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23.	 Light of wavelength 5.8 × 10-7 m is normally incident on a diffraction grating that  
has 400 000 lines m-1.

How many maxima can be observed with this diffraction grating?

A.	 4 

B.	 5 

C.	 8 

D.	 9

24.	 A planet P has a diameter one-third that of the Earth. The mass of Earth is 18 times that of P. 

The gravitational field strength at the surface of the Earth is g.

What is the gravitational field strength at the surface of P?

A.	 g
6

B.	 g
2

C.	  2g

D.	  6g

– 16 – 2225 – 6707

25.	 Which graph shows the variation of gravitational potential V with distance d from the surface of 
the Earth?

R is the radius of the Earth.
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26.	 The unit of m 0 × e 0 expressed in fundamental SI units is...

A.	 m-2 s2.

B.	 T C N-1 m-1 s.

C.	 m2 s-2.

D.	 T C2 A-1 N-1 m-1.
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25.	 Which graph shows the variation of gravitational potential V with distance d from the surface of 
the Earth?

R is the radius of the Earth.
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26.	 The unit of m 0 × e 0 expressed in fundamental SI units is...

A.	 m-2 s2.

B.	 T C N-1 m-1 s.

C.	 m2 s-2.

D.	 T C2 A-1 N-1 m-1.
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21.	 A planet of mass m is in a circular orbit of radius R  around a star. The orbital speed of the planet 
is v. A second planet of mass 2m is in a circular orbit of radius 1.5R  around the same star. 

What is the orbital speed of the second planet?

A.	 2
3

v

B.	 2v

C.	 3v

D.	  2v

22.	 A charge +Q and a charge +2Q are a distance 3x apart. Point P is on the line joining the charges, 
at a distance x from one of the charges as shown.

PQ 2Q

2 xx

What is the electric field strength E at P?

Magnitude of E Direction of E

A. kQ
2 2x left

B. kQ
2 2x right

C. kQ
x2 left

D. kQ
x2 right
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26.	 The relationship between the period of a planet’s orbit T and the distance to the Sun R can be 
expressed as T n ∝ R m where n and m are constants. 

What is a possible pair of values for n and m?

n m

A. 1.0 3.0

B. 1.0 1.5

C. 2.0 1.5

D. 2.0 1.0

27.	 Point X is at a distance d from the centre of Earth. d is larger than the radius of Earth. The 
gravitational field strength at X is gX. Point Y is at a distance 3d from the centre of Earth.

What is the difference in the magnitude of gravitational field strengths between X and Y?

A.	 8
9
gX

B.	 3
4
gX

C.	 gX

4

D.	 gX

9

28.	 The work done per unit mass to move a body from infinity to a point P in a gravitational field is the

A.	 gravitational field strength at P.

B.	 gravitational force at P.

C.	 gravitational potential energy at P.

D.	 gravitational potential at P.
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26.	 The relationship between the period of a planet’s orbit T and the distance to the Sun R can be 
expressed as T n ∝ R m where n and m are constants. 

What is a possible pair of values for n and m?

n m

A. 1.0 3.0

B. 1.0 1.5

C. 2.0 1.5

D. 2.0 1.0

27.	 Point X is at a distance d from the centre of Earth. d is larger than the radius of Earth. The 
gravitational field strength at X is gX. Point Y is at a distance 3d from the centre of Earth.

What is the difference in the magnitude of gravitational field strengths between X and Y?

A.	 8
9
gX

B.	 3
4
gX

C.	 gX

4

D.	 gX

9

28.	 The work done per unit mass to move a body from infinity to a point P in a gravitational field is the

A.	 gravitational field strength at P.

B.	 gravitational force at P.

C.	 gravitational potential energy at P.

D.	 gravitational potential at P.
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26.	 The relationship between the period of a planet’s orbit T and the distance to the Sun R can be 
expressed as T n ∝ R m where n and m are constants. 

What is a possible pair of values for n and m?

n m

A. 1.0 3.0

B. 1.0 1.5

C. 2.0 1.5

D. 2.0 1.0

27.	 Point X is at a distance d from the centre of Earth. d is larger than the radius of Earth. The 
gravitational field strength at X is gX. Point Y is at a distance 3d from the centre of Earth.

What is the difference in the magnitude of gravitational field strengths between X and Y?

A.	 8
9
gX

B.	 3
4
gX

C.	 gX

4

D.	 gX

9

28.	 The work done per unit mass to move a body from infinity to a point P in a gravitational field is the

A.	 gravitational field strength at P.

B.	 gravitational force at P.

C.	 gravitational potential energy at P.

D.	 gravitational potential at P.
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29.	 In a Millikan’s experiment, an oil drop is stationary between two parallel plates. A second oil drop of 
the same density, between the same plates, has twice the charge and twice the radius of the first 
oil drop. 

The second oil drop will initially

A.	 be stationary.

B.	 move with constant velocity downwards.

C.	 accelerate upwards.

D.	 accelerate downwards.

30.	 Two isolated point charges, X of charge +Q and Y of charge +2Q, are separated by a distance 3d. 
P is a point d from X and 2d from Y respectively.

X P Y

d 2d

What is the net electric field strength at P?

A.	 0

B.	 kQ
d2 2

C.	 3
4 2
kQ
d

D.	 3
2 2
kQ
d
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24.	 A space probe moves in a gravitational field. No other forces than the gravitational force act on 
the probe. At one instant, the probe is at point P. The diagram shows the path of the probe and the 
gravitational field line through P.

P

path of the space probe  

gravitational field line
through P

What is the direction of the acceleration of the probe at P?

A.	 Tangent to the path of the probe

B.	 Perpendicular to the path of the probe

C.	 Tangent to the gravitational field line through P

D.	 Perpendicular to the gravitational field line through P
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25.	 Two satellites X and Y with the same mass orbit a planet. The scaled diagram shows the orbits of 
the satellites.

planet

orbit of X

orbit of Y

What is kinetic energy of X
kinetic energy of Y

?

A.	 2

B.	 3

C.	 4

D.	 9

26.	 Two point charges, +Q and -Q, are at a distance d from each other.

What is the magnitude of the electric field strength midway between the charges?

A.	 Zero

B.	 2
2
kQ
d

C.	 4
2
kQ
d

D.	 8
2
kQ
d
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25.	 Two satellites X and Y with the same mass orbit a planet. The scaled diagram shows the orbits of 
the satellites.

planet

orbit of X

orbit of Y

What is kinetic energy of X
kinetic energy of Y

?

A.	 2

B.	 3

C.	 4

D.	 9

26.	 Two point charges, +Q and -Q, are at a distance d from each other.

What is the magnitude of the electric field strength midway between the charges?

A.	 Zero

B.	 2
2
kQ
d

C.	 4
2
kQ
d

D.	 8
2
kQ
d
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24.	 A string that is fixed at both ends oscillates in the second harmonic with frequency 100 Hz.  
What other harmonic frequencies, in Hz, can this string oscillate at? 

A.	 25 and 50

B.	 25 and 75

C.	 50 and 150

D.	 75 and 150

25.	 A source moving with speed v away from a stationary observer emits light of wavelength λ. The 
wavelength received by the observer is λ + Δλ. The speed v is much less than the speed of light. 

Which graph gives the variation of Δλ with v ?

A.

v
0

B.

v
0

C.

v
0

D.

v
0

26.	 Which is a statement of one of Kepler’s laws of orbital motion?

A.	 The square of the planet’s orbital period is proportional to the cube of the length of the  
semi-major axis of its orbit.

B.	 A line segment joining a planet and the Sun sweeps out equal arc lengths during equal 
intervals of time.

C.	 A planet’s orbital period is proportional to the cube of the length of the semi-major axis of 
its orbit.

D.	 The orbit of a planet is an ellipse with the Sun positioned at the centre.

– 14 – 8825 – 6719

27.	 Isolated planets X and Y have masses MX and MY respectively and are separated by a distance R. 

A point P is located at a distance R
3

 from planet X, as shown. The gravitational field strength at P 
is zero.

X YP

R

R
3

What is M
M
Y

X

?

A.	 2

B.	 3

C.	 4

D.	 9

28.	 A point mass of 5 kg is placed at point P located on one of three gravitational equipotential lines, 
each separated by a distance of 100 km, as shown.

P

100 km100 km

−5 MJ kg−1 −3 MJ kg−1 −1 MJ kg−1

What is the initial acceleration of the point mass?

A.	 4 m s−2 to the left

B.	 4 m s−2 to the right

C.	 20 m s−2 to the left

D.	 20 m s−2 to the right
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27.	 Isolated planets X and Y have masses MX and MY respectively and are separated by a distance R. 

A point P is located at a distance R
3

 from planet X, as shown. The gravitational field strength at P 
is zero.

X YP

R

R
3

What is M
M
Y

X

?

A.	 2

B.	 3

C.	 4

D.	 9

28.	 A point mass of 5 kg is placed at point P located on one of three gravitational equipotential lines, 
each separated by a distance of 100 km, as shown.

P

100 km100 km

−5 MJ kg−1 −3 MJ kg−1 −1 MJ kg−1

What is the initial acceleration of the point mass?

A.	 4 m s−2 to the left

B.	 4 m s−2 to the right

C.	 20 m s−2 to the left

D.	 20 m s−2 to the right
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27.	 Isolated planets X and Y have masses MX and MY respectively and are separated by a distance R. 

A point P is located at a distance R
3

 from planet X, as shown. The gravitational field strength at P 
is zero.

X YP

R

R
3

What is M
M
Y

X

?

A.	 2

B.	 3

C.	 4

D.	 9

28.	 A point mass of 5 kg is placed at point P located on one of three gravitational equipotential lines, 
each separated by a distance of 100 km, as shown.

P

100 km100 km

−5 MJ kg−1 −3 MJ kg−1 −1 MJ kg−1

What is the initial acceleration of the point mass?

A.	 4 m s−2 to the left

B.	 4 m s−2 to the right

C.	 20 m s−2 to the left

D.	 20 m s−2 to the right
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29.	 Four planets have masses M or 2M and radii R or 2R as shown. 

Which planet has the largest escape speed?

A.

M, R

B.

2M, R

C.

M, 2R

D.

2M, 2R

30.	 A positively charged rod is near a metal plate that is grounded as shown. 

metal plate

charged rod

grounding wire

The grounding wire and then the rod are removed. What is correct about the overall charge on the 
plate before and after grounding is removed?

Charge on plate before 
grounding is removed

Charge on plate after 
grounding is removed

A. neutral neutral

B. neutral negative

C. negative neutral

D. negative negative
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29.	 Four planets have masses M or 2M and radii R or 2R as shown. 

Which planet has the largest escape speed?

A.

M, R

B.

2M, R

C.

M, 2R

D.

2M, 2R

30.	 A positively charged rod is near a metal plate that is grounded as shown. 

metal plate

charged rod

grounding wire

The grounding wire and then the rod are removed. What is correct about the overall charge on the 
plate before and after grounding is removed?

Charge on plate before 
grounding is removed

Charge on plate after 
grounding is removed

A. neutral neutral

B. neutral negative

C. negative neutral

D. negative negative
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23.	 Monochromatic light is incident on a diffraction grating. The diffraction pattern from the diffraction 
grating is then formed on a screen.

Only the central maximum and the first-order maxima can be observed on the screen.

What change will allow the second-order maxima to be observed on the screen?

A.	 Decrease the distance between the diffraction grating and the source of light

B.	 Increase the distance between the diffraction grating and the screen

C.	 Increase the wavelength of the monochromatic light

D.	 Reduce the number of lines per unit length of the diffraction grating

24.	 A solid metallic sphere is positively charged and isolated from all other charges.

The electric potential due to the sphere

A.	 is constant inside the sphere.

B.	 is constant outside the sphere.

C.	 is smallest at the surface of the sphere.

D.	 increases with distance from the sphere.

25.	 A planet orbits the Sun in an elliptical orbit moving in the direction shown.

planet

Sun

At the position shown, which quantity is decreasing for the planet?

A.	 Acceleration

B.	 Angular momentum

C.	 Kinetic energy

D.	 Gravitational potential energy

– 15 – 0000 – 6501
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26.	 Two long parallel wires P and Q are a distance d apart. They each carry a current.

A magnetic force per unit length F acts on P due to Q.

The distance between the wires is increased to 2d and the current in Q is decreased to I
2

.

P PQ Q

d 2d

I I I I
2

What is the magnetic force per unit length that acts on P due to Q after the changes?

A.	 F
8

B.	 F
4

C.	 F
2

D.	  F

27.	 P is a point in a uniform electric field.

What is the direction in which the electric potential increases at P?

uniform electric field

A.

B.

C.

D.

P
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28.	 Planets X and Y orbit the same star.

The average distance between planet X and the star is five times greater than the average 
distance between planet Y and the star.

What is orbital period of planet X
orbital period of planet Y

?

A.	 53

B.	 5

C.	 523

D.	 53

29.	 A rectangular conducting coil rotates at a constant angular velocity in a uniform magnetic field. 
The rotation axis of the coil is perpendicular to the field.

θ

coil

uniform magnetic field

At one instant the plane of the coil is at an angle q to the direction of the field.

The magnitude of the emf induced in the coil is

A.	 never zero.

B.	 at a maximum when q = 0° or 180°.

C.	 at a maximum when q = 45° or 225°.

D.	 at a maximum when q = 90° or 270°.
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30.	 A spherical planet has a radius R0.

The graph shows the variation of the gravitational potential due to the planet with distance r from 
the centre of the planet.

1

0

−1

−2

−3

−4

−5

−6

−7

R0 2R0 3R0 4R0 5R0

r

gravitational
potential /
× 106 J kg−1

What is the escape speed from the surface of the planet?

A.	 1.6 × 103 m s-1

B.	 2.2 × 103 m s-1

C.	 3.2 × 103 m s-1

D.	 4.5 × 103 m s-1
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31.	 A charged rod is brought near an initially neutral metal sphere without touching it.

When the sphere is grounded (earthed), there is an electric current for a short time from the sphere 
to the ground.

metal 
sphere

charged
 rod

direction of
conventional current

The ground connection is then removed.

What are the charge on the rod and the charge induced on the sphere when the connection 
is removed?

Charge on the rod Charge induced on the sphere

A. negative negative

B. negative positive

C. positive negative

D. positive positive

32.	 A positive point charge of magnitude 1.0 mC and a point charge q are separated by a distance d.

d d

electron 1.0 µC q

An electron is placed at a distance d from the +1.0 mC charge. The electric force on the electron 
is zero.

What is q ?

A.	 -4.0 mC

B.	 -2.0 mC

C.	 2.0 mC

D.	 4.0 mC
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4.	 A satellite moves around Earth in a circular orbit.

satellite

Earth’s surface

(a)	 Draw an arrow on the diagram to represent the direction of the acceleration of  
the satellite.� [1]

(b)	 The following data are given:

Mass of Earth, M = 5.97 × 1024 kg
Radius of Earth, R = 6.37 × 106 m

Orbital period of the satellite, T = 5.62 × 103 s

(i)	 Kepler’s Third Law of orbital motion states that T 2 = kr 3 where k is a constant and 
r  is the orbital radius of the satellite. 

Show that k
GM

�
4 2� .� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(ii)	 Determine the height of the satellite above the Earth’s surface.� [2]
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(This question continues on the following page)
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(Question 4 continued)

(c)	 The atmosphere exerts a small viscous drag force on the satellite.

Outline how the total energy, kinetic energy, and gravitational potential energy change 
for the satellite during one orbit around Earth.� [3]
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5.	 Two conducting rings, A and B, have their centres on the same line. The planes of A and B 
are parallel. There is a constant clockwise current in A. Ring A is stationary and ring B moves 
towards ring A at a constant speed.

Ring A

Ring B

current

(a)	 Outline why the magnetic flux in ring B increases.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������
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(b)	 State the direction of the induced current in ring B.� [1]
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