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Chapter 6 Gravitation

6 Gravitation

Self Evaluation Exercise 6.1 (p.202)
1. A

2. Let Msbe the mass of the sun,

and d be the distance of the sun from the earth.
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Self Evaluation Exercise 6.2A (p.207)
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Self Evaluation Exercise 6.2B (.213)
1. A

=LT”
SI unit for g =m s

2. B
For x <R,
the outer shell exerts no gravitational force on the mass
inside it.
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For x > Ry,
the gravitational force follows the inverse square law.

3. A
GM
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When R is doubled, g is doubled.

4. D
At a point outside the earth,

At the pole,

W=mg
At the equator,

W=mg— mra’
Hence, it would be smaller at the equator. This is because
the gravitational force of the earth must provide the
weight and the centripetal force due to the circular
motion of the body.
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8. For a pendulum,
a=-£y
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On the earth, T=2 s
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On the moon,
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9. mg =mg—mro’
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Self Evaluation Exercise 6.3 (p.222)

1. C
o= Q,\,WS
2
F-_dU
ar
U = GMm
r
When r increases, the magnitude of /' decreases much
faster than that of U.
2. C

By the relationship between a gravitational force and the
potential energy,
F=_9Y
dr
= —(Gradient of the curve)
As the gradient of the curve > 0 for all values of 7, F'< 0
which is an attractive force.
. The gradient at any point on the curve represents the
force pulling the body towards the planet.

3. B
If we take the gravitational potential energy of the body
as zero at infinite distance, then

GMm

\
Therefore, for any values of r, the gravitational potential
energy is negative. For a larger value of #, U would be
greater.

U=-

5.
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_1(_6M
2 R
= W x (—-800)
2
=400 kJ kg™’
Work done = [(—400 — (—800)) x 1
=+400 kJ
A
- —GMm
(R+x)
where R is the radius of the earth.
-1
V = Ig 1+ M
R R
GMm X xY (xY
== = =] = e

R R \R R

for x << R, the terms with power of MM. higher than one
can be neglected.
y__ GMmn @M‘Jx

R R
Atheight=0, V'= IMWW@;
N GMm + Q?m&x [ _GMm

R R R
GMm
= o 3
Since Q>\.M§ is a constant, AV — x graph is a straight line
R

passing through the origin.

(a) Gravitational potential V' = [%
Earth:
o (667x107)x(6.0x10*)
(6.4x10°)
=-6.26x 10" T kg™
(b) Sun:
v (6.67x1071)x(2.0x10°")

(1.5x10'")
—-8.90 x 10° J kg™
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3. A
Let m be the mass of the satellite,
M be the mass of the earth.

Then Qxﬁ H‘:%&N
GM 2w,
. R? Aﬂv
R = GM T2
47’

which is independent of m.
Provided that their periods are the same, the radii of their
orbits are the same.

4. C
Since the gravitational forces acting on each other are an
action and reaction pair, by Newton’s third law, their
magnitude must be equal.

5. A
2
;- GMe
W
GM, L
r= (55
w
6. C

Originally, the gravitational force acting on the satellite
provided the necessary centripetal force for it to move in
a circular orbit. But when the engine was fired, the
resultant force acting on it becomes zero. According to
Newton’s first law, it moves with uniform velocity
without changing its direction of motion and hence along
a tangent to its orbit.

7. A
To move in a circular orbit,
GMm _ mv?
xw r
5 GM
=27

when r increases, v decreases.
Since the radius of the earth is R, there is no solution for
r< Nmm

10.
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A
By Kepler’s third law,
¥ oo T?
r _ T’
noT
When r =4
T = () T,
=87,
In terms of the year on the planet X, his age becomes
10 years old.
C
oG
P
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-
F,_ (5760+144)°
F, (5760
F, =0.95F,

The force in 144 km above the earth is less than the force
on the earth’s surface by 5%.

(a) The orbital plane will then be perpendicular to the
axis of the self-rotating earth and thus the angular
velocity of the satellite does not vary with time.
The satellite must travel from west to east because
the direction of spinning of the earth is from west to
east. The satellite will stay over the same place
when viewed from the surface of the earth.

(b) (i) Speed of the satellite (v)

=@ gr
27 7
=(——)x(2.32x 10
( 24x60x 60 ) )
=1.69x10°ms™
(ii) Acceleration of the satellite (a)
=wor
(— 2 vy (232x10)
24% 6060 ‘
=0.12ms™
(iif) It provides the centripetal force between them
F =ma
=1500x0.12
=184.04 N
(iv) F= Q§|M3
p
184.04 = (6.67 x 107" x E
(2.32x10")

M=427x10"%kg
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Self Evaluation Exercise 6.5B (p.238)

1.

B v
In order to escape from the gravitational field of the
earth,
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It is in fact its gravitational potential energy,

GMm

s

(6.7x1071)%(5.0x10%*)x(2.0)
(6.1x10°%)

1.1x10%J

w

I

A

In a higher orbit, the gravitational force acting on it is:
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-, When r increases, F, a, v and o will decrease.
But the gravitational potential energy which is

_GMm will be less negative.
-

B
In order to move in a circular orbit,

2
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Change in potential energy and kinetic energy
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5. A
In a circular orbit,
GMpm  _ my?
r? r
1
12 = L[ GMpm
2 2 r

Total energy = Potential energy + Kinetic energy
_GMpm N 1 (GMm

r 2 r
_GMgm
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KE per unit mass = W v
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(6.67x107Y%(7.35x10%)
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1.41 x 10 T kg™

GMgm
(Rp+h)
GM;
(Rg +h)
(b) Work done = Change in potential energy
GM m GM pm

8. (a) () U=-

(i) V=

Ry (R +h)

= GMgm | -1
R, R, +h

—GMm | —
Re(Ry +h)

For h << Rz, Rg(Rp+h)~R5
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Work done = E
Re
© WS%HlQ\&mS | _GMgm
2 2R, Ry
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Self Evaluation Exercise 6.6 (p.241)
1. D

Review Exercise 6 (p.245)

Structured
suestions

A.
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B.

7.

(@)

(b)

(c)

(@)

(b)
(©)

o Overseas & HKALE

Questions

(i) According to Newton’s Law of Gravitation,
gravitational force acted on the 1.00 kg mass,

M
Fo= S
r
_ (6.67x107")(5.98x10)(1.00)
(6 370x10%)*
=9.83N
(i) Force to maintain circular path of the mass,
Fc= mra’
27z Y
= mr 22
T
5 2
— (1.00)(6 370 x 10%) | —=F
24x60x60
=0.0337N
(iii) Accurate reading of resultant force,
Nﬂ_w = h@ - m‘O
=90.8299-0.0337
=9.80N
(i) Acceleration due to Fg alone
“fe L2 g e
m  1.00
(i) Acceleration due to Fr,
=L 980 g goms
m 1.00

The statement is not correct.

As illustrated in (b), the acceleration due to the
resultant force is slightly less than the acceleration
due to gravity (alone).

According to Newton’s Law of Gravitation,
gravitational force acted on 1.00 kg mass on surface
of the earth,

GMm

XN

_ (6.67x107")(5.98x10)(1.00)
(6.37x10%)?

F=

=9.83N
Earth’s gravitational field strength at its surface,
2=9.83 Nkg™
Gravitational potential at a point in a gravitational
field is the work done in bringing a unit mass from
infinity to the point.
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(@)

(@)

(b)

(©)

(@)

Since 800 m is very small compared to the earth’s
radius, g is approximately constant.

Difference in gravitational potential

= Work done on unit mass

= mgh

=1x9.83 x 800

=7860 kg™

Assuming that the earth is a perfect sphere, distance
from the equator to the North pole

MAN\E\V

Il

Waa.ﬁm x 10°)

=10018.6 km
Percentage error
_ 10018.6 -10000 « 100%
10 000
=0.186%
Gravitational force by the earth on the moon
GMm

2
r

(6.67x107"1)(5.98x10**)(7.35%x10%)
(3.84x10%)?

1.99 x 10N
F=ma

988 x 10 = (7.35 x 10%)a

Acceleration of the moon,

a=270%x10" ms>

e  The direction of the acceleration is towards the

centre of the earth.
e  The acceleration is always perpendicular to the

velocity and only changes its direction.
2

Il

—_

a=rw
27047 x 107 = (3.84 x 10%)w?
@ =7.043 x 1072
Angular velocity of the moon,
@=2.65x10"rads™
Period of the orbit,
7= 2%
w
2r
(2.654x10°%)

237x10%s
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(iii) 1. Resultant force (iii) Gravitational force = Centripetal force (iii) 1. From the figure, the distance at which the (i) For a mass m in the orbit,
Fr=Fs-F, GMm gradient is zero, and so acceleration of GM )
=2.562 —0.066 2 R2 = R free fall is zero, m 2 s mro
=2.50 N (towards the sun) dy=13.6 x 10°m G
2. Acceleration of the satellite GM _ VA 2. Acceleration of free fall on surface of =
_ Fr R Claron, w?
“ m y= GM ac = Potential gradient at surface of _ (6.67 x107'1)(5.987x10%*)
| 2.496 R Claron ) (7.272x1075)>
405 (¢) Speed of satellite in new orbit, _ 0.135x10 =755] x 102
5 .
=587x10° ms?2 Lo |GM . m.m x10 , Radius of the orbit,
. 5 R =0.052ms"
=rw R _3 22
(@) 5879 x 10 — M_ 50 10"~ 1,60 x 1090’ _ _ (b) () Speed (and kinetic energy Ey) is minimum if it r=y7.55x10
’ ©2=309569 x 10-* _ [(6.67x10"")(6.0x10™) is due only to loss in potential energy, AE,, =423x10"m
" . 6 890x10° from the point with zero potential gradient.
>szMa <$%M_W\o omMMM Mmﬁmzaav 620 m e ie. E,=AE, 15. (a) The gravitational potential at a point is defined as
s=0155 4 o o : the work done in taking a unit mass from infinity to
(v) With @5 = @, the satellite will remain on the (@) () 1. Change in kinetic energy, WSESN =Apm that point. & v
MMEm relative position between the earth and AE = m__p final — £, initial v = 200 (b) Work has to be done against the gravitational field
e sun. S S - S min of an isolated mass when movi bject
This orbit around the sun is preferred because 2" _5 Y _ = 2[(=29.56) - (=30.0)] x 10° positioned close to the mass MMW@MMM%M mm:zrﬁ
with a satellite orbiting round the earth, there 1 ) 5 = 880 000 away from the mass. Since the potential at infinity is
will be times where the sun is obscured by the =3 (120)[7 620" -7 7807] Minimum speed with which rock hits the maximum value and taken to be zero by
o mjmﬁr.a dvant - 148 x 10°] surface, convention, the values of gravitational potential
vi) Two disadvantages are: : I .
e Asthe mm:@_m_:a is nearer to the sun, it will 2. Change in potential energy, Vnin = V880000 a e S waﬁoo. neBaIve:
e 1o ot sreaer hent e AE, = mAd = m( g — doasa) ~9381ms" (¢) (i) Change in gravitational potential
cost more to build. GM GM (i) From Pluto to Claron, minimum speed on _ GM [ GM
o  Since the satellite is always between the - me l~.¢|l B # womorEm. surface .omeao.: 5. different because "t i
sun and the earth, it will always cast a i the loss in potential, Ag, is different. L1
shadow over the earth’s surface. _ 11 =GM| ———
= mGM) -+ - 14, @) GMm Koh
f i . (a =0
12. (a) Gravitational potential ¢ at a point in a gravitational = m(6.67 x 1071Y(6.0 x 10%%) g r2 =6.67x 107" x 6.0 x 10*
field is defined as the work done in bringing unit ) : ’ . Mass of the earth, 1 1
mass from infinity to that point. _ 2 3,103 3 4 3
® 0 ot QmwoovQow+mm5x5u M= %m M.HMX_OOMHMA | (6.4x10° +1.3x10%)x10
- _ g , =419 % 10" T kg
sateliite 3 Chame el _ (9.81)(638x10%)? (i) By conservation of total energy,
: Im £y> B 6.67x107! Loss in kinetic energy = Gain in potential
R A= AE,+ Ay m . energy
=(2.953 x 10%) + (-1.478 x 10%) =5.99 x 10* kg I
m ol =148 x10%J (b) (i) For geostationary orbit, —mv* =mA¢
g satellite (ii) The change in total energy is an increase. period 7'=24 x 60 x 60 2 ) . .
h — 86400 s where Ag = change in gravitational potential
ear
13. (a) (i) All values of gravitational potential are Angular speed, v= )\5
(i) For a satellite in orbit, the gravitational force negative because gravity is a force of attraction o 7
provides the centripetal force. It implies that and work is done by a mass moving from @= 0 = ¥2x4.19x10
the acceleration due to the gravitational force is infinity towards an attracting body, i.e. the 5 =9.15%x10°ms™
equal to the centripetal acceleration, which will work done in moving the mass is negative. - (d) The gravitational acceleration of the object varies
continuously change the satellite’s velocity, (ii) The gradient at a point on the graph of the 86400 during its flight from the surface to the earth to the
but will not move the satellite in the direction figure gives the gravitational field strength =727x 10" rad 57! altitude of 13 x 10* km. Hence, the equation is not
of the force. which in turn is numerically equal to the appropriate for the calculation in (¢)(ii), since the
acceleration of free fall at that point. equation can only be used in cases where the
acceleration,  is uniform during travel.
16.-17. HKALE Questions
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