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8.4 PHYSICS-XI

!
L.“lm L
”
L ko
- 4 MmlL

Knowing all the quantities on the right hand side
from the experiment, the value of G can be determined.
Since Cavendish’s experiment, the measurement of
G has been improved upon. The currently accepted
value is
G=667+10 " Nm? kg 2

EVIDENCES IN SUPPORT OF
LAW OF GRAVITATION

8. Mention some experimental evidences in support
of Newton'’s law of gravitation.

Experimental evidences in support of the law of
gravitation. Many of the results predicted theoretically
on the basis of the law of gravitation are found to be in
close agreement with the experimental observations.
.Some of such evidences are as follows -

8.4

(1) The rotation of the earth around the sun or that

of the moon around the earth is explained on

the basis or this law.

The tides are formed in oceans due to the

gravitational force of attraction between the

moon and sea-water. _

The times of solar and lunar eclipses calculated

on the basis of the law of gravitation are found

to be reasonably accurate.

The orbits and periods of revolutions of artificial

satellites can be predicted very accurately on

the basis of this law. :

(v) The value of g varies from place to place on the
surface of the earth in accordance with the law
ot gravitation.

VECTOR FORM OF THE
LAW OF GRAVITATION

9. Express law of gravitation in vector form. What
are its implications ?

()

(ii)

(iv)

85

Vector form of Newton’s Law of Gravitation. As
shown in Fig. 8.4, consider two particles A and B of
masses my and m, and separated by distance r.

R it R «
m, Fia Fy LU
B—— . I T—
A B

Pl! ;li
. I

e e

Fig. 8.4 Law of gravitation in vector form.

~ a unit vector from Ato B

- a unit vector from Bto A

i'i- gravitational force exerted on Aby B
27k
";1 gravitational force exerted on Bby A

In vector form, Newton's law of gravitation can be
expressed as

> n L, -
f— = = I _.} = r"’l
12 2 2

The negative sign shows that the direction of force
fl: is opposite to that of le i.e., the gravitational force is

attractive in nature so that m, is attracted towards m,.

=y G mym, -
Similarly, == —’2 = Ao
sl A
But B ==ha
Hence E,==F;

Thus the vector torm of the law of gravitation
implies that the gravitational forces acting between

two particles form action and reaction pair. As F, and

B

21
particles, so gravitational force is a central force.

8.6 IMPORTANT FEATURES OF
GRAVITATIONAL FORCE

10. Mention the characteristic features of gravita-
tional force. '

Important teatures of gravitational torce :

are directed towards the centres of the two

(i) The gravitational force between two masses is
independent of intervening medium.

(if) The mutual gravitational forces between two
bodies are equal and opposite Le., they form
action and reaction pair. Hence yravitational
forces obey Newton's third law of motion.

(17) The law of gravitation strictly holds for point
masse's,

(iv) The gravitational force between two point masses
is a central force. Its magnitude depends only
on rand has no angular dependence. Thus the
gravitational torce possesses spherical symmetry.

(v) The gravitational force is a conservative force.

(vi) t[' he gravitational torce between two bodies is
independent of the presence of other bodies.

irile rock ign Pdw\r. . Gpaiton.,
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47 v PRINCIPLE OF SUPERPOSITION OF
GRAVITATIONAL FORCES

11. State and illustrate the principle of super-
ition of gravitational forces.

Principle of SFPerPDBiﬁOH of gravitational forces.
Ammiing to the principle of superposition, the gravitational
between two masses acts independently and
uﬂfnﬂumced by the presence of other bodies. Hence the
resultant gravitational force acting on a particle due to a
number of masses is the vector sum of the gravitational
rces exerted by the individual masses on the g}wn particle.
Mathematically, )

=3 —F n —»
BB eBeBrusEnd
E, B, E,..F
where F, F K, ..., F are the gravitational forces

exerted individually by n masses m, m,, m;, ..., m_on
the particle of mass m Each torce is determined by the

law of gravitation.

Illustration. In Fig. 8.5, the total gravitational force
on point mass m, is the vector sum of the gravitational
forces exerted by the point masses m,, m; and m,.
According to the law of gravitation, the force on m
exerted by m, is

i e B
1’2 21

21

where 7, 2;2’1; By 182
unit vector pointing
from m, to m. The
negative sign shows
that m is being
attracted by m,.

By the principle of
superposition, the
total gravitational
force on m, is

5 Principle of superposition of

Fig. B.
. gravitational forces.
B =Fp+htha
~ A I‘I'I‘ml M R
=—G i i Bt m‘r31+—r7 rﬂ}
21 31 4

+ SHELL THEOREM
12. State Newton'’s shell th
tional force-

8.8 eorem for the gravita-

GRAVITATION 8.5

Newton’s shell theorem. Thiz theorem gives
gravitational force on a puint mass due to a spherical

shell or a solid sphere. It can be stated as follows

(i) If a point mass lies outside a uniform spherical shell
sphere with a spherically symmetric internal riass distri-
bution, the shell/sphere attracts the point mass as if the entire
mass uf the shell/sphere were curte enttrated at its centre

M

!".ﬁ'ﬂ' rzR
2
- ——

- .
]

Fig. 8.6 ‘rorce on an gutside particle due to a shell,

R M e o . A M e

Fig. 8.7 Force on an outside particie due to a solid sphere.

Explanation. The gravitational torces exerted by the
vanous regions of the shell/sphere have components
along the line joining the point mass tu the centre a5
well as along a direction perpendicular to this line. When
summed over all the regions of the shell/sphere, the
perpendicular components cancel out. Thus a resultant
force acts along the joining the point mass to the centre.

(ii) If a point mass lies inside a M
uniform spherical shell, the gravi-
tational force on the point mass is
zero. But if a point mass lies inside
a homogeneous solid sphere, the
force vn the point mass acts
towards the centre of the sphere.
This force is exerted by the
spherical mass situated interivr to
the point muss.

Fe=i) r<

Fig. 8.8 No force
acts on a partucie
inside a shell.

e ——

v}

. sl om

s e 9

L] r ks
r RJ | M RJ

Flg. 8.9 A ne_l: fofce_acts towards the centre on a
particle inside (r < R) a solid sphere.

Explanation.
attract the point
These forces can

GMm

Various regions of the spherical shell
mass inside it in various directions.
cel each other completely.
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8.6 PHYSICS-XI

13. Is gravitational shielding possible ?

Gravitational shiclding is not possible. Although
the gravitational force on a particle inside a spherical
shell is zero, vet the shell does not shield the other
bodies outside it from exerling gravitational forces on
the particle lving inside it. Thus gravitational shielding

is not possible.

&\ The law of gravitation is strictly true for point masses.
However, it is valid in the following circumstances also :

€ For two bodies of any size provided they both
have spherical symmetry.

€ When one body has spherical symmetry and the
other is small compared with the separation
between their centres.

@ When neither body has spherical symmetry but
both are small compared with the separation
between their centres.

4\ The value of G does not depend on the nature and
size of the masses.

@\ The law of gravitation is universally valid. It applies to
small objects on the earth, planets in the solar system
and to galaxies.

& Though the gravitational force between two particles
is central, the force between two finite rigid bodies is
not necessarily along the line joining their centres of
mass. For a particle lving outside a spherical symmetric
body. the force acts as if the mass is concentrated at
the centre of the body. Therefore, this force is central.

4 The gravitational force on a particle lving inside a
hollow body of any arbitrary shape is zero.

Examples based on
Newton’s Law of Gravitation and

_ Principle of Superposition
FormuLas Usep

1. Newton's law of gravitation, F =

2 Mass of planet or satellite, M= "'

3. Prinaiple of superposition of gravitational forces,

Fe=Bs Boons .
Unirs Useo

Force of gravitation F is in newton, masses "y, m,
and M are in kg, distance r in metre and period of
revolution in second.

CoNsTANT UsED
Universal gravitational constant,

G = 6.67 x e Nmzkgﬁz.

1y aierr 1. Caleulate the force of attraction betiepy .
fmTL:_mrh of mass 1 kg each, when fhPf; centres are 1) om
aparl. Given G = 6.67 » 10 b NHT)'I".Q : [Delhj 1997)

Solution. Here m, =m, =1kg, r=10cm =010 r,

p_ Gmm 66710 SRS
P (0.10)
- 6.67x 10 ° N.
Exavrrr 2. The mass of planet Jupiter is1.9 « n% kg amd
that of the sun is 1.99 = 10™ kg. The mean distance of the
Jupiter from the Sun is 7.8 » 10" m Calculate the gravits.

tional force which the sun exerts on Jupiter. Assuming thy
Jupiter moves in a circular orbit around the sun, calcyjgy,

the speed of the Jupiter.
Solution. Here M =1.99 « 10" kg,
m=19x10" kg, r=78<10""m,
G=667x10""" Nm® kg’
_GMm_6.67x10" "' x 1.9 < 107 « 1.9 « 197

A - Beidiodia - -
P (7.8 10"

=4.145 x 102 N.

The gravitational force of attraction due to the sun
provides the necessary centripetal force to the Jupiter
to move in the circular orbit. If v is the orbital speed of
Jupiter, then

2
muo

r

[ [78x10" x 4.145 « 10®

or = [— = - .
\m 1.9« 10¥

=1304 x 10" ms .

Exayerr 3. Two particles, each of mass m, go round a

circle of radius R under the action of therr mutual

Sravitationak attraction. Find the speed of each particle.

Solution. The torce on each particle s directed
along the radius of the circle. The two particles will
always lie at the ends of a diameter so that distance
between them is 2R,
mxom Gnt
(2R)* 4R?

As this torce provides the centripetal force, so

F=CG

- > ¥
(¥ muy-

4R* R
or o= [CW
Y4R

EXxAsPLE 4. The mean orbital radius of the earth around the
sun is 1.5x 10® km_Calculate the mass of the sun if

| G=667x10"" Nmikg 2
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