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Each of Questions 1 to 25 is followed by four responses, A, B, C and D. For each question select
the best response and mark its letter on the answer sheet.

Multiple choice questions

You are advised to spend approximately 45 minutes on this section.

1 The graph shows the variation with time, ¢, of the force, F, acting on a body.

F

What physical quantity does the area X represent?

caws

2 Water of density 1000kg m™ flows out of a garden hose of cross-sectional area 7.2 X 10~

the displacement of the body
the acceleration of the body
the change in momentum of the body
the change in kinetic energy of the body

4m2

at a rate of 2.0 x 107*m? per second. How much momentum is carried by the water leaving
the hose per second?

A 56x10°Ns
B 56x1072Ns
C 0.20N's
D 0.72Ns

3  Which row, A to D, in the table correctly shows the quantities conserved in an inelastic

collision?
mass momentum kinetic energy total energy
A conserved not conserved conserved conserved
B not conserved conserved conserved not conserved
C conserved conserved conserved conserved
D conserved conserved not conserved conserved

WMP/Jan10/PHYA4/1




4 What is the angular speed of a point on the Earth’s equator?

A 73 % 10 rads™
B 42x103rads™!
C 26x10'rads™
D 15rads™!

5 Which one of the following does not involve a centripetal force?

an electron in orbit around a nucleus

a car going round a bend

an o particle in a magnetic field, travelling at right angles to the field
an o particle in a electric field, travelling at right angles to the field

Tcaws>

6 Which one of the following gives the phase difference between the particle velocity and the
particle displacement in simple harmonic motion?

T
A 7 rad
B g rad
C %n rad
D 2mrad

7 A mass M hangs in equilibrium on a spring. M is made to oscillate about the equilibrium
position by pulling it down 10cm and releasing it. The time for M to travel back to the
equilibrium position for the first time is 0.50s. Which row, A to D, in the table is correct for
these oscillations?

amplitude/cm period/s
A 10 1.0
B 10 2.0
C 20 2.0
D 20 1.0
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8 Which one of the following statements concerning forced vibrations and resonance is correct?

A

B

An oscillating body that is not resonating will return to its natural frequency when the
forcing vibration is removed.

At resonance, the displacement of the oscillating body is 180° out of phase with the
forcing vibration.

A pendulum with a dense bob is more heavily damped than one with a less dense bob of
the same size.

Resonance can only occur in mechanical systems.

9 Two identical spheres exert a gravitational force F' on each other. What is the gravitational
force between two spheres, each twice the mass of one of the original spheres, when the
separation of their centres is twice the original separation?

A

B
C
D

F
2F
4F
8F

10 A planet of mass M and radius R rotates so rapidly that loose material at the equator only just
remains on the surface. What is the period of rotation of the planet?

G is the universal gravitational constant.

A

B

C

D

R
2m «/G:M

R2
2T Gm

GM
R

R3
2m [ Gar

27%
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11 The radius of a certain planet is x times the radius of the Earth and its surface gravitational
field strength is y times that of the Earth.

f the pl
Which one of the following gives the ratio mass ol the planct

mass of the Earth |

A xy
B xzy
C xy2
D i3

12 Which one of the following could be a unit of gravitational potential?

A N
B J
C Nkg!
D Jkg'!
13
+0 20
[} [ )

. A

The diagram shows two particles at a distance d apart. One particle has charge +Q and the
other —2Q. The two particles exert an electrostatic force of attraction, F, on each other. Each
particle is then given an additional charge +Q and their separation is increased to a distance 2d.
Which one of the following gives the force that now acts between the two particles?

) F
A an attractive force of 7

B arepulsive force of g

) F
C an attractive force of 5

D  arepulsive force of g
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14 Which one of the following statements about a charged particle in an electric field is correct?

No work is done when a charged particle moves along a field line.

No force acts on a charged particle when it moves along a field line.

No work is done when a charged particle moves along a line of constant potential.
No force acts on a charged particle when it moves along a line of constant potential.

Taws

15 Two parallel metal plates separated by a distance d have a potential difference V across them.
What is the magnitude of the electrostatic force acting on a charge Q placed midway between
the plates?

a 4
2 2
0

2V0
A - =
d
g YO
d
VO
C
p
%

16 Which one of the following statements about electric field strength and electric potential is

incorrect?

A Electric potential is a scalar quantity.

B Electric field strength is a vector quantity.

C  Electric potential is zero whenever the electric field strength is zero.
D  The potential gradient is proportional to the electric field strength.
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17

o particle P

o Gold

nucleus

An o particle travels towards a gold nucleus and at P reverses its direction.
Which one of the following statements is incorrect?

The electric potential energy of the o particle is a maximum at P.
The kinetic energy of the o particle is a minimum at P.

The total energy of the o particle is zero.

The total energy of the o particle has a constant positive value.

Taws

18 The graph shows how the potential difference across a capacitor varies with the charge
stored by it.

potential difference

0 charge

Which one of the following statements is correct?

The gradient of the line equals the capacitance of the capacitor.

The gradient of the line equals the energy stored by the capacitor.

The reciprocal of the gradient equals the energy stored by the capacitor.
The reciprocal of the gradient equals the capacitance of the capacitor.

TCawe

19 An initially uncharged capacitor of capacitance 10 uF is charged by a constant current of
200 pA. After what time will the potential difference across the capacitor be 2000 V?

A 50s
B 100s
C 200s
D 400s
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20 A 1000 pF capacitor, X, and a 100 uF capacitor, Y, are charged to the same potential difference.
Which row, A to D, in the table gives correct ratios of charge stored and energy stored by the

capacitors?
charge stored by X energy stored by X
charge stored by Y energy stored by Y
A 1 1
B 1 10
C 10 1
D 10 10
21
cross-sectional area 8.0 x 10% free electrons
1.0 x 1079 m? per m®
current \
> O < < <)

<

%

E 0.40m

A current of 8.0 A is passed through a conductor of length 0.40m and cross-sectional area

1.0 x 10°m?. The conductor contains 8.0 x 10?® free electrons per m>. When the conductor is
at right angles to a magnetic field of flux density 0.20T, it experiences a magnetic force.

What is the average magnetic force that acts on one of the free electrons in the wire?

A 8.0x107°N

B 50x10%N

C 80x10*N

D 20x10%N
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22 An electron moves due North in a horizontal plane with uniform speed. It enters a uniform
magnetic field directed due South in the same plane. Which one of the following statements
concerning the motion of the electron in the magnetic field is correct?

A Tt accelerated due West.

B It slows down to zero speed and then accelerates due South.
C It continues to move North with its original speed.

D  Itis accelerated due North.

23 Particles of mass m, each carrying charge Q and travelling with speed v, enter a magnetic field
of flux density B at right angles. Which one of the following changes would produce an
increase in the radius of the path of the particles?

A anincrease in Q
B an increase in m
C a decrease in v

D an increase in B

24 The magnetic flux through a coil of N turns is increased uniformly from zero to a maximum
value in a time ¢. An emf, E, is induced across the coil.
What is the maximum value of the magnetic flux through the coil?

Et
A -
N
N
B Et
C EtN
D E
Nt

25 An aircraft, of wing span 60m, flies horizontally at a speed of 150ms~!, If the vertical
component of the Earth’s magnetic field in the region of the plane is 1.0 x 107 T, what emf is
induced across the wing tips of the plane?

A 009V
B 09V
C 9.0V
D o0V

END OF QUESTIONS
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Answer all questions.

You are advised to spend approximately one hour on this section.

1 (a) Describe the energy changes that take place as the bob of a simple pendulum makes
one complete oscillation, starting at its maximum displacement.
(2 marks)
1 (b
Figure 1 shows a young girl swinging on a garden swing. You may assume that the
swing behaves as a simple pendulum. Ignore the mass of chains supporting the seat
throughout this question, and assume that the effect of air resistance is negligible.
15 complete oscillations of the swing took 42s.
1 (b

(i) Calculate the distance from the top of the chains to the centre of mass of the girl
and seat. Express your answer to an appropriate number of significant figures.

ANSWET = evveeieeeireeenenenn m
(4 marks)
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1 (b) (i) To sether swinging, the girl and seat were displaced from equilibrium and
released from rest. This initial displacement of the girl raised the centre of mass
of the girl and seat 250 mm above its lowest position. If the mass of the girl was
18 kg, what was her kinetic energy as she first passed through this lowest point?

ANSWEL = .vvviveeeeiieeeinnann, J
(2 marks)

1 (b) (iii) Calculate the maximum speed of the girl during the first oscillation.

ANSWET = ..ovvvvnivnenninnnnns m s_1

(1 mark)
1 (0 Figure 2

kinetic
energy

0 T1/2 T time

On Figure 2 draw a graph to show how the kinetic energy of the girl varied with time
during the first complete oscillation, starting at the time of her release from maximum
displacement. On the horizontal axis of the graph, T represents the period of the
swing. You do not need to show any values on the vertical axis.

(3 marks)

Turn over p
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2

2

2

(a) A capacitor, initially charged to a pd of 6.0V, was discharged through a 100 k€2 resistor.
A datalogger was used to record the pd across the capacitor at frequent intervals. The
graph shows how the pd varied with time during the first 40s of discharge.

/
//

0 10 20 30 40
time/s

(a) (1) Calculate the initial discharge current.

ANSWEL = oveiviiieeeeeiieeeennnn A

(a) (1) Use the graph to determine the time constant of the circuit, giving an appropriate
unit.

ANSWET = .eeieivieeiieeeiieenieeenns
(4 marks)

0 &4
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2 (a) (i) Hence calculate the capacitance of the capacitor.

ANSWET = tiiiiiiieeeiiieeeeireeeeeae uF
(1 mark)

2 (a) (iv) Show that the capacitor lost 90% of the energy it stored originally after about 25s.

(3 marks)
2 (b) In order to produce a time delay, an intruder alarm contains a capacitor identical to the
capacitor used in the experiment in part (a). This capacitor is charged from a 12V
supply and then discharges through a 100k€2 resistor, similar to the one used in the

experiment.

2 (b) (i) State and explain the effect of this higher initial pd on the energy stored by this
capacitor initially.

2 (b) (ii) State and explain the effect of this higher initial pd on the time taken for this
capacitor to lose 90% of its original energy.

Turn over p
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3 (a) (i) State the relationship between the gravitational potential energy, E,, and the
gravitational potential, V, for a body of mass m placed in a gravitational field.

(1 mark)

3 (a) (ii) What is the effect, if any, on the values of E}, and V if the mass m is doubled?

value of B oo
VALUE OF Voo e et e e e e e e et e e e e e e e e eeearaeaeeeeenanas
(2 marks)
3 (b) Figure 3
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Figure 3 shows two of the orbits, A and B, that could be occupied by a satellite in
circular orbit around the Earth, E.
The gravitational potential due to the Earth of each of these orbits is:

orbit A —12.0 MJkg™!
orbit B —36.0 MJkg ™.

3 (b) (1) Calculate the radius, from the centre of the Earth, of orbit A.

ANSWET = evveeieeeiveeeeenenn m
(2 marks)

0 6
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3 (b) (i) Show that the radius of orbit B is approximately 1.1 x 10*km.

(1 mark)

3 (b) (ii) Calculate the centripetal acceleration of a satellite in orbit B.
ANSWEL = ..eevvnnreeiinnnnens ms>
(2 marks)

3 (b) (iv) Show that the gravitational potential energy of a 330kg satellite decreases by
about 8 GJ when it moves from orbit A to orbit B.

(1 mark)
3 (c) Explain why it is not possible to use the equation AE, = mgAh when determining the

change in the gravitational potential energy of a satellite as it moves between these
orbits.

Turn over p
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4

(a)

(2 marks)

(ii)) Describe two causes of the energy losses in a transformer and discuss how these
energy losses may be reduced by suitable design and choice of materials.
The quality of your written communication will be assessed in this question.

0 8
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(6 marks)

4 (b) Electronic equipment, such as a TV set, may usually be left in ‘standby’ mode so that
it is available for instant use when needed. Equipment left in standby mode continues
to consume a small amount of power. The internal circuits operate at low voltage,
supplied from a transformer. The transformer is disconnected from the mains supply
only when the power switch on the equipment is turned off. This arrangement is
outlined in Figure 4.

Figure 4
power
switch Fm——————— :
. o—o—0— ————— 0o .
mains | i to internal
supply I transformer : circuits
at 230V 4 : | o at9.0v
I

When in standby mode, the transformer supplies an output current of 300 mA at 9.0V
to the internal circuits of the TV set.

4 (b) (i) Calculate the power wasted in the internal circuits when the TV set is left in
standby mode.

ANSWET = oriieeeeeneeenrennnnes \%

Question 4 continues on the next page
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10

4 (b) (ii) If the efficiency of the transformer is 0.90, show that the current supplied by the
230V mains supply under these conditions is 13 mA.

(2 marks)

4 (b) (iii) The TV setis left in standby mode for 80% of the time. Calculate the amount of
energy, in J, that is wasted in one year through the use of the standby mode.

I year =3.15 X 107

ANSWET = eiveieeeeeeeeeeeneeennes J

4 (b) (iv) Show that the cost of this wasted energy will be about £4, if electrical energy is
charged at 20p per kWh.

(2 marks)
4 (c¢) The power consumption of an inactive desktop computer is typically double that of a
TV set in standby mode. This waste of energy may be avoided by switching off the
computer every time it is not in use. Discuss one advantage and one disadvantage of
doing this.

(2 marks)

END OF QUESTIONS
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