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Section A

1 This question is about an experiment to find the specific thermal capacity of aluminium.

An electrical heater is placed in an aluminium block as shown in Fig. 1.1. A mercury in glass 
thermometer is inserted into a hole in the block to record the temperature of the block.

 Fig. 1.1

thermometer

heater connected
to electrical supply

aluminium
block

(a) Suggest a practical technique to improve the thermal connection between the thermometer and 
the block.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [1]

Put a few drops of oil (or water) in the hole before inserting the thermometer,

so the liquid fills the air gap between the thermometer bulb and the aluminium.
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(b) The heater is switched on and the temperature of the block is recorded every minute for 
10 minutes. The results are recorded and plotted on the graph in Fig. 1.2.

(i) The absolute uncertainty in each temperature measurement is ± 1.0 °C.
Draw vertical uncertainty bars on each plot. [1]

(ii) Draw lines of both the maximum and minimum gradients through the data points and uncertainty 
bars on the graph. [2]

(iii) Calculate the mean rate of temperature rise in °C s–1 and its percentage uncertainty.
 Use the lines you drew for part (b)(ii).

 rate of temperature rise = ................................ °C s–1 ± ................ % [5]

Steepest line: (0, 19.0) to (10, 36.5)

gradient = (36.5 − 19.0)/(10 − 0) = 1.75 °C min−1

= 1.75/60 = 0.0292 °C s−1

Shallowest line: (0, 20.0) to (10, 35.0)

gradient = (35.0 − 20.0)/(10 − 0) = 1.50 °C min−1

= 1.50/60 = 0.0250 °C s−1

mean rate = (0.0292 + 0.0250)/2 = 0.0271 °C s−1

uncertainty = ½(max − min) = ½(0.0292 − 0.0250) = 0.0021 °C s−1

% uncertainty = 0.0021/0.0271 × 100 = 7.7 %

0.027 7.7
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 Fig. 1.2
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(c)
(i) Show that:

The gradient of the graph in Fig. 1.2 = P
mc  ;

where
P = power input, m = mass of the block and
c = experimentally-determined value of specific thermal capacity.

 [2]

(ii) The potential difference across the heater is set at 9.6 V ± 2%.
The current is 3.76 A ± 0.9%.
Using these values and the value calculated in part (b)(iii), determine the specific thermal 
capacity of aluminium. Find the absolute uncertainty.

mass of aluminium block = 1.00 ± 0.01 kg.

 specific thermal capacity = ...................... ± ...................... J kg–1 K–1 [4]

E = mcΔθ  and  P = E/t

Substituting for E:  P = mcΔθ/t

Rearranging:  Δθ/t = P/(mc)

Gradient of the graph = Δθ/Δt, so gradient = P/(mc)

P = IV = 3.76 × 9.6 = 36.1 W

c = P/(m × gradient) = 36.1/(1.00 × 0.0271)

c = 1330 J kg−1 K−1

% uncertainties: pd 2 %, current 0.9 %,

mass 0.01/1.00 × 100 = 1 %, gradient 7.7 %

total % uncertainty = 2 + 0.9 + 1 + 7.7 = 11.6 %

absolute uncertainty = 0.116 × 1330 = 154 ≈ 150 J kg−1 K−1

1330 150
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(d) The textbook value for the specific thermal capacity for aluminium is 900 J kg–1 K–1. Compare this 
value with your calculated value and explain the main reason for the difference.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]

My value (1330 J kg−1 K−1) is higher than 900 J kg−1 K−1. The block is not

insulated, so some energy from the heater is wasted to the surroundings and not

all of it heats the block; the temperature rise is smaller, so c appears larger.
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2 The circuit in Fig. 2.1 is used to measure the current flowing through and the potential difference 
across a semiconductor diode.

 The variable d.c. power supply has negligible internal resistance.

 Fig. 2.1

A

V

variable d.c.
supply

(a) Calculate the conductance of the semiconductor diode when the potential 
difference = 0.65 ± 0.02 V and the current = 7.5 ± 0.02 mA.
Give the uncertainty in your answer.

 conductance = ................................. ± ................................. Ω–1 [3]

(b) Describe how the circuit could be used to obtain values of current at different emfs in order to plot 
a graph of I against V. Explain the purpose of the fixed resistor in the circuit.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [3]

Vary the pd of the supply and record the voltmeter and ammeter readings each

time; reverse the supply for reverse bias. Use small increments, with more

readings of pd around the threshold value (about 0.6 V).

Once the threshold is reached the current could become very high, so the fixed

resistor limits the current to protect the diode and circuit.

G = I/V = 7.5 × 10−3 / 0.65 = 0.0115 Ω−1

% uncertainty in I = 0.02/7.5 × 100 = 0.27 %

% uncertainty in V = 0.02/0.65 × 100 = 3.08 %

total % uncertainty = 0.27 + 3.08 = 3.35 %

ΔG = 0.0335 × 0.0115 = 0.0004 Ω−1

0.0115 0.0004

stemup.co.uk

https://stemup.co.uk


9

Turn over© OCR 2024 

(c) Sketch on the axes below the shape of the graph you would expect to obtain for both forward and 
reverse bias.

0
V

I

 [2]

(d) Explain any changes you might make to the instrumentation in the circuit in order to obtain an 
accurate graph.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]

Below the threshold pd the changes in current are very small, so use a very

precise, low-range ammeter (a milliammeter or microammeter).

Also use a voltmeter with increased precision (e.g. a digital voltmeter reading to

0.01 V) to measure pd either side of the threshold pd.

sharp rise at threshold pd
(about 0.6 V)

very small reverse current
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3 This question is about an experiment to find the focal length of a converging lens.

A filament lamp is placed a distance, u, from the lens. A screen is set up on the other side of the 
lens to show the image of the lamp, in order to find distance, v. This set up is shown in Fig. 3.1.

 Fig. 3.1

screenconverging lens

filament bulb

u v

The screen is moved back and forth until a focussed image of the filament is seen on the 
screen. The length v is then measured from the centre of the lens to the screen. The length u is 
measured from the centre of the lens to the centre of the filament bulb.

(a) Measurements of u and v are recorded in Table 3.1.
Complete the table by calculating the missing values of 1

u  and 1
v .

 Table 3.1

u / m v / m 1
u

/m–1 1
v

/m–1

–0.106 0.730 –9.53 1.37

–0.115 0.541 1.85

–0.129 0.394 –7.75

–0.154 0.245

–0.214 0.173 –4.67 5.78

 [2]

(b) Draw a scale to –12 on the x-axis and to +12 on the y-axis.

Plot a graph of 1
v  (on the y-axis) against 1

u  (on the x-axis) on Fig. 3.2, and draw a straight line 

of best fit through the data points. [3]

(c) Determine a value for the focal length of the lens.
Use your line on the graph.

 focal length =  ...................................................... m [3]

−8.70
2.54

−6.49 4.08

From my line: |x-intercept| = 10.8 m−1 = 1/f;  y-intercept = 10.1 m−1 = 1/f

mean 1/f = (10.8 + 10.1)/2 = 10.45 m−1

f = 1/10.45 = 0.096 m

0.096
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 Fig. 3.2
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(d) Describe the sources of uncertainties and the limitations of this method to find the focal length of 
a lens.
Describe and explain methods to improve the experiment, such as the use of a monochromatic 
filter.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [6]

Uncertainties: the centre line of the lens is hard to locate, so u and v are both

uncertain. The filament lamp is a 3-D object, so it is hard to know where to

measure u from, and the filament may not line up with the centre of the lens.

The image is a 2-D image of a 3-D object (depth of field), so the image looks

focussed over a range of screen positions and v is hard to measure; the screen

may be tilted.

These uncertainties (several mm) are far bigger than the ruler's precision (1

mm), which is insignificant in comparison.

Improvements: use a darkened room so the image is clearer; use an illuminated

slide as a flat object so it is clear where to measure u from; use an optical

bench and set square so the lens and screen are parallel; find where the image

just blurs either side and take the mean, repeating readings.

Monochromatic filter: white light contains many wavelengths, and the lens

refracts different wavelengths by different amounts (blue more than red), so blue

focusses closer to the lens (chromatic aberration) and there is no single sharp

image. A filter passes one wavelength, so there is one focal length and a sharp,

clear image, and v is found more precisely.
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Section B

4 This question is about collisions.

In 2022, the DART (Double Asteroid Redirection Test) mission completed the first attempt to 
redirect an asteroid by colliding a small spacecraft into it. Fig. 4.1 depicts the spacecraft as it 
approached the asteroid Dimorphos.

The mass of the DART spacecraft was 570 kg, whilst the mass of Dimorphos was 4.8 × 109 kg. 
The DART spacecraft impacted with a velocity relative to Dimorphos of 6.0 km s–1.

 Fig. 4.1

6.0 km s–1

DART
mass = 570 kg

Dimorphos
mass = 4.8 × 109 kg

(a) The spacecraft became embedded into Dimorphos upon impact.
Calculate the velocity of Dimorphos following the impact.
State any assumptions you make.

 velocity =  ................................................  m s–1 [3]

Conservation of momentum (total momentum before = after):

570 × 6000 = (4.8 × 109 + 570) × v

v = 3.42 × 106 / 4.8 × 109 = 7.1 × 10−4 m s−1

Assumptions: all of DART's linear momentum is transferred to the linear
momentum of Dimorphos (no rotation of Dimorphos), Dimorphos stays intact,
and v is the change in velocity of Dimorphos (relative to its initial motion).

7.1 × 10−4
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(b) A student attempts to model this collision using an air track (see Fig. 4.2). One of the riders 
available to use has a mass of 150 g.

 Fig. 4.2

air track

riders

Suggest and explain why it may be challenging to replicate the collision of the DART mission with 
this apparatus.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]

The ratio of masses is 4.8 × 109/570 = 8.4 × 106, so with a 150 g rider the

target would need a mass of about 1.3 × 106 kg (or a small rider of about 18

μg). This is impractical, and the velocity change would be too small to measure.
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(c) The student begins an investigation with the apparatus available to them, including two riders of 
mass 150 g.

In the first run, the student collides the first rider with the second stationary rider. In the air track 
experiments, the riders do not move together after the collision. Using an ultrasonic ranging 
device, the student obtains a velocity–time graph of the second rider in the time after the 
collision. Fig. 4.3 shows the graph. 

In all of the student’s experiments the riders do not move together after the collision.

 Fig. 4.3

 Velocity–time graph of the second rider for the time after the collision.
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Time since collision / s

Rider velocity / m s–1

0.6 0.7 0.8 0.9 1

(i) Calculate the maximum initial velocity of the first rider, assuming it comes to rest immediately 
following the collision.

 maximum velocity =  ................................................  m s–1 [1]0.90

Equal masses, first rider stops, so all momentum passes to the second:

0.150 × u = 0.150 × 0.90, so u = 0.90 m s−1 (from Fig. 4.3 at t = 0)
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(ii) The graph suggests there is a drag or frictional force acting on the rider as it decelerates. Use the 
graph to estimate the magnitude of this force.

 magnitude of force  ...................................................... N [3]

(iii) During another collision a 150 g rider collides with a stationary 250 g rider. The 150 g rider recoils 
with a velocity of 0.23 m s–1 following the impact.

Determine whether the 250 g rider will move away with a velocity greater or smaller than that 
shown in Fig. 4.3 for the 150 g rider, assuming the same approach velocity as in (i).

 Support your conclusion with a calculation.

 [2]

From Fig. 4.3: v falls from 0.90 to 0.80 m s−1 in 1.0 s

deceleration a = Δv/Δt = (0.90 − 0.80)/1.0 = 0.10 m s−2

F = m × Δv/Δt = 0.150 × 0.10

F = 0.015 N

0.015

Taking the approach direction as positive, recoil velocity = −0.23 m s−1

0.150 × 0.90 = 0.150 × (−0.23) + 0.250 v

0.135 + 0.0345 = 0.250 v,  so  v = 0.1695/0.250 = 0.68 m s−1

0.68 m s−1 < 0.90 m s−1, so the 250 g rider moves away with a

smaller velocity than that shown in Fig. 4.3.
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(d) The DART spacecraft did not have to contend with atmospheric drag. The student decides to 
investigate the effect of drag on velocity of the rider following a collision. A small sail is added to 
the 250 g rider (Fig. 4.4). The data are shown in Fig. 4.5.

 Fig. 4.4

 250 g rider with sail.

sail

rider

air track

 Fig. 4.5

 Velocity–time graph for rider with sail in the time after the collision.
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Describe and explain the shape of the graph.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [2]

Velocity decreases with a decreasing rate of change: the negative gradient

(deceleration) gets smaller.

The drag (resistive) force on the sail decreases as velocity decreases, so the

deceleration decreases.
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(e)* The student decides to undertake a detailed investigation into the effect of drag on the 
deceleration of the 250 g rider following a collision.

The student’s teacher suggests that the drag force, FD, is proportional to the square of the 
object’s velocity, v 2.

 FD ∝ v 2

The student has available the following apparatus:

• air track and riders

• ultrasonic ranging device (as described earlier in the question)

• variable speed fan

• anemometer (wind-speed measuring device)

• pulley and weights.

Outline a plan for the student to test this suggestion.

Describe, with reasoning, how you would use the apparatus to investigate speed and drag.

Explain how you would use your data to prove/disprove the suggested relationship.

You may include a diagram in your response.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

Answer space continues over the page

Variables: the independent variable is the speed of the air relative to the sail; the

dependent variable is the drag force FD. Keep constant: the sail area and shape,

the mass of the rider, and use a level air track so gravity does not act along it.

Method 1 (equilibrium): point the variable speed fan at the sail and attach a

string from the rider over a pulley to a hanging weight, pulling against the wind.

Adjust the fan speed until the rider stays stationary. Then the drag force on the

level air track

250 g rider + sail

variable speed fan
anemometer

pulley and weights W

ultrasonic ranger
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 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [6]

END OF QUESTION PAPER

sail = weight on the pulley (W = mg). Measure the wind speed at the sail with

the anemometer. Repeat for at least 6 different weights (or fan speeds),

repeating each and taking a mean.

Method 2 (dynamic check): with the fan off, give the rider a push (or a

collision) and record its v–t graph with the ultrasonic ranging device. The

gradient of a tangent at a given v is the deceleration a, so the net force = ma

at that speed; if a pulley and weight also act, drag force = driving force (the

constant weight) − net force. This gives FD at many velocities from one run.

Reasoning: in Method 1 the rider is stationary, so the relative velocity is the

wind speed; in Method 2 the air is still, so it is the rider's speed. If FD depends

only on relative velocity, both methods should agree, whether the rider accelerates

or decelerates. The track is not completely frictionless, so measure the small

friction force without the sail (as in Fig. 4.3) and subtract it.

Analysis: plot a graph of FD (y-axis) against v2 (x-axis), or calculate FD/v2 for

each reading. If FD ∝ v2, the graph is a straight line through the origin (within

error bars) and FD/v2 is constant. A curve, or a non-zero intercept, would disprove

the suggestion; a log graph of ln FD against ln v with a gradient of 2 would also

confirm it.
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