1 (a)

Gravitational Fields
A-Level Worksheet

_— 9702/MJ/23/42/Q1
State Newton's law of gravitation.

- [2]

(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
472R% = 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 108m.

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.

helght:= waininmmminninmanmiesnan 3]
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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.

ANGUIAESPESE S .o amaen i s 7 1| S— [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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9702/FM/23/43/Q1
2 (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/M107m
0 1 2 3

T

-3.0

@107 J kg™
-3.5

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

Determine the value of ¢ on the surface of Artemis.

T o = )|

(ii) Show that the mass of Artemis is 2.55 x 102*kg.

1

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

v £ SN ' L |

(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 = .....cccoiieiicieeee e, NOUTS [4]

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

similanty:coiaaintamaniinheanbdainndannnnsiinndiaansinaniiEhamiams

A e OIIOD omssuss P s s s e v s s e e o ey

@
[Total: 12]
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3 (a) Define gravitational field. /ON/22/42/Q

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

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

planet

Fig. 1.1
2]

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

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

Cyrus Ish
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(c) An object rests on the surface of the Earth at the Equator.
The radius of the Earth is 6.4 x 106m.

(i) Determine the centripetal acceleration of the object.

centripetal acCelEration = ..........cceeeerenreneeresireesssensenns ms2 [3]

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

&
[Total: 10]
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(a) (i) Define gravitational potential at a point. 9702/M)/22/42/Q1

e [2]

(ij) Starting from the equation for the gravitational potential due to a point mass, show that

the gravitational potential energy E; of a point mass m at a distance r from another point
mass M is given by

GMm
-

Ep=

where G is the gravitational constant.

(1

(b) Fig. 1.1 shows the path of a comet of mass 2.20 x 10'%kg as it passes around a star of mass
1.99 x 10%%kg.

X_ 34 1kms™!

star
mass 1.99 x 10°%kg

comet
mass 2.20 x 10"%kg

path of comet

Fig. 1.1 (not to scale)

At point X, the comet is 8.44 x 10" m from the centre of the star and is moving at a speed of
34 1kms™.

At point Y, the comet passes its point of closest approach to the star. At this point, the comet
is a distance of 6.38 x 10'%m from the centre of the star.

0O ...
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Both the comet and the star can be considered as point masses at their centres.

(i) Calculate the magnitude of the change in the gravitational potential energy AE, of the
comet as it moves from position X to position Y.

LY R I |

(ii) State, with a reason, whether the change in gravitational potential energy in (b)(i) is an
increase or a decrease.

(iii) Use your answer in (b)(i) to determine the speed, in kms™', of the comet at point Y.

Shaal= e8] 3]

(c) Asecond comet passes point X with the same speed as the comet in (b) and travelling in the

same direction. This comet is gradually losing mass. The mass of this comet when it passes
point X is the same as the mass of the comet in (b).

Suggest, with a reason, how the path of the second comet compares with the path shown in
Fig. 1.1.

[Total: 10]
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5 (a) (i) State Newton's law of gravitation. S702/M22/41/00

o 2

(ii) Use Newton's law of gravitation to show that the gravitational field strength g at a
distance r away from a point mass M is given by

GM
9=z

[2]
(b) The Earth has a mass of 5.98 x 1024kg and a radius of 6.37 x 10m.
The Moon has a mass of 7.35 x 102?kg and a radius of 1.74 x 10°m.

The Earth and the Moon can both be considered as point masses at their centres. Their
centres are a distance of 3.84 x 10®m apart.

(i) Show that the gravitational field strength at the surface of the Moon due to the mass of
the Moon is 1.62Nkg~".

(1

(ii) Explain why there is a point X on the line between the centres of the Earth and the Moon
where the resultant gravitational field strength due to the Earth and the Moon is zero.

0O ...
pH§SICSWlTH yris shag ISL, BLL, BCCG, LGS, Roots IVY P5
CYRUS >) 4923008471504



(iii) Calculate the distance x of point X from the centre of the Moon.

[Total: 10]

6 (a) The point P in Fig. 1.1 represents a point mass. 9702/FM/22/42/Q1

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

eP

Fig. 1.1
(2]

(b) A moon is in circular orbit around a planet.

Explain why the path of the moon is circular.

. [2]
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(c) Many moons are in circular orbit about a planet.

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

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

4
R1102m3 AT
3 8
2 a8
1 .
0
0 1 2 3 4 5 6

A 1107 rad-2s2
[

Fig. 1.2

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

_ gradient
W G

where G is the gravitational constant.

(2]
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(ii) Use Fig. 1.2 and the expression in (c)(i) to show that the mass M of the planet is

1.0 x 10%kg.
(1]
(iii) Determine the speed of a moon in orbit around the planet with an orbital radius of
1.2 x 108m.
T, [ S Ll )
[Total: 10]

Cyrus Ish
YIUSTShaq is1, BLL, BCCG, LGS, Roots IVY P5

(>) +923008471504

12



.G Cyrus Ishaq

PHYSICS WITH

CYRUS

7

(a) Define gravitational potential. 9702/0N/21/43/Q1

. [2]

(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 1024kg and the mass of the Moon is 7.35 x 1022kg.
The Earth and the Moon are separated by a distance of 3.84 x 108 m, as shown in Fig. 2.1.

: 3.84 x 108m
5 . ' e
-------------------------------------
P
Earth E Moon M
mass 5.98 x 102¢kg mass 7.35 x 1022kg

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.

- 2]

(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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[Total: 9]
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9702/MJ/21/41/Q1

8  The Earth may be assumed to be an isolated uniform sphere with its mass of 6.0 x 102%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.
-1
(b) Calculate the radius of the orbit of the satellite.
radius = s i saina s nmnrasssimS8]
(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]
(i) State, with a reason, whether the gravitational potential energy of the satellite increases
or decreases.
- 1]
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(iii)

Determine the magnitude of the change in the gravitational potential energy of the
satellite.

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

[Total: 10]
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9 (a) Define gravitational field strength.

9702/MJ/21/42/Q1

- 1]

(b) An isolated planet is a uniform sphere of radius 3.39 x 108m. Its mass of 6.42 x 102kg may

Cyrus Ishaq

©®

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 strangth = ...ocouee e NKGT1 [2]

(i) the centripetal acceleration

ACCRIBTAH OIS s iviaviassiaiivass s sbeivisasviasis ms™2 [2]

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

force per uNitMAss = .........c.ccceeceneseecccssensmscnennes. NKG™T ]

[Total: 6]
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10 (a) State Newton's law of gravitation. 9702042/FIMI21/Q1

(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.

2.6

2.4

2.2

T2 /year?
2.0

1.8

1.6

1.4

12

1.0

0.8

0.6

0.4

0.24+- =7

0

0 01 02 03 04 05 06 07 08 09 1.0 11 12
R3/10%m?3

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

72 = 4n2R®
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]
(i) Show that the kinetic energy E, of the rock is given by
E = GMm.
“ Tor

[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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11 (a) Define gravitational potential at a point.

.2

(b) The Earth may be considered to be a uniform sphere of radius 6.4 x 108m with its mass of

@ ®

6.0 x 102*kg concentrated at its centre.

A satellite of mass 2.4 x 103kg is launched from the Equator. It is placed in an equatorial orbit
at a height of 5.6 x 108m 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.

11 X R ERRSNNUIIE | |

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

PRl S annmaas e Me 18]

ISL, BLL, BCCG, LGS, Roots IVY PS5
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(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.

............................................................................................................................................. 11
[Total: 9]
12 (a) (i) State whatis meant by a field of force. 9702/41/0IN/20/Q1
- [2]
(ii) Define gravitational field strength.
..................................................................................................................................... [1]

(b) An isolated planet may be assumed to be a uniform sphere of radius 3.39 x 10°m with its
mass of 6.42 x 102*kg concentrated at its centre.

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

figlt SBNEINS oo Nkg™' [3]
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(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.

13 (a) Define gravitational potential at a point. 9702/42/M/J/20/01

(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.

M0

gravitational
potential

+0.5¢

-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 10°m and mass M of 6.0 x 102*kg. The
planet has no atmosphere.

A rock of mass 3.4 x 103kg 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.

T T

(ii) Explain whether the rock’s speed increases, decreases or stays the same.

[Total: 10]

14 (a) Define gravitational potential at a point. 9702/42/F/Mi20/Q1

- [2]
(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
6.4x108m

Fig. 1.1 (not to scale)

Cyrus Ish
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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 1024kg.

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

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

(3]

(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

T2 RSO .

[Total: 10]
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15 (a) State Newton’s law of gravitation. 9702/41/0/NI19/Q1
. [2]

(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.

(i) 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.

Ao e e s R0 )

[Total: 8]

Cyrus Ish
YIUSTShaq is1, BLL, BCCG, LGS, Roots IVY P5

(>) +923008471504

25



16 (a) Two point masses are separated by a distance xin a vacuum. 9702/42/M1119/Q1

State an expression for the force F between the two masses M and m.
State the name of any other symbol used.

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

thread

w\\ §ma|l sphere §

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.

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

2 large sphere L

.—‘J/’
initial pasilign
ofrod <= &
2z, 6.0cm
final position s
of rod =T R
/-// ’:’\x}*:_, 2mm T ol sphere S
" 8.0cm 3!
thread — : )
view from above
Fig. 1.2 (not to scale)
L ]
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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 normal to the rod.

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

(1]
(ii) The rotation of the rod causes the thread to twist.
The torque T (in Nm) required to twist the thread through an angle § (in rad) is given by

T=93x10"10x g

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

OIUES: uncsaiinsirmiaarinaiains Nm [1]
(c) The distance between the centres of spheres S and L is 6.0cm.
The mass of sphere S is 7.5g and the mass of sphere Lis 1.3kg.

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

gravitational CoONSTANE = .........ccoooveviiiveiirsinssesneesinninns Nm?kg2 [3]

Cyrus Ish
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(ii) Suggestwhy the total force between the spheres may not be equal to the force calculated
using Newton's law of gravitation.

<[]
[Total: 7]

17 (a) Two point masses are isolated in space and are separated by a distance x.  9702/43Miuna/Q1

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 spacecraftis 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 102 kg. The radius of the planet is 3.4 x 10%m.

(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 108ms~".

(2]

Cyrus Ish
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(ii) One possible path of the spacecraft as it approaches the planet is shown in Fig. 1.1.

A

3.64 x 105m

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 103ms™".

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 10°ms~1. 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.

. [2]

[Mntal: &1
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18 (a) (i) Define gravitational potential at a point. 9702042/FIMI19/Q1

. [2]

(ii) 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 102*kg and radius 6.40 x 10°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 105m above
its surface.

For the satellite:

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

(2]

Cyrus Ish
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L) Lalbulals Ik Ylavitauuiial puigiiual Sigiygy.

BNOTGY = s et s v il i i bt ik 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 kinetic energy of the satellite.

[Total: 12]

19 (a) (i) State whatis meant by gravitational field strength. 9702/42/0/NM B/

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

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

Cyrus Ish
YIUSTShaq is1, BLL, BCCG, LGS, Roots IVY P5

(>) +923008471504



[ ]
PHYSICS WITH

CYRUS

(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 free fall 0.75g ;

0.50g i :
0.25¢ !
0 ] :
0 R 2R 3R 4R
x
Fig. 1.1
[3]
(c) The planet in (b) has radius R equal to 3.4x10°km and mean density 4.0x 10°kgm.
Calculate the acceleration of free fall at a height A above its surface.
acceleration of free fall = ....ocooeeveeeeeeeeeeeeeeeee e eeeseeens ms2[3]
[Total: 8]
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9702/41/ON2023

Q20 (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) A large 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

G Cyrus Ishaq 33
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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

Fig. 1.2

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

(i) Determine an expression for Yin 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.

e [21

(iii) 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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9702/42/0ON2023
Q21 (a) (i) Define gravitational potential at a point.

. [2]

(ii) The Moon may be considered to be an isolated uniform sphere of mass 7.3 x 10%2kg
and radius 1.7 x 106 m.

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

gravitational potential = ............ooeeiiviiiieiinnnn unit ....ccceennneee [2]

(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.

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

v=J-2¢.

[2]
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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.

SPEEA = oo, MSTT 1]

9702/42/March 2024

Q22 (a) Explain why the gravitational potential near to a point mass is negative.

-2
(b) Aplanet may be assumed to be a uniform sphere. It has gravitational potential ¢ at distance r
from the centre of the planet.

The variation with 1?of ¢is shown in Fig. 1.1.

%.’ 108 m™?
0 05 1.0 15 20 25 30 35 40

24

O ..
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(i) Show that the mass of the planet is 8.8 x 10%°kg.

[2]
(ii) The period of rotation of the planet is 0.72 Earth days.

A satellite in orbit around the planet remains above the same point on the surface of the
planet.

Use the mass of the planet in (b)(i) to determine the radius R of the orbit of the satellite.

(iii) The speed of the satellite in (b)(ii) is 8400ms™". The mass of the satellite is 1200kg.

Determine the additional energy required to move the satellite from its orbit to infinity.

BBV NBOUIFEH = ..iississsssssssassamsissssaisissannnsssnissasainnin J [3]

[Total: 10]
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9702/41/MJ2024
Q23 (a) Define gravitational potential at a point.

- [

(b) A satellite X, of mass M, orbits a planet at a constant distance 4R from the centre of the
planet, as shown in Fig. 1.1.

ks planet
orbit of Y

satellite X,

e k/mass M
I

Fig. 1.1 (not to scale)

A second satellite Y, of mass 2M, orbits the planet with orbital radius R.

The gravitational potential at X due to the planet is —¢. The planet is a uniform sphere.

(i) Explain why the gravitational potential at X is negative.

(ii) State an expression, in terms of &, for the gravitational potential at Y due to the planet.

gravitational potential =

G Cyrus Ishaq
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(iii) Complete Table 1.1 by giving expressions, in terms of some or all of M, R and @, for the

quantities indicated for each of the satellites X and Y.

Table 1.1

satellite X

satellite Y

gravitational field strength
at satellite due to planet

gravitational potential
energy of satellite

G Cyrus Ishaq
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Question Answer Marks
1(a) (gravitational) force is (directly) proportional to product of masses B1
force (between point masses) is inversely proportional to the square of their separation B1
1(b) | GMm/R? = mRa? M1
@=2n/ T and algebra leading to 42°R% = GMT? Al
or
GMm/R? = m# R (M1)
v=2nR/ T and algebra leading to 4a*R* = GMT? (A1)
1(c) 4n® x R® =6.67 x 107" x 5.98 x 10™ x (24 x 60 x 60 c1
(R =4.22 % 10"m)
h =R-(6.37 x 108) c1
h =(4.22 x 107) - (6.37 x 10%) Al
=36x10"m
1(d)(i) |@ =2a/T c1
=27 /(24 = 60 x 60) Al
=7.3x10%rads”
1(d)(ii) | orbit is from east to west B1
orbit is not equatorial / orbit is polar B1
Question Answer Marks
2(a) work done per unit mass B1
work (done on mass) moving mass from infinity (to the point) B1
2(b)(i) | -3.55x 107 Jkg™ B1
2b)i) |, __GM B1
r
M = _—3:55x107x4800000
6.67x107"
=255 x 10%kg
2(b)(iii) =Gr_:ri & 9=‘§ c1
6.67x10 " x2.55x10™ _ 3.55x107 Al
48000007 = 4800000
=7.4Nkg"'
2(b)(iv) | rinrange 2.60 x 107 to 2.65 % 10'm c1
Ev_imc.'.:m and v=2"" or mra?= G.'.:m and o= 2" .
r r T r T
R —4“2”[_21;65”101)3 = 420%10° “
GM 6.67x107"" x2.56x10
T =64800s A1
= 18 hours
o
.G Cyrus Ishaq 40

ISL, BLL, BCCG, LGS, Roots IVY P5

PHYSICS WITH
CY RV{J S > 4923008471504



.G Cyrus Ishaq

PHYSICS WITH

CYRUS

ISL, BLL, BCCG, LGS, Roots IVY P5

(>) +923008471504

| Question Answer Marks
2(c) similarity — any one point from B1
« inversely proportional to distance (from point)
« points of equal potential lie on concentric spheres
« zero at infinite distance
difference — any one paint from B1
» gravitational potential is (always) negative
« electric potential can be positive or negative
Question Answer Marks

3(a) force per unit mass B1

o lines drawn are radial from the surface B1
arrows show pointing towards planet B1

3(b)i) | field lines show force (on satellite) is towards centre of planet B1
z!ocity of satellite is perpendicular to field lines
(gravitational) force perpendicular to velocity causes centripetal acceleration B1

3(c)(i) T = 24 hours c1
a=ro® and @=2n/T c1
or
a=v¥/rand v=2rrIT
or
a=4n?r/T?
a=(4n? % 6.4 x 105/ (24 = 60 x 6O Al

=0.034 ms?

3(c)(ii) identification of the two forces acting on the object as gravitational force and (normal) contact force M1
gravitational force and normal contact force are in opposite directions, and their resultant causes the (centripetal) Al
acceleration

Question Answer Marks

4(a)(i) work (done) per unit mass B1
work (done on mass) in moving mass from infinity (to the point) B1

4Gy | Ep=¢m B1
Ep=(-GMIr)xm=—-GMmIr
“= - GM/r and_Ep=¢m=-GMm/r

4(b)(i) AER =667 x 107" % 1.99 = 1079 % 2.20 x 10™ » [1/(6.38 = 10'%) - 1/ (8.44 x 10"")] c1

=423 x10%) Al
4b)(iy | (gravitational) force is attractive so decrease B1
(gravitational) force does work so decrease

ap)iii) | AER = Vam(va — vi?) c1
4.23 % 102 = ¥ x 2.20 = 10™ x (2 — 341002) c1
v(=70800ms™") = 70.8kms™ Al

4(c) both PE and KE equations include m, so path is unchanged B1
41



Question Answer Marks

5(a)(i) (gravitational) force is (directly) proportional fo product of masses B1
force (between point masses) is inversely proportional to the square of their separation B1

s@)ii) |g=FIm ci
F=GMmIr Al
and so

g=[GMm/IF)Im=GMIr*

SN} | g = (6.67 x 10711 x 7.35 x 10%2)/(1.74 x 10°) = 1.62 N kg™' Al
5(b)(ii) | fields (due to Earth and the Moon) have equal magnitudes B1
fields (due to Earth and the Moon) are in opposite directions B1
s(b)(iii) | distance of X from Earth = (3.84 x 10% - x) c1
(G x) 7.35 x 102/ x* = (G x) 5.98 x 107/ (3.84 x 10° — x)? c1
x=38x10"m Al
Question Answer Marks
6(a) at least 4 straight radial lines to P B1

v

—r et

1
all arrows pointing along the lines towards P B1
6(b) Any 2 from: B2

gravitational force provides the centripetal force
(centripetal or gravitational) force has constant magnitude

(centripetal or gravitational) force is perpendicular to velocity (of moon) / direction of motion (of moon)

S| GMm_ o 1
3 i Al
M=i and gradient = r'e’ hence M= gradiant
G G
or

= GMx 1ia# so gradient = GM hence M= @

6(c)(ii) M=4,1x1023!(6.Ux10’x6_5?x1ﬂ"‘)=1.Dx1l:l” kg B1
Question Answer Marks
6(c)iil) | GMm _mv? c1
r? r
r
y2= 867x107"x1.0x10% c1
1.2x10°
v =56x10"ms™"
v =7500 ms™' Al
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Question Answer Marks
7(a) work done per unit mass B1
(work done in) moving mass from infinity B1
7(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
7(b)ii) | go= MIF c1
5.98 x 10%/x? = 7.35 x 10%2/(3.84 x 10° - x)? Al
leading to x = 3.5 x 10% (m)
7(0)(ii) | ¢ (Earth) = (~)6.67 x 1017 x (5.98 x 102/ 3.5 x 10%) ¢
;r;:bm) = {-)6.67 x 10-" x (7.35 x 1022/ 0.38 x 10°)
¢ =(-)B.67 x 107" x [(5.98 x 102 /3.5 x 108) + (7.35 x 10%/0.38 x 10%)] c1
=-1.3x 105 J kg™ Al
Question Answer Marks
8(a) force per unit mass B1
8(b) GMm/r?=mre’® and w=2a/T c1
ng!r"zmv’.'r and v=2rr/T
B.67 x 107" x 6.0 x 10% = r* x [2r/ (94 x 60)]? c1
r=6.9x10°m Al
8(c)(i) | feF = constant or r'T? = constant (o]
#1(6.9x 105 = (150/84)* so r=9.4 x 10°m A1
or
GMT#4n? = r* and clear that Mis 6.0 x 10* (c1)
B.67 % 10711 6.0 102 = r* x [2r/ (150 x 60)]* (A1)
sor=9.4x10°m
8(c)(i) | separation increases so (potential energy) increases B1
r;.rwemant is against gravitational force so (potential energy) increases
8(c)(iii) | potential energy = (=)GMm/r c1
AEp =667 % 1077 % 6.0 % 10% x 1200 x [(6.9 x 105" — (9.4 x 108)™] c1
=19x10"J Al
Question Answer Marks
9(a) (gravitational) force per unit mass B1
ab)i) | g =GM/r c1
= (6.67 x 10-" x 6.42 x 10%)/(3.39 x 108)% A1
=3.73Nkg™
ob)i)  |a=ra® and w=2r/T c1
:'= virand v=2rr/T
a=23.39x10% x (2n/(24.6 x 3600)F Al
=0.0171ms?
9(b)(iii) | force per unit mass = 3.73 — 0.0171 Al
=371 Nkg"
43
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Question Answer

10(a) (gravitational) force is (directly) proportional to product o masses

force (between point masses) is inversely proportional to the square o thei separation

10(b) correct read offs from the graph with correct power of ten for R®

i 4xa* x1.2x10*
6.67 10" % 2.4 (365 x 24 x 3600)°

=3.0x10%kg

10(c)(i) potential energy is zero at infinity

(gravitational) forces are attractive

work must be done on the rock to move it to infinity

()i 2
10(c)(ii) Gn.:m M or v =M g o fcﬂ
r r r i

use of ¥ mv2 (e.g. multiplication by % m) leading to %

WO | Eo — 5 mand ¢= —GrM orE, = —GMm

Total energy = Ex, + E

Total energy = GMm e -GMm =—GMm
2r r 2r

11(a) work done per unit mass

{work done) moving mass from infinity (to the point)

11(0)) | gravitational potential energy = (-)GMm/r

AEp = 6.67 x 10" x 6.0 x 102 x 2.4 x 10° x [(6.4 x 105)" — (1.2 x 107)]

or

Ap=B6.67 x 10-1 x 6.0 x 102 x [(6.4 x 108} — (1.2 x 107)-1]

AEs = mAg

AEp=T7.0x100J

wub)i) | GMm /i = mv¥lr

V2= GMIr

= (6.67 x 10" x 6.0 x 1024) / (1.2 x 107)

v=5800ms™’
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11(¢) any one peint from:

+ smaller gain in energy required if orbit is west to east
smaller change in velocity if orbit is west to east
smaller gain in energy if orbit is in same direction as Earth's rotation
smaller change in velocity if orbit is in same direction as Earth's rotation
satellite already moving west to east at launch
Earth’s rotation is from west to east

« & & @

2@ | region (of space)

where a particle experiences a force

12(a)(ii) force per unit mass

12(b) g = GM/R?

= (B.67 x 107" % 6,42 x 1023) /(3.39 = 10%)2

=3.73Nkg!

12(c) 099 x3.73=(6.67Tx 107" x6.42x 102)/r~

r=3.41x10% (m)

height = (r— R)

=2x10"m

or

0.99 x 3.73 = (6.67 x 10" x 6.42 x 102)/ (R + h)?

(R+ h)?=1.16896 x 10"

R+ h=23.41x10%(m)

h=2x10"m

13(a) work done per unit mass

(work done to) move mass from infinity (to the point)

13(b) curve from rto 4r, with gradient of decreasing magnitude and starting at (r, +dj

line passing through (2r, +0.5¢) and (4r, £0.254)

line showing potential is negative throughout

13(c)(i) gravitational potential energy = (<) GMm/ R

change = (6.67 x 10" x 6.0 x 10% x 3.4 x 10%)/ (6.4 x 10°) x [1/3 — 1/4]

=1.8x1010J

13(e)i) | rock loses potential energy

(so0) kinetic energy increases so speed increases

ar

force is attractive

moves towards planet so speeds up

0O ...
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14(a)

work done per unit mass

work done moving mass from infinity (to the point)

14(b)(i)

gravitational force provides centripetal force

mvi[r=GMm/rfand v=2rnr/ TOR mref = GMm/rfand w=2n/T
OR r? = GMT?/4n?

P =667 x 10" x6.0 x 102 x (13.7 x 24 x 3600)*/ 4 n?
sor=24=x10m

14(b)(ii)

(Ep==) GMm/r
work done = GMm/r; — GMm/ r:

=6.67 x 10" x 360 x 6.0 x 102 (1/6.4 x 108 — 1/2.4 x 10%)

=22x10")

14(b)(iii)

g=GM/r

ratio = rress?/ Foamn®
= (2.4 x 10°/6.4 x 10812

= 1400

15(a)

force proportional to product of masses and inversely proportional to square of separation

idea of (gravitational) force between point masses

15(b)(i)

above the equator

from west to east

15(b)(ii)

gravitational force provides/is the centripetal force

GM/FR=r(2z/ T}

M= 6.0 x 10% kg

16(a)

(F =) GMm | x%, where G is the (universal) gravitational constant

16(b)(i)

angle = (1.2 = 1073 /(8.0 x 10-%) = 1.5 = 102 (rad)

16(b)(ii)

torque =1.5x102x93 =101
=14 x10"Nm

16(c)(i)

force = 8.0 x 102 =14 = 10-"

(Gx1.3x7.5x 10 x 8.0 x 10-2)/(6.0 x 10-2)2 = 1.4 x 10-"

G=6.4x10"Nm?kg?

16(c)ii)

Any one from:

law applies only to point masses/spheras are not point masses
radii of spheres not small compared with separation

spheres may not be uniform

the masses are not isolated

force between L and rod

LI IO IO O I ]

spheres may be charged/may be electrostatic force (between spheres)
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17(a) {F =) GMm/ x%, where G is the (universal) gravitational constant

17(b)(i) GMmix*=m2[x or vi= GM/x

v2 = (B.B7 x 107" % 7.5 = 10%) / (3.4 = 10° + 240 = 10%)

sov=37x10"m s

17(b)(ii) potential energy = (-)GMm / x

En=(-)(6.67 = 10-"" x 7.5 = 10®* x 650)/(3.64 = 10%)
or

Eg = (<){6.67 « 10-" x 7.5 x 102* x 650}/ (5.00 = 107)

correct substitution and subtraction Es — E shown, leading to AE; = 8.3 x 10°J

ar

¢ ={-)GM/x and potential energy = m¢

A¢ = (6.67 x 107" x 7.5 x 102) x [(1/(3.64 x 108)) — {1/ (5.00 x 107))]

(=1.27 x 107 Jkg™)

AE; =1.27 x 107 x 650

=83x10°J

17(c) kinetic energy or potential energy decreases

kinetic energy and potential energy decrease
so total energy decreases

18(a)(i) work done per unit mass

idea of work done moving mass from infinity (to the point)

18(a)(i) (gravitational) force is attractive

(gravitational) potential at infinity is zero

decrease in potential energy as masses approach
or displacement and force in opposite directions

18(b)(i) Either mv?|R = GMm/R®
Or v=1[ GM/R)
v = (6.67 x 107" x 6.00 x 102%)/(7.30 = 10%)

giving v=7.4x10°ms™"’

18(b)(ii) Ve =-GMm/R

= — (6.67 x 10-"" x 6.00 x 102 x 340)/ (7.30 x 10%)

Ve ==-1.9x10'0J

18(c) v « 1/r, (rsmaller) so v greater

and Ex greater

0O ...
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196)0) | force per unit mass
190)i) | acceleratiors F/m, field strength = F/m, so equal
19(b) smooth curve between R and 4R with negative gradient of decreasing magnitude
' line passing through (R, 1.00g) and (2R, 0.25g)
_r line ending at (4R, 0.0625g)
8 | M=(4/3xnR")p
| g= GMI(2R}
g ="%xB6.67x10 " x7wx3.4x10%x4.0x10"
=0.95ms™
Q20 () | direction of the force acting on a (test) mass placed at the point B1
1(a)(ii) | change in height negligible compared with radius (of Earth) B1
(so) field lines are (effectively) parallel B1
1(b)i) | Y=GMIR® M1
G is the gravitational constant A1
1(b)(ii) | gravitational force is (always) attractive B1
‘;r-avitational force (always) acts towards the centre of the sphere
force is in opposite direction to displacement B1
:{a point to the right of the centre, force acts to the left
::a point to the left of the centre, force acts to the right
1(b)(iii) | sketch: smooth curve with decreasing positive gradient, starting at (R, —Y) and reaching 3R with g still negative B1
:;woth curve with increasing positive gradient, ending at (=R, Y) and reaching =3R with g still positive
both of the above curves, in correct quadrants B1
curve passing through (+2R, +0.25Y) and (+3R, +0.11Y) B1
Q21 () | work done per unit mass B1
work (done) moving mass from infinity (to the point) B1
2(a)ii) | ¢ =-GMIr c1
=—(6.67 x 107" x 7.3 x 10%)/(1.7 x 10°)
=-29x105Jkg Al
2b)i) | Br = mg B1
2(b)i)) | emv® + mg=0 M
correct algebra leading to v = \(=2¢) A1l
2(c) | speed = V(2 x 2.9 x 10) A
=2400ms™'
Cyrus Ishaq
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dzz ‘a) (gravitational) potential is zero at infinity B1

(gravitational force between two masses is attractive so)
either work is done on a mass to move it away from another mass B1
or work is done on a mass to move it to infinity

1(b)(i) | M={(-)gradient/ G c1
e.g. M=(1.76 x 108)/ (3.0 x 108 x 6.67 x 10-'1) = 8.8 x 10%5kg A1

1(b)(ii) | either GMm/ r2 = mra? and w=2r/T C1
or GMm/rZ=mv2/r and v=2ar/T
or GMm | 2 = 4n?mr| T?
R?=6.67 x 10-" x 8.8 x 1025 x (0.72 x 24 x 60 x 60)2/4n2 c1
R=83x10"m A1

1(b)iii) | AE=(GMm/r) = Yamv2 Cc1
kinetic energy = (12 x 1200 x 84002)
potential energy = (-)[(6.67 x 10-"" x 8.8 x 1025 x 1200) /(8.3 x 107)] 1
AE =[(6.67 x 10~ x 8.8 x 1025 x 1200) /(8.3 x 107)] A1

— (Y2 x 1200 x 84002)
=43 x10%")
(|123““a} work done per unit mass B1

work done moving mass from infinity (to the point) B1

1(b)(i) potential is zero at infinity B1
work is done by (two) masses in moving them closer together B1
\?:::rlv. is done on (two) masses in moving them apart

1(b){iiy | magnitude of potential shown as 44 B1
potential negative and shown as a multiple of —@ [potential = —4 @ if fully correct] B1

1(b)(iii) | field strength at X: @/4R A1
field strength atY: 4@/R Al
potential energy at X: —-Ma A1l
potential energy at Y: -8Ma> Al
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