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Introduction

Each Topical Past Paper Questions Workbook contains a comprehensive collection of hundreds of questions
and corresponding answer schemes, presented in worksheet format. The questions are carefully arranged
according to their respective chapters and topics, which align with the latest IGCSE or AS/A Level subject
content. Here are the key features of these resources:

. The workbook covers a wide range of topics, which are organized according to the latest syllabus

content for Cambridge IGCSE or AS/A Level exams.

. Each topic includes numerous questions, allowing students to practice and reinforce their under-

standing of key concepts and sKkills.

. The questions are accompanied by detailed answer schemes, which provide clear explanations and

guidance for students to improve their performance.

. The workbook’s format is user-friendly, with worksheets that are easy to read and navigate.

. This workbook is an ideal resource for students who want to familiarize themselves with the types of

questions that may appear in their exams and to develop their problem-solving and analytical skills.

Overall, Topical Past Paper Questions Workbooks are a valuable tool for students preparing for IGCSE
or AS/A Level exams, providing them with the opportunity to practice and refine their knowledge and
gkills in a structured and comprehensive manner. To provide a clearer description of this book’s specifica-
tions, here are some key details:

Title: Cambridge AS & A Level Physics (9702) Paper 4 Topical Past Papers
Subtitle: Exam Practice Worksheets With Answer Scheme

Examination board: Cambridge Assessment International Education (CAIE)
Subject code: 9702

Years covered: February/March 2016 - May/Jun 2024

Paper: 4

Number of pages: 967

Number of questions: 396
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Chapter 1

Motion 1n a circle

1.1 Centripetal acceleration
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8 CHAPTER 1. MOTION IN A CIRCLE

1. 9702 _s24 qp 42 Q:1

(a) Define the radian.

............................................................................................................................................. [1]
(b) A circular metal disc spins horizontally about a vertical axis, as shown in Fig. 1.1.
rotation _
axis r\ metal disc
modelling clay
Fig. 1.1 (not to scale)

A piece of modelling clay is attached to the disc.

For the instant when the piece of modelling clay is in the position shown, draw on Fig. 1.1:

(i) an arrow, labelled V, showing the direction of the velocity of the modelling clay 1]

(ii) an arrow, labelled A, showing the direction of the acceleration of the modelling clay. [1]
(c) The metal disc in Fig. 1.1 has a radius of 9.3cm.

The centre of gravity of the modelling clay is 1.2cm from the rim of the disc and moves with a

speed of 0.68ms™".

(i) Calculate the angular speed w of the disc.
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1.1. CENTRIPETAL ACCELERATION

(ii) Calculate the acceleration a of the centre of gravity of the modelling clay.

(d) A second piece of modelling clay is attached to the disc in the position shown in Fig. 1.2.

second piece of
modelling clay

first piece of
modelling clay

Fig. 1.2
The second piece of modelling clay has a larger mass than the first piece.

By placing one tick (v') in each row, complete Table 1.1 to show how the quantities indicated
compare for the two pieces of modelling clay.

Table 1.1

less for second piece
than first piece

greater for second piece

quantity than first piece

same for both pieces

angular speed

linear speed

acceleration

(3]

[Total: 10]
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10 CHAPTER 1. MOTION IN A CIRCLE

Answer:

Question Answer Marks
(a) angle (subtended at the centre of a circle) when arc (length) = radius B1
(b)(i) arrow, labelled V, pointing in NE direction B1
(b)(ii) | arrow, labelled A, pointing in NW direction B1
©0) |v=ro c1
® =0.68/(0.093-0.012) A1

=8.4rad s’
(c)ii) |a =v¥/ror a=ra? c1
a =0.682/(0.093 — 0.012) or (0.093 -0.012) x 8.42 A1

=57ms>

(d) angular speed: same for both pieces B1
linear speed: less for second piece than first piece B1
acceleration: less for second piece than first piece B1
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1.1. CENTRIPETAL ACCELERATION 11

2.9702_s23 _qp_41 Q:2

A steel sphere of mass 0.29kg is suspended in equilibrium from a vertical spring. The centre of
the sphere is 8.5cm from the top of the spring, as shown in Fig. 2.1.

spring
8.5cm

steel sphere,
mass 0.29kg

Fig. 2.1

The sphere is now set in motion so that it is moving in a horizontal circle at constant speed, as
shown in Fig. 2.2.

path of sphere

The distance from the centre of the sphere to the top of the spring is now 10.8cm.

(a) Explain, with reference to the forces acting on the sphere, why the length of the spring in
Fig. 2.2 is greater than in Fig. 2.1.
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12 CHAPTER 1. MOTION IN A CIRCLE

(b) The angle between the linear axis of the spring and the vertical is 27°.

(i) Show that the radius r of the circle is 4.9cm.

(1]
(if) Show that the tension in the spring is 3.2N.
(2]
(iii) The spring obeys Hooke’s law.
Calculate the spring constant, in Ncm™, of the spring.
spring constant = ... Nem™ [2]
(c) (i) Use the information in (b) to determine the centripetal acceleration of the sphere.
centripetal acceleration = ...........cccooeiiiiiee ms~2 [2]
(ii) Calculate the period of the circular motion of the sphere.
PEHOO = e s [2]
[Total: 12]
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1.1. CENTRIPETAL ACCELERATION 13

Answer:
Question Answer Marks
(a) horizontal force on sphere causes centripetal acceleration B1
weight of sphere is (now) equal to vertical component of tension B1
ll:(r)rizontal and vertical components (of force) (now) combine to give greater tension (in spring)
greater tension in spring so greater extension of spring B1
(b)(i) r=10.8 x sin 27° = 4.9cm A1l
(b)(ii) Tcos 6=mg C1
or
Tcos =W and W=mg
Tcos 27°=0.29 x 9.81 leadingto T=32N A1
(b)(iii)) | AT=3.2-(0.29 x 9.81) c1
k =ATIAx A1l
=[3.2-(0.29 x 9.81)]/[10.8 - 8.5]
=0.156Nem!
(c)(i) centripetal acceleration = (T sin 8)/m c1
=(3.2xsin27°)/0.29
=50ms32 A1
Question Answer Marks
(cXi) |a =re? and w=2n/T c1
or
a=v?/rand v=2ar/T
T =2nx(0.049/5.0) A1
=0.62s
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3.9702_w23 qp 42 Q:1
(a) Define the radian.

(b) The minute hand of a clock revolves at constant angular speed around the face of the clock,
completing one revolution every hour. A small piece of modelling clay is attached to the hand
with its centre of gravity at a distance L from the fixed end of the hand, as shown in Fig. 1.1.

direction of revolution of minute hand

e

modelling clay

free end
minute hand
fixed end

face of clock

Fig. 1.1
Calculate the angular speed @ of the minute hand.
= oo rads™! [2]

(c) During a time interval of 1400s, the centre of gravity of the piece of modelling clay in Fig. 1.1
moves through a total distance of 0.44m.

(i) Calculate the angle through which the minute hand moves in this time interval.
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1.1. CENTRIPETAL ACCELERATION 15

(if) Determine distance L.

(iii) Calculate the magnitude of the centripetal acceleration of the piece of modelling clay.

centripetal acceleration = .........ccoooiiiiiiiiiee ms=2 [2]
(d) Use your answer in (c)(iii) to explain why the variation with time of the magnitude of the force

exerted by the minute hand on the piece of modelling clay is negligible as the minute hand
undergoes one full revolution.

[Total: 10]
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16 CHAPTER 1. MOTION IN A CIRCLE

Answer:
Question Answer Marks
(a) angle (subtended at centre of circle) when arc length = radius B1
(b) 0 =2n/T c1
=2n/(1.0 x 60 x 60) A1
=1.7 x 10%rad s’
(c)i) |angle =1.7 x 107 x 1400 A1
=2.4rad
(c)(ii) = arc length/ angle C1
=044/2.4
or
L =0.44 x (3600/1400)/2n
L =0.18m A1
(c)iii) |a =re? c1
=0.18 x (1.745 x 107%)2 A1
=55x 107" ms=2
(d) centripetal acceleration is negligible compared with acceleration of free fall B1
g:merical comparison establishing answer to (c)(iii) « 9.81
resultant force is negligible compared with weight (of modelling clay) (so variation is negligible) B1
?orrce exerted by minute hand (approximately) equal (and opposite) to weight of modelling clay
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1.1. CENTRIPETAL ACCELERATION 17

4.9702_w21 _qp 41 Q:1

(a) With reference to velocity and acceleration, describe uniform circular motion.

(b) Two cars are moving around a horizontal circular track. One car follows path X and the other
follows path Y, as shown in Fig. 1.1.

start and finish line

track

path X

path Y

Fig. 1.1 (not to scale)

The radius of path X is 318 m. Path Y is parallel to, and 27 m outside, path X. Both cars have
mass 790kg. The maximum lateral (sideways) friction force F that the cars can experience
without sliding is the same for both cars.

(i) The maximum speed at which the car on path X can move around the track without
sliding is 94 ms=".

Calculate F.
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18 CHAPTER 1. MOTION IN A CIRCLE

(ii) Both cars move around the track. Each car has the maximum speed at which it can
move without sliding.

Complete Table 1.1, by placing one tick in each row, to indicate how the quantities
indicated for the car on path Y compare with the car on path X.

Table 1.1
Y less than X Y same as X Y greater than X
centripetal
acceleration
maximum speed
time taken for one lap
of the track
(3]
[Total: 7]
Answer:
Answer Marks
(a) constant speed or constant magnitude of velocity B1
acceleration (always) perpendicular to velocity B1
®)i) |F=m?2ir c1
or
v=rw and F=mra?
F =790 x942/318 A1
=22000N
(b)(ii) centripetal acceleration: same B1
maximum speed: greater B1
time taken for one lap of the track: greater B1

compiled by examinent.com
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1.1. CENTRIPETAL ACCELERATION 19

5.9702_w21 _qp 42 Q:1

(a) State what is meant by centripetal acceleration.

(b) An unpowered toy car moves freely along a smooth track that is initially horizontal. The track
contains a vertical circular loop around which the car travels, as shown in Fig. 1.1.

62cm

toy car
mass 2309

track

Fig. 1.1

The mass of the car is 230 g and the diameter of the loop is 62 cm. Assume that the resistive
forces acting on the car are negligible.

(i) State what happens to the magnitude of the centripetal acceleration of the car as it
moves around the loop from X to Y.

(ii) Explain, if the car remains in contact with the track, why the centripetal acceleration of
the car at point Y must be greater than 9.8ms=2.
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20 CHAPTER 1. MOTION IN A CIRCLE

(c) The initial speed at which the car in (b) moves along the track is 3.8ms™".

Determine whether the car is in contact with the track at point Y. Show your working.

(3]

(d) Suggest, with a reason but without calculation, whether your conclusion in (¢) would be
different for a car of mass 460 g moving with the same initial speed.

............................................................................................................................................. 1
[Total: 8]
Answer:
Answer Marks
(a) acceleration perpendicular to velocity B1
(b)(i) decreases B1
(b)(ii) (acceleration of) 9.8 ms is caused by weight of car B1
g;ntripetal force must be greater than weight of car
(acceleration > 9.8 ms—) requires contact force from track B1
Z:rentri petal force > weight) requires contact force from track
(c) vemwy? = Yamvx? — mgh c1
a=v/r c1
Ww2=3.82-2x9.81x062s0w=15ms"' A1
a=1.52/0.31 = 7.3ms2 (which is less than 9.8ms-2) so no
or
w=V(9.81x031)=174ms"so w2 =1742+2x9.81x 062 (A1)
vx = 3.9m s (which is greater than 3.8 ms™') so no
(d) acceleration is independent of mass so makes no difference B1
‘r:ass cancels in the equation so makes no difference
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Chapter 2

Gravitational fields

2.1 Gravitational force between point masses

21
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22 CHAPTER 2. GRAVITATIONAL FIELDS

6.9702_s23 _qp_42 Q:1

(a) State Newton’s law of gravitation.

(b) A satellite is in a circular orbit around a planet. The radius of the orbit is R and the period of
the orbitis T. The planet is a uniform sphere.

Use Newton’s law of gravitation to show that R and T are related by
472R3 = GMT?

where M is the mass of the planet and G is the gravitational constant.

(2]

(c) The Earth may be considered to be a uniform sphere of mass 5.98 x 10*kg and radius
6.37 x 10°m

A geostationary satellite is in orbit around the Earth.

Use the expression in (b) to determine the height of the satellite above the Earth’s surface.
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2.1. GRAVITATIONAL FORCE BETWEEN POINT MASSES 23

Another satellite is in a circular orbit around the Earth with the same orbital radius and period
as the satellite in (c).

(i) Calculate the angular speed of the satellite in this orbit. Give a unit with your answer.

angularspeed = ... unit ..., [2]
(ii) Despite having the same orbital period, the orbit of this satellite is not geostationary.

Suggest two ways in which the orbit of this satellite could be different from the orbit of
the satellite in (c).

[Total: 11]
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24 CHAPTER 2. GRAVITATIONAL FIELDS

Answer:
Question Answer Marks
(a) (gravitational) force is (directly) proportional to product of masses B1
force (between point masses) is inversely proportional to the square of their separation B1
(b) GMm/ R? = mRe? M1
w=2m/ T and algebra leading to 4n?R® = GMT? A1
or
GMmIR2=mv?/R (M1)
v = 2zR/ T and algebra leading to 4r2R% = GMT2 (A1)
(c) 47?2 x R® =6.67 x 101" x 5.98 x 10%* x (24 x 60 x 60)? c1
(R =4.22x10"m)
h =R-(6.37 x 106) c1
h =(4.22x107)—(6.37 x 10°) A1
=36x10"m
@i |w =2r/T c1
=2n/(24 x 60 x 60) A1
=73x10%rads™”’
(d)(ii) orbit is from east to west B1
orbit is not equatorial / orbit is polar B1
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2.1. GRAVITATIONAL FORCE BETWEEN POINT MASSES 25

7.9702_m22 qp 42 Q:1
(a) The point P in Fig. 1.1 represents a point mass.

On Fig. 1.1, draw lines to represent the gravitational field around P.

eP
Fig. 1.1
[2]
(b) A moon is in circular orbit around a planet.
Explain why the path of the moon is circular.
............................................................................................................................................. [2]
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26 CHAPTER 2. GRAVITATIONAL FIELDS

(c) Many moons are in circular orbit about a planet.

The angular velocity of a moon is @ when the orbit of the moon has a radius r about the
planet.

Fig. 1.2 shows the variation of r2 with 1/®? for these moons.

4
1102 m? Tt
3 A
2 o
1 >
0 -
0 1 2 3 4 5 6
#/107rad‘252

Fig. 1.2

(i) Show that the mass M of the planet is given by the expression

gradient

M=
G

where G is the gravitational constant.

(2]
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2.1. GRAVITATIONAL FORCE BETWEEN POINT MASSES

27

(ii) Use Fig. 1.2 and the expression in (c)(i) to show that the mass M of the planet is
1.0 x 10%8kg.

(1
(iii) Determine the speed of a moon in orbit around the planet with an orbital radius of
1.2 x 108m.
SPEEA = ..o ms~! [3]
[Total: 10]
Answer:
Question Answer Marks
(a) at least 4 straight radial lines to P B1
v
7
|
all arrows pointing along the lines towards P B1
(b) Any 2 from: B2
gravitational force provides the centripetal force
(centripetal or gravitational) force has constant magnitude
(centripetal or gravitational) force is perpendicular to velocity (of moon)/ direction of motion (of moon)
©)(i) Gl\gm = mrad M1
r
37 i Al
M="2" and gradient = r*e? hence M _ gradient
G G
or
* = GM x 1/a? so gradient = GM hence M= _gracélent
(e)ii) | M=4.1x%x10%/(6.0x 107 x 6.67 x 10-"") = 1.0 x 10?® kg B1
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28 CHAPTER 2. GRAVITATIONAL FIELDS

Question Answer Marks
©i) | GMm _my? ct
2T
G_NI:V2
r
V2:6.67x10'”x1.0x1026 c1
1.2x10°
v?=56x10'ms™
v=7500 ms™' Al
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2.1. GRAVITATIONAL FORCE BETWEEN POINT MASSES 29

8.9702_w22 qp 41 Q:1

(a) State the equation for the gravitational force F between two point masses m, and m, that are
separated by a distance r. State the meaning of any other symbols you use.

(2]
(b) A satellite is in a circular orbit of radius R around a planet of mass M.
Show that the period T of the orbit is given by
T2 = kR®

where k is a constant that depends on the value of M. Explain your reasoning.

(3]

(c) Asatellite is in a circular orbit around the Earth with a period of 24 hours.
The mass of the Earth is 6.0 x 10%%kg.

(i) Calculate the radius of the orbit.

radius = ... m [2]
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30 CHAPTER 2. GRAVITATIONAL FIELDS

(ii) State the two other conditions that must be met for the orbit to be geostationary.

T e et ettt et eeaeeeeeeeeeeaeeaeeteeetetataneeaeetetetetaaeaeeeeeeteen—n— e eaeasrernnn—._
2 ettt eutaeu—atateta—eaae—aantatetattanttatntntnttatanntntnnntneaarnsntnsnentnehnnn£nnnnntesnnnnnetnnenntennnnnnnnnnnnnnnns
(2]
[Total: 9]
Answer:
Question Answer Marks
(a) F=(Gmimg)/r? M1
where G is the gravitational constant A1
(b) gravitational force provides the centripetal force B1
mR&?=GMm/R?and w=2r/T M1
or
mv2/R=GMm/R?*and v=2rR/T
or
4n2mR/ T2 = GMm/ R?
correct completion of algebra to get T2 = (4n2/ GM) R?, with identification of (4n%/ GM) as k A1l
(€)(i) | (24 x 3600)2 = (472 x R%)/(6.67 x 10~ x 6.0 x 10%%) c1
R=42x10"m A1
(c)(ii) | (orbit) must be above the Equator B1
(direction) must be from west to east B1
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2.1. GRAVITATIONAL FORCE BETWEEN POINT MASSES 31

9.9702_w22 qp 42 Q:1

(a) Define gravitational field.

(b) A spherical planet can be considered as a point mass at its centre.

(i) On Fig. 1.1, draw gravitational field lines outside the planet to represent the gravitational
field due to the planet.

Fig. 1.1
(2]

(ii) A satellite is in a circular orbit around the planet.

Explain, with reference to your answer in (b)(i), why the path of the satellite is circular.
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32 CHAPTER 2. GRAVITATIONAL FIELDS

(c) An object rests on the surface of the Earth at the Equator.
The radius of the Earth is 6.4 x 10m

(i) Determine the centripetal acceleration of the object.

centripetal acceleration = ........cooceiiiiiiiiiri ms=2 [3]

(ii) Describe how the two forces acting on the object give rise to this centripetal acceleration.
You may draw a diagram if you wish.

[Total: 10]
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2.1. GRAVITATIONAL FORCE BETWEEN POINT MASSES 33
Answer:
Question Answer Marks
(a) force per unit mass B1
(b)(i) lines drawn are radial from the surface B1
arrows show pointing towards planet B1
(b)(ii) | field lines show force (on satellite) is towards centre of planet B1
or
velocity of satellite is perpendicular to field lines
(gravitational) force perpendicular to velocity causes centripetal acceleration B1
©)(i) T = 24 hours C1
a=re? and o=2n/T C1
or
a=Vv?/r and v=2nrr/T
or
a=4n?r/T?
a=(4n?x 6.4 x 10%)/ (24 x 60 x 60)? A1
=0.034 ms>
(c)(ii) identification of the two forces acting on the object as gravitational force and (normal) contact force M1
gravitational force and normal contact force are in opposite directions, and their resultant causes the (centripetal) A1
acceleration
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34 CHAPTER 2. GRAVITATIONAL FIELDS

10. 9702_s20_qgp_41 Q: 1

(a) State what is meant by a gravitational force.

(b) A binary star system consists of two stars S, and S,, each in a circular orbit.
The orbit of each star in the system has a period of rotation T.

Observations of the binary star from Earth are represented in Fig. 1.1.

S1©\I

t=0 t=zT
$; () ~

Fig. 1.1 (not to scale)
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2.1. GRAVITATIONAL FORCE BETWEEN POINT MASSES

Observed from Earth, the angular separation of the centres of S, and S, is 1.2 x 10~%rad.
The distance of the binary star system from Earth is 1.5 x 10" m.

Show that the separation d of the centres of S, and S, is 1.8 x 10'2m.

(1]

(c) The stars S, and S, rotate with the same angular velocity w about a point P, as illustrated in
Fig. 1.2.

w
/%\I
S
NCD

Fig. 1.2 (not to scale)

Point P is at a distance x from the centre of star S1.
The period of rotation of the stars is 44.2 years.

(i) Calculate the angular velocity w.
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36 CHAPTER 2. GRAVITATIONAL FIELDS

(if) By considering the forces acting on the two stars, show that the ratio of the masses of
the stars is given by

mass of S, _d-x
mass of S, x

(2]
(iii) The mass M, of star S, is given by the expression
GM, = d?(d - x) w?
where G is the gravitational constant.
The ratio in (ii) is found to be 1.5.

Use data from (b) and your answer in (c)(i) to determine the mass M,.

[Total: 9]
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Answer:
\ Answer Marks
(@) force acting between two masses B1
:::rce on mass due to another mass
;:)rrce on mass in a gravitational field
(b) arc length = r@ A1
d=15%x10"x12x10°=1.8x10?m
(c)(i) w=2nlT c1
= 2n/(44.2 x 365 x 24 x 3600) A1
=45x10°%rads™’
(e)(ii) gravitational forces are equal Cc1
g;ntripetal force about P is the same
Mixa? = Ma(d — x)a? so My / Ma = (d — x)/ x A1
(c)iii) | x=0.4d c1
6.67 x 107" x My = (1.0 — 0.4) x (1.8 x 10"2)* % (4.5 x 1079)? C1
Mi=1.1x10%kg A1
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11. 9702_s19_qp_42 Q: 1

(@) Two point masses are separated by a distance xin a vacuum.
State an expression for the force F between the two masses M and m.
State the name of any other symbol used.

(b) Asmall sphere S is attached to one end of a rod, as shown in Fig. 1.1.

thread \

rod
small sphere S

8.0cm

view from side

Fig. 1.1 (not to scale)

The rod hangs from a vertical thread and is horizontal.
The distance from the centre of sphere S to the thread is 8.0cm.

A large sphere L is placed near to sphere S, as shown in Fig. 1.2.

large sphere L

initial position
ofrod s
AN 6.0cm
final position REN
of rod
1
\ : small sphere S
thread ' /

view from above

Fig. 1.2 (not to scale)
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2.1. GRAVITATIONAL FORCE BETWEEN POINT MASSES 39

There is a force of attraction between spheres S and L, causing sphere S to move through a
distance of 1.2mm.
The line joining the centres of S and L is normal to the rod.

(i) Show that the angle @through which the rod rotates is 1.5 x 10~2rad.

(1]

(i) The rotation of the rod causes the thread to twist.
The torque T (in Nm) required to twist the thread through an angle g (in rad) is given by

T=03x10""xp

Calculate the torque in the thread when sphere L is positioned as shown in Fig. 1.2.

(c) The distance between the centres of spheres S and L is 6.0cm.
The mass of sphere S is 7.5g and the mass of sphere Lis 1.3kg.

(i) By equating the torque in (b)(ii) to the moment about the thread produced by gravitational
attraction between the spheres, calculate a value for the gravitational constant.

gravitational constant = .............ccooooiioeeeeee e Nm2kg=2 [3]
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40 CHAPTER 2. GRAVITATIONAL FIELDS

(i) Suggest why the total force between the spheres may not be equal to the force calculated
using Newton’s law of gravitation.

....................................................................................................................................... [1]
[Total: 7]
Answer:
Answer Marks
(a) (F=) GMm | x?, where G is the (universal) gravitational constant B1
(b)(i) angle = (1.2 x 102) /(8.0 x 1072) = 1.5 x 102 (rad) B1
(b)(i) |torque =1.5x102x9.3x 1010 A1
=14 x10"Nm
(c)(i) |force x8.0x102=14x10" c1
(Gx13x7.5x103x8.0x102)/(6.0x102)>=14x 10" c1
G =6.4 x 107" Nm?kg—2 A1
(e)(ii) Any one from: B1
+ law applies only to point masses/spheres are not point masses
+ radii of spheres not small compared with separation
s spheres may not be uniform
+ the masses are not isolated
+ force between L and rod
+ spheres may be charged/may be electrostatic force (between spheres)

compiled by examinent.com

s
o
|9}
=
z
o
4
s
<
x
“
2
=
=

= EXAMINENT

== Eminent Exam Preparation Resources




2.1. GRAVITATIONAL FORCE BETWEEN POINT MASSES 41

12. 9702_s18 qp_41 Q: 1

(a) State Newton’s law of gravitation.

............................................................................................................................................... 2]
(b) A distant star is orbited by several planets. Each planet has a circular orbit with a different
radius.
(i) [Each planet orbits at constant speed.
Explain whether the planets are in equilibrium.
....................................................................................................................................... [1]

(i) The radius of the orbit of a planet is R and the orbital period is T.

Data for some of the planets are given in Fig. 1.1.

The relationship between R and Tis given by the expression

R3 = kT2

planet R/m T2/82
c 9.6 x 1010 2.5x 10M
e 4.0 x 10" 1.8x 1013
g 21 x 1012 2.6 x 1015
Fig. 1.1
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1. Show that the constant k is given by the expression

_om
T 4x?

where G is the gravitational constant and M is the mass of the star.

[3]

2. Use data from Fig. 1.1 for the three planets and the expression for k to calculate the
mass M of the star.

[Total: 9]
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Answer:
Answer Marks
(a) force proportional to product of masses and inversely proportional to square of separation B1
idea of force between point masses B1
(b)(i) velocity changes/direction of motion changes/there is an acceleration/there is a resultant force B1
so not in equilibrium
(b)(ii)1. | gravitational force equals/is centripetal force c1
GMm/R*=mRc? and w=2n/T M1
ll)Srrrn'R2= mZIR and v=2nrT
or
GMm/R*=mR (2n/ T)?
convincing algebra leading to k= GM/4m* A1
1(b)(ii)2. | correct use of R*/ 72 for one planet c1
(c gives 3.54 x 10°"; e and g both give 3.56 x 10*")
3.5(5)x 10%'= (6.67 x 10~ x M)/ 4n? A1
M=2.1x10%kg
two or three values of R*/ T correctly calculated and used in a valid way to find a value for M based on more than one k B1
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44 CHAPTER 2. GRAVITATIONAL FIELDS

13.9702_ml16_qp_ 42 Q:1

(a) State Newton’s law of gravitation.

(b) A satellite of mass m has a circular orbit of radius r about a planet of mass M. It may be
assumed that the planet and the satellite are uniform spheres that are isolated in space.

Show that the linear speed v of the satellite is given by the expression

V:%
N 1

where G is the gravitational constant.
Explain your working.

(2]

(c) Two moons A and B have circular orbits about a planet, as illustrated in Fig. 1.1.

Fig. 1.1 (not to scale)

Moon A has an orbital radius r, of 1.3 x 108m, linear speed v, and orbital period T,.
Moon B has an orbital radius rg of 2.2 x 10'9m, linear speed Vg and orbital period 7.
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2.1. GRAVITATIONAL FORCE BETWEEN POINT MASSES 45

(i) Determine the ratio

1. A

Ve
Fatio = .o, [2]

2. 2

Ty
FAti0 = oo [3]

(ii) The planet spins about its own axis with angular speed 1.7 x 10™4rads™".
Moon A is always above the same point on the planet’s surface.

Determine the orbital period 75 of moon B.

[Total: 11]
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Answer:

(a) force proportional to product of the (two) masses and inversely

proportional to the square of their separation M1
either reference to point masses or separation << ‘size’ of masses A1 [2]
(b) gravitational force provides/is the centripetal force B1

GMm/r? =mvi/r or GMm/r?=mre?andv=re

and algebra leading to v = (GM/r)""? B1 [2]
(€) () 1. valve =(ralra)'"?
=(2.2%x10"/1.3 x 10°%)'? C1
=13 (13.0) A1 [2]
2. v=2ur/T or vocr/T or vT/r=constant C1
TA/TB = (rA/rB) X (VBI’VA)
=(1.3x10%/2.2 x 10") x (1/13) C1
=45 (4.54) x 107 A1
or
T2=41r®/GM or T?cr® or T?/r®=constant (c1)
TA/TB = (I’A3/.”B3)1l2
=[(1.3 x 10%)®/(2.2 x 10"%)*"2 (C1)
=45 (4.54) x 107 (A1) [3]
(i) T =2r/1.7x10"
=3.70 x 10*s C1
Ts=3.70x 10*/4.54 x 107™*
=81x10"s Al [2]

If identifies Taoas Tg then0/2
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14. 9702 _wl6_qp_41 Q:1

A satellite is in a circular orbit of radius r about the Earth of mass M, as illustrated in Fig. 1.1.

‘\
\
\
1
)
\
I .
Earth e satellite
mass M !
)
r i
I
!

Fig. 1.1
The mass of the Earth may be assumed to be concentrated at its centre.

(a) Show that the period T of the orbit of the satellite is given by the expression

2.3
o Am-r
T ="am

where G is the gravitational constant. Explain your working.

3]

(b) (i) A satellite in geostationary orbit appears to remain above the same point on the Earth
and has a period of 24 hours.
State two other features of a geostationary orbit.
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(i) The mass M of the Earth is 6.0 x102*Kkg.
Use the expression in (a) to determine the radius of a geostationary orbit.

(c) A global positioning system (GPS) satellite orbits the Earth at a height of 2.0 x 10*km above
the Earth’s surface.
The radius of the Earth is 6.4 x10%km.
Use your answer in (b)(ii) and the expression

T2 3

to calculate, in hours, the period of the orbit of this satellite.

period = ..o, hours [2]

[Total: 9]

EXAMINENT

Eminent Exam Preparation Resources



2.2. GRAVITATIONAL FIELD OF A POINT MASS

Answer:

(a) gravitational force provides/is the centripetal force

GMmir=mv:/r or GMmIir®=mret
andv=2nr/T or w=2n/T

with algebra to T2 = 47°r®/ GM

or

acceleration due to gravity is the centripetal acceleration

GMIr =v3ir or GM/r*=rcf
andv=2nr/T or w=2n/T

with algebra to T2 = 4%/ GM

(b) (i) equatorial orbit/orbits (directly) above the equator
from west to east
(i) (24 x 3600)° =4n°r*/(6.67 x 107" x 6.0 x 10%*)
r® =757 x 102
r=42x10'm
(c) (T/24)* ={(2.64 x 10")/(4.23 x 10")}°
=0.243
T =12 hours
or

k(=T?Ir% =24?/(4.23 x 10)°

=7.61x 107
T2 (=kr®)=7.61x 102" x (2.64 x 10')°
=140
T=12 hours

2.2 Gravitational field of a point mass
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