After the invention of satellites, many countries launched many satellites one after
another. Launching a satellite is a very complex process. Multiple satellites are loaded on
a rocket and launched in their specific orbits. The launch of rockets and satellites requires
knowledge of laws of motion, angular velocity, the force of gravitation, acceleration due
to gravity and more. In this chapter, you will apply the concepts from previous chapters
and leam about planetary forces.

Topic Notes

B Universal Gravitation
B Gravitational Energy and Satellite Motion
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UNIVERSAL GRAVITATION

' TOPIC1
KEPLER’S LAWS

Kepler's laws of planetary motion, in astronomy and
classical physics, describe the mations of the planets
in the solar system. They were derived by the German
astronomer Johannes Kepler, whose anclysis of the
observations of the 16%-century Danish astronomer
Tycho Brahe enabled him to announce his first
two lows in the year 1609 and a third law nearly a
decade later, in 1618. Kepler himself never numbered
these laws ar especially distinguished them fram his
other discoveries.

For example. to calculate the distances of Mercury
and Venus from the Sun as shown in the figure.

The maximum angular distance Venus and Mercury
con subtend at a location on Earth with regard to
the Sun is 46 degrees for Venus and 22.5 degrees for
Mercury, as they are inner planets with respect to
Earth. When Venus reaches its greatest elongation (46
degrees) with regard to Earth, it forms a 90-degree
angle with the Sun. We can now calculate the distance
between Venus and the Sun. One astronomical unit
equals the distance between the Earth and the Sun

(1 AU).

c=x

The trigonometric relation satisfied by this right-
angled triangle is sin 8 = é‘
Here, sin 46° = 0.77.

Hence, Venus is at a distance of 0.77 AU from the Sun.
Similarly, the distance between Mercury (8 is 22.5
degrees) and Sun is calculated as 0.38 AU. To find the
distance of exterior planets like Mars and Jupiter, a
slightly different method is used.

Using this concept, Kepler introduced his laws and
this helps in understanding the reason behind the
formulation of Kepler's law.

Kepler's Laws of Planetary Motion
Kepler gave three laws of planetary motion.

Law of Orbits
All planets revolve around the sun in elliptical orbits,
with the Sun at one of its foci.

AY
B Planet

(Aphelian)
W

C
2a >
OP = OA = Seml-major axis

p
(Perthellon) S

M

Law of Areas

The line that joins any planet to the sun sweeps equal
areas in equal intervals of time

= constant

dr
1r(vdt) 1

= ———=—yv= L[5i1'|n':e. L=mvr]
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Law of Periods

The square of the time period of revolution of a planet
is propartional to the cube of the semi-major axis of
the ellipse traced out by the planet Considering that
the satellites/planets revolve in an elliptical orbit, the
orbital radius can be equivalent to the semi-major
axis of the ellipse traced out by the satellite.

ie. T? «ad? or., _T;;.:Eg.
L o

The position of a planet nearest to the sun is known
as perigee. In this position, the speed of the planet is
maximum. The position of a planet at the maximum
distance from the sun is known as apogee. In this
position, the speed of the planet is minimum.

Perlgea

ogee
KE @ max ﬁEpmgm]J‘!
PE = min PE = max
o wgeml b= geml
maojor axis | < c-o---- 5 minorods
e A N '

Universal Law of Gravitation
The discovery of the law of Gravitation

The way by which the law of universal grovitation
was discovered is often considered the paradigm of
modern sdentific technique. The major steps involved
were:

(1) The hypothesis about planetary motion given by
Nicolas Copernicus (1473-1543).

(2) The careful experimental measurement of the
positions of the planets and the sun by Tycho
Brahe (1546-1601).

(3) Analysis of the dato and the formulation of
empirical laws by Johannes Kepler (1571-1630).

(4) The development of a general theory by lsoac
Newton (1642-1727).

Newton's law of Gravitation
It states that every particle in the universe attracts
all other particles with o force which is directly

proportional to the product of their masses and is
invergely proportional to the square between them

I |F11"Fn| =F.
then Fc:mlmjundF L
2
So R
2
i
= 2
e

[G = universal grovitational constant]

R B

m —> «— m

- -
- Ll

i r

This formulo is applies only to spherically symmetric
masses or point masses.

Vector form of Newton's law of gravitation
Let r,; = position vector ofml wrtm,=n-r,

— -3 —-

r,, = position vector of mywrtm, = K=

-

I3, = gravitational force exerted on m, by m,

-

r,, =gravitational force exerted on m, by m,

g By, ¢ Gmm,
1 F] 12, 4t ] 21
£y M1

Negative sign shows that

(1) Thedirection of F,, is opposite of that of o
(2) The gravitational force is attractive in nature

- Gmum
imi = P
(3) Similarly, E, =
2
- Gmm, .
or Fn =—ur3 I
13
= ., = —Fyny=-n,

The gravitational force between two bodies is equal in
magnitude and opposite in direction

Universal Gravitational constant
Universal gravitational constant is a scalar quantitu.
Value of G =667 x 10°'* N-m?/kg%
CGS:G =6.67 x 10" dyne-cm?/gm?
Dimension: [M~! L*T-9)
Its value is the same throughout the universe. G does
not depend an the nature and size of the bodies; it

does not depend even upon the nature of the medium
between the bodies.

lts volume was first found out by the scientist
“Henry Cavendish” with the help of “Torsion Balance®
experiment.

Example 1.1: Two particles of masses 1 kg and 2
kg are placed at a separation of 50 cm. assuming
that the only forces acting on the particles
are their mutual gravitation. Find the initial
acceleration of the heavier particle.

Ans, Force extended by one particle on another is
e Gmm; _667x107" x1x2

r (0.5)?
=534 x10"°N
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Acceleration of heavier particles,
We know that. F = ma

F53x107°

m 2

=267 x 10~%m/s?

a

@ Related Theory

= This example shows that gravitational foree Is quite
weak but this ls the only force that binda our solar system
and also the universe conslsting of all galaxdes and other
Interstellar systems.

Example 1.2: Two stationary particles of masses
M, and M, are "d" distance apart. A third particle
lying on the line joining the particles experiences
no resultant gravitational force. What is the
distance of this particle from M,?

Ang. Let m be the mass of the third particle,

GM
Force onm towards M, is F, = —Jﬂ
;
Force on m towards M,isF, = M
d-ry
Since net force on mis zero .. F,=F,
GMzm _ GM;m
r. (d-r)

2

- ]

Example 1.3: Let us assume that our galaxy
consgists of 2.5 x 10! stars each with one solar
mass. How long will this star at a distance of
50,000 light years from the galactic center take to
complete one revolution? Take the diameter of the
Milky Way to be 10° light years. G = 6.87 x 10~
Nm?/kg?% [NCERT]
Ans. Given.r = 50,000 ly = 50, 000 x 9.46 x 10*°
m=473x10®m
M =25 x 10*! solar mass
=25x10M x 2 x10Pkg
=5x 10%%g
s 477
GT?

[4r|:’rS ]iii‘
™=\"am

1
B [4x(3.14)1(4.73x10=°)3] &
" | 667x10!x5x104

=112 x10'%s

Example 1.4: Three particles, each of the mass
m, are situated at the vertices of an equilateral
triangle of the side “a". The only forces acting on
the particles are their mutual gravitational forces.
It is intended that each particle moves along a
circle while maointaining its original separation “a”.
Determine the initial velocity that should be given
to each particle and the time period of the circular
maotion.

Ans. A m

30°

- &

The resultant force on a particle at A due to
other particles is

F= 2, +Flp + 2F gy cOS60°

a Gm?
. \EGm Fag=Fac=—5—
a a
Radius of the circle of r = 70,
3
If each particle is given, a tangential velocity
v. so that the resultont force acts as the
centripetol force,

2 2
Then BT
T a

‘\/—mv2 Gm]\/_

U

Example 1.5: Two solid spheres of the same size
of a certain metal are placed in contact with each
other. Prove that the gravitational force acting
between them is directly proportional to the
fourth power of their radius.

L L L o o o o
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Ane. The weights of the sphere may be assumed to
be concentrated at their centers.
M M

4 4
{iri)g)
SO. F= 3 3 -

(%)’ °

- F o Rd
Example 1.6: Two identical point masses, each
of mass 1 kg lie in the (x-y-z) plane at point
(0, 0) (0, 0, 0.2 m) and (0, 0.2 m, 0) respectively. The
gravitational force on the mass at the origin is,
(@) 1.94x10""*(G+j)N
(b) 3.34x10'°G+j)N
() 187x10°@G+j)N
(d) 3.34x10"%°@+j)N
Ans. (c) 167 x10°°(+J)N

Explanation:

y
1kg ¢ (0. 2)

A
— F,

3 1kg
4 ﬂ%m 02.0)

Gravitationol force. F = G_mgfz

/
Givertr=02m

m; =m,=1kg

Now force on an object at O due to B,

F. = 867x10(W)M)7_4 g7, 107
(0.2

Force on an object at O due to A,

_ 66710 (1)(1)
(0.2)°

F, J=167x10%]

Henie riet force, F=1.687 x 1097+ j N.

Acceleration Due to Gravity

In a closs of 50 students, the teacher planned an
activity to see how an object accelerates. She asked
students to pick something up with their hand and
drop it. When you release it from your hand, its speed
is zero and on the way dawn its speed increases. The

longer it folls the faster it travels. lts acceleration
is more than just increasing speed. Now Pick up
this same object and toss it vertically into the air.
On the way up its speed will decrease until it stops
and reverses direction. Decreasing speed is also
considered acceleration. But acceleration is more
than just changing speed. Now again she asked to
pick up your battered object and launch it one lost
time. This time throw it horizantolly and notice how
its horizontal velocity graduclly becomes more
and more vertical. Since acceleration is the rate of
change of velocity with time and velocity is a vector
quantity, this change in direction is also considered
acceleration.

In each of these examples, acceleration was the result
of grovity. Your object waos accelerating because
gravity was pulling it down. Even the abject tossed
straight up is folling — and it begins falling the
minute it leaves your hand. If it wasn't, it would have
cantinued moving away from you in a straight line.
This is the acceleration due to gravity.

Gravity

In Newton's low of gravitation, the force of attraction
between any two bodies is gravitation. If one of the
bodies is earth then gravitation is called gravity.
Hence, gravity is the force by which the earth attracts
a body towards its center. It is a speciol case of
graovitation.

Acceleration Due To Gravity Near Earth's
Surface

Let us assume that the earth is a uniform sphere
of mass M and radius R The magnitude of the
gravitational force of the earth on a particle of mass
m, located outside the earth at a distance r from its
center is

_GMm

3
r

Now accarding to Newton's second law F = ma

Therefore, a= g

r

F

At the surfoce of the earth. acceleration due to
gravity
GM

e 98 m/fs?

g:

However, any value of g measured at a given location
will differ from the g value calculated according to
the equation due to three reasons

(1) earth's massis not distributed unifarmly

(2) Earthis not a perfect sphere

(3) earth rotates

L L L o o o o
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Variations in Acceleration due To

Gravity
Due To Altitude (Helght)
GM
-- 9n=m

R

a

-2
By binomial expression [1+Ri] =[1_&]

]

if h<<R,, then higher power terms become negligible

2h
= T e
g g[ Ra]

Due to Depth

Assuming that the density of the earth remains the
same throughout the volume.

4
InGR_p
At depth d inside the earth:

For point P only the mass of the inner sphere is
effective

At earth's surface: g =

5 4
d =
3rGR p
Mass of sphere radius r = M’
P g 49
g
O gl g= -rlj—
a 5 > r
(Taking direction towarda
centre of earth aa positve)
M
M = iru-sp:imrg x—j_=M'=h_ALrj
3 | ing R3

G M GM, , GM, R -d

945 —x = X o—= 9y

2 3 2 2
r R R, R RS R

") Q

@

a

d
gy = g[l—R—} valid for any depth

Due to Shape of the Earth
From the Diagram.

polar ads 1N

b

e S e

(not to scale)

R <R,R,=R, +21km)

_ GM,
gp Rﬁ
GM
and g, =—————=
(R, +21000)

by putting the values g, - g, = 0.02 m/s?
Due to Rotation of the Earth

Net force on a particle at P,

Mg' = mg - mrw’cos A

G' =g-wrw’ cos A

From, AOMP
r =R, cosA

Where, A = latitude
Substituting for r, we have

g =g-R, w? cos?A
At the equator (A - 0%):

9o =9- w? R cos?(09)

g, <

9p

@g www.studentbro.in
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At the poles (A — 90°)
9. =g - w? Rcos?(907)
P g - wR(O)
G OF gpoio= g
It means that acceleration due to gravity at the poles

does not depend upan the angular velocity or rotation
of the earth.

Condition of Weightlessness on Earth's
Surface

If the apparent weight of a body is zero then the
angular speed of the earth can be calculated as

mg' = mg mR w?cos?A
0=mg —1"1'.'['\’.0032 cos’ A

g

cosA Ra

=2W0=

But at the equatar A = 0°

s | Lo L= 000125 radjs
R, 800

=125 % 10~ rad/s

[ﬂ;]’ Important

= [fthe earth rotates 17 tmesa of Ita present angular epeed,

then bodies lylng on the equator would fly off Into space.
Time period of the earth's rotation In thls case would be
1.4h.

Example 1.7: Determine the speed with which
the earth would have to rotate about its axis so
that a person on the equator weighs 3/5% of its

present value. Write your Answer in terms of g and
R.

Ang. Weight on the equator, W' = % w
3 2
= =—mg =mg-mwR

= w= =

SR
Example 1.8: A solid sphere of uniform density
and radius R exerts a gravitational force of
attraction F, on a particle P, distant 2R from the
centre of the sphere. A spherical cavity of radius

R
— is not formed in the sphere as shown in figure.
e sphere with cavity now applies a gravitational

E
force F, on the same particle P. find the ratio F_Z

1

Ans. K= GM;”
4R

F, = force due to the whole sphere - force due

to the sphere-forming the cavity

_ GMm GMm
4R?  18R?
7GMm
= F,= 2
36R
E 7
F9

Example 1.9: Case Based:

In any space project, the mass of the space shuttle is
carefully observed. The fuel in space shuttles is enough
for them to enter Earth's atmosphere after which it
falls under the effect of gravity. The free-falling space
shuttle enters the atmosphere at such an angle that
its nose and underside contract and compresses the
air and absorb most of the heat generated. The fall of
the space shuttle is so high that it often gets red hot
The underside of the space shuttle is incredibly heat
resistant, insulating silica tiles.

(A) Assertion (A): The Square of the period
of revolution of a planet is
proportional to the cube of its
distance from the sun.

Reason (R): Sun's gravitational field is
inversely proportional to the
square of its distance from the
planet.

(a) Both A and R are true and R is the correct

explanation of A.
(b) Both A and R are true and R is not the
correct explanation of A.

(c) Ais true butR is false.

(d) Aisfalse and R is also false
[Delhi Gov. QB 2022)
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The radius of the earth is about 6400 km and
that of mars is 3200 km. The mass of the earth
is 10 times that of mars. An object weighs 200 N
on the surface of the earth. Its weight on the
surface of mars will be:

(o) 80N (b) 40N

(c) 20N (d 8N

Weight of a body decreases by 1% when it is
raised to a height h above the earth’s surface.
If the body is taken to a depth g in a mine.
Then its weight will be:

(a) decrease by 0.5% (b) decrease by 2%
(c) increase by 0.5% (d) increase by 1%

At which height from the earth's surface does
the acceleration due to gravity decrease by
1%7?

Find the percentage decrease in the weight of
a body when taken to a height of 16 km above
the surface of the earth? (Radius of the earth
is 6400 km)

Ans. (A) (b) Both A and R are true and R is nat the

Get More Learning Materials Here : i

correct explanation of A.

Explanation: By second equation of
Newton we have,

By Kepler's law, T, = R,

Where T is period af revolution

R is distance from sur.

Also gravitational field « [M]

Hence, both statements are correct but
reason is not explanation of assertion

(B) (@) 8ON
Explanation: Radius of earth R, = 6400 and
that of Mars is R_=3200
80 R, =2R,,
And if the mass of earth is M, and that of
Marsige M_then M_=10M
m (] m
GM
Ri‘
GM,
RS

Valueof gonmars g_ =

and that on earth is, g, =

ar gn: =
Weight on earth is 200 N.

200

So, mass =
a

Now weight on Mars will be

[200]
mase xg_ = xg_
g,

=200 x Im
9,
_ 200
25
=80N

(C) (o) decrease by 0.5%.
Explanation: Percentage change in g when

the body is raised to height h,
Ag 100% = thIOO =

—_—

g

1%

Percentage change in g when the body is
taken into depth d,

A—g—xloo% = i x 100% =£ x 100%
g R R

[Asd = h]

. Percentoge decrease in weight

l(zﬂx100]
2\R

-;-(1%) = 05%.

(D) We know that

Acceleration due to gravity at height h from
surface of the earth:

oo

99 . 2h
100 R
2h 99
R 100
2h _ 1
R ~ 100
_ 64x10°
T 2x100
h=32x10°
h=132km.

(E) Weight on the earth, W = mg;

Weight above the surface, W' = mg’
We know that, g = 9.8 m/s?

g=7?

L L L o o o o
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mg-mg' o
mg

% decrease in weight =

=929 ;100
g

w280 100 = %xloo

16
6400

=2 x100

Example 1.10: What is the value of acceleration

due to gravity at a height equal to half the radius of
the earth, from the surface of the earth?
(Take g = 10 m/s? on earth's surface).

Ans.

) R
g'= g _- g - I:._.h=_g,]
h R 2
b= 1+—*
R, 2R,
-9 _ 9 %
() @ °
2 2
,_4g
9=
g' =444 mfs’

(OBJIECTIVE Type Questions)

[ 1 mark]

Multiple Choice Questions

1.

Ans.

Get More Learning Materials Here : i

Newton's law of gravitation:

(a) is not applicable outside the solar
system.

(b) is used to govern the motion of satellites
only.

(c) control the rotational motion of satellites
and planets.

(d) control the rotational motion of electrons
in atoms

(c) control the rotational motion of satellites
and planets.

Explanation: According to Newton's low
of grovitation, every particle attracts other
particles in the universe by a farce which is
directly proportional to the product of their
masses and inversely proportional to the
square af displacement between them

m.m
R i
2
Q—D——r—Q—O
my my

Here, force is
(1) Attractive
(2) Independent of the medium between them.

Hence, it cantrols the rotational mations of

satellites and planets.
GmM_ = mv?

d? d

@ Related Theory
=+ Kepler's lows are stated for planets orblting the

sun, they are valld for all bodles satisfying the two
previously stated conditions.

2. Gravitational force between two masses of

Ans.

a distance 'd’ apart is 6 N. f these masses
are taken to the moon and kept at the same
separation, then the force between them
becomes:

(@ 1N (b) 16N
(©) 36N d) 6N
(d 6N

Explanation: If the masses are taken to
the moon and kept at the soume separation,
ie, the distance is d then, Force will

remain the same Le. 6 N. It is just because
we know that the wvalue of G s

throughout the univerge
including the moon and the maosses do not
change from place to place.

constant

@ Related Theory

=+ The force of attractlon between a hollow spherical

shell of uniform density and a point mass sltuated
outside ls Just ag If the entire mass of the shell Is
concentrated at the centre of the shell

3. A body is responded on a spring balance in a

ship sailing alang the equator with speed v.
If » is the angular speed of the earth and W,

L L L o o o o
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is the scale reading when the ship is at rest,
the scale reading when the ship is gailing is:

(@) W, (b) zero
© w,[uz‘“—"] ) wu( -—9-]
g 2w

[Delhi Gov. QB 2022]

Ans. @ W, [1 t"”ﬂ]
g
Explanation: When the ship is at rest:
g, =g-07R -0
When the ship is moving with velocity v fram
west to east
' =, + ),
When the ship is moving east to west
o' =w, -,
On combining the equations we can write:
o =, o
= o' = m;‘:-v—-
R
g effective of the ship then becomaes:
2
' v'
g,= g—R(miE]
. 200 V2
= 9,= g-Rl o't —+—
Q g (m R RJ ]
The last term is very small and can be
neglected
= gi= g—R(mjizmv]
R
g, =g -Rw’ + 20/
From eqn ()
g,=9,+ 20V
20v'
g; = g' [1 j: ]
multiplying both sides by the mass m and
using weight W = mg, we get,
. W= w1t 2ev'
9.
@ Related Theory

= Although Newtons law of gravitaton applies

strictly to the particles, we can also apply It to real
objects as long as the sizes of the objects are very
small relative to the distance between them It Is
unlversally valld and applies from small objects on
the earth to plants, stars and even galaxles.

4. Suppose the acceleration due to gravity

Get More Learning Materials Here : i

at the earth's surface is 10 m/s’ and at
the surface of mars it is 4.0 m/s% A 60 kg
passenger goes from the earth to mars in a
spaceship moving with a constant velocity.
Neglect all other objects in the sky. Which

part of the figure best represents the weight
(net gravitational force) of the passenger as
a function of time?

Welght 4

600 N |y

240N

(a) A (b) B
(o C d) D
[NCERT Exemplar]

Ans. (c) C

Explanation: Since the acceleration due to
gravity varies inversely to the square of the
distance. Hence. the apparent weight (net
gravitational force) of the passenger with
respect to time will not be a straight line but
a curve. In between the earth and mars, there
will be a point where the gravitational force
due to both of the bodies will be equal and
opposite, hence the apparent weight will
be zero but never negative. Out of the three
curves in the figure, only curve C fulfills this
condition

5. Mars has a diameter of approximately 0.5

of that of earth and a mass of 0.1 of that
of earth. The surface gravitational field
strength on mars as compared to that on
earth is a factor of}

(a) 0.1 (b) 0.2

(c) 2.0 (d) 0.4

Ans. (d) 0.4

Explanation: As we know
GM

o=
RO

_ GODM, ,

T

0.4GM,
= R? = 0,49

A Caution

=+ Students should know that this formula Is valld If h

g up to 5% of the earth’s radlua. (320 lon from the
earth's surface)

Ifh Is greater than 5% of the earth’s radius
we uge

GM

g =
" ()

L L L o o o o
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6. On some planet, ‘g’ is 1.96 m/s% If it is safe

Ans

Ans

Ans

to jump from a height of 2 m on earth, then
what should be the corresponding safe height
for jumping on that planet?

(@) 5m (b) 2m
(c) 10 m (d) 20 m
(c) 10m

Explanation: At earth. g, =98 m/s?, h,=2m
At another planet, g, =196, h="?

Use mg,h; =mg.h,
= 196 (h)) =(9.8)(2)
hy=10m

. Gravitation on the moon is %th of that on

Get More Learning Materials Here : i

earth. When a balloon filled with hydrogen is
released on the moon then, this:

(a) will rise with an acceleration less than %

(b) will rise with acceleration %

(c) will fall down with an acceleration less

than 20
6
(d) will fall down with acceleration %

(d) will fall down with acceleration %

Explanation: There is no atmosphere on the
moon meaning no buoyant force in an upward

direction so it will fall down with acesleration %

When the radius of the earth is reduced by
1% without changing the mass, then the
acceleration due to gravity will:

(a) increase by 2% (b) decrease by 1.5%
(c) increase by 1% (d) decrease by 1%

(a) increase by 2%
Explanation: Given that, % = 1%,

The acceleration due to gravity

GM
9=
Ag, _-2AR
g R
3 Ay o o(-1)%=42%
g

The maximum permissible error in the
acceleration due to gravity.

9. Acceleration due to gravity at the earth's

Ans.

surface is 'g' m/s% Find the effective value
of acceleration due to gravity at a height of
32 km from sea level: (R = 6400 km)

(a) 0.5 g m/s? (b) 0.99 g m/s?

(c) 1.01 g m/s? (d) 0.90 g m/s?

(b) 0.99 g m/s?

Explanation: For height h. above the earth's
surface

g,ﬁ=g[1—%]=g[1—32"2]=g(1-0.o1)

R 6400

9.#=099¢g m/s?

@ Related Theory

-

The acceleration due to gravity lse maximum at the
earth’s surface. It decreases whnether we go at higher
altiudea or we move below the surface

10. Imagine a new planet having the same

Ans.

density as that of the earth but its radius is
3 times bigger than the earth's size. If the
acceleration due to gravity on the surface of
the earth is g and that on the surface of the
new planet is 'g’ then

(@) g'=3g (b) g'=g/9
(¢) 9'=9g (d) g'=27g
(@ g'=3g

Explanation: The acceleration due to gravity;

g’ =9M'M =%T|’_R=p

R’
Gxinﬁsp
_.— 3
g=Gx%ﬂR,0
o< R
gI_Rl
g R
g _x
g R
g _3
g
g =3g
goeg

11i. Four particles of masses m, 2m, 3m and

4m are kept in sequence at the corners
of a square of side a. the magnitude of

L L L o o o o
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Ans.

12.

Get More Learning Materials Here : i

gravitational force acting on a particle of
mass m placed at the center of the square
will be:

24m*G 6m’G
(b) =

(a)

a

4\2Gm?

2
a

© 4\/2?:71

a
Explanation: f two particles of mass m are

placed a distance apart then the force of
attraction

) (d) zero [Diksha]

G- =F (Lev).
a

Now according to the problem particle of mass
m ig placed at the center of the equare. Then it
will experience four forces.

1m

2m 2m

The net force at the center is,
Foa=F+F+F+F,
_ Gmm G2mm G3mm G4mm
e x X’ x’

-2\
. adioF

not

=2J5FGx2m:<2= 4\)'2(;51'113
(@/ 2y a

A uniform ring of mass M and radius R is
placed directly above a uniform sphere of
mass 8 m and same radius R. The center

of ring is at a distance of d = J3 R from
the center of the sphere. The gravitational
attraction between the sphere and ring is:

GM? 3GM?
@ =3 )=
2GM? J3eM?

= VR? & R?

[Delhi Gov. QB 2022]

Ans. (@) J36M?

Explanation:

R

J) |

B8 M

Grovitational field due to ring at a distance
d= J3Ronitsaxisis

GMd GMV3R

E= =
3 3
(RP+df  (R*+3R7)
_ ~GMR 3GM
= GOV O
8R B8R
Therefore, Force an the sphere = Mass of the

sphere x E

Force on the sphere = BME = \E;Mj
13. The earth is an approximate sphere. If the

interior contained matter which is not of

the same density everywhere, then on the

surface of the earth, the acceleration due to

gravity:

(a) will be directed towards the centre but
not the same everywhere.

(b) will have the same value evarywhere but
not directed towards the centre.

(c) will be same everywhere in magnitude
directed towards the centre.

(d) cannot be zero at any point.
[NCERT Exemplar]

Ans. (d) cannot be zero at any point.

Explanation: If the density of the earth is
non-uniform then 'g’ at different points will be

4
different («'-g=§IthR] So. the g = 0 cannot

be any point.

Assertion-Reason Questions

Two statements are given one labelled Assertion

(A) and the other labelled Reason (R). Select the

correct answer to these questions from the codes

(a), (b), (c) and (d) as given below:

(a) Both A and R are true and R is the correct
explanation of A.

m @’g www.studentbro.in

L L L o o o o



- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

(b) Both A and R are true and R is not the correct
explanation of A.

(c) Aistrue but Ris false.

(d) Aisfalse and R is also false.

i14.

Assertion (A): The difference in the value of
acceleration due to gravity
at the pole and equator is the
proportional to the square of
angular velocity of the earth.

Reason (R):  The value of acceleration due
to gravity is minimum at the
equator and maximum at the
pole.

Ans. (b) Both A and R are true and R is not the

i5

Ans

16

Ans.

correct explanation of A
Explanation: Acceleration due to gravity,
g' = g-R w?cos?A

At equator, A=0°
: cos0°=1
9, =9-R;
At poles, A =90°,
: cos90° =0
g;=q

Thus, g, - g, =g - g+ Rw? =Ryw?
Also, the value of g is maximum at the poles
and minimum at the equator.

Assertion (A): The comets do not obey
Kepler's Laws of planetary
motion.

Reason (R): The comets do not have
elliptical orbits.

[Delhi Gov. QB 2022]

(a) Both A and R are true and R is the correct

explanation of A.

Explanation: The orbit of a comet is not
elliptical. As a result, it does not obey Kepler's
rule of planetary activity. They travel on
hyperbolic or nearly parabalic routes.

Assertion (A): If the rotation of the earth its
axis suddenly stops then the
acceleration due to gravity

will increase at all places on
the earth.

Reason (R): At height h from the surface
of the earth. Acceleration due
to gravity is:

2h
wel 4=
av=(1-2]

(b) Both A and R are true and R Is not the

carrect explanation of A.

Explanation: The acceleration of gravity is
cauged by the gravitational force that the
earth exerts on things, but because the world
rotates, various centrifugal forces impinge
on abjects at different latitudes, hence the
acceleration of gravity varies. If the earth stops

Get More Learning Materials Here : i

rotating, the centrifugal force disappears and
just the gravitational force occurs., and the
acceleration due to gravity becomes the same
everywhere.

17. Assertion (A): A body falling freely under

the force of gravity has
constant acceleration
(9.81 m/sec?).

Reason (R): Earth attracts everybody
towards its center by the

same force.

Ans. (g) Both A and R are true and R is the carrect

explanation of A.

Explanation: The gravity of the Earth is
the total acceleration that is imparted to
the objects due to the combined effect of
gravitation and the centrifugal force. It is
denoted by “g" and is approximately equal
to 9.8 m/s” (meter per Second Square).

Gravity is the force by which the planet or
any other body drows the objects towards
its center and therefore the force of gravity
keeps all of the planets in orbit around the
Sun. Any object which has mass has gravity.
Objects with more mass have more gravity
and those with less mass have less gravity.
Also, the gravity gets weaker with distance
and therefore, the closer objects to each other
have the stronger gravitational pull Earth's
gravity comes from all its mass which makes
the combined gravitational pull on all the mass
in the body that gives us the weight. We exert
the same gravitational force on the Earth that
the Earth does on us. Since the Earth is more
massive than us, our force does not work on
it. The Earth is one massive object with vary
gstrong gravitational force. As a result, the
gravity of Earth attracts all objects towards
the center of Earth.

8. Assertion (A): Kepler's law of areas is

equivalent to the law of
conservation of angular

momentum.
Reason (R): For planetary mation
g & e = Constant.
dt 2m

Ans. () Both A and R are true and R is the correct

explanation of A.
Explanation: According to Kepler's law,

dA
— = constant
dt

dA 1 ,d6 1

e g o
mlo _ L
2m 2m

L = constant
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@ASE BASED Questions (CBQSD

[4 & 5 marks )

Read the following passages and answer the
questions that follow:

19. The earth is not a perfect sphere. It is on
ellipsoid. The radius in the equatorial plane is
21 km larger than the radius along the poles.
Due to this, the gravity is more at poles and
less at the equator.

Both, due to rotation and the bulging at the
equator, the value of the g is smaller at the
equator than the poles. The surface of the
planet plays an important role in the value of
gravity. The sun does not revolve around hence
it is nearly spherical The mass of the sun
causes it to have the greatest value of gravity
in our solar system.

(A) At what altitude above the earth's
surface does the value of ‘g’ equal that
of a 100-kilometer-deep mine?

(B) At which height from the earth's surface
does the acceleration due to gravity
decrease by 75% of its value at the
earth's surface?

(C) The commodity weights as per its real
weight at equators, whereas it differs
at poles, making a product maore cost-
effective to purchase at the equator than
at the poles. Why there is a difference in
weighing at both places?

Ans. (A) Let the acceleration due to gravity at
height h be the same as that at a depth d.
deep into the earth Le, d = 100 km,

Therefore,
2h d
'= 1-—|= 1—-—
o=ofi-5)-e(-4)
2h_d
R R
2h=d
h=£=50km
2

Get More Learning Materials Here : & m

(B) Since, the acceleration due to gravity
reduces by 75% then the value of
acceleration due to grovity there is
g'=100-75 =25%.

, 25

It ; = —q.
means g 05 g
If h is the height of location above the
surfoce of the earth, then
' g
g = . 3
1+—
%)
- -
g h 2 100
(1)
R
_
-4
R
1+’—1'=2
R
R+h=2R
H=R

Therefore, at R = 6400 km from the earth
gurfoce acceleration due to gravity is
decreased by 75% of its value at the earth
eurfoce.

- h=R,=6400 km
(C) We know that the value of acceleration due
to gravity, g is deduced to be:

g = %_l';ﬁ by the Law of Gravitational
attraction. According to this, the value of,
g depends on the mass and the radius of
the Earth (G being a constant). However,
as we know that the Earth is not perfectly
gpherical but bulged out (R is slightly more
at the equator) at the equator on account of
its rotation. Thus, it is found that the value of
g is 0.5% more at the poles than it is at the
equator. As a result, the weight (W = mg)
of the same amount of sugar must also be
greater at the poles.

Weight of 1 kg sugar at equator measured
by the weighing machine =1 x 98 =98N
Mass measured (as per the calibrated
weighing machine) will be

o
w

| I

=1kg

9

to
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weight of 1kg sugar at poles

=1x98S5
=985 N

Mass measured (as per the caolibroted
weighing machine) will be

985

98
= 1.005 kg.
So at the poles, even 1 kg sugar will be
read os 1.005 kg by the vendor and you
will get lesser sugar from him. Thus, it
is more profitable to buy sugar at the
equator thon on the poles. Mathematically
it is,
g'=g-w?R cos’A
At poles, A = 90° cos90°=0
At Equator, A =0° cos0°=1

gpotes > goquaror

20. To test the validity of the Copernicus model

(Heliocentric model), the great Danish
astronomer Tycho Braho made extraordinary
observations by studying the motions
of planets and stars without the aid of a
telescope. This data was critically analyzed by
Johannes Kepler. From these complicated data;
Kepler deduced simple relations that governed
planetary mation. These are three famous
laws of Kepler which strongly supported
the Copernicus model of the solar system
and played a major role in the discovery of
Newton's Law of Gravitation. The laws are
() Law of orbits (i) Law of areas (i) Law of
periods. [Delhi Gov. QB 2022)
(A) Kepler's second law is the consequence

of the law of conservation of:

(a) linear momentum

(b) energy

(c) angular momantum

(d) mass
(B) The distance of two planets from the sun

is 10 m and 10'? m respectively. The

ratio of the periods is:

(@ 10v10:1 ®) 1:10V9
(c 1:1 (d) 10%:1

(C) The different positions of a planet
around the sun in an elliptical orbit are
shown by A, Band C. If v,, v, and vy be
the tangential speeds of tﬁle planet at A,
B and C respectively, then:

7 . 5

(@ v,=v,=y, ®) vy>v,>vy

(© vi<vy<yy d vy=v,> 1y

(D) If the distance between the earth and the
sun were one-third of its present value,
the number of days in a year would have
been:
(a) increased (b) decreased
(c) remains same (d) cannot say

(E) A planet moves around the sun in an
elliptical orbit with the sun at one of its
foc. The physical quantity associated
with the motion of the planet that
remains constant with time is:
(a) velocity
(b) centripetal force
(c) linear momentum
(d) angular momentum

Ans. (A) (c) angular momentum

Explanation: When a plonet revolves
around its orbit. it covers equal areas in
similar amounts of time, according to
Kepler's second rule of planetary motion,

which states that ;ﬂ = constant.

t
But, d—AzL
dt 2m

Thus, L is constant

® @ 10V10:1
Explanation: By Kepler's low T? & r°

3
or IL: n
£

oA

3
L - (ﬂ)”
T; 1012
.
< =10+10
TJ

©) ©@v,<v,<v,
Explanation: Kepler's Law

ﬁ = constant and
dt
T? o P
dA = constant
dt
Vl < V2 < VE

(D) (b) decreased
Explanation: According to Kepler's law
T
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T, 365
519
T, =70days

There will be 70 daus in an year.

Hence. number of days will be decreased
to opproximately 70 days

(® (d) angular momentum

Explanation: A planet revolves around the
sun, in an elliptical orbit under the effect of
gravitational pull on the planet
So, torque, T =|r x F] = rFgin 180°= 0
AsT = Zl'-:ac L = o constant

t

Hence, angular momentum is constant.
Planet

@ERY SHORT ANSWER Type Questions (VSAD

(1 mark

21. Even though the moon is likewise a satellite

Ans.

22

Ans.

23

of the earth, a person sitting in the satellite
feels weightless, whereas a person standing
on the moon feels weighted. Why? [Diksha]

In artificial satellites, there is no grovitation but
on the surface of the moon gravity is present
with ita effect very little in amount. That is
why a person feels weightlessness due to the
obsence of gravity on the artificial satellite and
has some weight on the surface of the moon.
Weightlessness is a phenomenon when the
gravitational force is completely used up for
providing centripetal acceleration.

The mass of the moon is nearly 10% of
the mass of the earth. What will be the
gravitational force of the earth on the moon,
in comparison to the gravitational force of
the moon on the Earth? [Delhi Gov. QB 2022]

Both forces will be equal in magnitude as
gravitational force is a mutual force between
the two bodies.

The tidal effect of the moon's pull is stronger
than the tidal effect of the sun, despite the
fact that the sun's force is greater. Explain.

. Apart from the gravitational pull the tidal

Get More Learning Materials Here : i

effect also depends upon the cube of the
distance between the two. Since, the distance
between the earth and the sun is much larger
than the distance between the sun and the
moon so it not also balances but is more than
the effect of gravitational force. Thus, the tidal

24,

Ans.

25.

Ans.

effect of the moon's pull is greater thaon the
tidal effect of the sun.

At what altitude above the earth's surface
does the value of ‘g’ equal that of a
200-kilometer-deep mine?

Let the acceleration due to gravity at height h
be the same as that at a depth d, deep into the
earthie, d = 200 km,

2h d
'= 1—— 3 1——
Therefore g 9[ R ] 9[ R]

R ~|®
N a Ala

h=—= =100 km

Molecules in air in the atmosphere are
attracted by gravitational force of the earth.
Explain why all of them do not fall into the
earth just like an apple falling from a tree.

[NCERT Exemplar]

Air molecules are random in motion due to
thermal (temperature) energy. Air molecules
and apples bath are attracted by the earth by
gravitational force but the resultant velocity
of the air molecule is not exactly downward
as apple as it has not any other motion except
downward.
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@ www.studentbro.in



- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

26. When the finger is moved, the distance

Ans.

27

28

&

Ans.

29,

Ans

Get More Learning Materials Here : i

between the finger and the star changes
hence the force of attraction between the
finger and the star changes. This disturbs
all the stars. How is this related to Newton's
lawa?

According to Newton's low of gravitation,
everybody in this universe attracts every
other body with a force which is inversely
proportional to the square of the distance
between them. When we move our finger,
the distance of the objects with respect to
finger changes, disturbing the entire universe
including stars.

Identify the position of the sun in the
following diagram if the linear speed of the
planet is greater at C than at D.

Ans.

[Delhi Gov. QB 2022]

L = mvr constant
If v is maximum, r should be minimum
So. the Sun should be at B.

Hence, Sun should be at B os the speed of the
planet is greater when it is closer to the Sun.

(SHORT ANSWER Type-I Questions (SA-I))

[ 2 marks |

Suppose a spacecraft is going from earth to
the moon and also planned to come back
and it was filled with liquid propulsion during
the calculation of filling the propulsion it
was presumed that the maximum amount
of fuel is burned during a journey from Earth
to the Moon and back. Justify the reason.

Newton's law of universal gravitation is usually
stated that every particle attracts every other
particle in the universe with a force that is
directly proportional to the product of their
masgses and inversely proportional to the
square of the distance between their centers.
In the similar manner, when we go out from
the earth's surfoce towards the surfoce of
the moon, the force of gravitation acts as a
registance in not allowing the spaceship to
move away from the surfoce of the earth
and thus the spaceship haos to put in an
extra effort to move out of the surfoce of
the earth because the gravitational pull
exerted by the earth is more than that of the
moon Hence, fuel consumption will be mare.
On the other hand, when the spaceship goes
back to the earth's surface from the surface
of the moon, gravitational force will act in
pulling the spoceship towards it, and thus the
consumption of fuel will be less.

If there is an attractive force between
all objects, why do we not feel ouraelves
gravitating toward maassive buildings in our
vicinity? [Diksha]
Gravity pulls us to massive buildings and

everything else in the universe. Physicist Paul
AM. Dirac. winner of the 1933 Nobel Prize for

30.

Ans.

physics, put it this way. “Pick a flower on earth
and you move the farthest star” How much
we are influenced by buildings or how much
interaction there is between flowers and stars
ig another story. The forces between us and
buildings are relatively small becouse their
masses are small compared with the mass of
the earth. The forces due to the stars are also
small because of their great distances from
us. These tiny forces escape our notice when
they are overwhelmed by the overpowering
attraction to earth

Earth's orbit is an ellipse with an eccentricity
0.0167. Thus, the earth's distance from the
sun and speed as it moves around the sun
varies from day to day. This means that
the length of the solar day is not constant
through the year. Assume that earth's
spin axis is normal to its orbital plane and
find out the length of the shortest and the
longest dau. A day should be taken from
noon to noon. Does this explain the variation
of length of the day during the year?
[NCERT Exemplar]

Angular momentum and areal velocity are
constant as the earth orbits the sun.

At perigee, r;m; =r’w’.atapogee

If 'a’ is the semi-major axis of the earth's orbit,
then r,=a(l-e) andry,=a(l+e)

Ea=[1£]
l1-e

mﬂ'
e = 1.0667
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31.

Ans.

32.

Get More Learning Materials Here : i

(6]
=1.0691

—E
©
a
Let w be angular speed which is the geometric
the meon of w  and w, and corresponds to

mean solar day,

efe)
)

Let the speed of the planet at perihelion P
in figure be v, and the Sun planet distance
SP be ry Relate (r,, v,) to the corresponding
quantities at the aphelion (r,, v,). Will the
planet take equal time to traverse BAC and
CcPB?

B

[Delhi Gov. QB 2022]

The magnitude of angular mementum at P is
L, =mgrpy,
Similarly, magnitude of angular momentum at
Aisl, =m,r,v,
From the conservation of angular momentum

MoV, = MaMaVa

Y 0
Vi
Py 5 Uy >V,

area bound by SB and SC (SBAC > SBP(C)

By 2" law, equal areas are swept in equal
intervals of time. Time taken to transverse
BAC > time taken to transverse CPB.

The mean solar day is the time interval
between two successive noon when the
sun passes through zenith point (meridian).
Sidereal day is the time interval between
two successive transit of a distant star
through the zenith point (meridian). By
drawing an appropriate diagram showing
the earth's spin and orbital motion, show
that mean solar day is four minutes longer

Ans.

33.

Ans.

than the sidereal day. In other words, distant
stars would rise 4 minutes early every
succassive dauy.

[Hint: You may assume a circular orbit for the
earth.] [NCERT Exemplar]

Sun

Consider that on a day at noon. sun passes
through the zenith(meridian). After one
revolution (360° of earth about its own axis
sun again passes through the zenith.

During this time when the earth revolves at
its own oxis by 360° it changes its angle PSQ
= 1° So. 361° rotation by the earth is
considered one solar day.

In 361° correspond to the = 24 hrs

4
1° will corresponds to 2—I'u's
361

=23 3800 sec
361

=3 min 59 sec =4 min.
Hence, a distant star rises 4 min early every
day.

if @ corresponds to 1° per day (mean
angular speed), then p = 1.034 per day
and a = 0.967 per day. Since 361° = 14 hrs:
mean solar day, we get 361.034° which
corresponds to 24 hrs 8.14" (8.1" longer)
and 360.967° corresponds to 23 hrs 59 min
52" (7.9" smaller). This does not explain
the actual variation of the length of the
day during the year. Whether the weight
of the body should be greater at night
when the earth and sun are attracted in
the same direction, or during the day when

the sun and earth are attracted in oppasite
directions.

No, the earth is a satellite of the sun.
Everybody placed on earth is also o satellite
of the sun Both the body and earth will
have the same acceleration towards the sun.
Hence, there will be no relative graovitational
acceleration between the body and the earth.
It means a body placed on earth will not
experience any gravitational effect due to the
sun. It will experience a gravitational force of
attraction due to the earth, which will be the
weight of the body measured on the surface
of the earth, which will remain the same for all

24 hours.
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(SHORT ANSWER Type-Il Questions (SA-II))

[ 3 marks ]

34. Maria and Shaina are good friends and

35

living in a city near equator. Maria went to
a country located near the north pole of the
earth with her parents. Her friend Shaina
requested her to bring o gold necklace as
gold was cheaper in that country. Maria
purchased the necldace weighing 20 g and
handed it over to Shaina. When Shaina
got the necklace weighed by the local
goldsmith, its weight was less than 20 g.
Shaina told Maria that she was cheating
her. However, Maria explained that the
weight of the body at the equator is less
than at pales. Maria asked Shaina to return
the necklaces to her because she was not
interested in spoiling her friendship. Why
is the weight of the necklace less at the
equator than at the poles?

. Weight of object = mg.

]

Ans.

If g is legs than the weight. The reasons are:

(1) The shape of the earth is an oblate
spheroid. That's why the radius at the
equator is more. Thus, g is less at the
equator.

2
(2) The centrifugal force [%] is opposite to

g at the equator (the ongle between them
being 180°). Since forces are vectors and
the resultant vector is minimum when the
vectors are opposite to each other, g is
minimum at the equator. If the earth
rotated extremely fost then the centrifugal
force and g would have cancelled each
other out at the equator.

If a planet existed where mass and radius
were both halves those of the earth, what
would be the value of the acceleration due
to gravity on its surface as compared to
what it is on the earth's surface?

I Re 9T R
where M'-lM nndR'-lR
2 2
g_1 25
g 2
g'=2g

36. The mass and diameter of a planet are twice

Get More Learning Materials Here : i

that of the earth. What will be the period
of oscillation of a simple pendulum on this

planet, if it is a second's pendulum on the
earth?

arie g2 g a ity M,
g = g, R; .and g, ;
Here Mp:?MoandRp=2Ro

g, 1
g 2

Time period of o simple pendulum

Tp:ﬁTﬂ:\jE x2=2\65&'c

37. A mass m is placed at P a distance h along

the normal through the centre O of a thin
circular ring of mass M and radius r (figure).

E!-fm

If the mass is removed further away such

that OP becomes 2h, by what factor the
force of gravitation will decrease, if h = r?

[NCERT Exemplar]

Ans. A ring of radius r of mass M and a mass m is

ploced at o distance h axially at P. Then the
gravitational force F at P

_ GMmcosé _  GMmh

Fh AP2 - (r’+h"’)3”
h
-.cosf= —m——
——re
GMmr
f(_ ~ (ri_l_hl)s,fﬂ
F, T GMm2r
(r2+h2)3ﬂi
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38.

Ans.

Get More Learning Materials Here : i

o1 } (r? +4r7yn?
- @ryr 2

LA S -
Fz: Z\Ers 2

_5(57°
a2r3

F ss

E. 4\2

F 4 |2

R
Or = 5\5

A

Gravitational force on m at a distance 2r from
Qs the % % time the gravitational force when

m is placed at r distance from O.

(LONG ANSWER Type Questions (LA))

[4 &5 marks )

Consider an apparatus consists of two pairs
of spheras, each pair forming dumbbells that
have a common swivel axis. One dumbbell
is suspended from a quartz fiber and is free
to rotate by twisting the fiber; the amount
of twist is measured by the position of a
reflected light spot from a mirror attached
to the fiber. The second dumbbell can be
swivelled so that each of its spheres is in
close proximity to one of the spheres of the
other dumbbell; the gravitational attraction
between two sets of spheres twists the fiber,
for what purpose these twists are used.

It is the measure of this twist that allows the
magnitude of the grovitational force to be
calculated. And used by Cavendish. Cavendish
experiment is used for measuring the
gravitational force of attraction between pairs
of lead spheres, which allows the calculation
of the value of the gravitational constant, G
In Newton's law of universal gravitation, the
attractive force between two objects (F) is
equal to G times the product of their masses
(m,;m,) divided by the square of the distance
between them (r);

ie. F=Gﬂnﬁ.
r

The experiment was performed in 1797-98
by the English scientist Henry Cavendish. The
apparatus featured a torsion balance, a
wooden rod was suspended freely from a
thin wire, and a lead sphere weighing 0.73 kg
(1.6 pounds) hung from each end of the rod.
A much larger sphere, weighing 158 kg (348
pounds), was placed at each end of the torsion
balance. The gravitational attraction between
each larger weight and each smaller one drew
the ends of the rod aside along a graduated
scale. The attraction between these pairs of
weights was counteracted by the restoring
force from a twist in the wire, which caused the
rod to move from side to side like a horizontal
pendulum. The Cavendish experiment was

39.

Ans.

significant not only for measuring Earth's
density (ond thus its mass) but also for proving
that Newton's law of gravitation worked on
scales much smaller than those of the solar
system.

Discuss how the shape of the earth
influences the variation of g on its surface.
When a body is taken from the equator to
the pole, why does its weight increase?

The earth is nat perfectly spherical but is an
oblate spheroid. The polar radius (radius near
the poles) earth's is 21 km smaller than its
equatarial radius (near the equator). Earth is
not spherical. but actually, it is bulged out as
per the formula derived, the acceleration due to
gravity is invergely proportional to the square
of the radius of the earth. The radius of the
earth at the equator is more; at the equator, g
is less. This is the reverse in the case of poles
Suppose we consider the shape of the earth
as slightly elliptical. So, we will have different
distances from the pole and the equator from

the center. So, the distance between the pole
(R) and the equator (R from the center is as,

Pole

Re

— Equator

Re >R,
And, from observation, we have the relation
between Re and R, as,
i
g e< 'R—;
Then, if we consider G and M as constants in
the acceleration formula, then,
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40.
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gpoc ij and
P

9e > o7
Re
So. the gravitational acceleraotions on the

equator and pole are given bu.

Gp Qs
Here, from the distances between the poles
ond the equator, we have the relationship of
gravitational acceleration as.

2
% _ &
% R}

Hence, the gravitational acceleration at

the equator ig less than the gravitational
acceleration at the pole.

We have a huge sphere of mass M, radius R
and of uniform density p. Abody of mass m at
a distance r > R from the center of the sphere
experiences a gravitational force which
varies as l Now a hole is drilled along the

2
r

diameter of the sphere. The gravitational
farce experienced by the body of mass
m at a distance r < R varies as r. Explain.

. When the body is at a distance r < R from the

center of the sphere, then itis inside a spherical
shell of radius R and at the surface of a solid
sphere of radius r. The body doesn't experience
gravitational force inside the gpherical shell
The only gravitational force experienced by the
body is due to mass ‘M of the solid sphere of
radius 'r.

LY
1
(1
]
[l
[l
[l
]
]
[l
]
.

Therefore, F=G

Now, M' = mass per unit volume of a sphere of
radius R x volume of a sphere of radius r.

M 4

Putting this value in equation ().

_GMm
_RS

F rorFer

41. A star like a sun has several bodies moving
around it at different distances. Consider
that all of them are moving in circular orbits.
Let r be the distance of the body from the
centre of the star and let its linear velocity
be v, angular velocity m, kinetic energy
K, gravitational potential energy U, total
energy E and angular momentum L. As the
radius r of the orbit increases, determine
which of the above quantities increase and
which ones decrease. [NCERT Exemplar]

Ans. Let us consider a body of mass m rotating
around the star S of mass m in a drcular path
of radius r.

(1) Then the orbital velocity

JaMm

r

v =
o

" 1
or 0 %<
T
Hence, on increasing the radius of the

crcular path orbital velocity decreases

(2) Angular velodty. w = 2z

T
and T, o r by Kepler's third law

1
or © \fr?

Hence, on increasing the radius of
the circular orbit the angulor velocity
decreosed.

(3) Kinetic energy, E, = lm% or Ekwl,
2 r r

Hence on increasing the radius of the
circular path the kinetic energy decreased.
-GMm

r

(4) Gravitation patential energu, Ep =

or E u(-j—']
Po\r

So, an increasing radius of circular orbit the
P.E (E) inceases.

(5) Total energy
E=EWE = GMm +(—GMm]
R 2r r
GMm
2r

E=
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Hence. on increasing the rodius of the
circular orbit the total energy E will also be
increased.

(6) Angular momentum, L = mvr = ,,w-r
r

L= myGM

or L““";

Hence, the increasing radius r of the circular

orbit increases the angular moementum.

(NUMERICAL Type Questions)

42. The figure shows the elliptical orbit of a
planet m about the sun §. The shaded area
of SCD is twice the shaded area of SAB. If t,
is the time for the planet to move from D to
C and t,, is the time to move from A to B,
what is the relation between t, and t,?

[Delhi Gov. QB 2022)(2m)
Ans. According to Kepler's law of areos

The line thatjoins any planet to the sun sweeps
out equal areas in equal intervals of time

ie, ﬁ is8 constant

At
Given that

Area SCD = 2 x Area SAB
Using Kepler's law

ﬂAscoti

A T

43. At what depth below the surface does the

acceleration due to gravity becomes 70% of

its value on the surface of the earth's? (2m)

Ans. Gdapﬂ'n:gum’om 1-9‘—
R
a
_ 7 {9
10779 "k
3
= =—x6400 km
10

=1920 km

44.The mass of the planet Jupiter is 1.9 x 10¥
kg and that of the sun is 1.99 x 10* kg. The
mean distance of Jupiter from the Sun is
7.8 x 10 m. Calculate the gravitational force
which the sun exerts on Jupiter, and the speed
of Jupiter. [Delhi Gov. QB 2022](2m)

Get More Learning Materials Here : &

Ans. We know that,

F=GN:m
r
_ 8.67x10™x1.99x10% x19x107
(78x10%)
F=41x 102N

Fr |GMm r
U =J:= 3 5 —
m r m
e G_m_\/6.67x10‘“x1.9x10m
78x10"

r

V=13 x 10* ms™

45. What is the value of acceleration due to
gravity at a height equal to half the radius

of the earth, from the surface of the earth?

(Take g = 10 m/s? on earth's surface). (2m)
Ans. g= ——
()
R‘
[Given:h:ﬂjl
v _ g
1+(-—L]
QRG
e @ . 8 .4
’ 1y (3} @
(3 (3
2 2
h=s
2
= g'=4?g=4.44 I'I"IISJ

46. 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.

@g www.studentbro.in

L L L o o o o



- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

Mass of the earth = 6x10?¢ kg.
Neglect the effect of other planets etc.
Orbital radius = 1.5x10*' m.

[Delhi Gov. QB 2022](3m)
Ans. Given, 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" kg
Mass of the rocket = m

Let x be the distance from the centre of the
Earth where the gravitational force acting on
satellite P becomes zero.

From Newtan's law of grovitation, we can

equate gravitational forces acting on satellite
P under the influence of the Sun and the

Earth o
GmM, GmM,
(r-xp  x?
3 2
(= ] v,
“x |ITm

X 60x10*
15x 10" - x =577.35x
57835x =15 x 10!

1
o 3
(r—x)=(2 10 ]==57735

o = L5x10"
57835

=259 2 10"m

47. At what height from the surface of the earth
will the value of 'g’ be reduced by 36% of its
value at the surface of Earth?

[Delhi Gov. QB 2022) (3m)

Get More Learning Materials Here : i

Ans. Given,

Radius of earth, R = 6400 km

Gravity reduced 36%, g’ = [1—%]9 =064g

Gravity acceleration above height h from the

earth's surface.
_ o2
9= % R+h

0.64g =

I
0
Je—
<
+ 10
x>
—

Hence, height is one-fourth of the earth radius.
1600 km.

48. The acceleration due to gravity at the
Moon's surface is 1.67 ms'Z If the radius of
the Moon is 1.74 x 10°m. Calculate the mass
of the Moon.  [Delhi Gov. SQP 2022)(3m)

Ans. Giver: Acceleration due to gravity of moon
=167 mg™
radius of moon = 1.74 x 10°m
To find: Mass of the moon

We know: = am
RJ
gk°
— = .
= 0
Substituting given values in eqn. (1)
167x(1.74x10°)" _
667x10™
758 x 102 =M

. Mass of moon is 7.58 x 10% kg
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GRAVITATIONAL ENERGY
AND SATELLITE MOTION

' TOPIC 1
GRAVITATIONAL POTENTIAL ENERGY
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The gravitational potential energy of a particle
situated at a point in some gravitational field is
defined as the amount of work required to bring it
from infinity to that point without changing its kinetic
energuy.

= e S () SO
=

r

(Here negative sign shows the boundedness of the

two bodies)
M
m m, m,
e o @
«—»
r
— >

r

It is a scalar quantity. The S| unit of Gravitational

Potential energy is joule and Dimension are [M*L*1~7.
m

The gravitational potential energy of a particle of
mass ‘'m’ placed on the surface of the earth of mass
‘M’ and radius R’ is given by
_GMm

R

U=

Gravitational Potential Energy For
Three Particle System

If there are more than two particles in o system, then
the net gravitational potential energy of the whole
system is the sum of the grovitational potential
energies of all the possible pairs in that system.

Get More Learning Materials Here : i

y <.9mm_ Gmm, Gmym,

LV ]
r.'l rJ r!

If the earth stops rotating about its ads, then the
apparent weight of bodies or effective acceleration due
to gravity will increase at all the places except poles.

Example 2.1: Three solid spheres of mass M and
radius R are placed in contact as shown in figure.
Find the potential energy of the sustem.

Ane. PE = F‘E12 + i'-"E:!:1 + F'F_jl

£y

GM GM  GM?
2R 2R 2R

3GM’
2R

PE=
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'TOPIC2
GRAVITATIONAL POTENTIAL

The gravitational field around a materiol body caon be
described not only by grovitational intensity ;:. but

also by a scalar function, the gravitational potential
V. The gravitational potential is the amount of work
done by an external agent in bringing a body of unit
mass from infinity to that point without changing its

kineticenergy. V = ﬂ&
m

Gravitationol force on unit mass at (P) will be
e . Gm(1)_GM

b |
x’ X

Waork done by this force when the unit mass is
displaced through the distance dx is;

“GM GM Gm

dVUwz=Fdx=j—}<T=—[—){—] =——r—.

This work done is the measure of gravitational
potential at point (P)

L T

Ifr=ocothenV_=0.

Hence. gravitational potential is maximum at
infinity(as it is a negative quantity at a point P).
Then, If r =R, (on the surface of the earth).
GM
VA —
i R
a

Relotion between intensity and potential gradient

v:-jl-dr

= dV:—T.d;
__av

T odr

= -ve potential gradient.

Gravitational Potential Due to Solid
Sphere and Spherical Shell

Solid sphere

Case 1:r > R (outside the sphere);V_ = .
.
M

Case 2:r =R (on the surface), V.. =_G?

Case 3:r <R (Inside the sphere); Vv =_G_N:.l3529 -
- 2R

VA

reR R r<R

It is clear that the potential V will be minimum at the
centre (r = 0) but maximum in magnitude.
Spherical shell

Va

re<V/ r>R

v

m=emmemsem== | )

Case 1:r > R (outside the sphere); V.= _GM
r

Case 2r =R (on the surfoce), V. = ol
e

Case 3:r < R (inside the sphere); GM

V,,==——

Potential is same everywhere and is equol to its
values at the surface.

Example 2.2: A projectile of mass m is thrown
vertically up with an initial velocity v from the
surface of the earth (mass of earth = M). If it
comes to rest at a height h. What is the change in
its potential energy?

L L L o o o o
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Ans. Givert

_ GMm
27 R+h
AU=<U. -U =_GMm_ _GMrn
R R+h R
=GmM[1_L]=M
R R+h| R(R+h)

' TOPIC 3

ESCAPE VELOCITY AND ESCAPE ENERGY

Escape Velocity

It is the minimum velocity required for an object
located at the planet's surface so that it just escapes
the planet's gravitational field.

Consider a projectile of mass m, leaving the surface

of a planet (for some other astronomical body or
system), when the projectile just escapes to infinity, it
has neither kinetic energy nor potential energy.

From the conversion of mechanical energy:

Lol -2 ouo
2 ¢ R

= , = |2GM
. R

The escape velocity of a body from a location which s
at height 'h’ above the surface of a planet,

we can use:

[2GM IQGM
Vo™= F = m (..r=R+h)

Where, r = Distance from the center of the planet
H = height above the surface of the planet.

Escape speed depends on:

(1) Mass (M) and radius(R) of the plonet,

(2) Position from where the particle is projected
Escape speed does not depend on:

(1) Mass (m) of the body which is projected,

(2) Angle of projection

If a body is thrown from the earth's surface with

escape speed, it goes out of earth's gravitational field
and never returns to the earth's surface.

Escape Energy

Minimum energy is given to a particle in the form of
kinetic energy so that it can just escape the earth's
gravitational field.

Get More Learning Materials Here : &

Magnitude of escape energy =G—“£E

(-ve of PE on the earth's surface)
Escape energy = kinetic energy carresponding to the

escape velocity

GMm 1
= — -
R 2 F
2GM
Vo = T

Example 2.3: If the velocity given to an object
from the surface of the earth is n times the escape
velocity, then what will be its residual velocity at

infinity? [NCERT]
Ans. Let the residucl veloaty be v. then from energy
canvergion
lm(ﬂVO)J ——Gm & li"rnf2 +0
2 R 2
= Epit=20M
" R
=n’v?-v?
Q a
=(n-1)2

- (Vea)y

L L L o o o o
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Example 2.4 Case Based: m/s(equal to the velocity of light). What should

In astronomy and space research, escape velocity be the radius of the sphere?

is the velocity at which a body can escape from a (D) With what velocity must a body be thrown
gravitational center of attraction without further from the earth's surface so that it may reach
acceleration The velocity required to maintain a a height 4R above the earth's surface? (radius
circular orbit at the same altitude is equal to the of the earth, R = 6400 km, g = 9.8 m/s%).
square root of 2 (or around 1.414) times the escape (E) Assertion (A): The escape velocity fram the
velocity. If atmospheric resistance were ignored, surface of Jupiter is found to
the escape velocity at the Earth's surface would be be less than that from the
around 11.2 kilometers (6.96 miles) per second. At earth's surface.

its surface, the less massive Moon's escape velocity Reason (R): The radius of Jupiter is
is around 2.4 km per second. If the planet's escape smaller than that of earth.
velocity is low enough to be near the average velocity (a) Both A and R are true and R is the correct
of the gas, the planet (or satellite) cannot keep an explanation of A.

atmosphere for long (b) Both A and R are true and R is not the

correct explanation of A.
(c) Aistrue but R is false.
(d) Aisfalse and R is also false.

Ans. (A) Suppose we project the particle with speed
v,, so that is just reaches infinity (r — o).
Appluing the energy conservation principle,

M, R

the earth, and a particle of mass m, is placed

R
H—H
o
\_/ — DV i M
(A) A narrow tunnel is dug along the diameter of
K,+U, =0

at K distance from the center. Find the escape 2
2 1 GM, .., (R
_ =mgv; +mp|-—21{3R*-{ = }[=0
speed of the particle from that place. 2 2R 2
M, R
R _ [116M,
— = YT TR

o (mo) ®) (@) V15v,

Explanation: From mechaonical energy
conservation,
1 5, 3GMm

0+0==mv" -

(B) The escape velocity for a planet is v,. A particle 2 R
starts from rest at a large distance from BGM J—
the planet, reaches the planet only under
grovitational attraction, and passes through a

smooth tunnel through its center. Its speed at (C) The mass Uf the sphere = 6 x 10% kg
the center of the planet will be: Escape velodty = 3 x 10° m/s.
Vs 2GM . 2GM
a o == As .R=
@ Visvy, L VoS R %
© v, (d) Zero 2x667x10"! x6x10%
(C) A mass of 8 x 10?* kg(mass of the earth) is to = >
. ; (3x108)
be compressed in a sphere in such a way that
the escape velocity from its surface is 3 x 10° =9x108m=9mm

- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1
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(D) By using conservation of mechanical
energy

{'_-Il\/‘i.r*ng

(R, +4R )

1 GMma+GMmo 5
20 5R, R 20

v2=§x9.axe4oox103=103

= v=10"m/s

(E) (d) Als false and R Is also false

Explanation: The escape velocity on the
earths surface is given by the equation,

|GM
V=, |=—
R

Where, G be the Gravitational constant
M be the mass of the earth and R be the
radius of the earth.

As we all know that the radius of Jupiter
is found to be 11 times greater than
that of the earth. There is a difference
in acceleration due to gravity also. The
acceleration due to gravity on Jupiter
surface ig 2.36 times the acceleration due

to gravity of the earth's surface. Therefore,
the escape velocity from Jupiter is surely
higher than that from the surface of earth.

TOPIC 4

SATELLITE MOTION

A light body revolving around a heavier plonet due to
gravitational attraction is called a satellite. The moon
is the natural satellite of the earth.

(1) Naturalsatellite (eg.Moon revolving around earth)
(2) Artificial satellite
(3) Polar satellite

Essential Conditions for Satellite
Motion

(1) The center of the satellite's orbit shauld coincide
with the center of the earth.

(2) The plane of the orbit of the satellite should poss
through the center of earth.

(A) Unstable orbit
(Due to F, sin 8, orbit will shift)

(B) Stable orbit

It follows that a satellite can revolve around the earth
only in those circular orbits whose centers coincide
with the center of the earth. Circles drawn an the
globe with centers coincident with the earth are
known as great circles. Therefore, a satellite revolves
around the earth along circles concentric with great
circles.

Orbital Velocity

A satellite of mass m moving in an orbit of radius
r with speed v, the required centripetal force is
provided by grovitation.

Fopo=F,

mv? GMm

r I

2
GM _ [ GM
VD-\/;-\,(RO«Lh) = #h)
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For a satellite very close to the earth's surface,

h<cR0

R=R,
GM

=%

If a body is taken to some height (small) from the
earth and given a horizontal velocty of magnitude 8
km/s then it becomes a satellite of the earth.

v, depends upon the mass of the planet, radius of the

circular orbit of the satellite. If the arbitaol velodty of

a satellite becomes \E"'o (or increased by 41.4%) or
KE is doubled then it escapes from the gravitational
field of the earth.

Energy Period of a Satellite

2
T2 _ 2w
Ya GM
3
= 2mr?
i?*_\lg
= .I.2 |- ﬁr&
GM
= T o P (r=R+h)
For a satellite close to the earth's surface,
GM
Vo= =8 ki"l'l/s
R‘G
To=2]t &1
g
= 84 minutes
=1 hour 24 minutes
=1.24=5040s
1
2
In terms of density, T, = &E_= {ﬂ
4 z 109
GXEHRO xp

Time period of a nearby satellite only depends on the
density of the planet.

For Moan:
h,,=3800.00 kmand T =27 days

Get More Learning Materials Here : i

_2r(R,+h) 2m(386400x10°%)

v = =104 km/s
2 T 27x24x60x60
Energy of a satellite:
Kinetic energy KE,
1 5, GMm
= =My =——
2r
LJ
= (L=mrvy=myGMr)
2mr?
2
Patential energy.PE = G—:—mvg = —-L—z
r mr
Total mechanical energy,
TE=PE + KE
__mvg_ GMm
8 2r
LJ
T ome?

Binding energy: Total mechanical energy (potential
+ kinetic) of a closed system is negative. The modules
of this total mechanical energy are known as the
binding energy of the system. This is energy due to
which system is bound or the different parts of the
system are bonded to each other.

Binding energy of a satellite (system):

BE=-TE

BE = %mvg

L:
- 2mr?
-PE

Hence. BE=KE==TE= T

Escape energy and ionisation energy are practical
examples of binding energy.

Work done in changing the orbit of a satellite:
W = change in mechanical energy of the system

bU’t ww S ED
2r
So W=E,-E . GMmi1 1
2 \np
In the given graph of energy vs position
At paint A
F
KE.
E
N
E
—& L & L 8 > »>r —>
R A B C
G
Y
4| PE
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~ |(PE)>KE . KE + PE = -ve|
At A, B and C system is bounded.
At point D:
A
K.E.
E
N

R
G
Y
|PE| > |KE]
TE=KE+PE=0

So. the system is unbounded.

KE = GMm
3r

PE = GMm
r

TE. =GMm
2r

Example 2.5: A satellite launching station should
be:

(a) near the equatorial region

(b) near the polar region

(c) on the polar axis

(d) all locations are equally good [NCERT]

Ans. (a) near the equatorial region

Explanation: Near the eguator, ‘g’ is minimum
due to the rotation and shape of the earth
which help ta minimize fuel consumption.

(OBJIECTIVE Type Questions)

[1mark]

Multiple Choice Questions

4. In a circular orbit near the earth's surface,
a space shuttle is launched. The additional
velocity that will be delivered to the space
shuttle in order to release it from the

gravitational pull will be:
(a) L52km/s (b) 2.75 km/s
(c) 3.28km/s (d) 5.18 kim/s
Ans. (c) 3.28 km/s
Explanation: For escape from earth's
gravitational field TE. must be zero.

From conservation of energy
KE+PE =0

, - fam
°"\ R

[2GM

Va= —
R

additionally, veloaty. =v —v

=11.28=32km/s

2, If the length of the day is T, the height of
that TV satellite above the earth's surface
which always appears stationary from the

earth, will be: .
- 2 _ i
4n’GM P 4’GM 2
(ﬂ)h=— T2 l (b)h=— T2
- 1 i
GMT? |3 '
© h=|—= I -R(d) h=|SMF o
L 4z 4x?
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1

2
Ans. (0) h = [GMT F—R

ar’
Explanation:
T=2n,!i
GM
(R+h)3
= T =2r—*
GM
1
GMT? p
= h=[ o T -R

3, Energy required to move a satellite of
mass m from an orbit of radius 2R to 3R is,
(M mass of earth):

GMm GMm

(@) =T id (b) =
GMm GMm
bk dy =it

(© a5 (d) =

[Delhi Gov. QB 2022)
GMm
Ans. (d) ——
d Z5

Explanation: Energy required = (Final
potential-Initial potential) m
GMm -GMm GMm

Energy required = —
e 3R 2R 6R

L L L o o o o
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4. The gravitationaol force between two bodies

1
is directly proportional to % (not R—2 )
where 'R' is the distance between the bodies.

Then the orbital speed for this force in a
circular orbit is proportional to:

1
(@) =)

(b) R° (independent of R)
(c) R

1
(d)E

. (b) R® (independent of R)

Ans.

Explanation: Centripetal force is equal to
gravitational force and given os,

mvi =GM m
R R
= 1,f2=GI\"’1"i
RO

A planet revolves around the sun; its apogee
distance from the sun is r, and that at
perigee is r . The masses of the planet and
the sun are m and M, respectively. The
velocity of the planet at apogee and perigee,
respectively, v, and v, and T is the time
period of revolution of the planet around the
sun.

(D) T2 =

2
22"1 (rA +r )2

2 3
2:13M (r,‘ + rp)

(©) vyr,= v.r,

(d) All of these

(d) All of these

Explanation: As it is given that the v, is the
velocity of the planet at Apogee and , is at
Perigee. Now, by the low of conservation of
angular momentum at both these points is:

(b) T?=

o Ty <Vp
This implies that time period is given by,

_a
GM
3
2(r +r 2 3
T2=4n(p Al =L I‘r+r,,t)
GM| 2 2GM\'?

G. If a satellite is abruptly stopped in its orbit,

Get More Learning Materials Here : i

which is a radius of the earth from the
planet's surface, and allowed to fall freely

Ans.

into the earth. The speed at which it will
strike the earth's surface will be:
(a) 7919 m/s (b) 7.919 km/s
(c) 112 m/s (d) 11.2 km/s
(b) 7.919 km/s
Explanation: By conservation of mechanical
energy,
GMm 1

+0 ==mv/’ _GMm
2R 2 R

V:J% = 7919 km/s

@ Related Theory

= Conditon of weightlessness can be overcome by

creating artificlal gravity by rotating the satellice In
addlton to Its revolution

. If the earth stops moving around its polar

Ans.

&

axis, then what will be the effect on the
weight of a body placed at the South Pole?

(a) Remains the same
(b) Increases

(c) Decreases but not zero
(d) Decreases to zero  [Delhi Gov. QB 2022]

(a) Remains the same
Explanation: Variation in g due to the rotation
of earth
g' =g -o’Rcos’\

At poles, A = 80° in the above expression, we
get

Dpolo =9 — ?Rcos?90°

gpolo =g
Le. there is no effect of the rotational motion of
the earth on the value of g at the poles.

A satellite's time span near the earth's
surface is 1.4 hours. If it's at a distance of
'4R' from the earth's center, calculate its
time period.

(a) 32 hrs (b) [ﬁ;] hrs
(©) 8V2hrs (d) 16 hrs
. (©) 8V2 hrs

Explanation: As we know that
T? oc P

-4

5 [RE_g
14 R

T,=14x8= Bﬁhrs

L L L o o o o
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9. Escape velocity for a projectile at the earth's
surface is v,, A body is projected from the
earth's surface with velocity 2v , the velocity
of the body when it is at an infinite distance
from the center of the earth is:

(@) v, (b) 2v,
© V2 v, @ J3v,
Ans. (d) V3 v,

Explanation: Apply energy conservation,

= R, 2 72

2

2
-GMm 1 2GM 1 7
= —l 4 —_m|2|—= Emv

R, 2 R,
3GM,m 1 it
= R, 2
., 6GM 2GM
v = £=3x
R'G Rﬂ
2GM
v'=\3 - e =3y,
@ Related Theory

= Fecape veloclny does not depend on the mass of the
body being projected, the angle of projection or the
direction of projection.

10. A body attains a height equal to the radius
of the earth when projected from the earth's
surface. The velocity of the body with which
it was projected is:

11. Two satellites of the same mass m orbiting
around the earth (mass M) in the same orbit
of radius r can collide since their rotational
directions are opposing. The system's total
mechanical energy (including satellites and
earth) is (m << M):

GMm 2GMm
(@) - (®) -
r r
GMm
c) ——— d) zero
(©) > (d)
Ans. (g) -GMm
=
Explanation: Total mechanical energy of
satellite is,
Ey= EP + E;
GMm _ mv?
?r
2_GM
r
Now LE = lmvz _GMm
=
_1mGM GMm
- r
_ _GMm
2r

So, the total energy of the system,

_GMm GMm __GMm

2r 2r r

@ Related Theory

= Gravitational potential energy or potential I a
negative quantity whose maxdmum value I8 zero at
Infinlte separation.

12. A comet's maximum and minimum

© GM ®) 2GM distances from the sun are 8 x 10
R R m and 1.6 x 10 m respectively. If its
velocity is 60 mjfs when it is closest
5GM to the sun, what is its velocity in m/s
(c) 3R d R when it is farthest away?
(@) 12 (b) 60
Ans. (o) [OM © 112 @s
R Ans. (q) 12

Explanation: Apply energy conservation,
energy at surface = energy at the height

R 2 2R
= 1,._GM
2" TR

v= |GM
ad R

Explanation: Apply angular momentum
coneervation law,

mv,r; = mv,r,
= 60x16«x 1012=v2x8x 10*?

v, = 12 m/sec

13. Different points on earth are at slightly
different distances fram the sun and
hence experience different forces due to
gravitation. For a rigid bodu, we know
that if various forces act at various points
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Ans.

in it, the resultant motion is as if a net
force acts on the cm. (centre of maass)
causing translational and net torque at
the c.m. causing rotation around an axis
through the c.m. For the earth-sun system
(approximating the earth as a uniform
density sphere)
(a) the torque is zero
(b) the torque causes the earth to spin
(c) the rigid body result is not
applicable since the earth is not even
approximately a rigid body.
(d) the torque causes the earth to move
around the sun.
[NCERT Exemplar]
(o) the torque is zero
Explanation: The torque on earth due to
gravitational attractive force on earth js
zero because the direction of force (F).
(gravitational) and the line joining ( 7 ) the
point of application of force (which also at cm.
of the earth) is along same line so the angle
between 7, and F is zero so by.

T =PxF =|P|F |sin0°=0

Assertion-Reason Questions

Two statements are given one labelled Assertion

(A) and the other labelled Reason (R). Select the

correct answer to these question from the codes

(a), (b), (c) and (d) as given below:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true and R is not the correct
explanation of A.

(c) Aistrue butR is false.

(d) Aisfalse and R is also false.

14. Assertion (A): A person feels weightlessness

Ans.

Get More Learning Materials Here : i

in an artificial satellite of the
earth. However, a person on
the moon (natural satellite)
feels his weight.

Artificial satellite is a freely
falling, body and on the
moon's surface, the weight

is mainly due to the moon's
gravitational attraction.

Reasaon (R):

(a) Both A and R are true and R is the correct
explanation of A

Explanation: In artficial saotellites, there
is no gravitation but on the surface of the
moon gravity ig present with its effect very
little in amount That is why people feel
weightlessness due to the absence of gravity
on the artificial satellite and have some weight
on the surfoce of the moon

Welghtlessness is a phenomenon when the
gravitational force is completely used up for
providing centripetal acceleration.

i5.

Ans.

ie.

Ans.

17.

Ans.

Assertion (A): An astronaut in an orbiting
space station above the earth
experiences weightlessness.
An object moving around the
earth under the influence
of the earth's gravitational
force is in a state of free fall.
[Delhi Gov. QB 2022)

(a) Both A and R are true and R is the correct
explanation of A

Explanation: The astronaut's typical force
aboard the orbiting space station is zero.

As a result, the apparent weight of an
astronaut aboard an orbiting space station is
zero. An astronaut s said to be in a condition of
weightlessness.

This is due to the fact that both the astronaut
and the spacecraft are free-falling bodies.

Reason (R):

So, both assertion and the reason are correct
and reason is the correct explanation for
assertion

Assertion (A): Angular momentum of a
satellite remains conserved.

Reason (R):  Conservation of linear
momentum leads to
conservation of angular
momentum,

(c) A is true but R is false.

Explanation: The only force acting on the
satellite is the force of gravitational attraction
which points directly toward the center of
mass of the primary, the torque caused by
this force equals zero. and therefore angular
momentum of a satellite in an elliptical orbit
is congerved about the center of mass of the
primary. Angular momentum, like energy
and linear momentum, is conserved. This
universally applicable law is another sign of
underlying unity in physical laws. Angular
momentum is conserved when net external
torque is zero, just as linear momentum is
conserved when the net external force s zero.

Assertion (A): A body kept inside a spherical
shell does not experience any
gravitational force.

Reason (R): The body inside a spherical
shell is protected from the
gravitational attraction outside
the shell

(d) A is false and R Is also false

Explanation: Inside the shell, the gravitational
force is zero. This is because is no mass inside,
the gravitationol fleld ig zero, thereby is zero.
However, unlike a metallic shell which shield
electrical forces, the shell does not shield other
bodies outside it from exerting gravitational
forces on a particle inside.
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(B) An artificial satellte is mowving in a
circular orbit oround the earth with
a speed equol to half the magnitude
of escope welocity from the earth. (i)
Determine the height of the drculor
orbit around the earth's surfoce. (i) If the
satellite is stopped suddenly in its orbit
and allowed to fall freely on the earth,
find the speed with which it hits the
surface of the earth. Given M = mass of
the earth and R = rodius of earth.

(C) An ostronout inside o smaoll spaceship
orbiting around the earth cannot detect
gravity. If the spoce station orbiting the
earth has o lorge size, con he hope to
detect grovity?

Ans. (A) Let AK be the odditionol kinetic energy

imported to the spaceship to overcome the
grovitotionol pull then,

AK = - (totol energy of spoceship) = EEIIIET

c=x

| & & 5 marks |
Read the following possages ond onswer the Totol kinetic energy
guestions that follow: GMm
= +
18. The satellite stoys in orbit because it still hos rid
momenturm energy it picked up from the rocket a Eﬁﬂ_':"_ GMm
putlling it in one direction. Earth's grovity pulls 2K 2R
it in aorother direction. This bolonce between GMm
grovity and momentum keeps the sotellite ==
orbiting around Earth. Satellites that orbit
close to Earth feel o stronger tug of Earth's i 1 ._GMm
grovity. To stay in orbit, they must trovel faster 2 R
than o sotellite orbiting forther awoy The e
Internotional Spoce Station orbits about 250 - v = [2GM
miles above the Earth and trovels ot o speed of TN R
about 17,150 miles per hour.
But o= |IE__M_
1 1l R
so additionol velocity required
=V, —¥,
” II"EGM_ lf@
YR YR
={'I.Illi —IJ.\II%
Alternate Solution:
Additionol velooty
(A} A rocket is launched into o circulor orbit = eacapa velot
grourd the Earth. Whaot more speed _ sl vl
should be given to the spoceship now i t
in order for it to overcome the earth's TE—& [
gravitational pull? - qlzﬁu 7 E’"_"
R VR

a5 [epa
= tu‘li - i}llil %

(B} (i Letheight obove the earth’s surfoce=h

then
=
wtisl ~ \[g o h
1. 1 12GM
v 2‘|.| =4
= R+h=12R
== h=R

fiiy If the sotellite is stopped suddenly
then its totol energu

g =_GMm

! R
Let its speed be v when it hits the
earth’s surfoce than its totol energy on

earth surfoce
Ghm 1
E,=- s + Emvr

L L L o o o o

@ www.studentbro.in



- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

Conservation low for mechanical
energy yield v,

E, =E,
-GMm GMm 1
=- +—mv
R R 2
-
= V'R

(©) An Astronaut inside a small spaceship

experiences a very small negligible
constant acceleration aond hence the
astronaut feels weightlessness. If the space
station has too much mass and size, then it
can experience acceleration due to gravity,
eg. on the moon

19. If we throw a ball vertically upwards from the
surface of the earth; it rises to a certain height
ond falls back. If we throw it at a greater
velocity, it rizes to a greater height. If we throw
it with suffiicient velocity, it may never come
back. It will escape from the gravitational pull
of the earth. This minimum velocity is called
escape velocity. [Delhi Gov. QB 2022]
(A) Escape speed of a body of mass m

depends upon its mass as:
(@) m° (b) m
() m? (d) m?

(B) The escape velocity for an object
projected vertically upward from the
earth's surface is approx. 11 km/s. If the
body is projected at an angle of 45° with
the vertical, then the escape velocity will
be:

@%mh

(b) 11 km/s

© 11J2km/s
(d) 22 km/s

(C) The value of escape velocity on a certain
planet is 2 km/s. Then the value of orbital
speed of a satellite orbiting close to its

surface is:
(@) 12 km/s (b) 1 kmy/s
(© V2 km/s (d) 2v2km/s

(D) The escape speed of the planet is v. If the
radius of the planet contracts to Loof

the present value, without any change in

mass, the escape speed would become:

Get More Learning Materials Here : i

(a) halved
(b) doubled
(c) quadrupled
(d) one fourth
(E) The moon has no atmosphere as:

(a) The escape speed an the moon is very
large as the thermal speed of the
molecules of gases on the moon.

(b) The escape speed on the moon is
equal to the thermal speed of the
gaseous molecules on the moon.

(c) The escape speed on the moon is very
small as compared to the thermal
speed of the molecules of gases on
moon.

(d) Size of the moon as compared to the
earth is very less and hence escape
speed of the moon is large.

Ans. (A) (@ m°
Explanation: Escape speed of a body from
Earth's surfoce is givenby: V| = 1f2gR

As we can see from the above equation.
there is no 'moss' term. Implies it can be
written as m°®

So. the escape speed of a body is
independent of its mass.

(B) (b) 11 km/s
Explanation: Escape speed of a body from
Earth's surface is given by: V. = «JZQR

This expression is abtained by conservation
of energy and doesn't involve in which
direction the body is thrown/projected.

So. irrespective of the angle of projection.

escape speed of the body from Earth's
surface remains constantie = 11 km/s

©) @2 km/s
Explanation: v, =2 kms™
vVo=7?
The arbital speed can be written in terms
of escape velocity.

%
V(J:ﬁ

Vg is the orbital speed for a satellite orbital
close to its surface.

v, is the escape velocity.
v
v

o= %
%:6101’13"

Yo
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(D) (b) doubled
Explanation: Escape veloaty on a planet Is

2GM

Ve gf——

R

Now the radius of plant contracts to one
fourth of present value without change in
its mass.

So R=

|

So new escaplee velocity

[4x2GM _

- 2V

(B) (c) The escape speed on the moaon is very
small as compared to the thermal
speed of the molecules of gases on the

moon

Explanation: The escape velocity (the
minimum velocity with which a body is
to be projected so as to escape fram the
gravitational pulls on the surface of moon
is very much less than the rms velocity
of the molecules of gas at the surfoce
temperature aof moon. Therefore, the
molecules will escape and therefore moon
cannot hold an atmosphere.

(VERY SHORT ANSWER Type Questions (VSAD

[1 mark]

20.

21.

At a separation of the surface of Earth
(r = 6400 km) gravity wants to pull the test
mass closer and closer. Its gravitational
potential energy wants to pull it closer
and closer. To do the opposite (i.e., move a
test mass from a point to infinity) we need
positive amounts of energy (like when we lift
something up onto a shelf or shoot a rocket
out into space really far). But gravitational
potential energy wants to do the oppaosite.
Why does gravitational potential energy
possess this quality?

. Because a negative amount af work is done to

bring an object closer to the Earth, gravitational
potential energy is always a negative number
when using this reference point. A satellite of
mass m is launched from the surface of the
Earth into an orbit of radius, where R is the
radius of the Earth.

The larger a planet or moon's gravity well is,
the more energy it takes to achieve escape
velocity and blast a ship off of it which
means are we living at the bottom of a

gravitational well Give a reason.

.Yes. we are living at the bottom of a

gravitational well Fgure shows the variation
of gravitational force F with distance r fram
the centre of the earth. The groph hos a
force minimum at the surface of the earth

(r=R).

Get More Learning Materials Here : i

22.

Ans.

23,

Ans.

raR r-e
E
=-GM
l o

o

The radii of the two planets are R and
2R respectively and their densities p and
p/2 respectively. What is the ratio of

acceleration due to gravity at their surfaces?
[Delhi Gov. QB 2022)

Here,
4oGM_G 4
R R 3
or g=Rp
9_k%
9, 2R_E
2
=1:1
Why does an astronaut experience

weightlessness in a spaceship?

An astronaut orbiting the Earth does feel
weightless because there is no ground or
normal force to counteract the force of
gravity. Thus, the astronaut is falling. However,
since the astronaut is also moving forward

superfast. hefshe continually falls around the
Earth rather than crashing into the Earth.

L L L o o o o

@ www.studentbro.in



- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

Get More Learning Materials Here : i

24. How is the gravitational force between two
point masses affected when they are dipped
in the water keeping the separation between

them the same? [NCERT Exemplar]

Ans. By Newton's Universal law of gravitational
force of attraction (F) between two bodies of
masses m,. m, separated by distance ris,

F=Gmﬂi

5

G does not depend upon the medium. So, the
force of attraction does not change if the
masses are kept in water or any medium

25. The sun draws all living things on the planet.
When the sun is directly below a body at
midnight, it pulls in the same direction as

the earth's draw on that body, when the sun
is directly above a body at middauy, it pulls
in the opposite direction as the earth's pulL
Then the body's weight will be higher at
midnight than at noon.

Ans. No. the earth is o satellite of the sun. Anybody
placed on earth is also a satellite of the sun
The body and the earth both will have the
same acceleration towards the sun. Hence,
there will be no relative sun's gravitational
acceleration between the body and the earth.
That is. a bedy placed on earth will experience
no gravitational effect due to the sun. It will
experience a gravitational force only due to
the earth. This will be the weight of the body
measured on the earth and will remain the
same for all twenty-four houra.

(SHORT ANSWER Type-I Questions (SA-ID

[ 2 marks )

26. A projectile's route from the earth is
generally parabolic, although it is elliptical
for projectiles travelling to large heights.
What is the reason for this?

Ans. Under ordinary heights, the change in the
distance of a projectile fram the center of the
earth is negligible compared to the radius of
the earth. Hence, the praojectile moves under a
nearly uniform graovitational force and its path
is parabolic But for a projectile going to a very
great height, the gravitational force decreases
in inverge propartion to the square of the
distance of the projectile from the center of the
earth. Under such a variable force. the path of

the projectile is elliptical
27

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. Time taken by the Earth to complete one
revolution around the Sun,

T, =1 year
Orbital radius of the Earth in its orbit.
F% =1AU

Time taken by the planet to complete one
revolution around the Sun.

1 1
T,= =T = —year
P=3 o7 34

Orbital radius of the planet = R,

From Kepler's third law of planetary motion,
we can say that

-

2/3
Ea=[1a]
Re \Te

148
[”Tz) = (0.5 =063

Hence, the orbital radius of the planet will be
0.63 times smaller than that of the Earth.

28. The radius of the circular orbits of two
satellites, A and B of the earth, are 4R and R,
respectively. If the speed of satellite A is 3v.
What is the speed of satellite B?

[NCERT Exemplar]

Ans. Speed of satellite v = /E;M

-

= vg=(3v) (2) =

29, A communication satellite from Earth that
takes 24 hours to complete one circular orbit
must eventually be replaced by a double-
mass satellite. What is the ratio of the radius
of the new orbit to the original orbit if the
new satellite likewise has a 24-hour orbital
time period?
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Ans. Time period of the revolution of satellite,

Ra
T= 2n £

a

where R, and M, are the radius of the orbit
and mass of the earth. Thus, the time period
doesn't depend on the mass of the satellite.

GM ¢
o
(IL]J = I T = T3|
T? r}

30.

Ans.

An astronaut inside a small spaceship
orbiting around the earth cannot detect
gravity. If the space station orbiting the
earth has a large size, can he hope to detect
gravity? [NCERT Exemplar]

Astronaut Inside a small spaceship experiences
a very small negligible constant acceleration
and hence astronaut feels weightlegsness
If the space station has too much large maoss
and size then it can experience acceleration

due to grovity eg. on moorn.

(SHORT ANSWER Type-||

Questions (SA-IID

[ 3 marks ]

31. The earth launches a rocket towards the sun.

The gravitational force on the rocket is zero
at what distance from the earth's center?
The sun's mass is 2 x 10°° kg, and the earth's
mass is 8 x 102¢ kg. Other planets and their
effects are ignored.

(Orbital radius is 1.5 x 10** m).

Ans. Mass of the Sun, M, = 2 x 10% kg,

Mass of the Earth. M_ = 6 » 10** kg,
Orbital radius, r= 1.5 x 10 m,

Mass of the rocket = m

Let x be the distance from the center of the
Earth where the grovitational force acting on
Satellite P becomes zero.

From Newton's law of gravitation, we can
equate gravitational forces acting on satellite P
under the influence of the Sun and the Earth as:

GmM. GmM

(r—x)2 TP

Get More Learning Materials Here : &

32

Ans

33.

15 x 101 - x = 577.35x
15 » 101! = 57835 x

oo L5x10"
57835

A satellite orbits the earth at a height ‘R’
from the surface. How much energy must
be expended to rocket the satellite out of
earth's gravitational influence?

[Delhi Gov. QB 2022)

The energy required to pull the satellite from
the earth influence should be equal to the total
energy with which it is revolving around the
earth.

=259x10"m

The KE of satellite = ljv-rn/2 =lmﬂ
2 2 R+h

_ [am

R+h
The PE. of satellite = _ GMm
R+h

: g [ L GMM
. Energy required will be 2(R+h)

Two identical heavy spheres are separated
by a distance 10 times their radius. Will
an object placed at the mid-point of the
line joining their centres be in a stable
equilibrium or unstable equilibrium?

Give reason for your answer.

[NCERT Exemplar]
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M M
Ans. P K ‘
+—— 5R P4 SR

10R

v

v

m;=m,=Mandr=10R

Let masas m is placed at the mid-point P of a
line joining the centres of A and B sphere

IFj | = IF],’ = GMm
(SR)?
GMm
By l=lFgl = s

As the direction of force, F, and F, are in
opposite directions ie, equal and opposite
forces are acting an m at P.

As net force F| = -F, or F, +F, =0 is zero

so the m is in equilibrium. If m is displaced x
slightly from Pto A

then PA = (5R - x) and PB = (5R + x)

GmM GmM

Fi= GR_x)? (SR + x)?

and F,=

F, < F, ie, resultont force acting on P is
towards A.

Hence, equilibrium is an unstable equilibrium

34

would they all accelerate at the same
ratio in the gravitational field
of the earth? Explain.

Ans. Suppose that at a point in the gravitational
field of the earth, the value of acceleration due
to gravity is g. if Mg is the gravitational mass of
the bodu,

then gravitational force on the body = M_g.

if M, is the inertial mass of the body. then the
acceleration produced.
M_g

a=—=

M

1

M
It follows that if the ratio FAE ig different for
1

different objects, then they would accelerate
differently in the graovitational field of the

M
earth. If it is so Le. the ratio ﬁ? is different for
different objects, Then the time periods of the
pendulum made of different materials
(as aluminium, iran, lead etc) would be different
indicating that the pendulum made of different

35.

If different objects had different ratlos of materials  accelerate differently in the
their inertial and gravitational masses, gravitational field of the earth.
(LONG ANSWER Type Questions (LA))
(4 & 5 marks |
A Star 2.5 times the mass of the sun and 6.67x10" x5x10%* st
collapsed to a size of 12 km rotates with Fg= (12x10°) =231x10"mN

a speed of 1.2 rev. per secand. (Extremely
compact stars of this kind are known as
neutron stars. Certain stellar objects called
pulsars belong to this category). Will an
object placed on its equator remain stuck to
its surface due to gravity?

(Mass of the sun = 2 x 10°° kg).

Yes, A body gets stuck to the surface of a star
if the inward gravitational force is greater than
the outward centrifugal force caused by the
rotation of the star.

Ans

GMm
R:I

Gravitational force, Fg =—

Where,

M =Massofthestar=25 x 2 x 10*°=5 x 10°%Kg
m = Maas of the body

R =Rodius of the star=12km =12 x10'm

Get More Learning Materials Here : i

Centrifugal force, F, = mno?

Angular speed w = 27v
v = Angular frequency = 1.2 rev g™!
F. = mr (2n)?
=mx (12 » 10% x 4 x 314y x (12)?
=17 x10°mN
Since, F > F_ the body will remain stuck to the
surface of the star.

36. (A) Derive the expression for finding the
escape velocity of the boduy.

(B) Does it depend on the location
(e.g. different planets) from where it is
projected?

[Delhi Gov. SQP 2022)

Ans. (A) Let a body of mass m be escape from the
gravitational field of the earth. During the
course of motion, let at any instant, the
body be at a distance r fram the center of
the earth.
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The gravitotional force between the body
and the earth is.

_GMm

F= dr

r

Work done to raise the body by distance dr
is

GMm

2
r

dW = dr

Total work done, W in raising the body fram
the surfoce of the earth to infinity is,

W =IGN:1mdf =GMm|:—-1—l
g T r

=GMm[—l+lj|
R

oo

_GMm

TR
If we throw the body upward with a
velocity v,, then work done to raise the

body from the surface of the earth to
infinity is done by kinetic energy.

_GMm _1

R 2. °

V“=JQE ——(-l)

Substituting the values in equation ().
we haveg=9.81 m/secand R = 6.4 x 10°m
Escape velocity is given by,

v, = v9.81x6.4x10°

=11200 m/s
=112 km/s

(B) There is no relation of escape veloaty with
the location of projection. Hence, it does
not depend on the location fram where it is
projected.

37. A satellite is to be placed in equatorial
geostationary orbit around earth for
communication.

(A) Calculate the height of such a satellite.

(B) Find out the minimum number of
satellites that are needed to the cover
the entire earth so that at least one
satellite is visible from any point on the
equator.

[M=6x 10 kg, R=6400 km, T= 24 h,
G = 6.67 x 10! Sl units)

[NCERT Exemplar]
Ans. (A) Mass of earth M = 6 x 10%% kg
Radius of earth R= 6400 km = 8.4 x 10 m
Time period. T=24h=24x3600s
=24 %x36x10%s
G=6.67 x 1071 N-m? kg™
Orbital Radius = (R + h).

h is the height of the satellite from the
earth surface.

GM
VD= —_—
R+h
L,2__GM
22
(R +h)
1 2xR+h)
vﬂ
12 _ AR+ HR+h)
- GM
1 ArR+hY
T GM
B 3
2
o Ry |SL MT
. 4n?
s 3
. GT?M]‘ .
| 4n?
- 1
6.67x10M x(24x36) |
- x(10?)? x6x10%
- 4x314x3.14
h=x-84x 1086
log x = £
3
log N' = 27.8739
-log D' = 49938
log x = 7.6267

x =42335 x 107
h=42335x105-64 x 10°
=35940 km
(B) Let a satellite S is at the above of the
earth's surfoce. Let angle subtended by
satellite at centre of the earth O. Then in
right angle ASPO

L L L o o o o

@ www.studentbro.in



- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1

Get More Learning Materials Here : i

cos B = 1
1+b
R
(Height of geostationary satellite)
R=84x10m
cos B = lh
1+—|
| R
cos @ = , 1
4 3.59x10’ ‘
e
| 6.40x10°
s x 1
" 1456 66
cos B =0.1515

6 =81.28°
20 = [81.28 x 2]
0 is covered by one satellite
Total angle to be covered =360°
Number of satellites to cover

_360°
8128x2

So, the number of satellites to cover whole
parts of the earth = 3.

38. Objects at rest on the earth's surface move
in circular paths for a period of 24 hours.
Are they in orbit in the same sense that an
earth's satellite is in orbit? Why not? What
would the length of the day have to be to
put such objects in a true orbit?

Ans. The objects on the earth's surfoce are not
in orbital motion wrt the earth. So, that an
object has an orbital motion close to the
earth's surface, its orbital velocity, and period
of motion must be,

Therefore, the length of the day has to be
1.4 hrin case the abjects on the earth's surface
are in true orbital motion like that of the earth's
satellite.

(NUMERICAL Type Questions)

39. The gravitational potential difference
between a point on the surface of a planet
and a point 10 m above is 4 J/kg. Considering
the gravitational field to be uniform, how

much work is done in moving a mass of 2 kg
from the surface to a point 5 m above the
surface? (2m)

Ans. Gravitational field.

e ( J
B “110) 10 kg-m

Ax

Work done in moving a mass of 2 kg from the
surfoce to a point 5 m above the surface.

W = mgh

4 J
@ kg)[lOkg_m](Sm) 4
40. A body of mass m kg starts falling from a
distance 2R above the earth's surface. What
is its kinetic energy when it has fallen to
a distance ‘R' above the earth's surface?
(Where R is the radius of the earth) (2m)

Ans. By conservation of mechanical energy,
GM GMm

- m+0=— +KE
3R 2R

GMm[l 1] 1 GMm

=KE=——

R

41. One projectile after deviating from its path
starts moving round the earth in a circular
path radius equal to nine times the radius of
earth R. What will be its time period? (3m)

Ans. Given
r=9R
As we know, time period is given by

T=2 i
JGM
T:ZWJE

gR?

[~ GM = gR?
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T 27:!‘—(-?—:—1-!;— (from question)
9
T= zmemJE
g
Ti= 27::21;JE.
g

42. A black hole is a body from whose surface

nothing may ever escape. What is the
condition for a uniform spherical mass M to

be a black hole? What should be the radius

Get More Learning Materials Here : i m

Ans.

of such a black hole if its mass is the same
as that of the Earth?
[Delhi Gov. QB 2022](3m)

For a body to be a black hole, even light should
not escape. So limiting escape velocity is
3x10% mg!

So, for the body of Mass M, the conditian is,

[ 5. 108

For Earth, M = 6 x 10% kg
2x6.67x10™ M x6x10*
R

=9 x 10?m
R=9cm

= (3 x 109%R

< I/
< <
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