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QL.

1 (a) Define gravitational potential.

(c) The Earth may be assumed to be an isolated sphere of radius 6.4 x 10 km with its mass
of 6.0x10%*kg concentrated at its centre. An object is projected verticallv flom 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 = .......ooovivuieeeeeee e, Jkg™
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(ii) the speed of projection from the Earth's surface, assuming air resistance is
negligible.

(d) Suggest why the equation
vZ=uy2 4 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.
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Fig. 3.1

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, ﬂ.r‘f1, Mz.- E’1: R2 and o 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 = NN 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 = —

R

[2]
" .M, i .
(ii} The ratio s equal to 3.0 and the separation of the stars is 3.2 x 10" m.
Calculate the radii R, and R,
(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 6.0 102* kg, may be assumed to be a circle of radius
1.5 % 10" m with the Sun at its centre, as illustrated in Fig. 1.1.

Earth,
mass 6.0 x 1024 kg

Sun

1.5x10"/m

Fig. 1.1
The time taken for one orbitis 3.2 % 107 s.
{a) Calculate

(i) the magnitude of the angular velocity of the Earth ab&ut the Sun,

angularvelocity = rads! [2]

(ii) the magnitude of the céntripetal force acting on the Earth.

force= ... N [2]
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(b) (i) State the origin of the centripetal force calculated in (a)(ii).

L

(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 =\ [r—]
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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= ... . _

(ii) its gravitational potential energy,

potentialenergy = ... .. NN

(iii) its total energy.

Widl energy = . ...

(¢) The total energy of the satellite gradualy’Gecreases.
State and explain the effect of thigydeweigase on

(i) the radius rof the orbit,

(ii} the linear speed v of the satellite.

Q5.

[1]

(1]

[2]

2]

2
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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 AE; in the magnitude of the gravitational potential energy of
the rocket is given by the expression

_ GMm
AEP = R

[2]
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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 tha/nass 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.
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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 AR
0 T |I
J!_jt
e
2.0 ] HH
¢ [107J kg™ ’
4.0 -—E__
o 'SH
—6.0 7 ; n
T
80 L j;-EI-‘]'
Fig. 1.1

The radius R of theGactitis 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.

Q8.
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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.

(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,

(ii) a difference.

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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1 (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, poiat/mass with its mass
concentrated at its centre. A small mass m is moving near ta, and normal to, the surface
of the planet. The mass moves away from the planet thgough'a short distance h.

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

AEp =N\ngh
where g is the acceleration of free fall.
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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 1013 Nm?kg~". Examin
Lise
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 108rads 1,
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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_
Exg

(i) Using data from (b), determine the gravitational force between e 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 0cm eagh year.

Use your answel (i) to determine the change, in one year, of the gravitational
potential enef@A oy the Moon. Explain your working.

energy change = e J [3]

Q12.
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1 (a) State whatis 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]
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(c) The orbital period of the Earth about the Sun is T.
Exi
(i) Use ideas about circular motion to show that the mass M of the Sun is given by

= 4R
GTZ

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. 108\ 307 s
The radius of the Earth’s orbit is given in Fig. 1.1

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

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

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

. ( GMT?—’)
42 ]

Y

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.
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4 If an object is projected vertically upwards from the surface of a planet at a fast enough tse

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
V2= R

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 piankt's surface.

[3]
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(b) The mean kinetic energy E, of an atom of an ideal gas is given by
3
E =35 KkT,
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 = ...oooeeeeeeeeeee e K [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.

WWW.MEGr#LECTU E.COM
nmegal ect ur e

WWW. yout ube. co

Use

Page 22 of 53



what sapp: +92 323 509 4443, enmil: negal ecture@mail . con
o0

MEGA LECTURE

(b) The Earth may be considered to be a uniform sphere of radius 6380 km with its mass of
5.98x10% kg concentrated at its centre, as illustrated in Fig. 1.2.

mass
598x 107 kg

Fig.1.2

A mass of 1.00kg on the Equator rotates about the axis of the Earth with aspériod 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,
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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.

]

(b) Determine the increase in gravitational potential energy of the satellite 4Uring its launch
from the Earth’s surface to the geostationary orbit.

eNergy = ... J [4]

(c) Suggest one advantage of laGathing 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.

q18.

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~!
hy=19.9 x 108 v, = 5370
hy =227 % 108 v, = 5090
Fig. 4.1

The Earth may be assumed to be a uniform sphere of radius R = 6.38x 10%m, 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.
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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\ngss concentrated at its
centre.
The planet spins on its axis with angular speed @, as illusttated v Fig. 1.1.

equator of =
planet

i 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.
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(a) State formulae, in terms of A, m, R and m, for

(i)

(ii)

(iif)

(b) (i)

(ii)

WWW. yout ube. co

MEGA LECTURE

the gravitational force between the planet and the object,

______________________________________________________________________________________________________________________________ [1]
the centripetal force required for circular motion of the small mass,
______________________________________________________________________________________________________________________________ [1]
the normal reaction exerted by the planet on the mass.
.............................................................................................................................. [1]

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

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 Examis

1. the equator,

acceleration= ms—2 [2]

2. one of the poles.

acceleration = ... ms=2 [1]
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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 @ibit.
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(ii) Show that the radius x of the geostationary arbit is given by the expression
gR2 = x3a?

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

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]

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

(i)

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

angular speed =

WWW.MEGr#LECTU E.COM
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(ii) Use your answer in (i) to show that the satellites are not in geostationary orbits. For
Examiner
Use

(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.
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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 v4n
O 9
R 2R 3R 4R
surface distance
of star

Fig. 1.1

(c) The Earth and the Moon may be cansiered to be spheres that are isolated in space
with their masses concentrated at {themcentres.
The masses of the Earth and$h& bloon are 6.00 x 10%%kg and 7.40 x 10%kg
respectively.
The radius of the Earth is%{ and the separation of the centres of the Earth and the
Moon i3 GORE, as illustrated ini Fig 1.2

Moon
mass
7.40 x 102kg

Fig. 1.2 (nat to scale)
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(i) Explain why there is a point between the Earth and the Moon at which the For
gravitational field strength is zero. Exanmine

Lise

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

distance = Re [3]

(iii) 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
Moon.

gravitational
field strength

0 | |
| |

surface surface

of Earth of Moon

distance

Fig. 1.3

Q23.
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1 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 @ :
r i --h-h-“""--_\__ [
Fig. 1.1

The magnitude of the angular velocity and the period of revolution of the planet&beut 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 cirgQlzr, orkit of radius r, the period T of the orbit is given by
the expression

T2=cr3

where ¢ is a constan “Zxplain your working.
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(c) Data for the planets Venus and Neptune are given in Fig. 1.2 o
Examit
planet /108 km T/ years o
Wenus 1.08 0615
MNeptune 450
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.

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

Q24.

T s i i s e il years [2]
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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

Explain your warking.

(b) Phobos and Deimos are moons that are in circulaporsits about the planet Mars.
Data for Phobos and Deimos are shown in Fig. 150

r3w? = constant.

emai | : megal ecture@mai |l . comr

MEGA LECTURE

radius of G period of rotation
moon A 7 about Mars
fhours
Phobos 030 x 108 7.65
Deimos 1.99 x 107
Fig. 1.1
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(ii)

Q25.

MEGA LECTURE

Use data from Fig. 1.1 to determine

Examiners

1. the mass of Mars, Use

MASS = kg [3]

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.
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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,

weilght = ... R N [3]

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

(2]

(b) Use the information in (a)(ii) fe\dotgrmine 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

GMNMm

Eq= 5

(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)
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Resistive forces cause the satellite to move into a new orbit of radius 7.30 x 10%m.
Examiners
Determine, for the satellite, the change in Use

1.  kinetic energy,

change inkineticenergy = ... [ 12

2. gravitational potential energy.

change in potential enargy = . J [2]

(iii) Use your answers in (ii) to explain vihether the linear speed of the satellite increases,
decreases or remains unchépdedathen 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 its
mass of 7.35 x 102 kg concentrated at its centre.

(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 =< 107 J.

[1]

(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).
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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.

- e
- ~
/ \ \w
/ lanet®
/ P Y\ Y
! \
! star |
| mass M O R ]
\ /
Y !
\ /
AN 4
“ e
~ ~
s e L -
Fig. 1.1

The angular speed of the planet about the star is aw(

By considering the circular motion of the planetaihowtthe star of mass M, show that o
and R are related by the expression

R3af AGM

where G is the gravitational constaat, Txpiain your working.
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{e) The Earth orbits the Sun in a circular orbit of radius 1.5 = 108km. The mass of the Sun

Q29.

(c)

is 2.0 x 1030kg.
A distant star is found to have a planet that has a circular orbit about the star. The radius
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.

MAaSS = kg [3]

(a) Define gravitational potential at a point.

Examiners
Uise

(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 ¢.

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
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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.

I stone

~

b
WV

5
s
s
i/

! \
! |
' planet |
I
' :
! '
' . !

A9

A r
Y
Y
<L -
~ .

4

B
&

Fig.1.1

Show that the speed v is given by the expression

where G is the gravitational constant.
Explain your working.
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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.

Q31.

WWW.MEGr#LECTU E.COM
WWW. yout ube. com neqgal ect ur e

Page 46 of 53



what sapp: +92 323 509 4443, enmil: negal ecture@mail . con
o0

MEGA LECTURE

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 verticdl Peight of
1800m.
Use the value of field strength given in (a) to determine the change in gravitatiopal potential
energy of the stone.
Explain your working.

change’iffemergy = .vivivicnsiiinsisieesseenennen - [3]

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

D 35D

" At

planet——

Fig.1.1
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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 pdwer dissipated in a resistor by
a sinusoidal alternating current during two cycles of the wurrent.

e

H 1_'_;';:i|_

power ij i

T

4
q}

e

= |

time

Fig. 2.3
(3]
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