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SECTION A

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box.

Answer all the questions.

1 Which of the following is a correct unit for gravitational field strength?

 A J kg−1

 B N kg−1

 C N m2 kg−2

 D kg m s−1

 Your answer  [1]

2 Four materials A, B, C and D have the same length and cross-sectional area. The force against 

extension graph for each material up to the breaking point is shown below.

0

0

force

extension

A

B

C

D

 Which material is brittle and has the greatest ultimate tensile strength?

 Your answer  [1]

B

B
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3 The braking distance of a car is directly proportional to its initial kinetic energy.

 The braking distance of a car is 18 m when its initial speed is 10 m s−1.

 What is the braking distance of the car, under the same conditions, when its initial speed is 25 m s−1?

 A 7.2 m

 B 45 m

 C 113 m

 D 222 m

 Your answer  [1]

4 A ball is dropped from rest above the ground. Air resistance has negligible effect on the motion of 

the ball.

 The speed of the ball is v after it has fallen a distance h from its point of release.

 Which graph is correct for this falling ball?

0

0

h

v 2

A

B

C

D

0

0

h

v 2

0

0

h

v 2

0

0

h

v 2

 Your answer  [1]

C

A
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5 Which is the best estimate of the area of a rectangular field of length 98 ± 3 m and width 47 ± 2 m?

 A 4600 ± 5 m2

 B 4600 ± 6 m2

 C 4600 ± 300 m2

 D 4606 ± 337 m2

 Your answer  [1]

6 The flat end of a uniform steel cylinder of weight 7.8 N is glued to a horizontal ceiling. The cylinder 

hangs vertically. The breaking stress for the glue is 130 kPa.

cylinder

glue

ceiling

 The glue only just holds the cylinder to the ceiling.

 What is the cross-sectional area of the cylinder?

 A 6.0 × 10−2 m2

 B 6.0 × 10−5 m2

 C 1.7 × 10−2 m2

 D 1.7 × 101 m2

 Your answer  [1]

C

B
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7 The intensity against wavelength graph of an object at 750 °C peaks at a wavelength of λ. The 

temperature of the object is raised to 960 °C.

 What is the wavelength now at the new peak intensity in terms of λ?

 A 0.78 λ

 B 0.83 λ

 C 1.2 λ

 D 1.3 λ

 Your answer  [1]

8 The diagram shows two opposite vertical forces of magnitude 1.2 N and 2.1 N acting on an object.

2.1 N

object

1.2 N

 Which of the following statements could be correct?

 1 The object is accelerating and moving up.

 2 The object is decelerating and moving down.

 3 The magnitude of the resultant force is 0.9 N.

 A Only 3

 B Only 1 and 3

 C Only 2 and 3

 D 1, 2 and 3

 Your answer  [1]

B

D
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9 A graph of y against distance r from the centre of a planet is shown below.

0
10 15 20

2.0

4.0

1.0

3.0

y

r / Mm

 The graph shows that y is inversely proportional to r 2.

 Which quantity is best represented on the y-axis of the graph?

 A Period of a satellite orbiting the planet.

 B Gravitational potential of the planet.

 C Gravitational field strength of the planet.

 D Kinetic energy of a satellite orbiting the planet.

 Your answer  [1]C
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10 Part of the line spectrum for light from the Sun is shown below.

 Which spectrum best shows light from a similar star to the Sun?

 

A

spectrum from the Sun

increasing wavelength

B

C

D

 Your answer  [1]

11 A tensile force of 4.5 N is applied to a spring. The spring extends elastically by 3.2 cm.

 What is the elastic potential energy of the spring?

 A 0.072 J

 B 0.14 J

 C 2.4 J

 D 14 J

 Your answer  [1]

B

A
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12 An object above the ground is released from rest at time t = 0.

 Air resistance is negligible.

 What is the distance travelled by the object between t = 0.20 s and t = 0.30 s?

 A 0.20 m

 B 0.25 m

 C 0.44 m

 D 0.49 m

 Your answer  [1]

13 A puck of mass 0.16 kg is sliding on ice with a constant velocity of 11.0 m s−1. A hockey stick exerts 

a force on the puck, for a short period of time, in the opposite direction to the velocity of the puck. 

The momentum of the puck changes by 2.0 kg m s−1.

 Ignore friction.

 What is the speed of the puck when it leaves the hockey stick?

 A 1.5 m s−1

 B 3.8 m s−1

 C 12.5 m s−1

 D 23.5 m s−1

 Your answer  [1]

B

A
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14 A container has an ideal gas. The mean square speed of the gas molecules in the container is 

3.0 × 105 m2 s−2.

 Over a period of time, a third of the gas molecules escape from the container. The pressure and 

volume of the gas in the container remain the same.

 What is the mean square speed of the molecules left in the container?

 A 1.0 × 105 m2 s−2

 B 2.0 × 105 m2 s−2

 C 4.5 × 105 m2 s−2

 D 9.0 × 105 m2 s−2

 Your answer  [1]

15 Which two quantities are related in Hubble’s law?

 A Distance and mass of galaxies.

 B Velocity and intensity of galaxies.

 C Distance and velocity of galaxies.

 D Distance and red shift of stars in our galaxy.

 Your answer  [1]

C

C
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SECTION B

Answer all the questions.

16 Fig. 16 shows a hydraulic jack used to lift a car which has a mass of 1200 kg. A mechanic exerts a 

downwards force of 400 N on the handle of the jack, moving it 80.0 cm downwards. As he moves 

the handle, the car rises 2.0 cm.

car mass

1200 kg

2.0 cm

oil

80 cm

400 N

handle

Fig. 16

 (a) Calculate the work done by the 400 N force exerted by the mechanic.

 work done =  ....................................................... J [2]

work done = force × distance moved in direction of force

= 400 × 0.800

= 320 J

320

stemup.co.uk

https://stemup.co.uk


11

Turn over© OCR 2017

 (b) Calculate the ratio

speed of handle moving down

speed of car moving up
 .

 ratio =  .......................................................... [2]

 (c) Calculate the useful work done on the car and hence the percentage efficiency of the jack.

 efficiency =  ...................................................... % [2]

Both move in the same time, so ratio of speeds = ratio of distances

ratio = 80.0 cm ÷ 2.0 cm

= 40

40

useful work on car = mgh = 1200 × 9.81 × 0.020 = 235.4 J

efficiency = (useful work out ÷ total work in) × 100

= (235.4 ÷ 320) × 100 = 73.6 %

≈ 74 %

74
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17 A group of students are conducting an experiment in the laboratory to determine the value of 

absolute zero by heating a fixed mass of gas. The volume of the gas is kept constant.

 Fig. 17.1 shows the arrangement used by the students.

gas

pressure

gauge

thin glass

tubing

glass

flask

water

Fig. 17.1

 The gas is heated using a water bath. The temperature θ of the water is increased from 5 °C to 

70 °C. The temperature of the water bath is assumed to be the same as the temperature of the 

gas. The pressure p of the gas is measured using a pressure gauge.

 The results from the students are shown in a table.

θ  / °C p / kPa

 5 ± 1 224 ± 3

13 ± 1 231 ± 3

22 ± 1 238 ± 3

35 ± 1 248 ± 3

44 ± 1

53 ± 1 262 ± 3

62 ± 1 269 ± 3

70 ± 1 276 ± 3

 (a) Describe and explain how the students may have made accurate measurements of the 

temperature θ.

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

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

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

Use a thermometer (±1 °C) in the water bath, not touching the sides. Stir

the water and wait for thermal equilibrium before reading, at eye level to

avoid parallax.

255 ± 3
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 (b) Fig. 17.2 shows the pressure gauge. Measurements of p can be made using the kPa scale or 

the psi (pounds per square inch) scale. The students used the psi scale to measure pressure 

and then converted the reading to pressure in kPa.

Fig. 17.2

  (i) Suggest why it was sensible to use the psi scale to measure p.

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

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

  (ii) The students made a reading of p of 37.0 ± 0.5 psi when θ was 44 ± 1 °C.

   Convert this value of p from psi to kPa. Complete the table for the missing value of p. 

Include the absolute uncertainty in p.

    1 pound of force = 4.448 N

    1 inch = 0.0254 m

 [2]

The psi scale has smaller divisions (increments), so readings have a

higher resolution.

1 psi = 4.448 N ÷ (0.0254 m)2 = 6894 Pa

p = 37.0 × 4.448 ÷ 0.02542 = 2.551 × 105 Pa = 255 kPa

uncertainty = (0.5 ÷ 37.0) × 255 = 3.4 ≈ 3 kPa

p = 255 ± 3 kPa
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 (c) Fig. 17.3 shows the graph of p against θ.

210
0 10 20 30 40 50 60 70

230

250

220

260

270

280

240

p / kPa

/ °Cθ

Fig. 17.3

  (i) Plot the missing data point and the error bars on Fig. 17.3. [1]

Δθ = 70 K

Δp = 55.3 kPa
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  (ii)* Explain what is meant by absolute zero. Describe how Fig. 17.3 can be used to determine 

the value of absolute zero.

   Determine the value of absolute zero. You may assume that the gas behaves as an ideal 

gas.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Absolute zero is the lowest possible temperature (0 K, about −273 °C).

At absolute zero the internal energy of the gas is a minimum and the

kinetic energy of the molecules is zero, so they exert no pressure: p = 0.

For an ideal gas at constant volume, pV = nRT, so p ∝ T, where T is

the absolute (kelvin) temperature. So a graph of p against θ is a

straight line, and absolute zero is the value of θ where this line meets

the θ-axis (p = 0).

I drew a straight line of best fit through all the points and error bars on

Fig. 17.3. The p-axis does not go down to zero, so the line cannot be

extended on the grid; instead I use y = mx + c.

Gradient (large triangle from θ = 0 to 70 °C): m = 55.3 ÷ 70 = 0.79

kPa K-1. Intercept at θ = 0 °C: c = 220.5 kPa.

So p = 0.79θ + 220.5. At absolute zero p = 0, so 0 = 0.79θ + 220.5,

giving θ = −220.5 ÷ 0.79 = −279 °C.

Absolute zero ≈ −280 °C, close to the accepted value of −273 °C.
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 (d) Describe, without doing any calculations, how you could use Fig. 17.3 to determine the actual 

uncertainty in the value of absolute zero in (c)(ii).

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

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

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

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

 (e) The experiment is repeated as the water bath quickly cools from 70 °C to 5 °C. Absolute zero 

was found to be −390 °C.

  Compare this value with your value from (c)(ii) and explain why the values may differ. Describe 

an experimental approach that could be taken to avoid systematic error in the determination 

of absolute zero.

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [4]

Draw the worst fit line: the steepest (or shallowest) straight line that still

passes through all the error bars.

Find absolute zero from its intercept in the same way; the uncertainty is the

difference between this value and the value from (c)(ii).

The cooling value of −390 °C is lower (more negative) than my value of −279

°C.

As the water bath cools quickly, the temperature of the gas lags behind the

temperature of the water, so the gas is hotter than the recorded θ and the

measured p is higher than expected for each θ.

This shifts the graph to the left and makes the gradient too shallow, so the

extrapolated intercept is too negative.

To avoid this systematic error, stir the water and wait at each temperature

until the gas and water are at the same temperature before reading p (or

measure the temperature of the gas directly).
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18 A swimming pool designer investigates the depth d below a water surface reached by a diver 

when diving from a height h above the water surface. The designer models the diver as a uniform 

wooden cylinder. The experimental arrangement is shown in Fig. 18.1.

h

wooden cylinder

water

trapdoor

table

measuring cylinder

Fig. 18.1

 (a) The wooden cylinder has mass 5.0 × 10−3 kg, diameter 1.0 × 10−2 m and length 7.0 × 10−2 m.

  (i) Calculate the density of the wood.

 density =  ..............................................  kg m−3 [2]

  (ii) Suggest why wood is an appropriate material to model the depth reached by a diver.

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

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

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

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

The density of wood is similar to the density of a human body.

It is less than the density of water, so like a diver it does not sink: it

floats back up (upthrust > weight when fully submerged).

V = πr2l = π × (0.50 × 10-2)2 × 7.0 × 10-2 = 5.50 × 10-6 m3

ρ = m ÷ V = 5.0 × 10-3 ÷ 5.50 × 10-6

= 909 kg m-3 ≈ 910 kg m-3

910
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 (b) The cylinder is released from rest from a trapdoor. The base of the cylinder is at a height 

h = 0.30 m above the water surface.

  Calculate the speed of the cylinder just before the base hits the water. Ignore air resistance.

 speed =  ................................................  m s−1 [2]

 (c) Fig. 18.2 shows the cylinder fully submerged under the water surface before it has come to 

rest. The cylinder is moving vertically down.

water surface

wooden cylinder

Fig. 18.2

  (i) Add arrows to Fig. 18.2 to show the three forces acting on the wooden cylinder. Label 

the arrows. [3]

  (ii) Describe and explain how the resultant force on the wooden cylinder varies from the 

moment the cylinder is fully submerged until it reaches its deepest point.

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

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

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

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

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

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

Weight and upthrust stay constant once fully submerged, but drag

decreases as the cylinder slows down.

Upthrust is greater than weight and drag also acts upwards, so the

resultant force is upwards and decreases as the drag decreases.

At the deepest point the speed is zero, so drag is zero and the resultant

force is upwards (U − W), not zero.

v2 = u2 + 2as = 0 + 2 × 9.81 × 0.30

v = √(5.886) = 2.43 m s-1

≈ 2.4 m s-1

2.4

weight (W)

upthrust (U) drag (D)
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 (d) The graph of Fig. 18.3 shows the depth d reached for different initial drop height h.

0

0

0.1

d / m

h / m

0.2

0.3

0.1 0.2 0.3 0.4 0.5 0.6

Fig. 18.3

  The designer is required to double the height of a diving board for an existing swimming pool. 

He suggests that the depth of the pool also needs to be doubled.

  Use Fig. 18.3 to explain whether you agree with this suggestion.

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

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

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

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

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

I disagree: d is not directly proportional to h, so doubling the depth is too

much.

The line does not pass through the origin (d = 0.10 m when h = 0) and its

gradient decreases: doubling h from 0.30 m to 0.60 m only increases d from

about 0.22 m to 0.26 m.
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19 This question is about a simple pendulum made from a length of string attached to a mass (bob).

 For oscillations of small amplitude, the acceleration a of the pendulum bob is related to its 

displacement x by the expression

a
g

L
x=-

J

L

K
K

N

P

O
O

 where g is the acceleration of free fall and L is the length of the pendulum.

 The pendulum bob oscillates with simple harmonic motion.

 (a) (i) Show that the period T of the oscillations is given by the expression

r

T
g

L
42

2

= .

 [3]

  (ii) A student notices that the amplitude of each oscillation decreases over time.

   Explain this observation and state what effect this may have on T.

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

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

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

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

Energy is transferred from the pendulum to the air (work done against

air resistance and friction at the support), so the oscillations are damped.

No effect on T: T is independent of amplitude for small-amplitude SHM

(isochronous).

For SHM, a = −ω2x. Comparing with a = −(g/L)x gives ω2 = g/L

ω = 2π/T, so (2π/T)2 = g/L

4π2/T2 = g/L

so T2 = (4π2/g) L
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 (b)* Describe with the aid of a labelled diagram how an experiment can be conducted and how 

the data can be analysed to test the validity of the equation 
r

T
g

L
42

2

=  for oscillations of small 

amplitude.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Clamp the string between two wooden blocks on a clamp stand so the point

of suspension is fixed. Measure L with a metre rule from the point of

suspension to the centre of the bob.

Displace the bob through a small angle (less than 10°, checked with a

protractor) and release it. Place a fiducial marker at the centre of the

oscillation and start and stop the stopwatch as the bob passes it.

Time 10 oscillations and divide by 10 to find T; repeat and average. This

reduces the percentage uncertainty caused by reaction time.

Vary L, e.g. from 0.20 m to 1.00 m in 0.20 m steps, and find T for each

length, keeping the amplitude small.

Analysis: calculate T2 and plot a graph of T2 (y-axis) against L (x-axis). If

the equation is valid the graph is a straight line through the origin, i.e. T2/L

is constant.

The gradient should equal 4π2/g, so g = 4π2 ÷ gradient. If this gives g ≈

9.81 m s-2, the equation is valid.

θ < 10° Lclamp stand

wooden blocks (cheeks)

string

bob
fiducial marker at centre of oscillation

L measured with metre rule to centre of bob

stopwatch to time 10 oscillations
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 (c) Another student conducts a similar experiment in the laboratory to investigate the small 

amplitude oscillations of a pendulum of a mechanical clock. Each ‘tick’ of the clock corresponds 

to half a period.

  (i) Show that the length of the pendulum required for a tick of 1.0 s is about 1 m.

 [2]

  (ii) If the pendulum clock were to be used on the Moon, explain whether this clock would run 

on time compared with an identical clock on the Earth.

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

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

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

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

g on the Moon is lower than on Earth (about a sixth).

Since T2 = 4π2L/g, T is longer on the Moon, so the clock ticks more

slowly and does not run on time (it runs slow).

One tick = half a period, so T = 2 × 1.0 = 2.0 s

T2 = (4π2/g) L, so L = gT2/4π2

L = 9.81 × 2.02 ÷ 4π2 = 0.994 m

L = 0.99 m, which is about 1 m
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20 A plastic kettle is filled with 0.60 kg of water at a temperature of 20 °C.

 A 2.2 kW electric heater is used to heat the water for a time of 4.0 minutes.

 (a) Calculate the total energy supplied by the heater during the time of 4.0 minutes.

 energy =  ....................................................... J [2]

 (b) The specific heat capacity of water is 4200 J kg−1 K−1 and the specific latent heat of 

vaporisation of water is 2.3 × 106 J kg−1. The boiling point of water is 100 °C.

  Calculate the mass of water remaining in the kettle after 4.0 minutes.

  Assume that all the thermal energy from the heater is transferred to the water.

 mass of water remaining =  ..................................................... kg [4]

E = Pt = 2200 × 4.0 × 60

= 5.28 × 105 J

5.3 × 105

heating water to 100 °C: E = mcΔθ = 0.60 × 4200 × 80 = 2.016 × 105 J

energy left to vaporise = 5.28 × 105 − 2.016 × 105 = 3.264 × 105 J

mass vaporised = E ÷ L = 3.264 × 105 ÷ 2.3 × 106 = 0.142 kg

mass remaining = 0.60 − 0.142 = 0.458 kg

≈ 0.46 kg

0.46
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21 (a) Fig. 21.1 shows some of the energy levels of electrons in hydrogen gas atoms. The energy 

levels are labelled A, B, C and D.

–13.6

–3.40

–1.51
–0.85

D

C

B
A

energy / eV

Fig. 21.1 (not to scale)

  (i) Explain why the energy levels are negative.

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

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

  (ii) An electron makes a transition (jump) from level C to level A.

   1 Calculate the energy gained by this electron.

 energy =  ....................................................  eV [1]

   2 Calculate the wavelength in nm of the photon absorbed by this electron.

 wavelength =  ...................................................  nm [3]

The electron is bound to the nucleus: energy must be supplied for it to

leave the atom, where its energy is zero.

energy gained = −0.85 − (−3.40) = 2.55 eV

2.55

E = 2.55 × 1.60 × 10-19 = 4.08 × 10-19 J

λ = hc/E = 6.63 × 10-34 × 3.00 × 108 ÷ 4.08 × 10-19

λ = 4.88 × 10-7 m

488
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 (b) Light from a distant galaxy is passed through a diffraction grating. Fig. 21.2 shows the part of 

the spectrum of light that shows a strong hydrogen-alpha emission line.

0

650 655 660 665

wavelength / nm

hydrogen-alpha

emmision line

relative

intensity

670 675 680

2

4

6

Fig. 21.2

  (i) State how an emission line is produced.

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

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

  (ii) State an adjustment that could be made to the experimental arrangement that would 

space the emission lines more widely.

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

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

  (iii) In the laboratory, the wavelength of the hydrogen-alpha emission line is 656.3 nm.

   Use Fig. 21.2 to determine the recession velocity of the galaxy.

 recession velocity =  ................................................  m s−1 [3]

An electron makes a transition to a lower energy level, losing energy by

emitting a photon.

Use a grating with more lines per mm (smaller grating spacing), or

increase the grating to screen distance.

peak wavelength from Fig. 21.2 = 661.5 nm

Δλ/λ = v/c, so v = c Δλ/λ = 3.00 × 108 × (661.5 − 656.3) ÷ 656.3

v = 2.38 × 106 m s-1

2.4 × 106
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  (iv) Suggest why hydrogen spectral lines play an important role in determining red shift of 

galaxies.

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

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

 (c) Light from a similar star is viewed in a galaxy further away. The star is part of a pair of stars 

which orbit a common centre of mass.

  Describe and explain how the equivalent spectrum might appear.

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

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

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

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

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

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

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

Hydrogen is the most abundant element in stars, so hydrogen lines are

found in almost all galaxy spectra.

The line is less intense, because the galaxy is further away.

By Hubble's law it is moving away faster, so there is a greater red shift: the

line is at a longer wavelength (further right).

As the two stars orbit, each moves towards and away from us in turn, so the

wavelength shifts periodically about this value (the line may split into two).
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22 (a) Define the internal energy of a substance.

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

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

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

 (b) A block of paraffin wax is melting at a constant temperature of 52 °C. Use the behaviour of 

paraffin molecules to describe and explain the changes to the internal energy of the molecules 

of the paraffin wax as it melts.

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [4]

The sum of the randomly distributed kinetic and potential energies of the

molecules.

The temperature is constant at 52 °C while the wax melts, so the kinetic

energy of the molecules does not change.

In the solid the molecules vibrate about fixed positions; when it melts they

become free to move past each other. The energy supplied is used to break

(overcome) the bonds between molecules, so their separation increases and

the potential energy of the molecules increases.

Therefore the internal energy of the paraffin wax increases as it melts.

stemup.co.uk

https://stemup.co.uk


28

© OCR 2017

23 (a) Write an expression for the gravitational potential Vg at the surface of a planet of mass M and 

radius r.

 [1]

 (b) The table below shows some data for Mercury and Pluto.

Mass / kg Radius / m Mean distance from Sun / m

Mercury 3.30 × 1023 2.44 × 106 57.9 × 109

Pluto 0.131 × 1023 1.19 × 106 5910 × 109

  (i) Show that the escape velocity v of a gas molecule on the surface of Pluto is given by the 

equation

v
r

GM2
=

   where M is the mass of Pluto and r is its radius.

 [2]

  (ii) Calculate the escape velocity v of gas molecules on the surface of Pluto.

 v =  ................................................  m s−1 [1]

Vg = −GM/r

To escape: kinetic energy = gravitational potential energy needed

KE = ½mv2 and GPE needed = GMm/r

½mv2 = GMm/r, so v2 = 2GM/r

v = √(2GM/r)

v2 = 2 × 6.67 × 10-11 × 0.131 × 1023 ÷ 1.19 × 106 = 1.47 × 106

v = 1210 m s-1

1210
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  (iii) Explain why Mercury has no atmosphere whilst Pluto still has a thin atmosphere. Use 

data from the table to support your explanation.

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

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

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

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

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

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

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

END OF QUESTION PAPER

Mercury has a higher escape velocity than Pluto: about 4.2 km s-1

against 1.2 km s-1.

But Mercury is much closer to the Sun (57.9 × 109 m against 5910 ×

109 m), so it is much hotter and its molecules move much faster.

So on Mercury many molecules have speeds higher than the escape

velocity and escape, but on cold Pluto few are fast enough.

stemup.co.uk

https://stemup.co.uk


30

© OCR 2017

ADDITIONAL ANSWER SPACE
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