Solved Examples

12. Two uniform solid spheres of equal

radii R, but mass M and 4 M have
a centre to centre scparation 6 R,
as shown in Figure. The two
spheres are held fixed. A projectile
of mass m is projected from the
surface of the sphere of mass M
directly towards the centre of the
second sphere. Obtain an
expression for the minimum speed
v of the projectile so that it reaches

—

= 2R or - 6R.
'I‘he neutral point r = - 6R is pq
possible. So ON = r = 2R ¢ i¢
sufficient to pro_lect the partice
with a speed which would enable j
to reach N. Thereafter, the greate,
gravitational pull of mass 4M woy|q
suffice. The mechanical energy at
the surface of M is

gl mv2_0Mm_4GMm
=g R SR

the surface of the second sphere. At the neutral point N, the speeq

approaches zero. The mechanica]

my energy at N is purely potential.
""""""""" GMm . 4GMm
EN == =
2R 4R

From the principle of conservation
of mechanical energy

r 3
v

Sol. 1, GM 4GM _ GM GM
The projectile is acted upon by two Y "R R 2R R
mutually opposing gravitational or

forces of the two spheres.
At neutral point

GMm _ 4GMm - R\ 2
rr  (6R-1? _(3GMY”?

(BR — 1)? = 412 V= 5R

6R —r = 2r .

8.11 EARTH SATELLITES

A heavenly body revolving around a planetin a fixed orbit is called a satellite.
The natural satellite of earth is moon and artificial (man made) satel-
lites are Sputnik, Aryabatta, INSAT etc.

The gravitational force between the.planet and satellite provides neces-
sary centripetal force required to keep the satellite in its orbit. |

8.11.1 Orbital Velocity

Orbital Velocity of a satellite is the velocaty with which it revolues round a
planetin its fixed orbit. |

8.11.2 Expression for ()_rjaital Velocity

Consider a satellite of mass m, that revolves round the earth in an orbit

of radius R, + h, with a velomty v, (h is the height of the satellite above earth’s
surface).



The gravitational force between satellite and earth provides necessary
centripetal force,

o GMm _ myj v - | _GMg -
Ly (RE+h)2 RE'|'.‘h ’ 0 (RE+h) ......... (1)
Ry«
But GM, = gR 2 R .
g BNg S Vo TV R by s (2]
If the satellite is very close to the earth, then
Rg+h=Rg

. ;BREZ — / GM ¢
_.V b —4 —_— —_ R -
o R - g E RE -------- (3)

Substituting the values of G, M and R, we get v = 7.92 km's™

The nearest orbit of a satellite 1s called minimum orbit' and the corre-
sponding velocity is called first cosmic velocity. '

“You st know'
Escape velocity v, =./2gR; = V2 x JeRg = V2 x v,

Escape velocity is called second cosmic velocity also.

8.11.3 The Time Period of a Satellite (T)

The time taken by a satellite to complete one orbital motion around a planet s
called time period of a satellite.

Consider a satellite revolving around the earth in an orbit of radius
R, + h with a velocity v .

distance travelled inonerevolution
orbital velocity

_2n(Rg +h) NESE
e v, © T (1) But Vo_\/R—E_":

Time period of satellite =

For mlmmum orbit,

= ang RZ: Ve (3)

Substituting the standard values, ie.; R, =64 % 10°m, g = 9.8 ms-z we

get T = 84.6 minutes
" i.e., A satellite orb1t1ng close to the surface of the earth has a time

period of revolutlon about 84.6 minutes.




Solved Bxamples

13.What is the minimum velocity of a | Sol.

satellite should have in order to |
pursue a suitable radius? f

Given g = 10 ms? and radius of |
earth = 6.4 x 10 km

Sol
Given, v =? g=10 ms?

R,=6.4x10°km=6.4 x 10°m

=10x6.4x10° = 8 x 10°
=8 km/s
14. A satellite revolves in an orbit close
to the surface of a planet of den-
sity 6.3 g cm. Calculate the time
period of the satellite.
(Radius = 6400 km)
Sol.
Given, G = 6.67 x 10" Nm? kg2,
R = 6400 km = 6400 x 10° m
p=6.3 gcm?=6.3 x 10° kgm?

3

Vo =yR

T=2n

3 3n
I rr IR [0

‘ 3x3.14
'\L.mxw"'xssxlo’ = 4762 s

15. The planet Mars has two moons,
. phobos and deimos. (i) Phobos has

" a period-7 hours, 39 minutes and
"an orbital radius of 9.4 x 103 km.
Calculate the mass of mars. (ii) As-
sume that earth and mars move in
circular orbits around the sun, with
the martian orbit being 1.52 times
the orbital radius of the earth.
What is the length of the martian

year in days?

E
GM,

4‘1'12 3 472 R.J
— R M_ =
GM_, G T2
_ 4x(3.14)" x(9.4) x 10"
T 6.67%107"" x (459 60)
_ 4%(3.14)” x(9.4)° x10"
e T 667 %(4.59%6) <107

TI=

=6.48 x 102 kg
Ty Ris
T2 R

where R, is the mars - sun dis-
tance and Ry is the earth - sun
distance.

T,,=(1.52)2 * 365 = 684 days

You are given the following data:
g=9.81 ms? R, =6.37 x 10°m, the
distance to the moon R = 3.84 x 108
m and the time period of the moon’s
revolution is 27.3 days. Obtain the
mass of the Earth M_ in two differ-

16.

ent ways.
2
Sol. M, = ERe
G
_ 9.81x(6.37x10°)?
T 6.67x107™"

= 5.97 x 10% kg,
The moon is a satellite of the earth.
From the derivation of Kepler’s third

law
) 47°R3
T = GM,
253
Mz= 4 F;
GT

_ _4x3.14x3.14x(3.84) x10%
6.67x10™"" x(27.3x 24 x60x 60)°
= 6.02 x 102 kg
Both methods yield almost the
Ssame answer. The difference between
them being less than 1%.




8.12 ENERGY OF AN ORBITING SATELLITE

The kinetic energy of the satellite in a circular orbit with orbital velocity v is
GM; "
(Rg +h)

3
mv~ But v=

o | —

KE=

_ GMgm
KE = 3R, +h)
The gravitational potential energy at a distance (R, + h) from the centre of

_ -GMgm
earth is P.E = ———(Rn ) e (2)

From (1) and (2), it is clear that, K.E is positive whereas the P.E is nega-
tive. The magnitude of K.E is half the P.E.
Thus total energy, E = K.E + P.E
_ GMgm GMgm
2(Rg +h)  (Rg + h)

GMgm
2(Rg +h)

Fou:uiust: Rnow.
= When a body is projected from the surface of earth with a velocity Iess
than the escape velocity, the sum of P.E and K.E is negative.

« If the total energy of the satellite becomes positive, the satellite will
escape from the gravitational pull of the earth.

Solved Examples

17. A 400 kg satellite is in a circular _ GMgm _( GMg mR,;
orbit of radius 2R about the Earth. T 8R, “\R% ) 8
How much energy is required to o .
transfer it to a circular orbit of AE:ngE =9'SIX400X6‘37X10
radius 4R,? What are the changes 8 8
in the kinetic and potential =3.13x10°]

The kinetic energy is reduced, -

energies?
Sol. AK=KJ,—KI.=—3.13><109J.
_GMgm GMgm - The change in potential energy is
TR i twice the change in the 'total
E 8Rg

The change in total energy is

energy.
AU =-6.25 x 10°J -

8.13 GEOSTATIONARY AND PoLAR SATELLITES

8.13.1 Geostationary Satellite

A satellite which appears stationary with respect to the earth is called

gesstationary satellite. The orbit of such a satellite is called geosynchronous
11' 1t S¥nchr0nous satellites always revolve around the earth in the equatorial
plane with a time period of 24 hour. The direction of motion of the satellite is



i ast.
same as that of the earth i.e., from west to €

. L3 o d
The height of a geostationary satellite is obtaine

2p2, VA
T°R’g _R
h= ( 4’ ) ' . |
A geostationary. satellite always chooses a circular OI:blt 'of radius aboyy
36,000 km. These satellites are mainly usec! for communication purpose, v
and radio broadcasting and weather forecasting.

The INSAT group of satellites sent up by Indi.a are one su<.:h group of
Geostationary satellites widely used for telecommunication 1n India.

8.13.2 Polar Satellite

A satellite which revolves in polar orbit is called
a polar satellite. The polar orbit is in north - south
direction, while earth spins below it in east - west
direction. As a result, a polar satellite can
eventually scan the entire surface of the earth.

from the €quatiop

The satellites in low lying polar orbits (500 -
800 km) are used for monitoring the weather,
environment and spying. These satellites can view
polar and equatorial regions at close distances with
good resolution. Information gathered from such Fig. 14
satellites is extremely useful for remote sensing, meteorology as well as for
environmental studies of the earth. '

8.14 WEIGHTLESSNESS

The weight of a body is simply the force of gravity acting on it.
If m is the mass of a body and g is the acceleration due to gravity, then the
weight of the body :
W = mg
Consider an astronaut (or space - man) of mass m is present in the

artificial satellite. When the satellite is orbiting around earth, the man in the
satellite experiences a centrifugal force whose direction is away from the centre.
Therefore the two forces acting are
GMm ) .

rzE , directed towards the centre of earth

i. The gravitational force, F,=

2
. v : .
Centrifugal force, F, = ma = ——-mr-o , directed opposite to the force of gravity.

. Net force on astronaut towards centre of earth

ii.

GM:m 2
F=F -F = —— _ Y%
g. c r r A 3
GM_:m GM
e i o

Hence an astronaut feels weightlessness in an artificial satellite.



Sol.

. [fan astronaut 1

palance,

s AD

pot in @ natural satellite.

the following.

Answef
hield a charge from

You car S

a.
electrical forces by putting it
ollow conductor. Can -

inside a h
you shield a body from the

ravitational influence of
nearby matter by putting it in-
side a hollow sphere or by some
other means?

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? :

c. 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?

a. No. b. Yes.

c. Tidal effect depends inversely on

the cube of distance.

Choose the correct alternative.

a. Acceleration due to gravity in-
creases/decreases with in-
creasing altitude.

b. Acceleration due to gravity in-
‘creases/decreases with in-
creasing depth. (Assume the
earth to be a sphere of uniform
density).

c. Acceleration due to gravity is

independent of mass of the

earth/mass of the body.

'r}side an artificial satellite of earth stands oﬁ a spring
the reading of balance will be zero.
ody experiences weightlessness only in an artificial satellite and

s for NCERT Exercises

Sol.

|
d. The formula -GMEm(__'_J is

more/less accurate than the
formula mg(r, — r,) for the dif-
ference of potential energy be-
tween two points 1, and r, dis-
tance away from the centre of
the ‘earth.

Sol.

a. Decreases b. Decreases
c. Mass of the body

d. More |
Suppose there existed a planet that

went around the sun twice as fast

as the earth. What would be its or-
bital size as compared to that of the

earth ?

T2 «R? '

R G
e T L%
T,) R}’

2
R [&)
R, T,

2 2
(T,)? _ of2T) _ 2
o (2] (2] e
2

. Size, jR—z' = R(2)? ie., smaller by
l

a factor of 5.028 » .
lo, one of the satellites of Jupiter

has an orbital period of 1.769 days

' .and the radius of the orbit is

402 % 10° m. Show that the mass .
of Jupiter is about one-thousandth

that of the sun.



Sol.

‘Sol.

6. Choose the correct alternative:

T=1.769 days = 1.769 x 24 x 60 x 60
R+ h =422 x 10°m

’ k]
T =21 @.j.}.;l_ F=
gR

473 (R+h)*
GM
_4n*(R+h)’
- GT? |
4 x (3.14)% x (4.22 x 10°)’
T 6.67x 107" x (1.769 x 24 x 60 x 60)?

24
- BOXI0 g« 107 kg
1.558 :
Mass of Sun = 2 x 10%kg (2)
Hence the mass of Jupiter is about
one thousandth that of the Sun.

Let us assume that our galaxy con-
sists of 2.5 x 10" stars each of one !
solar mass. How long will a star at |
a distance of 50,000 ly from the ga-
lactic centre take to complete one
revolution? Take the diameter of
‘the Milky Way to'be 105 ly.

(R +h)’
GM

T2 =

53
T=2n L

Gm
M=2.5x 10" x 2 x 10% kg
R = 50,000 x 9.46 x 10m -

(50000 x 9.46 x 10'%)*
L =11 I 30
6.67x107 ' x2.5%x10" x2x%x10

= 3.54 x 108 years

a. If the zero of potential energy
is at infinity, the total energy
of an orbiting satellite is
negative of its kinetic/potential
energy.

The energy required to launch
an orbiting satellite out of
earth’s gravitational influence
is more/less than the energy
required to project a stationary

object at the same height (as

the satellite) out of

. ca
influence. Tthy

Sol.

7,

a. Kinetic encrgy = b. Legg

Does the escape speed of a bog
from the carth depend on (a) thy
mass of the body (b) the locz:ltioe
from where it is projected () th:,-'
direction of projection (d) the heigh;

of the location from where the bog
is launched? . . /

Sol.

a. NO b NO (85 No

d. Yes. It depends on gravitationg)
potential, which depends on lati-
tude and height.

A comet orbits the sun in a highly
elliptical orbit. Does the comet have

a constant (a) linear speed,’(b) an-

gular speed, (c) angular momen-

tum, (d) kinetic energy, (e) poten-

tial energy, (f) total energy through-

out its orbit? Neglect any mass loss
of the comet when it comes very

close to the Sun.

Sol.

9.

All quantities vary over an orbit ex-
cept angular momentum and total
énergy.

Which of the following symptoms is
likely to afflict an astronaut in
space (a) swollen feet, (b) swollen
face, (c) headache, (d) orientational
problem. ‘

Sol.

~10,

(b) (c) and (d)

In the following two exerc1ses,

choose the correct answer from

among the given ones.

The gravitational intensity at the

centre of a hemispherical shell of

uniform mass density has the

direction indicated by the arrow

(see Figure) :
(i) a, (ii) b, (iii) c, (iv) O.




g b
\d e c
rd

M 7
~ ‘/-'
\\ i"/_,/

For the above problem, the

girection of the gravitational

intensity at an arbitrary point P

is indicated by the arrow.

i) d, (6 e (i) £ () &

Sol.

For these 10 and 11 problems,

complete the hemisphere to a

sphere At both P and C, poten-

Hal is constant and hence inten-

sity = 0. Therefore for the hemi-

sphere ¢ and e are correct.

12. A rocket is fired from the earth
towards the sun. At what dis-
tance from the earth’s centre is
the gravitational force on the
rocket zero? Mass of the sun
=2 x 10% kg, mass of the earth
is 6 x 10%*kg. Neglect the effect
of other planets etc. (Orbital ra-
dius = 1.5 x 10" m) '

Sol. '

Mass of the sun, M = 2 x 10% kg,

Mass of the earth, m = 6 x 10** kg

Orbital radius, r = 1.5 x 10! m

Let ‘P’ be a point between the earth

and sun, at a distance ‘%’ from the

earth where the gravitational force
is zero. Then

Gm - GM (r—x)> _M 2><]030
2 = ’
(r-x)?, x? m 6><IO24
10
3
CIfex 10 o 10° 10°
X ‘\/5 .J-—'l']""\/—
x<FV3 _ 1.732x1.5x10"
103 : 103

. =26x108m
13. How will you ‘weigh the sun’, that
is estimate its mass? The mean
orbital radius of the earth around

the sun is 1.5 x 108 km.
Sol.

R=1.5x 108km
=GMEMS
2

R*0?  R’47’

' GT? |

| (1.5 10%)* x 4 x (3.14)°

6.67 x 107" % (365 x 86400)° .

=2 x 10%%kg

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 102
km away from the sun? -

Sol.
T? < R? -
T, [ Rq %
R, =295 R;; ﬁ-_-[R_EJ = 29.5
%(Mymfmmxwum
=1.5x 102 m

15. A body weighs 63 N on the surface
of the earth. What is the gravita-
tional force on it due to the earth
at a height equal to half the radius
of the earth? (Take g = 10 ms™).

W=mg=63 N ....... (1)

h=R/2
g = R

(Rg +h)?’

)i )
g \Rg+h Rp+Rg2) \3) 9
e o (2)
Let W'=mg' ...... (3) ‘ :
2) W lng'_E::i SR
. (D W mg g 9

W’:i'x'W=£x63=28N
9 9.



