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uidelines to NCERT Exercises

8.1. Answer the following :

(@) You can shield a charge from electrical forces by putting
it inside a hollow conductor. Can you shield a body from
the gravitational influence of nearby matter by putting
it inside a hollow sphere or by some other means ?

[Central Schools 08]

(b) An astronaut inside a small space ship orbiting around
the earth cannot detect gravity. If the space station
orbiting around the Earth has a large size, can he hope
to detect gravity ? :

(¢) If you compare the gravitational force on the Earth due
to the Sun to that due to the moon, you would find that
the Sun’s pull is greater than the moon’s pull. However,
the tidal effect of the moon’s pull is greater than the tidal
effect of Sun. Why ?

Ans, (a) No. The shell does not shield other bodies
lying outside it from exerting gravitational forces on a
particle lying inside it.

(b) Yes. If the size of spaceship orbiting around the
earth is large enough, the astronaut inside the spaceship
can detect the variation in g.

(¢) The tidal effect depends inversely upon the cube of
the distance whereas the gravitational force varies
inversely as the square of the distance. As the moon is
closer to earth than the sun, so its tidal effect is greater
than that of the sun. The ratio of these two effects is

3 3
T, (d 1.5 x 10!
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B.2. Choose the correct alternative :

(i) Acceleration due to gravity increases/decreases with
increasing altitude.

(i1) Acceleration due to gravity increases/decreases with
increasing depth (assume the Earth to be a sphere of
uniform density).

(iti). The effect of rotation on the effective value of acce-
leration due to gravity is greatest at the equator/poles.

(iv) Acceleration due to gravity is independent of mass of
the Earth/mass of the body.

(v) The formula — GMm(Vr, — V) is morelless accurate
than the formula mg (r, — 1) for the difference of
potential energy between two points r, and r, distance
away from the centre of the Earth.

2h

Ans. (i) At altitude h, g, = ¢ (1 - -E) :

Thus acceleration due to gravity decreases with
increasing altitude.
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(i) At depth d, g, =¢ (1— %)

Thus acceleration due to gravity decreases with

increasing depth.

g

For maximum variation (decrease) of g,cos A =1 or

2
(iti) At latitude A, g, = g (1 _ Rufeoss 7‘)

A=0°

Thus the effect of rotation on the effective value g is

greatest at the equator (for which A = 0°)

(lv) As g = %]\2—4- , where M is the mass of the earth.

Thus acceleration due to gravity is independent of

mass m of the body.

(v) The formula - GMm (1 - l] is more accurate than
2 1

the formula mg (r, = 1), because the value of g varies from
place to place.

8.3. Suppose there existed a planet that went around the sun

twice as fast as the earth. What would be its orbital size as
compared to that of the earth ?

Ans. Let period of revolution of the earth
=T
.. Period of revolution of planet,

T =1T [ The planet goes around the

p=72 e :
sun twice as fast as earth]

 Orbital size of the earth, rn=1AU

Orbital size of the planet, =1
From Kepler’s third law of planetary motion

2 3
T_n
2~ .3
T oo

Tp 2/3 %'I; 2/3
Tp= ? fe= T x1AU

£

= (05> AU = 0.63 AU.
8.4. I, one of the satellites of Jupiter, has an orbital period of

1.769 days and the radius of the orbit is 4.22 x 10® m. Show that
the mass of Jupiter is about one thousandth that of the sun.

Ans. Orbital period of Jupiter’s satellite,
T =1.769 days = 1769 x24 x60 x60 s
Orbital radius of Jupiter’s satellite,
R=422x10°*m



Mass of Jupiter is given by
4n* R® _4n? (422 x10%)°
G T2 G (1769x24x60 x60)°
Orbital period of the earth around the sun,

T =1 year = 36525 x24x60x60 s
Orbital radius of the earth,

R=1496x10" m
Mass of the sun,

M, =

4n? (1496 x10'1)°
Ms = G " (36525 %24 x60 x 60)?
oMy (422x10%)° ><(365.25><24><60x60)2
"M, (1769%24 %60 x60)° (1496 x 101
11
= o~ Ton”

Hence the mass of Jupiter is about one thousandth that
of the sun. '

8.5. Let us assume that our galaxy consists of 2.5 x101 s
stars each of one solar mass. How long will a star at a distance of
50,000 ly from the galactic centre take to complete one revolution ?
Take the diameter of the milky way to be 10° ly.

Ans. Mass of galaxy,

M = 25x10" solar masses
=25x10" x2x10% kg =5x10*! kg

Orbital radius of the star,

R = 50,000 ly = 50,000 x9.46 x 10!* m

=473x10® m

2 p3
M=4" R
G T
7247 R®_4x987x(473x10%)
G M 667x107 x5x10"
= 125275 x10%

As

112x10%
36525x24 x60%60°
= 3.54x10° years.
8.6. Choose the correct alternatives :

(@) If thezero of potential energy is at infinity, the total
energy of an orbiting satellite is negative of its
kinetic/potential energy.

(b) The energy required to rocket an orbiting satellite out of
Earth's gravitationul influence is morelless than the
energy required to project a stationary object at the same
height (as the satellite) out of the Earth’s influence.

Ans. (a) The total energy of an orbiting satellite is
Negative of its kinetic energy.

(b) The energy required to rocket an orbiting satellite
out of Earth’s gravitational influence is less than the
energy required to project a stationary object at the same
height out of Earth’s influence.

T=112x10% s =
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8.7. Does the escape speed of a body from the Earth depend

on (a) the mass of the body, (b) the location from where it is
pro;e.cted, (c) the direction of projection, (d) the height of the
location from where the body is launched ? Explain your answer.

2GM

Ans. Escape velocity, v, =
v

(a) Escape velocity is independent of the mass m of the
body to be projected.

(b) As the gravitational potential, V = GM/ R depends
slightly on the latitude of the point, so escape velocity also

- depends (slightly) on the latitude of the location from
where the body is projected.

(c) Escape velocity is independent of the direction of
projection.
(d) As the gravitational potential depends on the

height of location, so escape velocity also depends on
height of location.

8.8. A comet orbits the sun in a highly elliptical obit. Does
the comet have a constant (a) linear speed, (b) angular speed, (c)
angular momentum, (d) kinetic energy, (e) potential energy, (f)
total energy throughout its orbit ? Neglect any mass loss of the
comet when it comes very close to the sun.

Ans. (a) According to Kepler’s second law of planetary
motion, a planet moves faster when it is close to the sun
and moves slower, when away from the sun. So its linear
speed keeps on changing.

(b) As the planet moves under the influence of a purely
radial force, its angular momentum remains constant.

(c) As the linear speed of the planet continuously
changes, so its kinetic energy also keeps on changing.

(d) As the distance of the planet from the sun conti-
nuously changes, so its potential energy keeps on changing.

(e) Total energy of the planet always remains constant.

8.9. Which of the following symptoms is likely to afflict an

astronaut in space (a) swollen feet, (b) swollen face, (c)
headache, (d) orientational problem.

Ans. (b), (c) and (d) are_affected in space.

In the following two exercises, choose the correct
answer from among the given ones !

8.10. The
drumhead defi
indicated b

(i) a,

8ravitation intensity at the centre C of the

med by a hemispherical shell has the direction
Y the arrow [see Fig. 8.46]

()b, (iij)

(iv) zero.

Fig. 8.4¢




Ans. Complete the hemisphere to sphere, as shown in
Fig. 8.47. Gravitational potential V is a constant. So

gravitational intensity (E=~%‘£) is zero at C (for the
r

complete sphere). For the hemisphere, the net gravita-
tional intensity will point along (c) at the centre C.

Fig. 8.47

8.11. For the above problem, the direction of the gravita-
tional intensity at an arbitrary point Pis indicated by the arrow
(i) d, (ii) e, (i) f, (iv) g.

Ans. By the similar reasoning as in the above problem,
the direction of gravitational intensity at Pwill be along (¢).

8.12, A rocket is fired from the earth towards the sun. At
what point on its path is the gravitational force on the rocket
zero ? Mass of sun =2x10% kg, mass of the earth
=6x10% kg. Ne§lect the effect of other planets etc. Orbital
radius =1.5x 10" m,

Ans. Given M, =2 x 10%0 kg,
M,=6x10" kg, r=15x10" m

Let m be the mass of the rocket. Let at distance x from

the earth, the gravitational force on the rocket be zero.
Then at this distance,

Gravitational pull of the earth on the rocket
= Gravitational pull of the sun on the rocket

; GM,m GMm
Le. ) T 2
X (r—x)
2
- M
or i Zx) = —i
2x10% 103
or —i = 22010 s
M, \6x10% 3
or . r—x=57735x
or 578.35x = r= 1.5 x 10!
1
or x=M—=2.59xlosm
578.35

8.13. How would you ‘weigh the sun’, that is estimate its
mass ? The mean orbital radius of the earth around the sun is
15x10° km.

Ans. Refer to the solution of Example 4 on page 8.6.
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8.14. A Saturn year is 29.5 times the earth year. How far is

the Saturn from the sun if the earth is 1.50 x 10® km away from
the sun ?

Ans. According to Kepler’s law of periods,

Bk

But %5- 29.5and r; = 1.5 x10® km
1’5 3
@5~ (5]
or re = 15 x10° x(29.5)/% =14.32 x10° km,

8.15. A body weighs 63 N on the surface of the earth, What

is the gravitational force on it due to the earth at a height equal
to half the radius of the earth ?

Ans. Here mg =63 N,h=R/2

2, ( R )2 R (2]2 4
AS — = = R =| — = —
[ R+h R+E 3 9

4
8h=§8

mgh=gmg=%x63=28N.

8.16. Assuming the earth to be a sphere of uniform mass
density, how much would a body weigh half way down to the
centre of the earth if it weighed 250 N on the surface ?

Ans. Here mg =250N,d =R/2

Acceleration due to gravity at depth d = R/2, below
the earth’s surface will be

d R/2) g
= 1-—1|= 7l =2
84 8( R) 3(1 R) ”

.. New weight = mg, =—= g = _2_

8.17. A rocket is fired vertzcally with a speed of 5 kms™ ! from

the earth’s surface. How far from the earth does the rocket go before
returning to the earth ? Mass of earth = 6.0 x 10* kg, mean
radius of the earth = 6.4 x 108 m,G = 6.67 x 10”1} Nm* kg~ !

Ans. Here v=5kms ™! = 5000 ms™ 1

M=60x10* kg, R=64x10°m,
G=6.67x10"1" Nm? kg~2.
Suppose the rocket goes upto a height h before retur-

ning to the earth. Clearly at this height, velocity of rocket
will become zero. By the law of conservation of energy

=125 N.

(K.E. + P.E.) at the earth’s surface
= (K.E. + P.E.)at height

GMm

or - my- - -
(R+ h)




, 2GM __2GM 8.2
: e 20. Two stars each of 1 solar mass (=2x10% kg) are
approaching each - isi
2GM  2GM  , 26M-? R aPC,‘;Jismnc {gg‘?a; other" for a head-on col?zflon. When they are at
=" e = . e m, their speeds are negligible. What is the speed
o R+h with which they collide ? The radius of each star is lofkm.
R+h= _ML_ Assume the stars to remain undistorted until they collide. Use
o 2GM - v® R the known value of G. .
5 %667 x10° 1 x 6.0 x 102 x 6.4 x 10 Ans. Mass of each star, M =2 x 10% kg
= 5 % 6.67 1001 x 6.0 x10%* - (5000)2 x 6.4 x 10° Radius of each star, R=10" m
21 iti 12
] 512 % 10]04 I Initial P.E.gﬁh:;lwo staésMu;hen they are 10’ m apart,
64x1 Ui=-——=-"7 [r=10° km = 10" m]
p=80x10° - R=80x10° - 6.4 x 10°
e When the stars are just to collide, distance between

: " their centres
8.18. The escape velocity of a projectile on the earth’s surface

= i C —- ", 7
s 11.2kms” 1. A body is projected out with thrice this speed. o twice the radius of each star =2R =2 x10" m
What i the speed of the body far away from the earth ? Ignore Final P.E. of the two stars when they just collide,
the presence of the sun and other planets. _GMxM _ GM?

u, = e
Ans. Escape velocity, v, =11.2kms™! F = T
Velocity of projection, v =3z, Change in P.E. of the stars
Let m be the mass of projectile and v, be the velocity of — GM? M2
the projectile after escaping gravitational pull. ke Sy Aaker=1 i Raewwr.

By the law of conservation of energy,
1 2, 1 5 1 -

GM?2  GM? _ GM? [ GM? cM2]

5 Moy = - mv* = mo, %100 102 2x107 102 2x10
or 7, = B vf _ \/( 306)2 _ v? _ \/803 TheII:et v be the velocity of each star just before collision.
= ,\/8 x(11.2)* =22.4 2 = 31.68 kms™ . Change in K.E. of the stars
8.19. A satellite orbits the earth at a height of 400 ki above = Eingl Ioba = Imfial IG5,
the surface. How much energy must be expended to rocket the =2 x% Mv? - 0= Mo?

satellite out of the earth’s gravitational influence ? Mass of the

; By conservation of energy,
satellite = 200 kg, 1mass of the earth = 6.0 x 10** kg, radius of ; =

the earth = 6 ~11 2. ShH 2 sz
earth = 6.4x10° m, G = 6.67 x 10" Nm® kg™ 2. Mv® = 2 %107
X
Ans. Total energy of the satellite in the orbit is “ o
E=KE.+P.E = 1 mv® — GMim or v= GM7 - 10 x72 <10
2 R+h 2x10 2x10
-1, GM _GMm _ _ GMm = 2.6 x10° ms™1.
2 R+h R+h 2(R+h)

8.21. Two heavy spheres each of mass 100 kg and radius

GM 0.1 m are placed 10 m apart on a horizontal table. What is the

v =\fm gravitational field and potential at the mid point of the line
joining the centres of the spheres ?

Take G = 6.67 x 10™'* Nni? kg™ 2.

Ans. Let A and B be the positions of the two spheres
and P be the midpoint of AB.

Here G = 6.67 x 10711 Nm?2 kg~ 2, M=60x10" kg
M=200kg, R=6.4x10° m,
7=400 km =400 x 10* m

E~_867x10 1% 6.0 x 102 x 200 Gravitational field at P due to mass at 4,
2(6.4 x10° + 400 x 10°) E,=9;4=G“20,along PA
~_067x60 . P2 (0.5)
nergy 68 | 107 =589 B Gravitational field at P due to mass at B,
requi
quired to rocket the satellite o, G 120 ,along PB
=5.89 x10° J. (0.5)
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As E and E, have equal magnitudes but opposite
directions, so the resultant gravitational field at P is zero.

As gravitational potential is a scalar quantity, so total
potential at P is

Fig

GM GM 2GM

—11
o xolg XI00=_::.668><10‘8 J kgt

8.22. A geostationary satellite orbits the earth at a height of
nearly 36,000 km from the surface of the earth. What is tie
potential due to earth’s gravity at the site of the satellite ? Mass
of the earth = 6 x 10** kg and radius = 6400 km.

Ans. Here M =6x10" kg, R =6400km,
h = 36,000 km

r= R+ h=6400 + 36,000 = 42,400 km =4.24 x 10’ m
Gravitational potential,
v GM__667x107" x6x10*
r 4.24 x 10
=-943x10° J kg™,
8.23. A star 2.5 times the mass of the sun and collapsed to.a
size of 12 km rotates with a speed of 1.5 rev/s. Will an object

placed on its equator remain stuck to its surface due to gravity ?
Mass of the sun =2 x10% kg.

Ans. Here M =2.5 xMass of the sun
=25x2x10% =5x10% kg
R=12km =12x10° m

Acceleration due to gravity on the surface of the star is
_GM _ 6.67x107 " x5 x 10%

8= g~ (12 x 10%)?

=2.316 x 10'2 ms™ 2

Nowv=15rps, so ®=2nv=23nrads
. Centripetal acceleration of the object = Ra?
= 12x10% x(3 x 3.14)? = 1.065 x 10° ms~ 2

As the acceleration due to gravity on the surface of the
star is greater than the centripetal acceleration of the object,
so the object will remain struck to its surface.

8.24. A spaceship is stationed on Mars. How much energy

must be expended on the spaceship.to rockel it out of the solar
system ? Mass of the spaceship 1000 kg, mass of the sun
=2 x10* kg, mass of Mars = 6.4 x 10% kg, radius of Mars
3395 km, radius of the orbit of Mars =2.28 x 10® km,
G=6.67x10"" Nm? kg™

Ans. Energy of the spaceship in the orbit is

__1 2 GMm
E=K.E.+P.E.= 2mv (R+ 1)
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_1_.GM _GMm [ . GM]
2 R+h R+h R+h
GMm
" 2(R+h)
Butm = 1000 kg, G = 6.67 x 107! Nm?2 kg™ 2,
M=2x10" kg

R=228x10% km =2.28 x10% x10° m,
h = 3395 km = 3395 x 10° m

6.67 x 1071 x 2 x 10*° x 1000
T 2(2.28 x10° x 10° + 3395 x 10°)

=-29x1017.

Energy needed to rocket the spaceship out of solar
system =2.9 x101 J. : ’
8.25. A rocket is fired vertically from the surface of Mars with
a speed of 2 kms™ 1. If 20% of its initial energy is lost due to Martian
atmospheric resistance, how far will the rocket go from the surface
of Mars before returning to it ? Mass of Mars = 6.4 x 10% kg,
radius of Mars = 3395 km, G = 6.67 x 10711 Nm? kg™ 2.
Ans. Total energy of the rocket
_ GMm

E=—1-mv2
2

Since 20% energy is lost, hence energy remained

= 80% or E=ﬂ E-:é E=é{lmvz—% .
100" 5 5|2 R

At the highest point, distant 4 from the surface of
Mars, its total energy will be potential. Hence

4|:1 2 GMm} GMm

= | = mv° - ==

502 R R+h

2 [ ) 2GM) GMm ol
—m|v° — =-
5 R R+ h

¥ R-2GM _ GM E

R " R+h
5 RGM
2(v* R-2GM)

But R=3395km = 3395 x10° m,
G=6.67x10"" Nm? kg2
M=64x10" kg, v=2kms ! =2x10° ms!

R+h
3 5x3395x10° x6.67 x10™ ! x6.4x 107
2[(2x10%)? x3395x10° =2 x6.67x10™ ! x 6.4 x 107]

7.25 x 102
2[1.36 x 10" - 8.54 x 10°]

7.25 x 107
=22 X - 505%10° m
2x7.18

or

2
or =
5

or R+ h=-

or h = 5.05 x 10° - 3395 x 10°
" = 1655 x 10° m =1655 km.



