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16 CHAPTER 2. GRAVITATIONAL FIELDS

4.9702_s20_qp_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.
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Fig. 1.1 (not to scale)


https://stemup.co.uk

17

Observed from Earth, the angular separation of the centres of S, and S, is 1.2 x 1075rad.
The distance of the binary star system from Earth is 1.5 x 107" 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.

Fig. 1.2 (not to scale)

Point P is at a distance x from the centre of star 81.
The period of rotation of the stars is 44.2 years.

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

(ii) 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]
(ili) 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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5.9702 s20 qp_ 43 Q: 1

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

(b) Abinary 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©\

Fig. 1.1 (not to scale)
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20 CHAPTER 2. GRAVITATIONAL FIELDS

Observed from Earth, the angular separation of the centres of S, and S, is 1.2 x 10-5rad.
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 §; and S, rotate with the same angular velocity « about a point P, as illustrated in
Fig. 1.2.

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 .

T e eee e rads™ [2]
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(ii) 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) ?
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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22 CHAPTER 2. GRAVITATIONAL FIELDS

6.9702_wl9 qp 41 Q:1

(a) State Newton’s law of gravitation.

(b) A geostationary satellite orbits the Earth. The orbit of the satellite is circular and the period of
the orbit is 24 hours.

(i) State two other features of this orbit.

2 TSRS
2 e ettt eeeeeteeeeeeeeeeeateeesteeseeesteeteeeteeeseeeseeesteeaaseeseeesteeteee et e aneereieaseeasaeas
[2]
(ii) The radius of the orbit of the satellite is 4.23 x 10*km.
Determine a value for the mass of the Earth. Explain your working.
IMASS = oo ettt e s kg [4]

[Total: 8]
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7.9702_wl19_qp 42 Q:1

(a) State Newton’s law of gravitation.

(b) The astronomer Johannes Kepler showed that the period T of rotation of a planet about the
Sun is related to its mean distance R from the centre of the Sun by the expression

R°
=k
T2

where kis a constant.
Use Newton’s law to show that, for planets in circular orbits about the Sun of mass M, the
constant k is given by

- GM
4m?

where G is the gravitational constant. Explain your working.

(4]
(c) Asatellite is in a circular orbit about Mars.
The radius of the orbit of the satellite is 4.38 x 108m. The orbital period is 2.44 hours.
Use the expressions in (b) to calculate a value for the mass of Mars.
MMASS = oot kg [2]

[Total: 8]
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24 CHAPTER 2. GRAVITATIONAL FIELDS

8.9702 w19 qp 43 Q: 1

(a) State Newton’s law of gravitation.

(b) A geostationary satellite orbits the Earth. The orbit of the satellite is circular and the period of
the orbit is 24 hours.

(i) State two other features of this orbit.

2 TSRS
2 e ettt eeeeeteeeeeeeeeeeateeesteeseeesteeteeeteeeseeeseeesteeaaseeseeesteeteee et e aneereieaseeasaeas
[2]
(ii) The radius of the orbit of the satellite is 4.23 x 10*km.
Determine a value for the mass of the Earth. Explain your working.
IMASS = oo ettt e s kg [4]

[Total: 8]
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9.9702_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.

planet R/m T2/s2
c 9.6 x 1010 2.5 x 10"
e 4.0 x 10" 1.8 x 1013
g 2.1 x 1012 2.6 x 101°
Fig. 1.1

The relationship between R and Tis given by the expression

R3 = kT2,
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26 CHAPTER 2. GRAVITATIONAL FIELDS

1. Show that the constant k is given by the expression

_GM
T 4x?

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

k

[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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10. 9702_s18_qp_43 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.

planet R/m T2/s2
c 9.6 x 1010 2.5 x 10"
e 4.0 x 10" 1.8 x 1013
g 2.1 x 1012 2.6 x 101°
Fig. 1.1

The relationship between R and Tis given by the expression

R3 = kT2,
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28 CHAPTER 2. GRAVITATIONAL FIELDS

1. Show that the constant k is given by the expression

_GM
T 4x?

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

k

[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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11. 9702 _s17 qp 43 Q: 1
(@) Explain how a satellite may be in a circular orbit around a planet.

(b) The Earth and the Moon may be considered to be uniform spheres that are isolated in space.
The Earth has radius R and mean density p. The Moon, mass m, is in a circular orbit about

the Earth with radius nR, as illustrated in Fig. 1.1.
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Fig. 1.1

The Moon makes one complete orbit of the Earth intime T.
Show that the mean density p of the Earth is given by the expression

_ 3ar®
p=Ggr2-

[4]
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CHAPTER 2. GRAVITATIONAL FIELDS

(c) The radius R of the Earth is 6.38 x 10°km and the distance between the centre of the Earth
and the centre of the Moon is 3.84 x 10°km.

The period T of the orbit of the Moon about the Earth is 27.3 days.
Use the expression in (b) to calculate p.

[Total: 9]
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12.9702_ w17 _qp_42 Q: 1

(@) State Newton’s law of gravitation.

(b) The planet Jupiter and one of its moons, Io, may be considered to be uniform spheres that
are isolated in space.

Jupiter has radius R and mean density p.
Io has mass mand is in a circular orbit about Jupiter with radius nR, as illustrated in Fig. 1.1.

Jupiter
radius R
density p

Fig. 1.1

The time for Io to complete one orbit of Jupiteris T.

Show that the time T is related to the mean density p of Jupiter by the expression

3am
pT? = G

where G is the gravitational constant.

[4]
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32 CHAPTER 2. GRAVITATIONAL FIELDS

(¢) (i) The radius R of Jupiter is 7.15x 10*km and the distance between the centres of Jupiter
and Io is 4.32x 10°km.
The period T of the orbit of Io is 42.5 hours.

Calculate the mean density p of Jupiter.

(i) The Earth has a mean density of 5.5x103kgm=3. It is said to be a planet made of rock.
By reference to your answer in (i), comment on the possible composition of Jupiter.

[Total: 10]
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13.9702_wl16_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.

‘\
A
\
\
\
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.

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

2.3
2_431:1'
T ="Gm

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.

STEMUP.CO.UK
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CHAPTER 2. GRAVITATIONAL FIELDS

(i) The mass M of the Earth is 6.0 x 1024Kg.
Use the expression in (a) to determine the radius of a geostationary orbit.

radiUS = oo m [2]
(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 x 103km.
Use your answer in (b)(ii) and the expression

T2 o r3

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

Period = .. hours [2]

[Total: 9]
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14.9702_w16_qp_43 Q: 1

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

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

2.3
2_431:1'
T ="Gm

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.

STEMUP.CO.UK
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CHAPTER 2. GRAVITATIONAL FIELDS

(i) The mass M of the Earth is 6.0 x 1024Kg.
Use the expression in (a) to determine the radius of a geostationary orbit.

radiUS = oo m [2]
(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 x 103km.
Use your answer in (b)(ii) and the expression

T2 o r3

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

Period = .. hours [2]

[Total: 9]
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15.9702_s21 qp_ 42 Q: 1

(a) Define gravitational field strength.

(b) An isolated planet is a uniform sphere of radius 3.39 x 108m. Its mass of 6.42 x 1023kg may

be considered to be a point mass concentrated at its centre. The planet rotates about its axis
with a period of 24.6 hours.

For an object resting on the surface of the planet at the equator, calculate, to three significant
figures:

(i) the gravitational field strength

field Strength = ..o Nkg™' [2]

(ii) the centripetal acceleration

acceleration =

(iii) the force per unit mass exerted on the object by the surface of the planet.

force per unit mass =

[Total: 6]
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16.9702_s19_qp_42 Q: 1

(@) Two point masses are separated by a distance x in 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) A small sphere S is attached to one end of a rod, as shown in Fig. 1.1.

thread \

rod
small sphere S

I |
] |
. 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 3.
AN 6.0cm
final position RSN
ofrod — <. )g  N—
S /!
\ : small sphere S
thread : /

view from above

Fig. 1.2 (not to scale)
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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 hormal to the rod.

(i) Show that the angle 8through which the rod rotates is 1.5 x 102rad.

[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=93x10"19xg.

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

torque =

(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 L is 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 = ...........oooveeeeeeeee e, Nm2kg=2 [3]

STEMUP.CO.UK
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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.

[Total: 7]



https://stemup.co.uk

41

17.9702_ml18 qp 42 Q:1
(@) (i) State whatis meant by a line of force in a gravitational field.

(i) By reference to the pattern of the lines of gravitational force near to the surface of the
Earth, explain why the acceleration of free fall near to the Earth’s surface is approximately
constant.

(b) The Moon may be considered to be a uniform sphere that is isolated in space. It has radius
1.74 x 10°km and mass 7.35 x 10%2kg.

(i) Calculate the gravitational field strength at the Moon’s surface.

gravitational field strength = ... N kg~ [2]
(i) Asatellite is in a circular orbit about the Moon at a height of 320km above its surface.

Calculate the time for the satellite to complete one orbit of the Moon.

[Total: 9]
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18.9702_s18 qp_42 Q: 1

(@) (i) A gravitational field may be represented by lines of gravitational force.
State what is meant by a line of gravitational force.

(i) By reference to lines of gravitational force near to the surface of the Earth, explain why
the gravitational field strength g close to the Earth’s surface is approximately constant.

(b) The Moon may be considered to be a uniform sphere of diameter 3.4 x 103km and mass
7.4 x 1022kg. The Moon has no atmosphere.

During a collision of the Moon with a meteorite, a rock is thrown vertically up from the surface
of the Moon with a speed of 2.8kms™".

Assuming that the Moon is isolated in space, determine whether the rock will travel out into
distant space or return to the Moon’s surface.

[4]
[Total: 8]
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19.9702 w18 qp 42 Q:1

(@) (i) State whatis meant by gravitational field strength.

(i) Explain why, at the surface of a planet, gravitational field strength is numerically equal to
the acceleration of free fall.

(b) An isolated uniform spherical planet has radius R.
The acceleration of free fall at the surface of the planet is g.

On Fig. 1.1, sketch a graph to show the variation of the acceleration of free fall with distance
x from the centre of the planet for values of xin the range x= Rto x=4R.

1.00g
acceleration

of freefall 0.75g
0.50g

0.25¢g

0

0 R 2R 3R 4R
X
Fig. 1.1
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(c) The planet in (b) has radius R equal to 3.4 x 103km and mean density 4.0 x 108kgm3.

Calculate the acceleration of free fall at a height R above its surface.

accelerationof freefall = .........cccoooeiiiii i ms—= [3]

[Total: 8]
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20. 9702 s17 qp 41 Q: 1
(@) Explain how a satellite may be in a circular orbit around a planet.

(b) The Earth and the Moon may be considered to be uniform spheres that are isolated in space.
The Earth has radius R and mean density p. The Moon, mass m, is in a circular orbit about

the Earth with radius nR, as illustrated in Fig. 1.1.

__________
- -
-

. N
Earth
~ .
. radius R
’,
’I
’
!
I:
'.l'
! \
1 1
1
i I
Moon ! ;
\ ]
1 T
) ]
1 I
\ r
!
LY 'l
AY ’
\ ’
Y 4
\\\ ";
\\ ’I
"‘5 ’I
~ao __—’
__________
Fig. 1.1

The Moon makes one complete orbit of the Earth intime T.
Show that the mean density p of the Earth is given by the expression

_ 3ar®
p=Ggr2-

[4]
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(c) The radius R of the Earth is 6.38 x 10°km and the distance between the centre of the Earth
and the centre of the Moon is 3.84 x 10°km.

The period T of the orbit of the Moon about the Earth is 27.3 days.
Use the expression in (b) to calculate p.

[Total: 9]
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21.9702_s17_qp_42 Q: 1

(a) Define gravitational field strength.

(b) The mass of a spherical comet of radius 3.6km is approximately 1.0x10'3kg.

(i) Assuming that the comet has constant density, calculate the gravitational field strength
on the surface of the comet.

field StreNgth = ....oeeieeee e Nkg~[2]

(i) A probe having a weight of 960N on Earth lands on the comet.
Using your answer in (i), determine the weight of the probe on the surface of the comet.

STEMUP.CO.UK
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(c) Asecond comet has a length of approximately 4.5km and a width of approximately 2.6 km. Its
outline is illustrated in Fig. 1.1.

Fig. 1.1

Suggest one similarity and one difference between the gravitational fields at the surface of
this comet and at the surface of the comet in (b).

] 11 T PRSP

[Total: 7]
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22.9702 w17 _qp_41 Q:3

(a) Define gravitational field strength.

(b) Explain why, for changes in vertical position of a point mass near the Earth’s surface, the
gravitational field strength may be considered to be constant.

(c) The orbit of the Earth about the Sun is approximately circular with a radius of 1.5x 108km.
The time period of the orbit is 365 days.

Determine a value for the mass M of the Sun. Explain your working.

[Total: 8]
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23.9702 w17 qp 43 Q: 3

(a) Define gravitational field strength.

(b) Explain why, for changes in vertical position of a point mass near the Earth’s surface, the
gravitational field strength may be considered to be constant.

.............................................................................................................................................. 2]
(c) The orbit of the Earth about the Sun is approximately circular with a radius of 1.5x 108km.
The time period of the orbit is 365 days.
Determine a value for the mass M of the Sun. Explain your working.
M= kg [5]

[Total: 8]
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24.9702_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 r

where G is the gravitational constant.
Explain your working.

(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 ry of 2.2 x 10'9m, linear speed Vg and orbital period 7.
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(i) Determine the ratio

5
Vs
FAt0 = o 2]
2. I
g
ratio = . [3]

(i) 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 Tg of moon B.

[Total: 11]
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25.9702_wl6_qp 42 Q:1

(a) Define gravitational field strength.

(b) The nearest star to the Sun is Proxima Gentauri.
This star has a mass of 2.5x 102°kg and is a distance of 4.0 x 10'3km from the Sun.
The Sun has a mass of 2.0 x103%kg.

(i) State why Proxima Centauri may be assumed to be a point mass when viewed from the
Sun.

(i) Calculate

1. the gravitational field strength due to Proxima Centauri at a distance of 4.0 x 1013km,

field strength = ..o Nkg™ [2]

2. the gravitational force of attraction between the Sun and Proxima Centauri.

STEMUP.CO.UK
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(c) Suggest quantitatively why it may be assumed that the Sun is isolated in space from other
stars.

[Total: 8]
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26.9702_m21 qp 42 Q:1

(a) State Newton’s law of gravitation.

35

(b) Planets have been observed orbiting a star in another solar system. Measurements are made
of the orbital radius r and the time period T of each of these planets.

The variation with R® of T2 is shown in Fig. 1.1.

T2/ year?

2.6

24

22

2.0

1.8

1.6

14

1.2

1.0

0.8

0.6

04

0.2

0

0

0.1

02 03 04 05 06 07 08 09 1.0

Fig. 1.1
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The relationship between T and R is given by

TQ = 4J'|32R3
GM

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

Determine the mass M.

(c) Arock of mass mis also in orbit around the star in (b). The radius of the orbit is r.

(i) Explain why the gravitational potential energy of the rock is negative.

..................................................................................................................................... [3]
(ii) Show that the kinetic energy E, of the rock is given by
E = GMm
k 2r
(2]
(iii) Use the expression in (c)(ii) to derive an expression for the total energy of the rock.
(2]

[Total: 12]
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27.9702_s21_qp_41 Q: 1

The Earth may be assumed to be an isolated uniform sphere with its mass of 6.0 x 10%4kg
concentrated at its centre.

A satellite of mass 1200kg is in a circular orbit about the Earth in the Earth's gravitational field.
The period of the orbit is 94 minutes.

(a) Define gravitational field strength.

(b) Calculate the radius of the orbit of the satellite.

(c) Rockets on the satellite are fired so that the satellite enters a different circular orbit that has
a period of 150 minutes. The change in the mass of the satellite may be assumed to be
negligible.

(i) Show that the radius of the new orbit is 9.4 x 108m.

(2]

(if) State, with a reason, whether the gravitational potential energy of the satellite increases
or decreases.
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(iii) Determine the magnitude of the change in the gravitational potential energy of the
satellite.

change in potential energy = ... J [3]

[Total: 10]
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28.9702_s21_qp_43 Q: 1

The Earth may be assumed to be an isolated uniform sphere with its mass of 6.0 x 10%*kg
concentrated at its centre.

A satellite of mass 1200kg is in a circular orbit about the Earth in the Earth’s gravitational field.
The period of the orbit is 94 minutes.

(a) Define gravitational field strength.

(b) Calculate the radius of the orbit of the satellite.

FadiUS = oo s m [3]

(c) Rockets on the satellite are fired so that the satellite enters a different circular orbit that has

a period of 150 minutes. The change in the mass of the satellite may be assumed to be
negligible.

(i) Show that the radius of the new orbit is 9.4 x 10%m.

[2]

(ii) State, with a reason, whether the gravitational potential energy of the satellite increases
or decreases.

STEMUP.CO.UK
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(iii) Determine the magnitude of the change in the gravitational potential energy of the
satellite.

change in potential energy = ... J [3]

[Total: 10]
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29.9702_w21 qp 41 Q:2

(a) Define gravitational potential.

(b) The Earth E and the Moon M can both be considered as isolated point masses at their
centres. The mass of the Earth is 5.98 x 102*kg and the mass of the Moon is 7.35 x 10%2kg.
The Earth and the Moon are separated by a distance of 3.84 x 108 m, as shown in Fig. 2.1.

3 3.84 x 108m :
: x a e
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee O
P
Earth E Moon M
mass 5.98 x 102*kg mass 7.35 x 10%2kg

Fig. 2.1 (not to scale)

P is a point, on the line joining the centres of E and M, where the resultant gravitational field
strength is zero. Point P is at a distance x from the centre of the Earth.

(i) Explain how it is possible for the gravitational field strength to be zero despite the
presence of two large masses nearby.

(i) Show that x is approximately 3.5 x 108m.

(2]
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(iii) Calculate the gravitational potential ¢ at point P.
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............................................... Jkg™ [3]

[Total: 9]
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30. 9702 w21 qgp 42 Q:2
(a) State the relationship between gravitational potential and gravitational field strength.

(b) A moon of mass M and radius R orbits a planet of mass 3M and radius 2R. At a particular
time, the distance between their centres is D, as shown in Fig. 2.1.

. D
| X ‘
------------------------------- O
P
planet moon
mass 3M mass M
radius 2R radius R
Fig. 2.1

Point P is a point along the line between the centres of the planet and the moon, at a variable
distance x from the centre of the planet.

The variation with x of the gravitational potential ¢ at point P, for points between the planet
and the moon, is shown in Fig. 2.2.

A
¢

N

-

Fig. 2.2
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(i) Explain why ¢ is negative throughout the entire range x=2Rtox=D - R.

..................................................................................................................................... [3]
(ii) One of the features of Fig. 2.2 is that ¢ is negative throughout.
Describe two other features of Fig. 2.2.
L e ettt ettt eeeeeeeeeitteeeeaaateeeeeateeseeiaseteeeaestteeeeiateseesatareeteaatateaeaaateeeeeetereeeeannrenaannns
D e e e et —— e e a———eeee——eeeeaa——eeeaantteeaeantaeeee e aneeeeeannaeeanes
[2]

(iii) On Fig. 2.3, sketch the variation with x of the gravitational field strength g at point P
between x=2Rand x=D - R.

A

Fig. 2.3
[3]

[Total: 10]
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31.9702_ w21 gp 43 Q:2

(a) Define gravitational potential.

(b) The Earth E and the Moon M can both be considered as isolated point masses at their
centres. The mass of the Earth is 5.98 x 102*kg and the mass of the Moon is 7.35 x 10%2kg.
The Earth and the Moon are separated by a distance of 3.84 x 108 m, as shown in Fig. 2.1.

3 3.84 x 108m :
: x a e
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee O
P
Earth E Moon M
mass 5.98 x 102*kg mass 7.35 x 10%2kg

Fig. 2.1 (not to scale)

P is a point, on the line joining the centres of E and M, where the resultant gravitational field
strength is zero. Point P is at a distance x from the centre of the Earth.

(i) Explain how it is possible for the gravitational field strength to be zero despite the
presence of two large masses nearby.

(i) Show that x is approximately 3.5 x 108m.

(2]
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(iii) Calculate the gravitational potential ¢ at point P.
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............................................... Jkg™ [3]

[Total: 9]
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32.9702_m20 qp 42 Q:1

(a) Define gravitational potential at a point.

(b) TESS is a satellite of mass 360kg in a circular orbit about the Earth as shown in Fig. 1.1.

Earth satellite TESS

radius of orbit

radius of Earth
6.4%x10%m

Fig. 1.1 (not to scale)

The radius of the Earth is 6.4 x 108 m and the mass of the Earth, considered to be a point
mass at its centre, is 6.0 x 102%kg.

(i) It takes TESS 13.7 days to orbit the Earth.

Show that the radius of orbit of TESS is 2.4 x 108m.

[3]
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(ii) Calculate the change in gravitational potential energy between TESS in orbit and TESS
on a launch pad on the surface of the Earth.

change in gravitational potential energy = ... J [3]

(iii) Use the information in (b)(i) to calculate the ratio:

gravitational field strength on surface of Earth
gravitational field strength at location of TESS in orbit

[Total: 10]
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33.9702_s20_qp_42 Q: 1

(a) Define gravitational potential at a point.

(b) An isolated solid sphere of radius r may be assumed to have its mass M concentrated at its
centre. The magnitude of the gravitational potential at the surface of the sphere is ¢.

On Fig. 1.1, show the variation of the gravitational potential with distance d from the centre of
the sphere for values of d from d = rto d = 4r.

+1.0¢
gravitational
potential
+0.5¢
0
0 r 2r 3r 4r
aH
-05¢
-1.0¢

Fig. 1.1
(3]
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(c) The sphere in (b) is a planet with radius r of 6.4 x 108m and mass M of 6.0 x 1024kg. The
planet has no atmosphere.

A rock of mass 3.4 x 10%kg moves directly towards the planet. Its distance from the centre of
the planet changes from 4rto 3r.

(i) Calculate the change in gravitational potential energy of the rock.

[Total: 10]
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34.9702_ml19 qp 42 Q:1

(a) (i) Define gravitational potential at a point.

(i) Use your answer in (i) to explain why the gravitational potential near an isolated mass is
always negative.

(b) A spherical planet has mass 6.00 x 10°*kg and radius 6.40 x 108 m.
The planet may be assumed to be isolated in space with its mass concentrated at its centre.

A satellite of mass 340Kg is in a circular orbit about the planet at a height 9.00 x 10°m above
its surface.

For the satellite:

(i) show that its orbital speed is 7.4 x 103ms~1

[2]

STEMUP.CO.UK


https://stemup.co.uk

72 CHAPTER 2. GRAVITATIONAL FIELDS

(i) calculate its gravitational potential energy.

BNEIGY = e e e e e e J[3]

(c) Rockets on the satellite are fired for a short time. The satellite’s orbit is now closer to the
surface of the planet.

State and explain the change, if any, in the Kkinetic energy of the satellite.

[Total: 12]
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35.9702 s19 qp 41 Q: 1
(@) Two point masses are isolated in space and are separated by a distance x.

State an expression relating the gravitational force F between the two masses to the
magnitudes M and m of the masses. State the name of any other symbol used.

(b) A spacecraft is to be put into a circular orbit about a spherical planet.

The planet may be considered to be isolated in space. The mass of the planet, assumed to
be concentrated at its centre, is 7.5 x 1023kg. The radius of the planet is 3.4 x 105m.

(i) The spacecraft is to orbit the planet at a height of 2.4 x 10°m above the surface of the
planet. At this altitude, there is no atmosphere.

Show that the speed of the spacecraft in its orbit is 3.7 x 103ms".

[2]
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(i) One possible path of the spacecraft as it approaches the planet is shown in Fig. 1.1.

A

3.64 x 10°m

5.00 x 10’m

planet
mass 7.5 x 1023kg

Fig. 1.1 (not to scale)
The spacecraft enters the orbit at point A with speed 3.7 x 10°3ms™'.

At point B, a distance of 5.00 x 10’ m from the centre of the planet, the spacecraft has a
speed of 4.1 x 103ms~". The mass of the spacecratft is 650kg.

For the spacecraft moving from point B to point A, show that the change in gravitational
potential energy of the spacecraft is 8.3 x 10°J.

[3]
(c) By considering changes in gravitational potential energy and in kinetic energy of the

spacecraft, determine whether the total energy of the spacecraft increases or decreases in
moving from point B to point A. A numerical answer is not required.

[Total: 8]
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36. 9702 _s19 qp 43 Q: 1
(@) Two point masses are isolated in space and are separated by a distance x.

State an expression relating the gravitational force F between the two masses to the
magnitudes M and m of the masses. State the name of any other symbol used.

(b) A spacecraft is to be put into a circular orbit about a spherical planet.

The planet may be considered to be isolated in space. The mass of the planet, assumed to
be concentrated at its centre, is 7.5 x 1023kg. The radius of the planet is 3.4 x 105m.

(i) The spacecraft is to orbit the planet at a height of 2.4 x 10°m above the surface of the
planet. At this altitude, there is no atmosphere.

Show that the speed of the spacecraft in its orbit is 3.7 x 103ms".

[2]
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(i) One possible path of the spacecraft as it approaches the planet is shown in Fig. 1.1.

A

3.64 x 10°m

5.00 x 10’m

planet
mass 7.5 x 1023kg

Fig. 1.1 (not to scale)
The spacecraft enters the orbit at point A with speed 3.7 x 10°ms~.

At point B, a distance of 5.00 x 107 m from the centre of the planet, the spacecraft has a
speed of 4.1 x 10°ms~'. The mass of the spacecraft is 650kg.

For the spacecraft moving from point B to point A, show that the change in gravitational
potential energy of the spacecraft is 8.3 x 10°J.

[3]
(c) By considering changes in gravitational potential energy and in Kinetic energy of the

spacecraft, determine whether the total energy of the spacecraft increases or decreases in
moving from point B to point A. A numerical answer is not required.

[Total: 8]
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37.9702_wl8 gp 41 Q:1

(@) (i) State whatis meant by gravitational potential at a point.

(i) Suggest why, for small changes in height near the Earth’s surface, gravitational potential
is approximately constant.

(b) The Moon may be considered to be a uniform sphere with a diameter of 3.5 x 103km and a
mass of 7.4 x 1022Kg.

A meteor strikes the Moon and, during the collision, a rock is sent off from the surface of the
Moon with an initial speed v.

Assuming that the Moon is isolated in space, determine the minimum speed of the rock such
that it does not return to the Moon'’s surface. Explain your working.

MINIMUM SPEEA = ..o ms~1[3]

[Total: 7]
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38.9702 wl8 qp 43 Q: 1

(@) (i) State whatis meant by gravitational potential at a point.

(i) Suggest why, for small changes in height near the Earth’s surface, gravitational potential
is approximately constant.

(b) The Moon may be considered to be a uniform sphere with a diameter of 3.5 x 103km and a
mass of 7.4 x 1022kg.

A meteor strikes the Moon and, during the collision, a rock is sent off from the surface of the
Moon with an initial speed v.

Assuming that the Moon is isolated in space, determine the minimum speed of the rock such
that it does not return to the Moon’s surface. Explain your working.

MINIMUM SPEEA = ..o ms~1[3]

[Total: 7]



https://stemup.co.uk

79
39. 9702 _ml7 qp 42 Q:1

(a) Define gravitational potential at a point.

............................................................................................................................................... 2]
(b) Arocket is launched from the surface of a planet and moves along a radial path, as shown in
Fig.1.1.
A B rocket
""" 5 SR o711
R |
planet ' 1R :
mass M
Fig.1.1

The planet may be considered to be an isolated sphere of radius R with all of its mass M

concentrated at its centre. Point A is a distance R from the surface of the planet. Point B is a
distance 4R from the surface.

(i) Show that the difference in gravitational potential A¢ between points A and B is given by
the expression

3GM

AP =T0R

where G is the gravitational constant.

[1]
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(i) The rocket motor is switched off at point A. During the journey from A to B, the rocket has
a constant mass of 4.7 x 10*kg and its kinetic energy changes from 1.70TJ to 0.88TJ.

For the planet, the product GM is 4.0 x 10"*Nm?kg~". It may be assumed that resistive
forces to the motion of the rocket are negligible.

Use the expression in (b)(i) to determine the distance from A to B.

distance = ... m [3]

[Total: 6]
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3.9702_w2l_MS 43 Q: 1

Answer Marks
(a) constant speed or constant magnitude of velocity B1
acceleration (always) perpendicular to velocity B1
o)) |F=m2/r 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
4.9702_s20 MS 41 Q:1
Answer Marks
(a) force acting between two masses B1
'f:::rce on mass due to another mass
'f::arrce on mass in a gravitational field
(b) arc length = r@ A1
d=15x10"x12x10°=18x10"”m
(c)() w=2r/T c1
= 2r/(44.2 x 365 x 24 x 3600) A1
=45x10rads™
(c)(ii) gravitational forces are equal c1
::’;ntripetal force about P is the same
Mixa? = Mao(d — x)a? so My [ Ma = (d—x)/ x A1
(e)(iii) | x=0.4d c1
6.67 % 107" x My = (1.0 — 0.4) % (1.8 x 10'2)3 x (4.5 x 10792 c1
My =1.1x10%kg A1
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5.9702 s20 MS 43 Q: 1

| Answer Marks
(a) force acting between two masses B1
'f::)rrce on mass due to another mass
'f::rce on mass in a gravitational field
(b) arc length = r@ A1
d=15x10"%x1.2x10°5=1.8x10"”m
(c)(i) w=2n/T c1
= 2r/(44.2 x 365 x 24 x 3600) A1
=45x10%rads™
(c)(ii) gravitational forces are equal c1
:;ntripetal force about P is the same
Mixa? = Mao(d — x)a? so My Mo = (d—x)/ x A1
(c)(iii) | x=0.4d c1
6.67 x 107" x M1 = (1.0 — 0.4) % (1.8 x 10'2)3 x (4.5 x 1077 c1
Mi=1.1x10%kg A1
6.9702_w19 MS 41 Q:1
Answer Marks
(a) force proportional to product of masses and inversely proportional to square of separation B1
idea of (gravitational) force between point masses B1
(b)(i) above the equator B1
from west to east B1
(b)(ii) gravitational force provides/is the centripetal force B1
GM/rP=r(2n/T)? c1
(6.67 x 107" x M) = {(4.23 x 107)* x 4n%} / (24 x 3600) c1
M=86.0x10% kg A1
7.9702_w19 MS_42 Q: 1
Answer Marks
@) force propertional to product of masses and inversely proportional to square of separation B1
idea of (gravitational) force between point masses B1
(b) gravitational force provides/is the centripetal force B1
GM/R?=Ra? or GM/R*=v?/ R M1
w=2n/T or v=21R/T M1
algebra leading to R%T2= GM/ 4n? A1
(c) (6.67 x 107" x M)/ 4n? = (4.38 x 10°)%/ (2.44 x 3600)2 c1
M=6.45x10kg A1
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8.9702 w19 MS 43 Q: 1

Answer Marks
(a) force proportional to product of masses and inversely proportional to square of separation B1
idea of (gravitational) force between point masses B1
(b)(i) above the equator B1
from west to east B1
(b)(ii) gravitational force provides/is the centripetal force B1
GM/P=r(@2n/T)? c1
(6.67 x 107" x M) = {(4.23 x 107) x 4%}/ (24 x 3600)° C1
M=6.0x 10 kg A1
9.9702_s18 MS 41 Q: 1
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
s0 not in equilibrium
(b)(ii)1. | gravitational force equals/is centripetal force Cc1
GMm/R*=mRc? and o=2n/T M1
grrnmz: mV/R and v=2rr/T
?EI;VImIRZ =mR (2n/T)?
convincing algebra leading to k= GM/41? A1
1(b)(ii)2. | correct use of R*/ T? 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 107" x M) / 4n? A1
M=2.1x10%kg
two or three values of R*/ T2 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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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 Cc1
GMm/R*=mRd? and @=2n/T M1
?EI;71IR2= mZ/R and v=2nr/T
or
GMm/R*=mR (2n/ Ty
convincing algebra leading to k= GM/4n’ A1
(b)(ii)2. | correct use of R®/ T? for one planet c1
(c gives 3.54 x 10'; e and g both give 3.56 x 10%')
3.5(5)x 102'=(6.67 x 107" 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
11. 9702_s17_MS 43 Q: 1
Answer Marks
(a) gravitational force (of attraction between satellite and planet) B1
provides /is centripetal force (on satellite about the planet) B1
(b) M = (4/3) x nRp B1
o=2n/Torv=2mR/T B1
GM! (nR)* = nRe? or v/ nR M1
substitution clear to give p = 3xn*/ GT? A1
(c) n=(3.84 x 10%)/(6.38 x 10%) = 60.19 or 60.2 c1
£ =31 x 60.19°/[(6.67 x 107"") x (27.3 x 24 x 3600)] c1
p =554 x10°kgm™ A1
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12.9702_wl17_MS_42 Q:1
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) mass of Jupiter (M) = (4/3)zR%p B1
w=2n/T B1
or
v=2mnRIT
(m)ex = GM(m)/x* M1
?n';)vzlx = GM(m)/x*
substitution and correct algebra leading to pT* = 3nn*/ G A1l
(€)i) | n=(4.32x10%/(7.15 x 109 c1
or
n=6.04
£ % (42.5 x 3600)? = (3n x 6.04%)/(6.67 x 107"") c1
£=1.33x10°kgm™? A1l
(c)(ii) Jupiter likely to be a gas/liquid (at high pressure) [allow other sensible suggestions] B1
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(a)

(b)

(c)

gravitational force provides/is the centripetal force

GMmirP=mviir or GMmIr?=mre
andv=2nr/T or w=2nl/T

with algebra to T2 = 47°r*/ GM
or
acceleration due to gravity is the centripetal acceleration

GMIr*=v:lr or GMIr*=rdc?
andv=2nr/T or wo=2n/T

with algebra to T2 = 47°*/ GM

(i) equatorial orbit/orbits (directly) above the equator
from west to east
(i) (24 x 3600)* =41%r*/(6.67 x 107" x 6.0 x 10%%)

r* =757 x 10%

r=42x10"m
(T/24) ={(2.64 x 10")/(4.23 x 10")}°
= 0.243
T =12 hours
or

k(= T?/r% =24%/(4.23 x 10")°

=7.61x10%
T2 (=kr*)=7.61x107" x (2.64 x 10")°
= 140
T =12 hours

B1

M1

A1

(B1)

(M1)

(A1)

B1
B1

C1

A1

B1

A1

(B1)

(A1)

[3]

[2]

[2]

[2]
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14. 9702 _wi16_MS 43 Q: 1
(a) gravitational force provides/is the centripetal force B1

GMmirP=mviir or GMmIr?=mre

and v =2nr/T or o=2nlT M1

with algebra to T2 = 47°r*/ GM Al [3]
or

acceleration due to gravity is the centripetal acceleration (B1)

GMIr*=v:lr or GMIr*=rdc?

andv=2wr/T or w=2n/T (M1)

with algebra to T2 = 47°*/ GM (A1)

(b) (i) equatorial orbit/orbits (directly) above the equator B1
from west to east B1 [2]

(i) (24 x 3600)* =41%r*/(6.67 x 107" x 6.0 x 10 C1

r* =757 x 10%

r=42x10"m Al [2]
(c) (T/24) ={(2.64 x 10")/(4.23 x 10")y° B1
= 0.243
T =12 hours Al [2]
or
k(= T?/r% =24°/(4.23 x 107)° (B1)
=7.61x10%

T2 (=kr*)=7.61x 107" x (2.64 x 10")°
=140

T=12 hours (A1)
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803

Answer Marks
(a) (gravitational) force per unit mass B1
(b)(i) g =GM/P cC1
= (6.67 x 107" x 6.42 x 10%%)/(3.39 x 106)? A1
=3.73Nkg™!
(b)ii) |a=ra? and w=21/T c1
or
a=v’/rand v=2mr/T
a=3.39x 10° x (2n/(24.6 x 3600))? A1
=0.0171ms?
(b)(iii) | force per unit mass = 3.73 - 0.0171 A1
=3.71Nkg™'
16. 9702 s19 MS_42 Q: 1
Answer Marks
(a) (F =) GMm / x2, where G is the (universal) gravitational constant B1
(b)) angle = (1.2 x 103)/(8.0 x 102) = 1.5 x 102 (rad) B1
(b)(ii) |torque =1.5x102x8.3x 107" A1
=14 x10""Nm
(c)(i) |force x8.0x102=14x 101 c1
(Gx1.3x7.5x103x8.0x102)/(6.0x 102 =1.4x 10" c1
G=6.4x 10" Nm?kg=2 A1
(c)(ii) Any one from: B1
* law applies only to point masses/spheres are not point masses
+ radii of spheres not small compared with separation
+ spheres may not be uniform
* the masses are not isolated
o force between L and rod
s spheres may be charged/may be electrostatic force (between spheres)
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17.9702_m18_MS_42 Q: 1

Answer Marks

(a)(i) either direction of force on a (small test) mass B1
or direction of acceleration of a (small test) mass

(a)(ii) Any three from: B3

e thelines are radial
e near the surface the lines are (approximately) parallel
+ parallel lines so constant field strength

¢ constant field strength hence constant acceleration of free fall

(b)i) |g=GM/R c1

g=(6.67 x 10" x 7.35 x 102)/(1.74 x 10° x 103

g=1.62Nkg™ A1
(b)ii) | either xof =GM/X* and w=2n/T c1
or V/x=GM/x* and v=2ar/T
(1.74 x 10° + 320 x 10°)° x 42/ T> = (6.67 x 107" x 7.35 x 10%) c1
T =7.04x 10 A1
T = 8400 s (8390)
18.9702_s18 MS_42 Q: 1
Answer Marks
(a)(i) direction of force on a (small test) mass B1
:arlth in which a (small test) mass will move
(a)(ii) (at surface,) lines (of force) are radial B1
Earth has large radius/height above surface is small B1
so lines are (approximately) parallel
parallel lines — constant field strength B1
(b) (change in) KE of rock = (change in) PE c1
f;zrmv2 = GMm/R
(M = (M)(2 x 667 x 107" x 7.4 x 10%)/ (1.7 x 10° x 10°%) c1
v=24x10*ms™! A1
correct conclusion based on comparison of v with 2.8 km s B1
or
(change in) KE of rock = (change in) PE (C1)
(atinfinity) Ep = (6.67 x 107" x 7.4 x 10% x m)/ (1.7 x 10° x 10°) (c1)
=29x10°m
Exofrock=%xmx (2.8 x10%2=3.9x10fm (A1)
correct conclusion based on comparison of Ex and Ep values (B1)
or
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Answer Marks
(change in) KE of rock = (change in) PE (c1)

;zrmvz = GMmIR
(m) (2800)% = (M) (2 x 6.67 x 107" x 7.4 x 10%)/ R (c1)
R=1.3x10%km (A1)
correct conclusion based on comparison of R with 1.7 x 10°km (B1)

or

(change in) KE of rock = (change in) PE (C1)

;zrmvz = GMmIR
(m) (2800)% = (M) (2 x 6.67 x 107" x M)/ (1.7 x 10°) (C1)
M=1.0x10%kg (A1)
correct conclusion based on comparison of M with 7.4 x 10?2 kg (B1)

19. 9702 w18 MS 42 Q: 1
Answer Marks
(@a)(i) force per unit mass B1
(a)(ii) acceleration = F/m, field strength = F/m, so equal B1
(b) smooth curve between R and 4R with negative gradient of decreasing magnitude B1
line passing through (R, 1.00g) and (2R, 0.25g) B1
line ending at (4R, 0.0625g) B1
(c) M= (413 x nR%)p c1
g = GMI/(2R)? c1
g="x667x10"x1x34x10°%4.0x10° A1
=0.95ms™
20. 9702_s17_MS_41 Q: 1
Answer Marks

(a) gravitational force (of attraction between satellite and planet) B1
provides / is centripetal force (on satellite about the planet) B1
(b) M= (4/3) x iRp B1
o=2n/Torv=2mnRIT B1
GM/ (nR)* = nRa? or v/ nR M1
substitution clear to give o= 3nn*/ GT? A1
(c) n=(3.84 x 10%)/(6.38 x 10%) = 60.19 or 60.2 c1
£ =3mx60.19°/[(6.67 x 107"") x (27.3 x 24 x 3600)%] c1
p=554x10kgm™ A1
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21. 9702_s17_MS_42 Q: 1

‘ Answer Marks
(a) ‘ force per unit mass B1
(b)(i) g =GM/r? c1
=(6.67 x107"" x 1.0 x 10"*)/ (3.6 x 10%?
‘ =51x10°Nkg" A1
(b)(ii) mass = (960/9.81) kg c1
weight on comet = (960/9.81) x 5.1 x107°
=50x10°N A1
(c) similarity:  e.g. both attractive/pointed towards the comet B1
e.g. same order of magnitude
difference: e.g. radial/non-radial B1
e.g. same (over surface)/varies (over surface)

22.9702_wl7_MS_41 Q:3

Answer Marks
(@) force per unit mass B1
(b) changes in height much less than radius of Earth M1
so (radial) field lines are almost parallel A1

;r= GM/R? =~ GMI(R + hy’*
Answer Marks
(c) gravitational force provides/is centripetal force B1
GMm!P =mVir c1
v= (27 x 1.5 x 10'")/(3600 x 24 x 365) = 2.99 x 10° (ms™) c1
6.67 x 107""M = 1.5 x 10" x (2.99 x 10%) c1
M=20x10"kg A1l

or
GMm!? = mra? (c1)
»=2n/(3600 x 24 x 365)=1.99 x 107 (rads™") (c1)
6.67 x 107""M = (1.5 x 10")® x (1.99 x 107)? (c1)
M=20x10"kg (A1)
or
T =47°P/GM (c2)
M =47 x (1.5 x 10")* / ({3600 x 24 x 365)° x 6.67 x 107"") (c1)
=2.0x 10¥kg (A1)
23.9702_wl7_MS_43 Q: 3

Answer Marks
(@) force per unit mass B1
(b) changes in height much less than radius of Earth M1
so (radial) field lines are almost parallel A1

;r= GMIR? ~ GMI(R + h)®
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Answer Marks
(c) gravitational force provides/is centripetal force B1
GMmIrP =mAir c1
v=(2m x 1.5 x 10')/(3600 x 24 x 365) = 2.99 x 10* (ms™") c1
6.67 x 107""M =15 x 10" x (2.99 x 10* c1
M=20x10"kg A1l
or
GMm!P = mra? (€1)
= 27/(3600 x 24 x 365) = 1.99 x 107 (rads™) (c1)
6.67 x 107""M = (1.5 % 10"")® x (1.99 x 1077)? (c1)
M=20x10"kg (A1)
or
T = 4n°F | GM (€2)
M =4’ x (1.5 x 10")’ / ({3600 x 24 x 365} x 6.67 x 107"") (c1)
=2.0x 10¥kg (A1)

24.9702_ml16_MS_42 Q: 1

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

proportional to the square of their separation
either reference to point masses or separation << ‘size’ of masses

(b) gravitational force provides/is the centripetal force

GMm/r?=mv?/r or GMm/r?=mrew?and v=ro
and algebra leading to v = (GM/r)""?

(c) () 1. valve =(s/r)

1/2

(2.2 x10"°/1.3 x 10%)'2
13 (13.0)

2. v=2ar/T or vocr/ T or vT/r=constant

TA/TB = (rAIrB) X (VB/VA)
=(1.3x10%/2.2 x 10"%) x (1/13)
=45 (4.54)x 107

or

T2=47%3/GM or T?o r® or T?/r®=constant
TA/TB = (rA3/rB3)”2

[(1.3 x 108)*/(2.2 x 10"0)%"2

4.5 (4.54) x 107

(i) T =2n/1.7x10"

=3.70x 10*s

Te=3.70 x 10*/4.54 x 107
=8.1x10"s

If identifies Tyas Tg then 0/2

M1
A1l

B1

B1

C1
A1

C1

C1
A1

(C1)
(C1)
(A1)

C1

A1l

(2]

(2]

(2]

(3]

(2]
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25.9702_wl6_MS_42 Q: 1
(a) force per unit mass
(b) (i) radius/diameter/size (of Proxima Centauri) « /is much less than
4.0 x 10" km/separation (of Sun and star)
?t:ecause) it is a uniform sphere
(ii) 1. field strength = GM/x*
= (6.67 x 107" x 2.5 x 10%)/(4.0 x 10" x 10°y*
=1.0x 107 Nkg™
2. force =field strength x mass
=1.0x 107" % 2.0 x 10%*
or
force = GMm/X3
= (6.67 x 107" x 2.5 x 10 x 2.0 x 10%%)/(4.0 x 10" x 10%)?

=2.0x 10N

(c) force (of 2 x 10" N) would have little effect on (large) mass of Sun

would cause an acceleration of Sun of 1.0 x 107'* ms™/very small/negligible
acceleration

or

many stars all around the Sun
net effect of forces/fields is zero

B1

B1

C1

A1

C1

(€1)

A1

B1

B1

(B1)
(B1)

(1]

(1]

[2]

(2]

[2]
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809

Answer Marks
(@) (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) correct read offs from the graph with correct power of ten for R® c1
4x 7 x1.2x10% c1
76.67x10’” ><2.4><(365><24><36C»0)2
=3.0%10%kg A1
(c)(i) potential energy is zero at infinity B1
(gravitational) forces are attractive B1
work must be done on the rock to move it to infinity B1
(c)(ii) Gfg’m :m:Z OR vl g OR v= @ M1
use of % m2 (e.g. multiplication by % m) leading to GMm ol
(c)(iii) Ep=gmand o= -GM orE, = —-GMm c1
r r
Total energy = Ex + Ep
Total energy = GMm | GMm _-GMm A1
2 r 2r
27.9702_s21 MS 41 Q: 1
Answer Marks
(a) force per unit mass B1
(b) GMm/r2=mr@? and w=21/T c1
(C’-.‘:Mmfrz =mv?/r and v=2nr/T
6.67 x 101" x 6.0 x 10%* = * x [2n/ (94 x 60)]* c1
r=69x10m A1
(c)(i) Pa? = constant or r#/T? = constant c1
/(6.9 x 106)° = (150/94 so r=9.4 x 105m A1
or
GMT?/4n? = r* and clear that M is 6.0 x 10%* (C1)
6.67 x 107" x 6.0 x 10 = r* x [2n/ (150 x 60)]? (A1)
s0r=94x10m
(c)(ii) | separation increases so (potential energy) increases B1
?nrovement is against gravitational force so (potential energy) increases
(e)(iii) | potential energy = (-)GMm/r Cc1
AEp =6.67 x 10711 % 6.0 x 10% x 1200 x [(6.9 % 108)~" — (9.4 x 106)1] c1
=1.9x10'0J A1
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28.9702_s21_MS 43 Q: 1

APPENDIX A. ANSWERS

Answer Marks
(a) force per unit mass B1
(b) GMm/r2=mr@? and w=21/T Cc1
(C)-.‘:.;Mmfrz =mv/r and v=2nr/T
6.67 x 10""x 6.0 x 10%* = P x [21/ (94 x 60)] c1
r=6.9x10%m A1
(e)(i) rPa? = constant or P/ T2 = constant c1
r1(6.9x 1053 =(150/94)? so r=94x10°m A1
or
GMT%4n? = and clear that M is 6.0 x 10% (C1)
6.67 x 10" x 6.0 x 10% = B x [21/ (150 x 60)]2 (A1)
sor=94x108m
(c)(ii) separation increases so (potential energy) increases B1
?nrovement is against gravitational force so (potential energy) increases
(c)(iii) | potential energy = (-)\GMm/r c1
AEp =6.67 x 10711 x 6.0 x 1024 x 1200 x [(6.9 x 105)~" — (9.4 x 106)-] c1
=19x1010J A1
29. 9702 w21 _MS 41 Q:2
Answer Marks
(a) work done per unit mass B1
(work done in) moving mass from infinity B1
(b)(i) (gravitational) fields from the Earth and Moon are in opposite directions B1
(resultant is zero where gravitational) fields are equal (in magnitude) B1
(b)ii) | ge=MIr2 c1
5.98 x 1024/x2 = 7.35 x 1022/ (3.84 x 108 — x)? A1
leading to x = 3.5 x 108 (m)
(b)(iii) | ¢ (Earth) = (-)6.67 x 107" x (5.98 x 10%*/3.5 x 10%) c1
Zr(.l\df'loon) =(—)6.67 x 107" x (7.35 x 1022/0.38 x 10%)
¢ =(-)6.67 x 107" x [(5.98 x 10%*/3.5 x 10°) + (7.35 x 10?2/0.38 x 10%)] c1
=-1.3x10°%J kg™’ A1
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811

Answer Marks
(@) (gravitational) field strength equals (gravitational) potential gradient M1
reference to minus sign A1
(b)(i) potential is zero at infinity B1
(gravitational) force is attractive B1
(test) mass getting closer (from infinity) loses potential energy B1
(b)(ii) |e potential at (surface of) planet is smaller than at (surface of) moon B2
« potential gradient at (surface of) planet is smaller than at (surface of) moon
« magnitude of potential varies inversely with distance from centre near the spheres
+ (point of) maximum potential is nearer to moon than planet
Any two points, 1 mark each
(b)(iii) si(ztch:Rone curve, starting with gradient of decreasing magnitude at 2R and finishing with gradient of increasing magnitude B1
atD-—
field strength shown as zero (only) near the point of maximum potential B1
negative field strength near one sphere and positive field strength near the other B1
31.9702_w21_MS 43 Q: 2
Answer Marks
(a) work done per unit mass B1
(work done in) moving mass from infinity B1
(b)(i) (gravitational) fields from the Earth and Moon are in opposite directions B1
(resultant is zero where gravitational) fields are equal (in magnitude) B1
(b)ii) | ge=MIr2 c1
5.98 x 1024/x2 = 7.35 x 1022/ (3.84 x 108 — x)? A1
leading to x = 3.5 x 108 (m)
(b)(iii) | ¢ (Earth) = (-)6.67 x 10" x (5.98 x 10%*/3.5 x 10%) c1
z)?l?/loon) =(—)B.67 x 107" x (7.35 x 1022/0.38 x 10%)
@ = (-)B.67 x 107" x [(5.98 x 102/ 3.5 x 10°) + (7.35 x 10?2/0.38 x 10%)] C1
=-1.3x10°J kg™’ A1
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32.9702_m20 MS_42 Q: 1

APPENDIX A. ANSWERS

Answer Marks
(a) work done per unit mass B1
work done moving mass from infinity (to the point) B1
(b)(i) gravitational force provides centripetal force c1
mv2{r=GMm/r’and v=2nr/ TOR mre? = GMm/ P and @=2n/T c1
OR £ = GMT?/ 4n
P=6.67 x 10" x 6.0 x 1024 x (13.7 x 24 x 3600)2/4 12 A1l
sor=24x10m
(b)(ii) | (Er==)GMmIr c1
work done = GMm/ r — GMm/
=6.87 x 107" x 360 x 6.0 x 10%* (1/6.4 x 105 —1/2.4 x 10%) c1
=2.2x10"y A1
(b)ii) |g=GMI/r c1
ratio = rress?/ fea? A1l
= (24 x 10%/6.4 x 106)
=1400
33.9702_s20 MS 42 Q: 1
Answer Marks
(a) work done per unit mass B1
(work done to) move mass from infinity (to the point) B1
(b) curve from rto 4r, with gradient of decreasing magnitude and starting at (r, @) B1
line passing through (2r, £0.5¢) and (4r, +0.254) B1
line showing potential is negative throughout B1
(e)(i) gravitational potential energy = (-) GMm/R c1
change = (6.67 x 107" x 6.0 x 102 x 3.4 x 10%)/ (6.4 x 10°) x [1/3 — 1/4] c1
=1.8x10'"0J A1
(c)(ii) | rock loses potential energy B1
(so) kinetic energy increases so speed increases B1
or
force is attractive (B1)
moves towards planet so speeds up (B1)
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34.9702_m19 MS_42 Q: 1

Answer Marks
(a)(i) work done per unit mass B1
idea of work done moving mass from infinity (to the point) B1
(a)ii) (gravitational) force is attractive B1
(gravitational) potential at infinity is zero B1
decrease in potential energy as masses approach B1
or displacement and force in opposite directions
(b)(i) Either mv2[R = GMm/R? c1
or  v=V(GM/R)
v =(6.67 x 107" x 6.00 x 102*)/ (7.30 x 10°)
givingv=74x10°ms™" A1
(b)(ii) Ve =-GMm/R c1
=—(6.67 x 10-"1 x 6.00 x 1024 x 340)/(7.30 x 106) c1
Ve =-1.9x100J A1
(c) v« 1/r, (rsmaller) so v greater M1
and Ex greater A1
35.9702_s19 MS 41 Q: 1
Answer Marks
@) (F =) GMm/ x?, where G is the (universal) gravitational constant B1
(b)(i) GMm/x2=mv2/x or v2=GM/x c1
v2=(6.67 x 107" x 7.5 x 10%%)/ (3.4 x 108 + 240 x 10%) A1
sov=37x10°ms"’
(b)(ii) potential energy = (-)GMm/ x Cc1
Ep = (-)(6.67 x 10" x 7.5 x 10%* x 650)/ (3.64 x 10) M1
OEL = (=)(6.867 x 10~ x 7.5 x 1023 x 650)/ (5.00 x 107)
correct substitution and subtraction Eg — Ea shown, leading to AE, = 8.3 x 10° J A1
or
¢ =(-)GM/x and potential energy = m¢g (1)
A¢g = (6.67 x 10" x 7.5 x 10%) x [(1/(3.64 x 105)) = (1/(5.00 x 107))] (M1)
(=1.27 x 107 Jkg™)
AEp =1.27 x 107 x 650 (A1)
=83x10°J
(c) kinetic energy or potential energy decreases B1
kinetic energy and potential energy decrease B1
so total energy decreases
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36. 9702 s19 MS_43 Q: 1

Answer Marks
(a) (F=) GMm | x?, where G is the (universal) gravitational constant B1
(b)(i) GMm/x2=mv2/x or v2= GM/x Cc1
v2=(6.67 x 10~ x 7.5 x 102%)/ (3.4 x 106 + 240 x 10%) A1
sov=37x10°ms"’
(b)(ii) potential energy = (-)GMm/ x c1
Ep = (-)(6.67 x 107" x 7.5 x 10%* x 650)/ (3.64 x 10) M1
DE; = (=)(6.67 x 10" x 7.5 x 102 x 650)/ (5.00 x 107)
correct substitution and subtraction Es — Ex shown, leading to AE, = 8.3 x 10° J A1
or
¢ =(-)GM/x and potential energy = m¢ (C1)
A¢ = (8.67 x 107" x 7.5 x 10%) x [(1/(3.64 x 106)) = (1/(5.00 x 107))] (M1)
(=1.27 x 10" Jkg™)
AFp =1.27 x 107 x 650 (A1)
=83x10°J
(c) kinetic energy or potential energy decreases B1
kinetic energy and potential energy decrease B1
so total energy decreases
37.9702_w18 MS 41 Q: 1
Answer Marks
(a)() work done per unit mass B1
work done moving mass from infinity (to the point) B1
(a)(ii) (near Earth’s surface change in) height « radius or height much less than radius B1
potential inversely proportional to radius and radius approximately constant (so potential approximately constant) B1
(b) initial kinetic energy = () potential energy (at surface) B1
:va2 = GMmlr
V' =(2x6.67 x 107" x 7.4 x 10%)/(0.5 x 3.5 x 10%) c1
v=24x10°ms™ A1
38.9702_w18 MS 43 Q:1
Answer Marks
(a)(i) work done per unit mass B1
work done moving mass from infinity (to the point) B1
(a)(ii) (near Earth’s surface change in) height « radius or height much less than radius B1
potential inversely proportional to radius and radius approximately constant (so potential approximately constant) B1
(b) initial kinetic energy = (=) potential energy (at surface) B1
:;zrmvz = GMmIir
V= (2% 6.67 x 1071 % 7.4 x 10%)/(0.5 x 3.5 x 10%) c1
v=24x10°ms™" A1

STEMUP.CO.UK


https://stemup.co.uk
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815

Answer Marks
(a) work done per unit mass M1
bringing (small test) mass from infinity (to the point) A1
(b)(i) Ag=(GM/2R) — (GM/5R) = 3GM/10R A1
(b)(ii) change in GPE = (3 x 4.0 x 10" /10R) x 4.7 x 10* c1
(3x4.0x10"/10R) x 4.7 x 10* = (1.70 - 0.88) x 10" c1
R =6.88 x10°
distance =3 x 6.88 x10° A1
=21x10"m
40. 9702_ w19 MS 41 Q:2
Answer Marks
(a) (total volume of molecules is) negligible M1
compared with volume occupied by the gas A1
(b)(i) | pV=NKT c1
4.60x10°x2.40x102 = Nx1.38x 1023 x (273 + 23) c1
or
pV =nRT (C1)
4.60x10°x2.40x102=nx8.31x (273 + 23) (c1)
n =4.49 (mol)
N = nNx
=4.49x6.02x 10
N=27x10% A1
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QL.

1 (a) Define gravitational potential.

- [2]

(b) Explain why values of gravitational potential near to an isolated mass are all negative.

. [3]

(c) The Earth may be assumed to be an isolated sphere of radius 6.4 < 10 km with its mass
of 6.0x10%*kg concentrated at its centre. An object is projected vertically from the
surface of the Earth so that it reaches an altitude of 1.3 x10%km.

Calculate, for this object,

(i) the change in gravitational potential,

change inpotential = .......ccooeveieeeeeee e, Jkg™

STEMUP.CO.UK



https://stemup.co.uk

(ii) the speed of projection from the Earth's surface, assuming air resistance is

negligible.

SPEEO = ..o
(d) Suggest why the equation

vZ=u? + 2as

is not appropriate for the calculation in (c)(ii).

Q2.

3 A binary star consists of two stars that orbit about a fixed point C, as shown in Fig. 3.1.

- A

4
!
/ 1
C @
\‘/R‘ Jf

\
w /

R

Fig. 3.1

- [1]

The star of mass My has a circular orbit of radius Ry and the star of mass M5 has a circular

orbit of radius R,. Both stars have the same angular speed o, about C.
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(a) State the formula, in terms of G, M, M,, R, R, and @ for

(i) the gravitational force between the two stars,

(b) The stars orbit each other in a time of 1.26 x 10%s (4.0 years). Calculate the angular
speed w for each star.

angularspeed = ... rads™! 2]
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(e} (i} Show that the ratio of the masses of the stars is given by the expression
M R,

1 — i

M, Ry

[2]
. M, i .
(ii} The ratio s equal to 3.0 and the separation of the stars is 3.2 x 10" m.
2
Calculate the radii R, and R,
R, = m
(2]

(d) (i) By equating the expressions you have given in (a) and using the data calculated in
(b) and (¢), determine the mass of one of the stars.

massofstar = ... kg

(i} State whether the answer in (i) is for the more massive or for the less massive star.

@
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Q3.

1 The orbit of the Earth, mass 6.0 x 102* kg, may be assumed to be
1.5 % 10" m with the Sun at its centre, as illustrated in Fig. 1.1.

Earth,
mass 6.0 x 1024 kg

Fig. 1.1
The time taken for one orbitis 3.2 % 107 s.

{a) Calculate

a circle of radius

(i) the magnitude of the angular velocity of the Earth about the Sun,

angular velocity = .

{ii) the magnitude of the centripetal force acting on the Earth.

force = .

STEMUP.CO.UK
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(b) (i) State the origin of the centripetal force calculated in (a)(ii).

-

(ii) Determine the mass of the Sun.

Mass = ..ooeeeeeeeeeeeeeeeeeeeeeeeeee. kg [3]

Q4.

1 The Earth may be considered to be a uniform sphere with its mass MM concentrated at its
centre.

A satellite of mass m orbits the Earth such that the radius of the circular arbit is r.

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

IGA
v =\ [?]
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{b) For this satellite, write down expressions, in terms of G, M, m and r, for

(i) its kinetic energy,

kineticenergy= ... . _[1]
(ii) its gravitational potential energy,
potentialenergy = ... ... .. _[1]
(iii) its total energy.
totalenergy= ... ... ... . [2]

(¢) The total energy of the satellite gradually decreases.
State and explain the effect of this decrease on

(i) the radius rof the orbit,

L2

(ii} the linear speed v of the satellite.

2

Q5.
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1 (a) Explain what is meant by a gravitational field.

(b) A spherical planet has mass M and radius R. The planet may be considered to have all
its mass concentrated at its centre.
A rocket is launched from the surface of the planet such that the rocket maves radially
away from the planet. The rocket engines are stopped when the rocket is at a height R
above the surface of the planet, as shown in Fig. 1.1.

Fig. 1.1

The mass of the rocket, after its engines have been stopped, is m.

(i) Show that, for the rocket to travel from a height R to a height 2R above the planet’s
surface, the change AEp in the magnitude of the gravitational potential energy of
the rocket is given by the expression

_ GMm
AEP = R
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(ii) During the ascent from a height R to a height 2R, the speed of the rocket changes
from 7600ms~! to 7320ms~!. Show that, in Sl units, the change AE, in the kinetic
energy of the rocket is given by the expression

AE, = (2.09 x 105)m.

[1]
(¢) The planet has a radius of 3.40 x 108m.
(i) Use the expressions in (b) to determine a value for the mass M of the planet.
M= kg [2]
(i) State one assumption made in the determination in (i).
............................................................................................................................. 1

Q6.
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1 (a) Define gravitational field strength.

(b) A spherical planet has diameter 1.2 x 10%km. The gravitational field strength at the
surface of the planet is 86N kg"'_

The planet may be assumed to be isolated in space and to have its mass concentrated
at its centre.

Calculate the mass of the planet.

(c) The gravitational potential at a point X above the surface of the planet in (b) is
-53x 107 Jkg™1.

For point Y above the surface of the planet, the gravitational potential is
—6.8x 107 Jkg™.

(i) State, with a reason, whether point X or point Y is nearer to the planet.

(i) A rock falls radially from rest towards the planet from one point to the other.
Calculate the final speed of the rock.

Q7.

STEMUP.CO.UK



https://stemup.co.uk

1

(a) Define gravitational potential at a point.

(b) The Earth may be considered to be an isolated sphere of radius R with its mass
concentrated at its centre.
The variation of the gravitational potential ¢ with distance x from the centre of the Earth
is shown in Fig. 1.1.

distance x

0 R 2R 3R 4R 5R

2.0 CPTH

¢ /107 kg™

—4.0

Fig. 1.1

The radius R of the Earth is 6.4 x 10°m.

(i) By considering the gravitational potential at the Earth’s surface, determine a value
for the mass of the Earth.
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(ii) A meteorite is at rest at infinity. The meteorite travels from infinity towards the
Earth.

Calculate the speed of the meteorite when it is at a distance of 2R above the Earth's
surface. Explain your working.

(iii) In practice, the Earth is not an isolated sphere because it is orbited by the Moon, as
illustrated in Fig. 1.2.

initial path\

of meteorite

Maoon

Fig. 1.2 (not to scale)

The initial path of the meteorite is also shown.

Suggest two changes to the motion of the meteorite caused by the Moon.

STEMUP.CO.UK
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1 (a) Newton's law of gravitation applies to point masses.

(i) State Newton's law of gravitation.

(ii) Explain why, although the planets and the Sun are not point masses, the law also
applies to planets orbiting the Sun.

______________________________________________________________________________________________________________________________ [1]
(b) Gravitational fields and electric fields show certain similarities and certain differences.
State one aspect of gravitational and electric fields where there is
(i) a similarity,
______________________________________________________________________________________________________________________________ M
(ii) a difference.
______________________________________________________________________________________________________________________________ [2]

QO.
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1 (a) State what is meant by a field of force.

(b) Gravitational fields and electric fields are two examples of fields of force.
State one similarity and one difference between these two fields of force.

S Y .

(c) Two protons are isolated in space. Their centres are separated by a distance R.
Each proton may be considered to be a point mass with point charge.
Determine the magnitude of the ratio

force between protons due to electric field
force between protons due to gravitational field -

Q10.
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(a) Define gravitational potential at a point.

(b) The gravitational potential ¢ at distance r from point mass M is given by the expression

_Gm
!

where G is the gravitational constant.

Explain the significance of the negative sign in this expression.

(c) A spherical planet may be assumed to be an isolated point mass with its mass
concentrated at its centre. A small mass m is moving near to, and normal to, the surface
of the planet. The mass moves away from the planet through a short distance h.

State and explain why the change in gravitational potential energy AE, of the mass is
given by the expression

AEp = mgh
where g is the acceleration of free fall.

STEMUP.CO.UK
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(d) The planet in (c) has mass A and diameter 6.8 x 10km. The product GM for this planet
is 4.3 x 103Nm2kg!.

A rock, initially at rest a long distance from the planet, accelerates towards the planet.

Assuming that the planet has negligible atmosphere, calculate the speed of the rock as
it hits the surface of the planet.

Q11.

1 (a) State Newton's law of gravitation.

(b) The Earth and the Moon may be considered to be isolated in space with their masses
concentrated at their centres.
The orbit of the Moon around the Earth is circular with a radius of 3.84 x 10°km. The
period of the orhit is 27.3 days.

Show that

(i) the angular speed of the Moon in its orbit around the Earth is 2.66 x 108 rad 5‘1,

STEMUP.CO.UK
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(i) the mass of the Earth is 6.0 x 1024kqg.

{c¢) The mass of the Moon is 7.4 = ‘IDzzkg_

(i) Using data from (b), determine the gravitational force between the Earth and the
Moon.

(ii) Tidal action on the Earth’'s surface causes the radius of the orbit of the Moon to
increase by 4 0Ocm each year.

Use your answer in (i) to determine the change, in one year, of the gravitational
potential energy of the Moon. Explain your working.

energy change = e J [3]

Q12.
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1

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

(b) In the Solar System, the planets may be assumed to be in circular orbits about the Sun.
Data for the radii of the orbits of the Earth and Jupiter about the Sun are given in
Fig. 1.1.

radius of orbit
km

Earth 1.50 x 109
Jupiter 7.78 x 108

Fig. 1.1
(i) State Newton's law of gravitation.

______________________________________________________________________________________________________________________________ [3]
(ii) Use Newton's law to determine the ratio
gravitational field strength due to the Sun at orbit of Earth
gravitational field strength due to the Sun at orbit of Jupiter -
ratio= . [3]

STEMUP.CO.UK
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(c) The orbital period of the Earth about the Sun is T.

(i) Use ideas about circular motion to show that the mass M of the Sun is given by

= 4R
T GT?

where R is the radius of the Earth’s orbit about the Sun and G is the gravitational
constant.
Explain your working.

[3]
(ii) The orbital period T of the Earth about the Sunis 3.16 = 107s.
The radius of the Earth’s orbit is given in Fig. 1.1.

Use the expression in (i) to determine the mass of the Sun.

MAESS = kg [2]
Q13.
1 (a) Explain what is meant by a geostationary orbit.

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

STEMUP.CO.UK
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(b) A satellite of mass m is in a circular orbit about a planet.
The mass M of the planet may be considered to be concentrated at its centre.
Show that the radius R of the orbit of the satellite is given by the expression

g3 = [GMT?
4nZ

where T is the period of the orbit of the satellite and G is the gravitational constant.
Explain your working.

[4]

{(c) The Earth has mass 6.0 = 1024kg. Use the expression given in (b) to determine the
radius of the geostationary orbit about the Earth.

radius =

Q14.

STEMUP.CO.UK
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4 If an object is projected vertically upwards from the surface of a planet at a fast enough
speed, it can escape the planet’s gravitational field. This means that the object can arrive at
infinity where it has zero kinetic energy. The speed that is just enough for this to happen is
known as the escape speed.

(a) (i) By equating the kinetic energy of the object at the planet’s surface to its total gain
of potential energy in going to infinity, show that the escape speed v is given by

_2GM
-2,

where R is the radius of the planet and M is its mass.

(ii) Hence show that
v2 = 2Ag,

where g is the acceleration of free fall at the planet’s surface.

STEMUP.CO.UK
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(b) The mean kinetic energy E, of an atom of an ideal gas is given by
E = % kT,
where k is the Boltzmann constant and T is the thermodynamic temperature.

Using the equation in (a)(ii), estimate the temperature at the Earth’s surface such that
helium atoms of mass 6.6 x 10727 kg could escape to infinity.

You may assume that helium gas behaves as an ideal gas and that the radius of Earth is
6.4x105m.

temperature = ..o KO [4]

Q15.

1 (a) (i) On Fig 1.1, draw lines to represent the gravitational field outside an isolated
uniform sphere.

Fig.1.1

(ii) A second sphere has the same mass but a smaller radius. Suggest what
difference, if any, there is between the patterns of field lines for the two spheres.

STEMUP.CO.UK
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(b) The Earth may be considered to be a uniform sphere of radius 6380 km with its mass of
5.08 % 10% kg concentrated at its centre, as illustrated in Fig. 1.2.

mass
588x10 kg
© Equator

Fig.1.2

A mass of 1.00kg on the Equator rotates about the axis of the Earth with a period of
1.00 day (8.64 % 10%s).

Calculate, to three significant figures,

(i) the gravitational force Fy, of attraction between the mass and the Earth,

STEMUP.CO.UK
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(i) the centripetal force F on the 1.00 kg mass,

F o N

(iii) the difference in magnitude of the forces.
difference = ... N
[6]

(c) By reference to your answers in (b}, suggest, with a reason, a value for the acceleration
of free fall at the Equator.

Q16.
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1 The Earth may be considered to be a sphere of radius 6.4x10°m with its mass of
6.0 x 102 kg concentrated at its centre.
A satellite of mass 650kg is to be launched from the Equator and put into geostationary
orbit.

{a) Show that the radius of the geostationary orbit is 42x107m.

3]

(b) Determine the increase in gravitational potential energy of the satellite during its launch
from the Earth’s surface to the geostationary orbit.

eNergy = ... J [4]

(c) Suggest one advantage of launching satellites from the Equator in the direction of
rotation of the Earth.

Q17.
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1 The definitions of electric potential and of gravitational potential at a point have some
similarity.

(a) State one similarity between these two definitions.

(b) Explain why values of gravitational potential are always negative whereas values of
electric potential may be positive or negative.

ql8.

4  Arocket is launched from the surface of the Earth.

Fig. 4.1 gives data for the speed of the rocket at two heights above the Earth's surface, after
the rocket engine has been switched off.

height / m speed / ms~!
h,=19.9x 108 v, = 5370
hy=22.7 x 108 v, = 5090
Fig. 4.1

The Earth may be assumed to be a uniform sphere of radius R = 6.38x 'IIC}Bmr with its mass
M concentrated at its centre. The rocket, after the engine has been switched off, has
mass m.

{a) Write down an expression in terms of

(i G, M, m, hy hyand Rfor the change in gravitational potential energy of the rocket,

(i) m, vjand v, for the change in kinetic energy of the rocket.

STEMUP.CO.UK
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(b) Using the expressions in (a), determine a value for the mass M of the Earth.

Q19.

1 A spherical planet has mass M and radius R.
The planet may be assumed to be isolated in space and to have its mass concentrated at its
centre.
The planet spins on its axis with angular speed @, as illustrated in Fig. 1.1.

>
|
|
mass m
[~
equator of =
planet
| pole of
! planet
Fig. 1.1

A small object of mass m rests an the equator of the planet. The surface of the planet exerts
a normal reaction force on the mass.

STEMUP.CO.UK
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(a) State formulae, in terms of A, m, R and m, for

(i) the gravitational force between the planet and the object,

______________________________________________________________________________________________________________________________ [1]
(ii) the centripetal force required for circular motion of the small mass,

______________________________________________________________________________________________________________________________ [1]
(iii) the normal reaction exerted by the planet on the mass.

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

(b) (i) Explain why the normal reaction on the mass will have different values at the
equator and at the poles.

(ii) The radius of the planet is 6.4 x 10%m. It completes one revolution in 8.6 x 104s.
Calculate the magnitude of the centripetal acceleration at

1. the equator,

acceleration= ms—2 [2]

2. one of the poles.

acceleration = ... ms=2 [1]

STEMUP.CO.UK
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{c) Suggest two factors that could, in the case of a real planet, cause variations in the
acceleration of free fall at its surface.

Ve e B i e e S e e B b e e B e T S e S
e T e L A i B e e B e e B e e A e B B L e B S e
[2]
Q20.
1 (a) State Newton's law of gravitation.
.................................................................................................................................... [2]

(b) The Earth may be considered to be a uniform sphere of radius R equal to 6.4 x 108m.
A satellite is in a geostationary orbit.

(i) Describe what is meant by a geostationary orbit.

STEMUP.CO.UK
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(ii) Show that the radius x of the geostationary orbit is given by the expression

gR2 = x3a2

where g is the acceleration of free fall at the Earth's surface and w is the angular
speed of the satellite about the centre of the Earth.

(iii) Determine the radius x of the geostationary orbit.

Q21.
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mass concentrated at its centre.

(iy Define gravitational field strength.

(ii) By considering the gravitational field strength at the surface of the Earth, show that

the mass of the Earth is 5.99 x 10%kg.

(2]

(b) The Global Positioning System (GPS) is a navigation system that can be used anywhere

on Earth_ It uses a number of satellites that orbit the Earth in circular orbits at a distance
of 2.22 x 10%km above its surface.

(i)

Use data from (a) to calculate the angular speed of a GPS satellite in its orbit.

angular speed =

(a) The Earth may be considered to be a uniform sphere of radius .38 x ’ID3km, with its

STEMUP.CO.UK
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(ii) Use your answer in (i) to show that the satellites are not in geostationary orbits.

(3]

(c) The planes of the orbits of the GPS satellites in (b) are inclined at an angle of 55° to the
Equator.

Suggest why the satellites are not in equatorial orbits.

STEMUP.CO.UK
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1 (a) Define gravitational field strength.

(b) An isolated star has radius R. The mass of the star may be considered to be a point
mass at the centre of the star.
The gravitational field strength at the surface of the star is g,

On Fig. 1.1, sketch a graph to show the varation of the gravitational field strength of the
star with distance from its centre. You should consider distances in the range R to 4R.

1.0g,

0.8g,

gravitational
field strength 0.6g,

0.4g,
0.2g5
)
R 2R 3R 4R
surface distance
of star

Fig. 1.1

(c) The Earth and the Moon may be considered to be spheres that are isolated in space
with their masses concentrated at their centres.
The masses of the Earth and the Moon are 6.00 x 10%%kg and 7.40 x 10%kg
respectively.
The radius of the Earth is K¢ and the separation of the centres of the Earth and the
Moon i3 GORE, as illustrated in Fig. 1.2

Moon
mass
7.40 x 102kg

Fig. 1.2 (nat to scale)

STEMUP.CO.UK
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(i) Explain why there is a point between the Earth and the Moon at which the
gravitational field strength is zero.

(if) Determine the distance, in terms of Rg, from the centre of the Earth at which the
aravitational field strength is zero.

(iif)

distance = L

On the axes of Fig. 1.3, sketch a graph to show the variation of the gravitational

field strength with position between the surface of the Earth and the surface of the

gravitational
field strength

Q23.

|
surface
of Earth

|
surface
of Moon

Fig. 1.3

STEMUP.CO.UK
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A planet of mass mis in a circular orbit of radius r about the Sun of mass M, as illustrated in
Fig. 1.1.

v planet
L. massm
sun O
mass M I.
~_ .
-\-\_H--\_'H—\.,_\__\_\_H- l
r EH“‘RH
x"'“—,.__w.-
Fig. 1.1

The magnitude of the angular velocity and the period of revolution of the planet about the
Sun are e and T respectively.

(a) State

(i) what is meant by angular velocity,

(ii) the relation between wand T.

(b) Show that, for a planet in a circular orbit of radius r, the period T of the orbit is given by

the expression
T2=cr3

where ¢ is a constant. Explain your working.

STEMUP.CO.UK
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(c) Data for the planets Venus and Neptune are given in Fig. 1.2

Assume that the orbits of both planets are circular.

(i) Use the expression in (b) to calculate the value of T for Neptune.

planet /108 km T/ years
Wenus 1.08 0615
MNeptune 450

Fig. 1.2

(ii) Determine the linear speed of Venus in its arbit.

Q24.

years [2]

Examir
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1 (a) A moonis in a circular orbit of radius r about a planet. The angular speed of the moon

in its orbit is @_ The planet and its moon may be considered to be point masses that are
isolated in space.

Show that r and @ are related by the expression

r3w? = constant.

Explain your warking.

(b) Phobos and Deimos are moons that are in circular orbits about the planet Mars.
Data for Phobos and Deimos are shown in Fig. 1.1.

readlivesi ot obit period of rotation
moon 'm about Mars
' {hours
Phobos 9.39 x 10° 765
Deimos 1.99 x 107
Fig. 1.1

STEMUP.CO.UK
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(i)

(ii)

Q25.

Use data from Fig. 1.1 to determine

1. the mass of Mars,

2. the period of Deimos in its orbit about Mars.

period = . hours [3]

The period of rotation of Mars about its axis is 24 .6 hours.

Deimos is in an equatorial orbit, orbiting in the same direction as the spin of Mars
about its axis.

Use your answer in (i) to comment on the orbit of Deimos.

STEMUP.CO.UK
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1 The planet Mars may be considered to be an isolated sphere of diameter 6.79 x 108 m with
its mass of 6. 42 = 'I023kg concentrated at its centre.
A rock of mass 1.40kg rests on the surface of Mars.
For this rock,

(a) (i) determine its weight,

(ii) show that its gravitational potential energy is —1.77 = 107J.

(2]

(b) Use the information in (a)(ii) to determine the speed at which the rock must leave the
surface of Mars so that it will escape the gravitational attraction of the planet.

Q26.
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1 (a) State Newton's law of gravitation.

(b) A satellite of mass m is in a circular orbit of radius r about a planet of mass M.
For this planet, the product GM is 4.00 x 10" NmZkg™!, where G is the gravitational
constant.
The planet may be assumed to be isolated in space.

(i) By considering the gravitational force on the satellite and the centripetal force,
show that the kinetic energy F. of the satellite is given by the expression

_ GMm
EK = T

(2]

(ii) The satellite has mass 620 kg and is initially in a circular orbit of radius 7.34 x 10%m,
as illustrated in Fig. 1.1.

new orbit

Fig. 1.1 (not to scale)

STEMUP.CO.UK
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Resistive forces cause the satellite to move into a new orbit of radius 7.30 x 10%m.
Examiners
Determineg, for the satellite, the change in Use

1.  kinetic energy,

change inkineticenergy = ... J [2]

2. gravitational potential energy.

change in potential energy = . J [2]

(iii) Use your answers in (ii) to explain whether the linear speed of the satellite increases,
decreases or remains unchanged when the radius of the orbit decreases.

Q27.
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1 (a) Define gravitational potential at a point.

(b) The Moon may be considered to be an isolated sphere of radius 1.74 = 103km with
mass of 7.35 x 102 kg concentrated at its centre.

its

(i) Arock of mass 4 .50kg is situated on the surface of the Moon. Show that the change
in gravitational potential energy of the rock in moving it from the Moon's surface to

infinity is 1.27 x 107J.

(ii) The escape speed of the rock is the minimum speed that the rock must be given
when it is on the Moon's surface so that it can escape to infinity.
Use the answer in (i) to determine the escape speed. Explain your working.

SPEed = e, ms=1[2]
{c) The Moon in {b) is assumed to be isolated in space. The Moon does, in fact, orbit the

Earth.

State and explain whether the minimum speed for the rock to reach the Earth from the
surface of the Moon is different from the escape speed calculated in (b).

STEMUP.CO.UK
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1 (a) State Newton's law of gravitation.

(b) A star and a planet are isolated in space. The planet orbits the star in a circular orbit of
radius R, as illustrated in Fig. 1.1.

/ star “ |
| mass M
ﬁ R

| !

Fig. 1.1

The angular speed of the planet about the star is .

By considering the circular motion of the planet about the star of mass M, show that @
and R are related by the expression

R3w? = GM

where G is the gravitational constant. Explain your working.

STEMUP.CO.UK



https://stemup.co.uk

{e) The Earth orbits the Sun in a circular orbit of radius 1.5 = 108km. The mass of the Sun For

Q29.

(c)

is 2.0 x 1030kg. Evaminers
A distant star is found to have a planet that has a circular orbit about the star. The radius Use
of the orbit is 6.0 x 108km and the period of the orbit is 2.0 years.

Use the expression in (b) to calculate the mass of the star.

(a) Define gravitational potential at a point.

. [2]

(b) A stone of mass m has gravitational potential energy E at a point X in a gravitational field.
The magnitude of the gravitational potential at X is ¢.

State the relation between m, Ep and ¢.

-1

An isolated spherical planet of radius A may be assumed to have all its mass concentrated at
its centre. The gravitational potential at the surface of the planet is -6.30x 107 Jkg ™.

A stone of mass 1.30kg is travelling towards the planet such that its distance from the centre
of the planet changes from 6 to 5R.

Calculate the change in gravitational potential energy of the stone.

Change iN BNEIGY = .vciceeeeieree e e eeeee e s rrre e s nee e J [4]

STEMUP.CO.UK
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Q30.

1 The mass M of a spherical planet may be assumed to be a point mass at the centre of the planet.

(a) A stone, travelling at speed v, is in a circular orbit of radius r about the planet, as illustrated in
Fig.1.1.

- stone

' planet |

Fig.1.1

Show that the speed v is given by the expression

o= J(F)

where G is the gravitational constant.
Explain your working.

[2]

STEMUP.CO.UK
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(b) A second stone, initially at rest at infinity, travels towards the planet, as illustrated in Fig.1.2.

stone

Fig.1.2 (not to scale)

The stone does not hit the surface of the planet.

(i) Determine, in terms of the gravitational constant G and the mass M of the planet, the
speed V, of the stone at a distance x from the centre of the planet. Explain your working.
You may assume that the gravitational atiraction on the stone is due only to the planet.

(3]

(ii) Use your answer in (i) and the expression in (a) to explain whether this stone could enter
a circular orbit about the planet.

. [2]

Q31.
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1  An isolated spherical planet has a diameter of 6.8x10%°m. lts mass of 6.4x102%kg may be
assumed to be a point mass at the centre of the planet.

(a) Show that the gravitational field strength at the surface of the planet is 3.7 Nkg™.

2]

(b) A stone of mass 2.4kg is raised from the surface of the planet through a vertical height of
1800m.
Use the value of field strength given in (a) to determine the change in gravitational potential
energy of the stone.
Explain your working.

changeinenergy = .o J [3]

(c) A rock, initially at rest at infinity, moves towards the planet. At point P, its height above the
surface of the planet is 3.5 D, where D is the diameter of the planet, as shown in Fig. 1.1.

D 35D

" At

planet——

Fig.1.1

STEMUP.CO.UK
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Calculate the speed of the rock at point P, assuming that the change in gravitational potential
energy is all transferred to kinetic energy.

speed = e e M ST [4]

Q32.

2 (a) Onthe axes of Fig. 2.1, sketch the variation with distance from a point mass of the gravitational
field strength due to the mass.

gravitational field
strength

distance

Fig. 2.1
[2]
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(b) On the axes of Fig. 2.2, sketch the variation with speed of the magnitude of the force on a
charged particle moving at right-angles to a uniform magnetic field.

force

speed

Fig. 2.2
[2]

(c) On the axes of Fig. 2.3, sketch the variation with time of the power dissipated in a resistor by
a sinusoidal alternating current during two cycles of the current.

power

time

Fig. 2.3
(3]
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QL.

Q2.

3 (a)

Q3.

1 (a)

(b)

(€)

(d)

()

(c)

(d)

(i)

(i)

(i)
(ii)

(i)

(i)

(i)

(ii)

work done in bringingfmwing E ] g = =T
from infinity to the point.._. ;
juse of 1 kg in the defin rtlon — max 1!2}

potential at infinity defined as being zero_ .
forces are always attractive. ..
50 work got out in moving to point ..
imax potential is at infinity — allow 1/3)

@ = -GM/R
change = 66?11011;{6131103‘3{[{643{1&&} {194;{10?}} .....

change=4.19x 10" J kg’ (ignore sign) ...
~.F 21419:{‘“3? Eaﬂx‘lﬂ?
V0 I ™ o i i it i i e e e e

acceleration is not constant. ...

(force) = GM\Maf(R; + Rz’
(force) = MiR w2 of MoRy w2

w =2n/(1.26 x 10%) or 20/T
=499x 10%rad s’
allow 2 s.f.: 1.597 x 10 scores 1/2

reference to either taking moments (about C) or same (centripetal)
force

M1R1 Msz or M1R1(.;J = MszCLJ

hence M1fM2 szR1

R;=3/4x32x10"m=24x10"m

Ry=(3.2x10") - R, = 8.0 x 10" m (allow vice versa)

if values are both wrong but have ratio of four to three, then allow
172

M, ={(R; + R:)* x Ry x @} G (any subject for equation)
= (3.2x 10”3 x8.0 x 10" x (4.99 x 10%7/(6.67 x 10™)
=3.06 x 10* k
less massive (only award this mark if reasonable attempt at (i))
(9.17 x 10* kg for more massive star)
Total
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M1

BE1
B1

Cc2

A

L1

A

B1

B1
B1

C1
Al

B1
B1
AOD

A1l

Cc1
C1
Al
B1

[2]

[2]

[2]
[2]

[4]

(3]

(5]

[12]
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1 (a) (i) angularspeed = 2n/T
= 27/(3.2 x 107)
=1.96x 10" rad s™

(i) force = mre? or force = mA/rand v = re
= 6.0 x 10 x 1.5 x 10" x (1.96 x 107
=3.46 = 10% N

(b) (i) gravitation/gravity/gravitational field (strength)

(i) F=GMmix*or GM =r’o’
3.46 x 102 = (6.67 x 107" x M x 6.0 x 10%*)/(1.5 x 10')?
M =195 x 10" kg

Q4.

1 (a) centripetal force is provided by gravitational force
mv? /| r=GMm/r
hence v=(GM / r)

(b) (i) Ex(=¥%m¥)=GMm/2r
(i) E-=-GMmIr

(iii) Er=-GMm /r+ GMm/ 2r
=-GMm/2r.

(c) (i) if Ev decreases then - GMm /2r becomes more negative
or GMm |/ 2r becomes larger
so rdecreases

(ii) Ex=GMm/2rand rdecreases
so (Ex and) v increases

Q5.

1 (a) (region of space) where a mass experiences a force

(b) (i) potential energy = (-)GMm [ x
AEp = GMmMI2ZR — GMmI3R
= GMmI6R

(i) Ex = ¥%m (7600° — 7320°%)
= (2.09 x 105m
(c) (i) 2.09 x 10° = (6.67 = 107" M)/(6 x 3.4 x 10%)
M =6.39 x 10% kg

(ii) e.g. no energy dissipated due to friction with atmosphere/air
rocket is outside atmosphere
not influenced by another planet etc.

Q6.
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C1
A1
C1
A1
B1
C1

C1
A1

B1

C1
M1

M1
AD

C1
Al

B1

[2]

[2]
]

[3]

B1
B1
AO
B1
B1
C1
A1

M1
A1

M1
A1

[2]
1]
1

[2]

[2]

[2]

(11

[2]

(1l

[2]

(11
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1 (a) force per unit mass (ratio idea essential)

(b) g = GM/R?
86 % (06 %10} = Mx 6.67 x 107"
M = 4.6 x 10%kg

(c) (i) either potential decreases as distance from planet decreases
or potential zero at infinity and X is closer to zero
or potential o —1/rand Y more negative
so point Y is closer to planet.

(ii) ideaof Ag = %/
(6.8-5.3)% 10" = 1%/
v = 55x 10" ms™

Q7.

1 (a) work done moving unit mass
from infinity to the point

(b) (i) atR, ¢ = 6.3x10" Jkg™' (allow £0.1 x 107)
¢=GMIR
6.3x 10" = (.67 x 107" x M)/ (6.4 x 109
M = 8.0 x 10* kg (allow 5.95 —» 6.14)
Maximum of 2/3 for any value chosen for ¢ not at R

(i) change in potential = 2.1 x 10" J kg™ (allow + 0.1 x 107)
loss in potential energy = gain in kinetic energy
vamv? = ¢m oramv® = GM/ 3R
av? = 21x10
v=65x10"ms" _.........(allow6.3-6.6)
(answer 7.9 x 10° ms™', based on x = 2R, allow max 3 marks)

(iii) e.g. speed / velocity / acceleration would be greater

deviates / bends from straight path
(any sensible ideas, 1 each, max 2)

Q8.

1 (a) (i) force proportional to product of masses
force inversely proportional to square of separation

(ii) separation much greater than radius / diameter of Sun / planet

(b) (i) e.q.force orfield strength o 1/ r?
potential c 1/ r

(i) e.g. gravitational force (always) attractive
electric force attractive or repulsive

QO.
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B1
B1

B1

B1

B1
B1

B1

C1
C1
Al

M1
Al

C1

Al

M1
Al

B1
C1
Al

C1
B1
C1

Al

B1
B1

(1l

B8]

2]

[2]

[2

(3]

[4]

(2

[2]
(1]

(1]

[2]
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1 (a) region (of space) where a particle / body experiences a force B1 1

(b) similarity: e.g. force o 1/ r2

potential e« 1/r B1 [1]
difference: e.g. gravitation force (always) attractive B1
electric force attractive or repulsive B1 [2]
(c) either ratiois @Q1Q: [/ 4neemm.G C1
=(1.6 x 107 /4n x 8.85 x 107 x (1.67 x 1077)* x 6.67 x 107" c1
=1.2 x 10% Al [3]

or Fe=230x10"%x R2 (C1)
Fe=186x10%xR? (C1)

FelFa=1.2x10% (A1)
Q10.
1 (a) work done in bringing unit mass from infinity (to the point) B1 1]
(b) gravitational force is (always) attractive B1
either as rdecreases, object/mass/body does work
or work is done by masses as they come together B1 [2]
(c) either force onmass = mg (where g is the acceleration of free fall
/gravitational field strength) B1
g = GM/P B1
if r@ h, gis constant B1
AEp = force x distance moved M1
= mgh AO
or AEp = mAg (C1)
= GMm(1/ri —1/rz) = GMm(r: — r1)rirz (B1)
if o~ r, then (m—r) = hand = F# (B1)
g = GM/ (B1)
AEp = mgh (AQ) [4]
(d) “mv’ = mag
v = 2 x GMr C1
= (2x4.3x10'™)/ (3.4 x 109 C1
v = 50x10°ms™ A1 3]
(Use of diameter instead of radius to give v = 3.6 x 10° ms™ scores 2 marks)
Q11.
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1 (a) force proportional to product of masses and inversely proportional to
square of separation (do not allow square of distance/radius)
either point masses or separation & size of masses

(b) (i) @=2r/(27.3x 24 x 3600) or2x/(2.36 x 10°)
=266 % 10 °rads™

(i) GM=ra or GM=Vr
M = (3.84 x 10° x 10%)° x (2.66 x 10°)?/ (6.67 x 107"")
= 6.0 x 10*kg

(special case: uses g = GM/¥ with g=981,r=64x 10° scores max 1 mark)

(c) (i) grav.force = (6.0 x 10*) x (7.4 x 10%) x (6.67 x 107"")/(3.84 x 10%)°
=

= 2.0 x 10°°N (allow 15F)

(ii) either AEr = Fx because F constant as x ! radius of orbit
AEp =2.0x%x10%%x4.0x 1072

=8.0% 10""J (allow 1 SF)

or AEr = GMm/ry — GMmvr
Correct substitution
8.0x 108y

(AEr = GMmy/ry + GMmy/rz is incorrect physics so 0/3)

Q12.

1 (a) region of space area / volume
where a mass experiences a force

(b) (i) force proportional to product of two masses
force inversely proportional to the square of their separation
either reference to point masses or separation >> ‘size’ of masses

(i) field strength = GM/ x* or field strength o 1/ x2
ratio = (7.78 = 10%2/ (1.5 x 10°)?
=27

(c) (i) either centripetal force = mRofand @ =2/ T
or centripetal force = m? / Rand v=2rR /T
gravitational force provides the centripetal force
either GMm / R* = mRa* or GMm /R =mv /R
M =47°R* | GT*

(allow working to be given in terms of acceleration)

(i) M =2 (1.5x 10"}/ {6.67 x 107" x (3.16 x 107)%}
= 2.0 x 10%kg

Q13.
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C1
Al

B1
C1
Al

C1
B1
Al

B1
B1

M1

A1

C1

C1
Al

B1
B1
M1
A0

c1
A1

[2]

(1

[2]

(2]

(3]

[2]

i8]

3]

B8]
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1 (a)

equatorial orbit / above equator B1
satellite moves from west to east / same direction as Earth spins B1
period is 24 hours / same period as spinning of Earth B1

(allow 1 mark for ‘appears to be stationary/overhead’ if none of above marks scored)

(b) gravitational force provides/is the centripetal force B1
GMm/R* = mR e’ or GMmIR® = mv*IR M1
w=2n/Torv=2aR /T or clear substitution M1
clear working to give R® = (GMT? | 47%) A1

(c) R*=6.67 x 107" x 6.0 x 10** x (24 x 3600)* / 4x° C1

= 7.57 x 102 c1
R=4.2x10" m A1

Q14.

4 (a)

(b)

Q15.

1 (a)

(b)

(c)

Q16.

(missing out 3600 gives 1.8 x 10° m and scores 2/3 marks)

) VR EMBRTR st s s s PR ES s Bl
V= 2GM/ R oot A0

(i) = BMBY i iin i e sessarnsssnmms e ssnsnssnsnss Ml
cléaralpabra Biving vt = 28R cuisess s s Al [3]

vomy® = 3/2kT
T

FETAm S 28R aonimnmnnsses R S FTTTTTreTevo Cl
T=02x66x107x981x64x109/(138x10%x3) ... Cl
T = 20X 10%K oot Al [4]
(i) = o =] I [T =T S B1
POINtiNG INWAFAS ..o B1
(ii) no difference OR lines closer near surface of smaller sphere ...... B1
(1) Fa SGMM/R . ..o C1
= (6.67 X 107" x 5.98 x 10*)/(6380 x 10°)°
ZOB0 N et a et e A1l
() F oS RO oottt ee et et C1
0 = AT ciaontivisniinn anbonn S 6505 L005 § inbe o Sumnt sbis b i L5685 £ 00 05 e aimiton C1
Fec= (47 x 6380 x 10°)/8.64 x 10*)*
S 00337 N ot ces i cnansa st antsiees s sessn e snsmm st s mnnna s Al
(i) Fa-Feo= 077 Nt e Al
because acceleration (of free fall) is (resultant) force per unit
ITIESS eeteieieeeeeinrenneareesa e eaesssn ot aeaassnn s easasaeennasaeeaansanesnnsanaannn B1
acceleration = 9.77 M S 7. .. ettt aa e aa e B1
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K]

[“]

B

[3]

(6]
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Q17.

1 (a)

(b)

Q18.
4 (a)

(b)

Q19.

(a) GM/R*=Ro’
@ = 201 (24 5 3600)  iiiiiei i e
6.67 x 107" x 6.0 x 10%* = R*x of
R = 757 x 10%
R =423x10"m

(B)(I) A® = GMIRs — GMIRs ..o
= (667 x 107" x68.0x 10%)(1/6.4 x 10°-1/4.2 x 107)
= 531 x 10 JKG™ oo e
AEp= 5.31% 107 % B50  .eiieeieiiivieraieiiisseeeesesseresstesessinseessnees s

3.45%10"J

(c) e.g. satellite will already have some speed in the correct direction

either ratio of work done to mass/charge
or work done moving unit mass/charge from infinity
or both have zero potential at infinity

gravitational forces are (always attractive)
electric forces can be attractive or repulsive
for gravitational, work got out as masses come together
/mass moves from infinity
for electric, work done on charges if same sign, work got out if opposite sign as charges
come together

@) GMm{(R+h)" ~(R+h)7)
1em {vy? = v7}

2M x 667 x 107" {(26.28 x 10°)™" — (29.08 x 10%7'} = 5370° — 5090°
Mx4.888x10"=2929x10
M=6.00x 10" kg

C1
C1

M1
AO

C1

C1
C1
Al

B1

(If equation in (a) is dimensionally unsound, then 0/'3 marks in (b), if dimensionally sound but

incorrect, treat ase.c.f)
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B1

B1
B1

B1

B1

[3]

(4]
Ml

(1

(4
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1

Q20.

1

Q21.

(a (i)
(i)
(iii)

(b) (i)

(i)

(c) eg.

F=GMm/|R? B1
F=mRa’ B1
reaction force = GMm / R* — mR&?  (allow e.c.f) B1
either value of R in expression Ra’ varies

or mRe” no longer parallel to GMm / R? | normal to surface B1
becomes smaller as object approaches a pole / is zero at pole B1
1. acceleration = 6.4 x 10° x (2n /{8.6 x 1{]'“})2 C1

=0.034 m s> Al
2. acceleration=0 Al

‘radius’ of planet varies

density of planet not constant

planet spinning

nearby planets / stars

(any sensible comments, 1 mark each, maximum 2) B2

(a) F o« Mm/R? .......(words or explained SYmboIS) ..........ccwmmeurieisnnniiennsanns M1
either M and m are point masses

or

(b) (i)

(i)

(iii)

R >> diameter of masses ...(do not allow ‘Size”) .....cccociviiiiiiiiiiniiinn A

L= To (U=} Col g T=1 e Ty o 1| QSO UNRRUSSRP
period 24 hours / same angular speed .......ccccoiviiiiiinene.

from west to east / same direction of rotation
(allow one of the last two marks for ‘always overhead’ if 2" or 3" marks not scored)

gravitational force provides centripetal force
I/ gives rise to centripetal acceleration ....(in ‘words’)
GM X = X0 oot

G = GMIR% e
10 GIVE GRZ = JCOP oottt ettt st a sttt et en e s e

@ = 21/ (24 % 3600) = 7.27 x 10°1ad S oo e c1
9.81 % (6.4 % 1057 = x® % (727 % 10°)7 oo C1
= 7.6 x10%

x =42x10"m ... ieeiintt aheien i iate el

(use ofg=10m s loses 1 mark but once only in the Paper)

(1]
(1]
(1]

(2]

(2]
(1]

[2]

[2]

[3]

[3]

[3]

[Total: 11]
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1 (a) (i) force per (unit) mass ......(ratio idea essential) ..., B1 [1]
(i) g= GM! - SR emkiiieien e itidmien r st niien
9.81 = (B.67 x 101 xM}f(s 38 « 105)2 amsn e eeeeeen e eeeennnnen M1
M 2 B9 MO KG it et iiams it ienieninieic AD [2]
(b) (i) either GM = afr' or gR%®= @ oo, C
either 6.67 x 10" x5.99 x 10% = of x (2.86 x 107)°
or 9.81 % (6.38 x 10°P = a7 % (2.86 % 107)% oo C1
@ = 1.3 %10 A 8 et e A1 [3]
(use of r= 2.22 = 10’m scores max 2 marks)
(ii) period of orbit= 2n/ @ )
=48x10%s (= 134 hours) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
period for geostationary satellite is 24 hours (= 8.6 x 10% s)
SO MVO.  .o.liiiiizeiaeniiniinaasn snidnsinaninnnssnsinnnsnnnssns Sxnninns siannsusunst fus nseadenasins msxodnn sadnresesde sosios [3]
(c) satellite can then provide cover at Poles ... BT[]
[Total: 10]
Q22.
1 (a) force per unit mass (ratio idea essential) B1 [1]
(b) graph: correct curvature M1
from (R,1.0 gs) & at least one other correct point Al 2]
(c) (i) fields of Earth and Moon are in opposite directions M1
either resultant field found by subtraction of the field strength
or any other sensible comment Al
so there is a point where it is zero A0 2]
(allow Fg = —Fy for 2 marks)
(i) GMg/ 2 = GMy,/ (D — x)? C1
(6.0 x 10%)/ (7.4 x 10%) = X* | (60Re — x)* c1
x=54Rg Al [3]
(iii) graph: g = 0 at least % distance to Moon B1
ge and gw in opposite directions M1
correct curvature (by eye) and gg > gy at surface Al [3]

Q23.
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1 (a) (i) rate of change of angle / angular displacement
swept out by radius

(ii) oxT=2r

(b) centripetal force is provided by the gravitational force
either mr(2n/T)* = GMmir*  or  mre®= GMm/r*
rPx4n’= GM x T?

GMi4r is a constant (c)
T?’=¢r?

(c) (i) either T?=(45/1.08)°x0.615° or T?=0.30x 45"
T =165 years

(i) speed = (2r x 1.08 x 10%)/(0.615 x 365 x 24 x 3600)
= 35kms™’

Q24.

1 (a) gravitational force provides the centripetal force
GMmir? = mre’ (must be in terms of @)
riew’ = GM and GMis a constant

(b) (i) 1. forPhobos, @ = 2n/(7.65 x 3600)
= 228 x 107 rads™
(9.39 x 10%)* x gz.zs x 10%)? = 667 x10""x M
M = 6.46 x 10” kg

2. (9.39 x 10%)° x (2.28 x 107%)? = (1.99 x 107)’ x &?
w =7.30x 107° rads™
T = 2nlw = 21(7.30 x 107°)

8.6 x10%s

23.6 hours

(ii) either almost ‘geostationary’
or satellite would take a long time to cross the sky

Q25.
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M1
Al

B1
B1
M1
Al

Al
AO

C1
Al

C1

B1
B1
B1

C1

C1
Al

C1

C1

Al

B1

[2]
]

4]

[2]

[2]

(3

[3]

(3]

(1
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1 (a) (i) weight= GMmir?
(6.67 x 107" x 6.42 x 10% x 1.40)/('% x 6.79 x 105

520N
(ii) potential energy = —GMmir
= —(6.67 x 107" x 6.42 x 107 x 1.40)/(%2 % 6.79 x 10°)
= 177 %x10"J

(b) either Yamv® = 1.77 x 107
v? = (1.77 x 107 x 2)/11.40
v = 5.03x10° ms™
or vemv? = GMm/ir
v2=(2x6.67 x 107" x6.42 x 10%)/(6.79 x 10%2)
v=5.02x10°ms"’

Q26.

1 (a) force is proportional to the product of the masses and
inversely proportional to the square of the separation
either point masses or separation >> size of masses

(b) (i) gravitational force provides the cenftripetal force
mZir = GMmir? and Ey = Yam/?
hence Ex = GMm/2r

(i) 1. AEc=1x4.00 x 10" x 620 = ({7.30 x 105" — {7.34 x 105)")
=926 % 10"J (ignore any sign in answer)
(allow 1.0 x 108 J if evidence that Ex evaluated separately for each r)

2. AEp=4.00x 10" x 620 x ({7.30 x 105" — {7.34 x 10%7")
=1.85 x 10%J (ignore any sign in answer)
(allow 1.8 or 1.9 x 10%J)

(iii) either (7.30 x 10°)" — (7.34 x 10%)~" or AE, is positive/ Ey increased
speed has increased

Q27.

1 (a) work done in moving unit mass
from infinity (to the point)

(b) (i) gravitational potential energy = GMm [/ x
energy = (6.67 x 107" x 7.35 x 10% x 4.5) / (1.74 x 10%)
energy = 1.27 x 10" J

(ii) change in grav. potential energy = change in kinetic energy
Yo x 4.5 x v = 1.27 x 10
v=2.4x10ms™

(c) Earth would attract the rock / potential at Earth(’s surface) not zero / <0
[ at Earth, potential due to Moon not zero
escape speed would be lower
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C1
C1
Al

C1
M1
A0
C1
Al
(C1)

(c1)
(A1)

M1

B1
M1
AO
C1
Al

C1

M1
Al

M1
Al

M1
AO

B1

Al

M1
Al

(3]

(2]

(3]

[2]

(2

(2

(2

(2

[2

(1]

2]
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Q28.

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

square of their separation
either reference to point masses or separation >> ‘size’ of masses

(b) gravitational force provides the centripetal force
GMm/R* = mRd#
where m is the mass of the planet
GM= R’

(c) w=2r/T
either lF"".'a'tar / lﬂ"’Sun = (Rstar / RSunBEl x (TSun ! Taatar)2
Msar = 4% x (V2 x 2.0 x 10%°
=3.2x 10%kg
or  Maar =27 Raa / GT?
={(2n)% x (6.0 x 10"’} / {6.67 x 107" x (2 x 365 x 24 x 3600)%}
=3.2 x 10°'kg

Q29.

1 (a) work done bringing unit mass
from infinity (to the point)

(b) Ee=-m¢

(c) ¢oc1x

either at &R from centre, potential is (6.3 x 107)/6 (= 1.05 x 10" J kg™
and at 5R from centre, potential is (6.3 x 107Y/5 (= 1.26 x 107 J kg™)
change in energy = (1.26 — 1.05) x 10" x 1.3
=27 x10°J

or change in potential = (1/5 — 1/6) x (6.3 x 107)
change in energy = (1/5 — 1/6) x (6.3 x 10") x 1.3
=27x10°J

Q30.
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M1
A1 2]

B1
M1
Al
A0 [3]

C1

C1
A1 [3]

(C1)

(C1)

(A1)

M1
A1 2]

B1 [1]

C1

C1
C1
Al

(C1)
(C1)
(A1) @]
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1

Q31.

1

Q32.

(a) gravitational force provides/is the centripetal force

v = V(GMIr)
allow gravitational field strength provides/is the centripetal acceleration
GMIF = V*Ir
(b) (i) kinetic energy increase/change = loss/change in (gravitational)
energy
vemVy? = GMm | x
V2 = 2GMIx

(a)

(b)

(c)

(a)

(b)

(c)

GMmIF = m#/r

Vy = V(2GM/x)
(max. 2 for use of r not x)

(i) Vuis (always) greater than v (for x =r)
so stone could not enter into orbit

(expressions in (a) and (b)(i) must be dimensionally correct)

g = GM/R?
= (6.67 x 107" x 6.4 x 10%)/(3.4 x 10°)* = 3.7Nkg™

AEp = mgAh
because Ah « R (or 1800m « 3.4 x 10°m) g is constant
AEp=24x 3.7 = 1800
=16x10°J
(useof g = 9.8ms ™ max. 1 for explanation)

gravitational potential energy = (—)GMm/x
v = 2GM/x

x=4D=4x6.8x10°

V= (2x6.67 %107 x6.4 % 10%)/(4 6.8 x 105
= 3.14 x 10°

v =1.8%x10°ms™

(use of 3.56D giving 1.9 x 10°ms', allow max. 3)

smooth curve with decreasing gradient, not starting at x = 0
end of line not at g = 0 or horizontal

straight line with positive gradient
line starts at origin

sinusoidal shape
only positive values and peak/trough height constant
4 ‘loops’
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B1
M1
AO

B1)
(M1)

potential

C1
Al

B1
C1
Al

C1
C1
C1

Al

B1
C1

Al

M1

M1
A1

M1
A1

B1
B1
B1
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3]
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(2]

8]

(2]

[2]
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Gravitational Field - 2020 A2

1. Nov/2020/Paper_41/No.1

(a) (i) State whatis meant by a field of force.

(b) An isolated planet may be assumed to be a uniform sphere of radius 3.39 x 106m with its
mass of 6.42 x 1023kg concentrated at its centre.

Calculate the gravitational field strength at the surface of the planet.

field strength = .....c.oooovvivieeee e, Nkg™' [3]

(c) Calculate the height above the surface of the planet in (b) at which the gravitational field
strength is 1.0% less than its value at the surface of the planet.

[Total: 9]
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2.

Nov/2020/Paper_42/No.1
(a) Define gravitational potential at a point.

(b) The Earth may be considered to be a uniform sphere of radius 6.4 x 10°m with its mass of
6.0 x 10%4kg concentrated at its centre.

A satellite of mass 2.4 x 10° kg is launched from the Equator. It is placed in an equatorial orbit
at a height of 5.6 x 108 m above the Earth’s surface.

(i) Calculate the change AE, in gravitational potential energy of the satellite for its movement
from the surface of the Earth to its position in the equatorial orbit.

(ii) Determine the speed of the satellite when in orbit.
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3.

(c) Before the satellite in (b) is launched, its speed at the Equator due to the Earth’s rotation is
470ms™.

Suggest why the energy required to launch the satellite depends on whether the satellite, in
its orbit, is travelling from west to east or from east to west.

............................................................................................................................................. [1]
[Total: 9]
June/2020/Paper_41/No.1
(a) State what is meant by a gravitational force.
............................................................................................................................................. [1]
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(b) Abinary 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©\|

™~ Os,

t=T
Fig. 1.1 (not to scale)
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Observed from Earth, the angular separation of the centres of S, and S, is 1.2 x 10-5rad.
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 102m.

(1]

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

Fig. 1.2 (not to scale)

Point P is at a distance x from the centre of star 51'
The period of rotation of the stars is 44.2 years.

(i) Calculate the angular velocity w.

5
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(ii) By considering the forces acting on the two stars, show that the ratio of the masses of
the stars is given by

mass ofS1 _ d—x
mass of 82 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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4,

June/2020/Paper_42/No.1
(a) Define gravitational potential at a point.

(b) An isolated solid sphere of radius r may be assumed to have its mass M concentrated at its
centre. The magnitude of the gravitational potential at the surface of the sphere is ¢.

On Fig. 1.1, show the variation of the gravitational potential with distance d from the centre of
the sphere for values of d from d = rto d = 4r.

+1.0¢
gravitational
potential
+0.5¢
0
0 r 2r 3r 4r
d
-0.5¢
-1.0¢
Fig. 1.1

(3]
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(c) The sphere in (b) is a planet with radius r of 6.4 x 105m and mass M of 6.0 x 10%*kg. The
planet has no atmosphere.

Arock of mass 3.4 x 10°kg moves directly towards the planet. Its distance from the centre of
the planet changes from 4r to 3r.

(i) Calculate the change in gravitational potential energy of the rock.

[Total: 10]
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5.

March/2020/Paper_42/No.1
(a) Define gravitational potential at a point.

(b) TESS is a satellite of mass 360kg in a circular orbit about the Earth as shown in Fig. 1.1.

Earth satellite TESS

radius of orbit

radius of Earth
6.4x10m

Fig. 1.1 (not to scale)

The radius of the Earth is 6.4 x 105m and the mass of the Earth, considered to be a point
mass at its centre, is 6.0 x 10%*kg.

(i) Ittakes TESS 13.7 days to orbit the Earth.

Show that the radius of orbit of TESS is 2.4 x 108m.

[3]
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(ii) Calculate the change in gravitational potential energy between TESS in orbit and TESS
on a launch pad on the surface of the Earth.

change in gravitational potential energy = ... J [3]

(iiif) Use the information in (b)(i) to calculate the ratio:

gravitational field strength on surface of Earth
gravitational field strength at location of TESS in orbit -

[Total: 10]
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Gravitational Field - 2021 A2

1. Nov/2021/Paper_41/No.2
(a) Define gravitational potential.

.12

(b) The Earth E and the Moon M can both be considered as isolated point masses at their
centres. The mass of the Earth is 5.98 x 10°*kg and the mass of the Moon is 7.35 x 10?2kg.
The Earth and the Moon are separated by a distance of 3.84 x 108m, as shown in Fig. 2.1.

. 3.84 x 108m R
X - i
-------------------------------------
P
Earth E Moon M
mass 5.98 x 10%*kg mass 7.35 x 10%2kg

Fig. 2.1 (not to scale)

P is a point, on the line joining the centres of E and M, where the resultant gravitational field
strength is zero. Point P is at a distance x from the centre of the Earth.

i Explain how it is pDSSib|B for the gravitational field strength to be zero despite the
g g
presence of two Iarge masses nearby.

. [2]

(ii) Show that x is approximately 3.5 x 10®m.

(2]

1
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(iii) Calculate the gravitational potential ¢ at point P.

[Total: 9]

2. Nov/2021/Paper_42/No.2
(a) State the relationship between gravitational potential and gravitational field strength.

(b) A moon of mass M and radius R orbits a planet of mass 3M and radius 2R. At a particular
time, the distance between their centres is D, as shown in Fig. 2.1.

planet moon
mass 3M mass M
radius 2R radius R
Fig. 2.1

Point P is a point along the line between the centres of the planet and the moon, at a variable
distance x from the centre of the planet.

The variation with x of the gravitational potential ¢ at point P, for points between the planet
and the moon, is shown in Fig. 2.2.

2
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Fig. 2.2

(i) Explain why ¢ is negative throughout the entire range x =2Rtox=D - R.

..................................................................................................................................... [3]
(ii) One of the features of Fig. 2.2 is that ¢ is negative throughout.
Describe two other features of Fig. 2.2.
DSOS PPRSEPPTPSSPRPPR
et et aeeeteeee e eanteeeeeiaesneteeeeenanteeeeeeeaannaeeeeeeanteeeeeeaannneeeeeeenannes
(2]
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(iiif) On Fig. 2.3, sketch the variation with x of the gravitational field strength g at point P
between x=2Rand x=D-R.

A

Fig. 2.3
[3]

[Total: 10]
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June/2021/Paper_41/No.1

The Earth may be assumed to be an isolated uniform sphere with its mass of 6.0 x 10%%kg
concentrated at its centre.

A satellite of mass 1200kg is in a circular orbit about the Earth in the Earth’s gravitational field.
The period of the orbit is 94 minutes.

(a) Define gravitational field strength.

(b) Calculate the radius of the orbit of the satellite.

radius =

(c) Rockets on the satellite are fired so that the satellite enters a different circular orbit that has

a period of 150 minutes. The change in the mass of the satellite may be assumed to be
negligible.

(i) Show that the radius of the new orbit is 9.4 x 105m.

[2]

(i) State, with a reason, whether the gravitational potential energy of the satellite increases
or decreases.
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(iii) Determine the magnitude of the change in the gravitational potential energy of the
satellite.

change in potential energy =
[Total: 10]

4. June/2021/Paper_42/No.1

(a) Define gravitational field strength.

(b) Anisolated planet is a uniform sphere of radius 3.39 x 10°m. lts mass of 6.42 x 10°kg may

be considered to be a point mass concentrated at its centre. The planet rotates about its axis
with a period of 24.6 hours.

For an object resting on the surface of the planet at the equator, calculate, to three significant
figures:

(i) the gravitational field strength

field strength= _..................cccece. Nkg™' [2]

6
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(ii) the centripetal acceleration

acceleration = ... ms™2 [2]

(iii) the force per unit mass exerted on the object by the surface of the planet.

force perunitmass = ................ccccooeeeeeeeee. Nkg™' [1]

[Total: 6]
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5. March/2021/Paper_42/No.1
(a) State Newton’s law of gravitation.

(b) Planets have been observed orbiting a star in another solar system. Measurements are made
of the orbital radius r and the time period T of each of these planets.

The variation with R® of T2 is shown in Fig. 1.1.
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Fig. 1.1
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The relationship between T and R is given by

72 = 4n°R3
GM

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

Determine the mass M.

(c) Arock of mass mis also in orbit around the star in (b). The radius of the orbit is r.

(i) Explain why the gravitational potential energy of the rock is negative.

..................................................................................................................................... [3]
(ii) Show that the kinetic energy E, of the rock is given by
E = GMm
: 2r
(2]
(iii) Use the expression in (c)(ii) to derive an expression for the total energy of the rock.
[2]

[Total: 12]
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Gravitational Field — 2023 A2 Physics 9702

1. Nov/2023/Paper_9702/41/No.1

(a) (i) State what is indicated by the direction of the gravitational field line at a point in a
gravitational field.

(ii) Explain, with reference to gravitational field lines, why the gravitational field near the
surface of the Earth is approximately constant for small changes in height.

(b) Alarge isolated uniform sphere has mass M and radius R.

Point P lies on a straight line passing through the centre of the sphere, at a variable
displacement x from the centre, as shown in Fig. 1.1.

uniform sphere,
mass M

Fig. 1.1

1
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Fig. 1.2 shows the variation with x of the gravitational field g at point P due to the sphere for
the values of x for which P is inside the sphere.

1.0Y

g
|
I
|
5

).

-1.0Y

Fig. 1.2
The magnitude of the gravitational field at the surface of the sphere is Y.

(i) Determine an expression for Y in terms of M and R. Identify any other symbols that you
use.

[2]
(ii) Explain why, at the surface of the sphere, g always has the opposite sign to x.

(ili) Complete Fig. 1.2 to show the variation of g with x for values of x, up to +3R, for which
point P is outside the sphere. [3]

[Total: 10]
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. Nov/2023/Paper_9702/42/No.2(a _c)

(a) (i) Define gravitational potential at a point.

(ii) The Moon may be considered to be an isolated uniform sphere of mass 7.3 x 10%2kg
and radius 1.7 x 10°m.

Calculate the gravitational potential at the surface of the Moon. Give a unit with your
answer.

gravitational potential = ............ccccoeeiieiiies unit . [2]

3
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(b) An isolated uniform spherical planet has gravitational potential ¢ at its surface.
A particle of mass m is projected vertically upwards from the surface. The particle is given just
enough kinetic energy to travel to an infinite distance away from the planet, escaping from the
gravitational pull of the planet, without any additional work being done on it.

(i) Determine an expression, in terms of m and ¢, for the gravitational potential energy E, of
the particle at the surface of the planet.

(ii) Show that the speed v at which the particle is projected upwards from the surface of the
planet is given by

V=L [-2¢.

(2]

4
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(c) A particle is moving upwards at the surface of the Moon.

Use your answer in (a)(ii) and the expression in (b)(ii) to determine the minimum speed of
this particle that will result in it escaping from the gravitational pull of the Moon.

(d) Hydrogen may be assumed to be an ideal gas.
The mass of a hydrogen molecule is 3.34 x 1027 kg.

Calculate the root-mean-square (r.m.s.) speed of a hydrogen molecule in hydrogen gas that
is at a temperature of 400K.

LTS, SPEEA = oo ms~! [3]
(e) The surface of the Moon reaches temperatures of approximately 400 K when in direct sunlight.

Use your answers in (c) and (d) to suggest a reason why the Moon does not have an
atmosphere consisting of hydrogen.

[Total: 12]
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June/2023/Paper_9702/41/No.1
(@) (i) Define gravitational field.

oy

(ii) Define electric field.

.M

(iii) State one similarity and one difference between the gravitational potential due to a point
mass and the electric potential due to a point charge.

L= 1= OSSPSR

(o 11 (=] (=] g Lo = MRS

(2]
(b) An isolated uniform conducting sphere has mass M and charge Q.

The gravitational field strength at the surface of the sphere is g.
The electric field strength at the surface of the sphere is E.

(i) Show that

QI
I
Q
mlQ

where « is a constant.

(ij) Show that the numerical value of ais 1.35 x 10°%kg?C—2.

(1]

6
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(c) Assume that the Earth is a uniform conducting sphere of mass 5.98 x 10%4kg.
The surface of the Earth carries a charge of —4.80 x 10°C that is evenly distributed.

(i) Use the information in (b) to determine the electric field strength at the surface of the
Earth. Give a unit with your answer.

electric field strength = ... unit ............... 2]

(ii)) State how the direction of the electric field at the surface of the Earth compares with the
direction of the gravitational field.

[Total: 11]
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4,

June/2023/Paper_9702/42/No.1

(a)

State Newton’s law of gravitation.

12

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

(c)

the orbit is T. The planet is a uniform sphere.
Use Newton's law of gravitation to show that R and T are related by
47°R3 = GMT?

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

(2]

The Earth may be considered to be a uniform sphere of mass 5.98 x 10%“kg and radius
6.37 x 105m.

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.

height = ... e, M [3]

8
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(d) 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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March/2023/Paper_9702/42/No.1
(a) Define gravitational potential at a point.

2]

(b) Artemis is a spherical planet that may be assumed to be isolated in space. The variation with
distance x from the centre of Artemis of the gravitational potential ¢ is shown in Fig. 1.1.

x/10"m
0 1 2 3

-1.0 -

-

=]

=]

$/107 Jkg™!

Fig. 1.1
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(i) The radius of Artemis is 4800 km.

Determine the value of ¢ on the surface of Artemis.

(i) Show that the mass of Artemis is 2.55 x 10%*kg.

(1]

(iii) Calculate the gravitational field strength g on the surface of Artemis.

(iv) A satellite is in an orbit at a fixed position above a point on the surface of Artemis. The
satellite is located above the equator of Artemis at a height above the surface where the
gravitational potential is —0.65 x 107 Jkg~'.

Calculate the period, in hours, of rotation of Artemis.

period = ... hours [4]

11
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(c) State one similarity and one difference between gravitational potential due to a point mass
and electric potential due to a point charge.

SIMUIAIIEY ettt ettt e e et e e e et e e e et e e e ettt e e e e nanene e e e s

[Total: 12]
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