛(𝑡)
𝑐𝑜𝑠(𝑡)

) 

 

c) (

𝑐𝑜𝑠(𝑡)
𝑠𝑖𝑛(𝑡)
𝑐𝑜𝑠(100𝑡)

100

) 

 

 

(***) 

Notes 



Ask them if any part of the expression looks familiar (e.g. if they have seen parametric coordinates 

for a circle). Or, first ask what is happening to the x-coordinate, then y, then z. 

They only need to give a broad qualitative description of each one. 

a) Spiral centred on the z-axis. 

b) Tilted ellipse (the axes are (1,0,1) and (0,1,0), but they don’t need to identify that) 

c) A wave going around a circle: 

 

 

 

  



Extra Questions: 

 

Drag on a Plane (*) 

Suppose we model drag on a plane by assuming the plane must accelerate all the air it passes 

through to its own speed. 

By how much does the engines’ power output need to increase in order to increase the plane’s top 

speed by 10%? 

How much air does the plane pass through in 1s? A*v*1, where A is its frontal area and v is its speed. 

Energy lost to air = 1/2mv2, and m = dV where d is density and V is volume. From the above, V=Av, so 

energy lost in 1s is 1/2Adv3. Energy lost per second is the same as power, so P is proportional to v3. 

Then we need to multiply the power by 1.13 = 1.331, so the power increases by about 1/3. 

 

Cylinder from a sphere (*) 

Suppose I have a solid sphere of wax  or radius R and I want to carve a cylinder out of it. 

If I want the radius of the cylinder to be r, what is the greatest its height can be? 

Extension (*): If I want to choose the radius and height for the cylinder that maximise its volume, 

what should they be? 

If they can’t start, ask them to imagine the cylinder inside the sphere. 

For the extension, if they get a function in r instead of h, point out it’s complicated and ask if there’s 

an alternative, then suggest a function in h if they don’t come up with the idea themselves. 

Solution: 



 

 

Differential Equation (*) 

Solve the differential equation x2dy/dx + 2xy – x – 1 = 0, given that y=0 when x=1. 

Extension (**): sketch the curve in this case 

Rearranging, we have d/dx(x2y) = x+1, so x2y = 1/2x2 + x + c. y=0 and x=1 gives c = -3/2, so y = (x2 + 2x 

– 3)/2x2. 

Graph: 

 

 



 

Electron-Positron Collider (**) 

How does a particle collider work? 

Most modern colliders collide relativistic particles, i.e. ones travelling at close to the speed of light, 

but I don’t want to have to bother with that, so I’ll try to make a collider with slower particles. Let’s 

call a particle non-relativistic if it has speed < 0.01c. Estimate the mass of the most massive 

hypothetical lepton I could create by colliding non-relativistic electrons and positrons. Give your 

answer as a multiple of the electron mass me. 

Answer: (1 + 5x10-5)me 

Note initial lepton number is 0, so to create a lepton we must also create its antiparticle. 

Available energy comes from the masses of the electron and positron (as they may annihilate) and 

their initial kinetic energies (if they further accelerate towards each other due to electrostatic 

attraction, the KE they gain corresponds to a loss of electric potential energy, so the net effect is 0 – 

probably best not to discuss electromagnetic effects at all though). 

That makes 2mec2 + 2*½mev2   

If the mass of the lepton we are creating is m, the minimum energy needed is 2mc2 (as we must also 

create its antiparticle). 

Then 2mc2 < 2mec2 + mev2 < 2mec2 + me(0.01c)2 

So m < me + ½(0.0001)me = (1 + 5x10-5)me 

We might comment that this shows we basically can’t create a lepton heavier than an electron 

without using relativistic electrons and positrons. 

 

Log Sketching (**) 

Sketch ln(ex + 1) and ln(ex – 1). Can you conjecture and prove a geometric relationship between the 

curves? 

Answer (red is ln(ex+1)): 



 

Encourage them to think about range, domain, and long-term behaviour first 

The curves are reflections of one another in y=x, i.e. inverses, which can be shown by rearranging 

either equation for x in terms of y. 

 

Sin Series Sketching (**) 

Sketch y = 1 + sin2(x) + sin4(x) + … + sin2n(x) for n a large positive integer 

This is a geometric series. If n is large, it approximates the sum to infinity, which is sec2(x). 

 

 

Clock Circuit (**) 

A clock face is non-conducting, apart from the circular rim of the face which is uniform and of total 

resistance 2 Ohms, and the hour hand which just reaches and slides along the outer rim, and which 

has total resistance 1 Ohm. The terminals of a cell are connected to the rim at 9 o’clock and to the 



centre of the clock (attaching to the base of the hour hand). Sketch the total resistance between the 

terminals of the cell as a function of time. 

It's probably easier to do in terms of the angle at the centre first. 

Solution: 

 

 



 

 

Glass Bowl (**) 

A glass bowl has its upper surface described by y=1+(2/3)x2 and its lower surface described by the x-

axis, where y is the height above the bottom of the bowl in cm and x is the horizontal distance from 

the centre in cm. The refractive index of the bowl is 4/3. If the bowl sits on a table and a 

monochromatic ray of light is shone vertically down at a horizontal distance of 1cm from the centre, 

where does the ray hit the table?  

Ask them how exactly Snell’s Law is stated to encourage them to find the normal 

They might need help converting the gradient of a normal into information about angles.  

Solution: 

 



 

 

Combining Tans (*)/(**) 

Let t=tan(1o) 

Let T=tan(10o) 

Find tan(99o) in terms of t and T 

(Don’t ask this and the glass bowl question to the same student.) 

Ask if they have done angle addition. 

It might help for them to sketch the graph of tan and think about where roughly 99o is, then see if 

they can relate it to an acute angle. 

Solution: 

Tan(99) = -tan(180-99) = -tan(81) 



Tan(81) = tan(90-9) = 1/tan(9) 

Tan(9) = tan(10-1) = (T-t)/(1+Tt) 

So, tan(99) = - (1+Tt)/(T-t) 

 

Hanging E (**) 

I make a capital E out of uniform wire. All straight edges are of equal length L. If I want the E to hang 

from a smooth peg with its top edge level, how should the E be placed? 

Solution: 

 

 

 

 

Flat Earth (***) 

In flat earth theory, the earth is modelled as a thin disc of uniform density 𝜌 and radius R. Find the 

gravitational force at a point a distance h directly above the centre of the disc. (Assume h is large 

enough that the thickness of the disc can be neglected.) 

Ask why the force isn’t determined by just total mass and distance to centre of mass to encourage 

them to come up with an integral. 

Solution: 



 

 

Possible further questions: 

 

Tan Integrals (**) (Further Maths) 

Evaluate the integrals: 

(1+x2)-1 

(1+kx2)-1 for k a real number 

The first is arctan(x)+c, which they should probably know, but it does depend on what they have 

seen at school so far. It might be best to ask if they know the integral, and if not, whether they have 

studied integration by substitution. If they haven’t done that either, just pick a different question, 

but if they have, then you can suggest the substitution x=tan(y). 

The second depends on whether k is positive, negative, or 0 – if they assume it is positive, ask them 

once they have finished what values k can take. 

If k>0, do a substitution tan(theta) = k1/2x (technically this assumes x>0, but it doesn’t matter in the 

end) 

If k=0, the integral is just x+c 

If k<0, they can do the integral using partial fractions with denominators 1 + (-k)1/2x and 1 - (-k)1/2x  

(they probably won’t have seen tanh at school yet, so don’t write it that way unless they start to use 

tanh themselves). 

 


