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Data

speed of light in free space, c = 3.00 × 108 m s–1

permeability of free space, �0 = 4� × 10–7 H m–1

permittivity of free space, �0 = 8.85 × 10–12 F m–1

elementary charge, e = 1.60 × 10–19 C

the Planck constant, h = 6.63 × 10–34 J s

unified atomic mass constant, u = 1.66 × 10–27 kg

rest mass of electron, me = 9.11 × 10–31 kg

rest mass of proton, mp = 1.67 × 10–27 kg

molar gas constant, R = 8.31 J K–1 mol–1

the Avogadro constant, NA = 6.02 × 1023 mol–1

gravitational constant, G = 6.67 × 10–11 N m2 kg–2

acceleration of free fall, g = 9.81 m s–2
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Formulae

uniformly accelerated motion, s = ut + 1
2 at 2

 v2 = u2 + 2as

refractive index, n = 1
sinC

capacitors in series, 1
C

 = 1
C1

 + 1
C2

 + . . .

capacitors in parallel, C = C1 + C2 + . . .

capacitor discharge, x = x0e–t/CR

pressure of an ideal gas, p = 1
3 

Nm
V

<c2>

radioactive decay, x = x0e–λt

 t �� = 0.693
λ

critical density of matter in the Universe, ρ0 = 
3H0

2

8�G

relativity factor,  = √ (1 – v2

c2 )

current, I = nAve

nuclear radius, r = r0A1/3

sound intensity level,  = 10 lg ( I
I0

)
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Answer all the questions.

1 Make estimates of the following quantities. In this question you should show all your assumptions 
and your working. A wide range of answers will be accepted.

 (a) the mass of air in the room you are sitting in

 mass =  .....................................................kg [3]

 (b) the speed of a passenger aircraft crossing the Atlantic Ocean

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

 (c) the drag force on a car when travelling at its top speed. (The maximum power output of the 
car is 80 kW.)

 force =  ......................................................N [2]

 (d) the magnetic flux from the N-pole of a bar magnet. (The flux density of the Earth’s magnetic 
field in the U.K. is 5 × 10–5  T.)

 flux =  ................................................... Wb [2]
 
 [Total: 9]
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2 (a) (i) Define energy.

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

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

  (ii) Use your definition in (i) and the equation v 2 = u 2 + 2 a s to show that the kinetic energy of 
a body of mass m travelling with velocity u is 1

2 m u 2.

 [3]

 (b) An object has a momentum of 120 N s and a kinetic energy of 480 J. Calculate the mass and 
the speed of the object.

 mass =  ................................................ kg 

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

 (c) A television advert recently stated that a serious injury to a pedestrian is 80% more likely when 
hit by a car travelling at 40 mph rather than at 30 mph. Show that kinetic energy considerations 
support this statement.

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

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

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

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

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

 (d) Explain why in an inelastic collision momentum is conserved but kinetic energy is not 
conserved.

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

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

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

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

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

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

 [Total: 12]
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3 A cable car in a mountain resort lifts passengers through a total height of 650 m. The total distance 
travelled is 1200 m, as shown in Fig. 3.1.

500 m

400 m

50 m

cable car

cable car motor

bottom
station

top station

400 m

200 m

300 m

Fig. 3.1

Each car of mass 2800 kg is capable of carrying a maximum additional load of 16 000 kg. The cable 
shown in Fig. 3.1 is the driving cable. It is a continuous cable of total length 2400 m. Each car also has 
a support cable that is not shown in Fig. 3.1. The driving cable is driven by an electric motor at the 
bottom station. The journey from bottom to top takes 500 s.

 (a) Calculate

  (i) the speed of each car

 speed =  ................................................ m s–1 [1]

  (ii) the kinetic energy of a fully loaded car at this speed.

 kinetic energy =  .......................................................J [2]
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 (b) Fig. 3.2 shows a fully loaded car of weight W during the steepest part of the ascent when it 
is travelling with constant velocity. Draw and label arrows on Fig. 3.2 to represent the force F 
that the driving cable exerts on the car and the force S that the support cable exerts on the 
car. In the space at the side of Fig. 3.2 sketch a vector triangle showing W, F and S.

  

support
cable

driving
cable

W

  Fig. 3.2
 [3]

 (c) (i) Calculate the rate of gain of potential energy of a fully loaded car during the steepest 
part of the journey.

 rate of gain of potential energy =  ..................................................... W [4]

  (ii) As a fully loaded car ascends an empty car descends. Calculate the power the motor 
needs in order to provide potential energy during the steepest part of the journey.

 power of motor =  ..................................................... W [3]
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 (d) In an actual situation a fully loaded car is ascending during the steepest part of the journey. 
An empty car is descending. The motor, working from a 2000 V supply, draws a current of 
170 A.

  (i) Calculate the power supplied to the motor.

 power =  ..................................................... W [2]

  (ii) Explain two reasons why the power input of the motor must be greater than the value 
calculated in (c)(ii).

1. ........................................................................................................................................

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

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

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

2. ........................................................................................................................................

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

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

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

  (iii) Suggest how the motor can vary its power output in order to cope with the different 
demands on it at different stages of the journey.

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

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

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

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

 [Total: 20]
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4 (a) Explain the difference between electromotive force (e.m.f.) and potential difference (p.d.).

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

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

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

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

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

 (b) A 12 V  battery with negligible internal resistance is connected in parallel with a 15 V battery of 
internal resistance 2.0 Ω. They are connected to a 5.0 Ω  resistor as shown in Fig. 4.1.

5.0 Ω

2.0 Ω

15 V

12 V

Fig. 4.1

  Calculate the power being supplied by the 12 V battery.

 power =  ..................................................... W [5]

 [Total: 7]
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5 A source of sound S emits a constant frequency of 480 Hz. The speed of sound in air at a 
temperature of 0°C is 331 m s–1 .

 (a) The speed of sound in air is proportional to the square root of the kelvin temperature. Show 
that the speed of sound at 8.0°C is 336 m s–1 to 3 sig. figs.

 [2]

 (b) Calculate, for the sound of frequency 480 Hz at a temperature of 8.0°C,

  (i) its period T

 T =  .......................................................s [1]

  (ii) its wavelength λ.

 λ =  ..................................................... m [1]

 (c) Fig. 5.1 shows the wavefronts of the sound waves spreading out from a fixed point. Fig. 5.2 
shows wavefronts spreading out from the same source but in this case the source is moving 
with a speed of 30 m s–1 . The speed of sound in air is the same in both cases. These diagrams 
are not drawn to scale. You should not make any measurements on them.

S

     

P

direction of
motion of S

Q

Fig. 5.1
     

Fig. 5.2
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  Calculate

  (i) using the value from (b)(i), the distance the source moves in time T

 distance =  ..................................................... m [1]

  (ii) the minimum and the maximum distances between wavefronts in Fig. 5.2.

 maximum distance =  ......................................................m 

 minimum distance =  ......................................................m [2] 

  (iii) the frequency heard by a person standing behind the moving source, at P, and the 
frequency heard by a person standing in front of the source, at Q.

 frequency at P =  .................................................... Hz

 frequency at Q =  .....................................................Hz [3] 

 (d) This effect is called the Doppler effect. It happens with light as well as with sound. Describe and 
explain what difference you would expect to see in light from a distant galaxy that is moving 
away from the Earth at very high speed, as compared with similar light in a laboratory.

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

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

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

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

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

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

 [Total: 12]

END OF QUESTION PAPER
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