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1 The Earth has approximately 81 times the mass of the Moon. There is a point between the Earth and
the Moon where the resultant gravitational force on a mass m is zero. If the distance to this point

from the centre of the Earth is y and from the centre of the Moon it is x, the ratio y / x

1 1 2
A (8L) B (81): ¢ & D (8
2 Fig. 16 shows the gravitational equipotentials near a certain non-spherical body.
—1500] kg™

—2000J kg™!
—2500] kg1

Fig. 16

What is the work that must be done on 100 g mass to move it from P to Q

501 -501) C 5000 J D -50001
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The gravitational potential at point X due to the Earth is —7.2 kJ kg™. At point Y, the gravitational

tential is —3.4 kJ kg L.
potential is g Earth

-7.2kJ kgt -3.4kJ kgt

The change in gravitational potential energy of a 4.0 kg mass when it is moved from Xto Y is

A 424Kl B —10.6 kJ C +3.8kJ D +15.2 kI

Two satellites, A and B, orbiting around Earth have the same kinetic energy. Satellite A has a larger

mass than satellite B. Which of the following statements is correct?

A Satellite A has the same total energy as satellite B.

B Satellite A has a smaller orbital radius than satellite B.

C Satellite A has a smaller period than satellite B.

D Satellite A has a larger angular velocity than satellite B.
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5 A piece of a decommissioned satellite is initially at rest 620 km above the surface of the Earth, and

begins falling towards the Earth’s surface.

Given that Earth’s radius and mass are 6400 km and 6.0 x 10?* kg respectively, what is the velocity

of the object when it hits the surface of Earth? You may assume that air resistance is negligible.

A 33x103ms? B 45x103mst! C 3.6x10°m st D1.1x10"mst!
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6 In 1979, the space probe Voyager 1 was sent to capture images of Jupiter. At the point of closest

approach to Jupiter, it was 3.49 x 108 m from the centre of Jupiter and 7.80 x 10! m from the Sun

as shown in the figure below (not drawn to scale).

Vovelnger 1

7.80 X 101 m 3.49

Sun Jupiter

Given that the mass of Jupiter is 1.90 x 10’ kg and the mass of the Sun is 1.99 x 10% kg, what was
the escape velocity of the Voyager 1 at the point of closest approach to Jupiter? The gravitational

forces due to other objects are assumed to be negligible.

A 18.4kmst? B 19.6 km st C 269kms? D 32.6 kmst
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7 Geostationary satellites remain above fixed points on the Earth’s surface along the equator as the
Earth rotates about its axis. They orbit with a fixed radius of rgeo around the Earth, which has a

radius of Re.

Earth

/polar orbit

equator

In comparison, polar-orbiting satellites pass above the North and South poles of the Earth on each

revolution. A polar orbit is illustrated in the figure above.

angular velocity of polar-orbiting satellite

What will be the ratio if the polar orbit is 16 times lower in altitude

angular velocity of geostationary satellite

as that of a geostationary orbit?
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8 A satellite of mass 50 kg moves from a point where the gravitational potential due to the Earth
is -20 MJ k g%, to another point where the gravitational potential is -60 MJ kg™.

In which direction does the satellite move and what is its change in potential energy?

A closer to the Earth and a loss of 2000 MJ of potential energy.
B closer to the Earth and a loss of 40 MJ of potential energy.
C further from the Earth and a gain of 2000 MJ of potential energy.
D further from the Earth and a gain of 40 MJ of potential energy.
9 The figure below shows the variation of the gravitational potential between the surface of Earth

and the surface of the Moon along the line joining their centres. The gravitational potential is

maximum at point P.

Potential / 10°J kg?

A
Earth : :
\: \ . Moon
0 ' P | /-\ , Distance /m
- 1.3] I :\./
-3.9 :
- 62.3 j l

What is the minimum speed for a projectile to be launched from the surface of the earth to reach

the surface of the moon? (Ignore air resistance)

A 11.2kms? B 11.0kms? C 10.8kmst? D 28kmst!
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10 A satellite of mass m is in circular orbit with radius r around the Earth with a period of T. The
satellite is moved to a new orbit with radius 4r around the Earth. What is the new period in terms

of T?

A uT B 2T C 4T D 8T

11  Asatellite is in a circular orbit of radius r around the Earth. The orbital period of the satellite is T.

A second satellite, in a different circular orbit, has an orbital period 647T. What is the radius of the

orbit of the second satellite?

A 8r B 16rC 64 rD 512r
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12 A satellite above the Earth in a circular orbit of radius r1 is moved to a higher circular orbit of

radius r,. The gravitational force-distance graph is shown for the satellite.

gravitational
force

0 ry ry
distance from centre of Earth

What does the shaded area on the graph represent?

A The change in gravitational potential energy of the satellite
B The change in kinetic energy of the satellite

C The final gravitational potential energy of the satellite

D The final kinetic energy of the satellite

13 Two objects, each of mass 8000 kg and 0.25 m apart are placed at points X and Y as shown below.

XYP forms an equilateral triangle.

Determine the gravitational potential energy of a mass of 5.0 kg placed at point P.

A —-1.1x10°)

B -2.1x10°)

C -4.3 %10

D —-8.5x10°)
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14  The diagram below (not to scale) represents the relative positions of the Earth and the Moon.

Fath [ — $r=————————————— —{) Moon

The line XY joins the surface of the Earth to the surface of the Moon.

Which graph represents the variation of gravitational potential ¢ along the line XY?

AL B
¢ 90‘\

0 " 0

=

L =

15  An astronaut goes out for a “space-walk” at a distance above the earth equal to the radius of the

earth. If the gravitational field strength at the surface of the earth is g, what is the astronaut’s

acceleration due to gravity?

A zero B g/4 C g/2 D g

10| Page



www.ThePhysicsCafe.com | www.pmc.sg | www.TheMathsCafe.com

GRAVITATION
WORKED
SOLUTIONS

Challenging MCQ questions by The Physics Cafe

PC

The Physics Cafe

Compiled and selected by The Physics Café

111111



www.ThePhysicsCafe.com | www.pmc.sg | www.TheMathsCafe.com

Ans: B

At the point where gravitational force on mass m is zero the gravitational force on the mass m
exerted by earth is equal and opposite to that exerted by moon on mass m . Applying Newton’s law
of gravitation to determine magnitude of these two forces

Ans: A
Work done by external agent on mass = change in GPE of the 100g mass
AU=m(of - ¢i) = 0.100( -2000-(-2500)) = 50 J

Ans: D
There is work done on mass to move it from X to Y. Hence, a gain in its GPE.
Change in GPE = [-3.4 — (-7.2)]x4 = +15.2 kJ

Ans: A
Since  mavaZ/ra = GMma/ra2, mavaZ=GMma/ra
Similarly, meveZ = GMmeg/rs

Since % mavaZ =% mgvs?, GMma/ra=GMmg/rs,  ma/ra = mg/rs,
Sincema> ms ,ra >rg , and va?<vg?, va<Vg,

Sincev=rw, rAawa< rews , wa< W , asT=2n/w, Ta> Ts.
Total energy E =-1/2[GMm/r],

Since GMma/ra = GMmg/rs, En=Es

Ans: A
GPE; + 0 = GPEs + KE¢
KEs = GPE; - GPE¢ = - (GPEs— GPE))

-2

=GMm[£—£J
re h
V= 2GM(1—£]
i n
-11 24 1 1
=.12(6.67x10)(6.0x10°") 3~ 3
6400x10 (6400 +620)x10
=3.3x10° ms™?
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6 Ans: D
Resultant potential at the point:

¢res =¢S +¢J
_ GMg J{_GMJ J
I's r

B _[6.67 x107™ x1.99 x 10% j N [_ 6.67 x10 7 x1.90 x 107 J

7.80x10" 3.49x108
=-5.33x10% Jkg™

Escape velocity:

Zmvz =mlg, +)

Ve =4 2|(¢s + ¢, )|
=,/2(5.33x10%)

=32.6kms?
7 Ans: D
8 Ans: A
9 Ans: B
10 Ans: D
11 Ans: B
T? 13
B - @
T; B 4]
64T\?  (15\3
( T ) - (7)
r, = 16r
12 Ans : A
B AU
Ar

AU = —FAr (Area under F-r graph = change in GPE)

13 Ans: B

Uu=2

~GMm _ 2[—(6.67><10‘”)(8000)(5)

=-2.1x10"°)
r 0.25
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Ans: C

By definition, gravitational potential is zero at infinity and negative near the gravitational mass. As

d¢

gravitational field strength is related to the gravitational potential byg = —d— (which is the
r

negative of the gradient of the graph of gravitational potential against distance from the centre of
the Earth/Moon), the gradient of this graph decreases as the gravitational field strength decreases
when the distance from the centre of the Earth increases. At certain point between the Earth and
the Moon, gradient of the graph is zero as the resultant gravitational field strength acting on a mass
along XY is zero since the gravitational forces acting on a mass by the Earth and the Moon at that
point are opposite in direction but have the same magnitude. Beyond this point in the direction of
the Moon, the gradient of this graph decreases as gravitational force acting on it by the Moon

increases as it moves towards the Moon.

Ans: B

Since g = GM / r?, at a height of r above the earth surface, the new g1 = GM / (2r)? hence
new g =g/ 4
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