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Gravitation

Kepler’s laws of planetary motion

Based on the regularities in the motion of the planets, Kepler formulated a set of three laws known as Kepler’s laws
of planetary motion.

1 Law (Law of orbits)
All planets move round the Sun in elliptical orbits with Sun at one of the foci.

Il Law (Law of areas)
A line joining any planet and the Sun sweeps out equal areas in equal intervals of time.

Areal velocity: The area swept by the radius vector of a planet around the sun, per unit time is called areal velocity
of the planet. Areal velocity of a planet remains constant.

111 Law (Law of periods)
The square of the period of any planet about the Sun is proportional to the cube of the semi-major axis of its
orbit. T? oc a°
where T is the period and a is the semi major axis.
If T, and T, are the periods of any two planets and r, and r, are their mean distances from the Sun, then

2 3
T _n

Tn
Nearer planets move faster. For example the orbital speed of Earth is about 30 km s™*. The speed of Jupiter is about
13.2 km s~* with a period of 11.86 years and that of Saturn is 9.7 km s~ with a period of 29.46 years.

e Out of planets known before 18™ century, Saturn is the slowest. Infact, the Sanskrit name ‘shani’ refers to slowly

T 29.46
moving object. Saturn is seen for about 2% years in each constellation | — =
& L o . (12 12

~25 yearsj and passes

through 3 constellations in 7% years, commonly known as ‘saade-sath’.

Newton’s Law of Gravitation: Every particle attracts every other particle with force that is proportional to the product of
the masses and inversely proportional to the square of their separation and acts along the straight line joining them.

m,m,
F—G( r2 J m, T _|‘.> m,

G is a universal constant, called the constant of gravitation. |« r »
G =6.67x10 Nm?Kg™
The dimensional formula for G is [M*L’T 2]

Newton’s law of universal gravitation

. The gravitational force is the weakest known force of nature.

. The value of G is the same for two particles, two celestial objects and two terrestrial objects.

. A spherical shell of matter attracts a particle that is outside the shell as if all the shell’s mass were concentrated at

i its centre.

. A uniform shell of matter exerts no gravitational force on a particle located inside it. It is a gravitational shield for
particles within it.

. The net gravitational force on a particle due to one or more particles is determined using the principle of
superposition.
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. The gravitational force on a particle would first increase slightly, eventually reach a maximum and finally decrease
to zero at the centre of the earth as the particle is lowered down the centre. The reason for the initial increase is the
predominance of the effect of decrease in r over that of the shell of the earth’s crust that lies outside the radial
position of the particle. As the centre is approached, the effect of the outer shell predominates.

. If the earth were uniformly dense, the gravitational force would decrease to zero as the particle is lowered to the
centre of the earth.

Newton’s law in vector form
2 Gmm, > Gm,m, ). i s
Fo1= 3 ro= = i m B, i £, m,

- . . l< ol
where Fi» — force exerted on particle of mass m, by particle of [* *  mass mp

N
ri2 — position vector of m; relative to my

f,, — unit vector in the direction of ri.
Gravity: It is the term used to describe the force on a body near the surface of a celestial body. The earth’s gravity is given
by

M .
F= (IS—:])Z where M — mass of the earth, R — average radius of the earth
+

h — height of a body of mass m above the surface of the earth.

Acceleration due to gravity (g): It is the acceleration of a body due to gravity. On the surface of the earth g = C;I\ZA

o The value of g is independent of the mass of the body.
. In the absence of air resistance, heavy and light bodies released from the same height reach the ground
& simultaneously.
. The average density of the earth is given by p = 39 .
47GR
° Acceleration due to gravity on the surface of the moon is about one-fifth of that on the surface of the earth.

Variation of g

(i) Due to altitude: Acceleration due to gravity at a height ‘h’ above surface of earth is
GM
9y

“(R+hy
2h .
g, =0 1—3 (forh<<R) R — radius of earth

Thus g decreases with altitude.
(i1) Due to depth: Acceleration due to gravity at a depth ‘d’ below the surface of earth is

9 =g[1—%} for (d <<R)
atd =R, i.e., centre of earth

9¢=0
.. g decreases with depth

(iii) Due to rotation of earth: Acceleration due to gravity at a latitude A is given by
0.=g— Rw? cos? A o — angular velocity of earth

(a) At poles: A =g

.9, =9-Ro’ cosg = Omax
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Thus g is maximum at poles.
(b) At equator: A =0
. Jeg =9 — Rw?cos 0
=g - Rw?
= Omin
(c) If earth stops rotating about its axis, the value of g at the equator will increase by 0.38 %, but at
poles it remains constant.
(d) If angular speed (w) increases by 17 times present value, there will be weightlessness on the
equator. But g at the poles do not change. Earth’s duration of day reduces to 84 minutes.
(iv) Due to nonspherical shape of earth

Polar radius (Rp) > equatorial radius and g o %

Value of g increases from poles to radius.
g is maximum at poles and minimum at non spherical shape of earth.

. Latitude is the angle made by the line joining the centre of the earth and a point on the surface of the earth with the
equator.
h -2
a o If his not small enough comparedto R, g = g{l+ E} :
o The weight of an object decreases with altitude as well as depth. On the other hand, it increases with latitude.
o The free-fall acceleration g measured on the equator of the real, rotating earth is slightly, less than the gravitational

acceleration (ag) due strictly to the gravitational force a, —g = 0.03 ms2.

Gravitational field and potential
Gravitational field
The strength of a gravitational field at any point is defined as the gravitational force experienced by unit mass
at that point.
If f is the force acting on a mass m at a point, the gravitational field at that point is
f

Fo =—. ..
o= (1)
Gravitational field due to a point mass at a distance ‘r’ is given by
- f oM,
F.=—=——"1¢ .2
G m rg ( )

The gravitational field at a point due to an object is inversely proportional to its distance from the object and it is a
vector directed towards the object. Sl unit of gravitational field is N kg™

Gravitational potential energy
The concept of potential energy is already introduced. The potential energy of a system corresponding to a

f
conservative force is defined as Us — Ui = — I F.dr
i

The change in the potential energy of a system is equal to the negative of the work done by the internal conservative
forces.

For the small displacements of a body near the earth’s surface, we have used the equation Ur — U; = mgh

But the idea of gravitational potential energy is not confined to earth-particle system. In general, for a two particle
system, we can write
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G
Us-Ui= der ——I m mz dr = Gmim; {l—i}
n n

We choose gravitational potential energy of this system equal to zero when the separation between the particles is
Gm;m,
r
For a system of n particles, the potential energy is the sum of the potential energy of every pair of particles in the

system. In other words, the potential energy is additive.
Gravitational potential

infinity. Then potential energy of the system for any separation r is U(r) = —

The gravitational potential at any point is defined the negative of the work done by the gravitational force to bring
unit mass from infinity to that point.
Or

The gravitational potential at any point is the negative of the work done by a force in displacing a unit mass from that
point to infinity.
If V is the gravitational potential at any point, the potential energy U of a mass m at that point is given by
U=mV.

Gravitational potential at a point due to a point mass
Let P be a point at a distance r, along the x-axis, from a point mass M kept at the origin O.

By definition of potential given earlier, the potential at the point P is

GM
Vp =—— ... (3)
r
The following table gives potential due to various regular bodies.
Body Position Potential
At a point on its axis at a _GM
1. Uniform ring of radius a distance r from its
i ing iu i i m
center
At a distance r from its
GM
center such that r > —T
; Uniform thin spherical shell of a
' radius a At a distance r from its
GM
center such that r < —T
a
At a distance r from its
GM
center such that r > —T
a
3. | Uniform solid sphere of radius a
At a distance r from its
GM 5
center suchthatr< | —— 5 (3&-r?)
2a°
a

Negative potential energy indicates that the gravitational force is attractive. Kinetic energy is always positive.
& But potential energy can either be positive or negative. As long as the total energy (KE + PE) is
negative, the object is bound within the system.
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Earth’s gravitational field

The gravitational force on a particle of mass m held at a distance h from the surface of the earth is
GMm

F=-——, towards the centre of the earth.

(R+h)

o . . . F GM
Hence gravitational field produced at a height his f; = —=-———-, towards the earth.
m (R+h)

At the surface of the earth, fg = i—l\z/l , ... (5
towards the centre of the earth. We see that the gravitational field due to earth fi‘;
is numerically equal to the acceleration due to gravity of the earth. The i
variation of gravitational field due to earth with distance x from its centre is shown f, GM/r
in the figure. '

I . . . GM ,
Gravitational potential due to earth at a height hiis V =— Rt ;

0 1_1{ » X
At the surface V = _G?M =or [ g= G_'\;I) ... (6) distance from the centre of earth
R

For convenience in special cases potential at the surface is taken to be zero. Anyhow it is only the difference in
potential is that significant.

As the height above the surface increases potential increases and the gravitational field is in the direction of

. . . \Y
decreasing potential, that is towards the surface. F = —(L—r. ..(D

. . . o - GM
Gravitational field due to a spherical shell at any point inside it is zero. Potential is constant equal to — R

. . . . . av .
(07—t at all points on it. Hence gravitational field due to a shell is zero (W = 0). However, even inside

the spherical shell there will be gravitational field due to other objects. There is no gravitational

shielding.

The following table gives intensity of field due to various objects.

Object Position Field intensity
1. | Point mass At a distance r from it GM
r2
2. | Uniform ring of radius a At a point on its axis at a distance r from GMr
center (az 4 r2)3/2
3. | Uniform disc of radius a At a pc;:er:;ttec:n its axis at a distance r from 2GMr {1 1 }
2
a® | Jr2+x?
4. | Uniform thin spherical shell | At a distance r outside the shell GM
of radius a r_2
At a distance r inside the shell Zero
5. | Uniform solid sphere of | Ata distance r outside the sphere GM
radius a 5
r
At a distance r inside the sphere GMr
3
a
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Escape velocity

The minimum velocity with which an object must be projected from the earth’s surface so that it escapes from
the earth’s gravitational attraction is called escape velocity.

Itis given by v, = f% = J29R

where g = c;—l\f is the acceleration due to gravity at the surface of the earth.

The escape velocity from earth’s surface is 11.2 km s™.

Black hole: In the final stages of a massive star it consists of only attractive gravitational forces acting on its
particles. Hence it continues to contract in size, increasing the density of matter in it. The negative

. GM L .
potential — R and hence escape velocity increases. When the velocity becomes equal to the speed of

light c, light also cannot escape from it. Hence no information about the object can be obtained from
light coming out of it. Hence such an object is called a black hole. The maximum radius Ro of a black

hole is given by ¢ = /ZGM .
RO

Inertial and gravitational mass

(@) Inertial mass: The mass of an object is that property of the object that causes it to resist a change in its velocity.
The mass that appears in Newton’s second law, ZF -ma , is often called, for this reason, the inertial mass.

(b)  Gravitational mass: The mass of an object is that property of the object that causes it to be attracted to another
object by the gravitational force.

Gmm, . . I
The mass that appears in Newton’s law of gravitation, F= r; 2, is often called, for this reason, the gravitational
mass.

(c) Itis obvious that mass characterised two different properties of matter. The inertial mass of an object is a measure of
its resistance to change of velocity. For example, the difficulty one encounters in stopping a runaway cart has nothing
to do with its gravitational mass. The gravitational mass is a measure of its attraction to other objects in its
environment. For example, the effort one expends in holding a book has nothing to do with its inertial mass.
Experiments show that the inertial mass m; object is proportional to its gravitational mass mgy and the units are so
chosen that m; = mg

Satellite
(a) A satellite is a celestial object rotating around a planet. For example, the moon is the satellite of the earth.

(b) An artificial satellite is one that is made to rotate around the earth. There are hundreds of artificial satellites.
(c) Orbital speed (v,) : Itis the speed of a satellite around the earth.
GM
Vo = ,/T =Jor =/g(R +h)
where r — radius of the orbit of the satellite , h — height above the surface of the earth
R — average radius of the earth.
3

. . / r r /R h . R

Its period of rotationis T =2m,|— = Zn\/: =2n - .Ifh<<R, wecanwrite T = 2n\/:
GM g g g

(d)  Escape speed (v,) : Itis the minimum speed with which an object is projected from the surface of the earth so that
it escapes from the earth’s gravity.

V, =V2GM/R = /20R = \/Eve. It is about 11.2 Km.s™ for earth.

(e) Energy of a satellite

Consider a satellite of mass m in an orbit of radius r.
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2
We have, the centripetal force mwe_ Gl\/zlm
r r
. Kinetic energy is K = Lmy2 - GMm . (D
2 2r

Potential energy U =— GMm .. (2)

r
U=-2K
Total energy of the satellite E = K + U= SMM E —1} —_ G'\Z"m .0

r r

Close to the earth, E = _GMm __ mgR

2R 2

As height increases, the kinetic energy decreases, potential energy increases.

(f) Rocket launching: It is a multistage process. Initially at the lift off, the launching rocket rises vertically to pass through
denser atmospheric layer with least fuel consumption. The first stage rocket falls off at about 60 km height, and the
second stage rocket is fired. The second stage rocket is gradually fitted by the guidance system. When it reaches the
desired height, the tracking system guides the rocket to move horizontally. At this stage, small rockets are fired to
separate the capsule from the second stage rocket and project it into space with the speed required to follow a
predetermined orbit.

Communication and Indian remote sensing (IRS) satellites
The artificial satellites are broadly classified into two types.

(i) Communication satellites and
(ii) Remote sensing satellites.

Communication satellites

1. Communication satellites are mainly used for communication.

2. They link remote areas of earth with telephone and television.

3. With a network of geostationary satellites a radio/TV program can be broadcasted all over the world
simultaneously.

4. These satellites are also used to take photographs of clouds around earth which help in weather forecasting.

5. INSAT series of satellites launched by India are communication satellites.

Remote sensing satellites

1. Remote sensing satellites are used to estimate the natural resources.

2. They are usually placed in low flying polar orbits.

3. These can take photograph of large areas of land. Hence they can be used to study resources such as forest, river,
water resources, mineral deposits, agricultural crops etc.

4. These are also used for military purposes.

. The geostationary circular orbit (also called the Clarke geosynchronous orbit or Clark Arc, after the famous science
fiction writer Arthur C. Clarke who proposed the idea of a communication satellite in 1945) is in the equatorial
plane of the earth. Its direction of angular motion coincides with that of the earth about its polar axis.

. All communication satellites are geostationary. TV programs are relayed live via these satellites
. The escape speed does not depend on the direction of projection
=adl I It can be shown that the escape speed in terms of radius and density of a planet is given by

A =1/%R\/E:>Ve ocR\/E

. An orbiting satellite has both potential energy U and kinetic energy K.
U:_GMm; K:_GMm; E=W+K=—GMm=—K
r 2r 2r
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GMm
2r
mechanical energy of a satellite remains the same if it is put in different elliptical orbits with the same a, but
different values of eccentricity e (including 2000)
. To change the speed and orbit of a satellite, a burn is executed in it. The values of K and E at P, the location of the
burn, are less than their corresponding values in the circular orbit.
W =-2K and E = —K for a circular orbit do not apply for the new elliptical orbit.

. It can be shown that E =— holds for an elliptical orbit of semi major axis ‘a’ if r is replaced by a. So, total

’___\{cm:ular S e <e.
PPN N ,,é/ra:‘_:\_\:\h‘\
"’ NI ¢ s, \\\\\\
v \ RN C, \ N
} — 1 ‘ \
P} ] N PRI S P §--
s ~“—+—celliptical nNM i
NN - ’ \\ \ }\ Y

N
~ -

Changing the orbit of a

1
My, -—-t
|}
1
1
i
satellite —— 2a »
1

2a

A

Three elliptical orbits with the same semimajor axis a, but e
values (e = 0 for circular orbit of r = a)

. Once the satellite is placed in the required orbit by burning small orbital engines, no engines are required to keep
it in the orbit since gravity takes care of that
. Physiological effects in weightlessness : (i) Astronaut’s face becomes puffy. (ii) Astronaut grows a little

temporarily (iii) Cardiovascular system of an astronaut does not need to work hard to pump blood around the body
(iv) There is no preferred direction, no upside down or right side up. All orientations of an astronaut are equally
comfortable.

o Physical effects in weightlessness : (i)A liquid column has no weight, no hydrostatic pressure, no buoyant effects,
no sedimentation. (ii) There is no convection. (iii) A column of air expands on heating but stays where it is. (iii)
Surface tension is much more evident. It is because of surface tension that near normal dinning is possible in space.
Space shuttle straws come with small clamps to pinch them closed and keep the drinks from climbing.

lllustrations
1. A uniform solid sphere of mass M and radius ‘a’ is surrounded symmetrically by a uniform thin spherical shell of

equal mass and radius 2a. Find the gravitational field at a distance ga from the centre.

4 GM 4 GM 2 GM 21 GM
A B) — — C D) —= —-
() ()16612 () ()25612

Ans (A)
The point P is at a distance ga from the centre.
As P is inside the cavity of the thin spherical shell, '3
the field here due to the shell is zero.
GM _4GM

The field due to the solid sphere is g = ~= -
3 9 a
~a
2

2. A solid sphere of mass m and radius r is placed inside a hollow thin spherical shell of mass M and radius R as shown.
A particle of mass my is placed on the line joining the two centres at a distance x from the point of contact of the
sphere and the shell [if r < x < 2r]. The magnitude of gravitational force due to sphere and shell on this particle is

(B)
Gmml (D) GMm,

C
© (x=r)’ (x=r)* 0

Ans (B) i

Gmmlx Gmm,(x—r) !

(A) .
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The distance of point p from the centre of the sphere is (x —r).
The field due to shell at P is zero.

So field at point P is G—T(x—r). @
r
So force on m; kept at this point is Gmaml (x—r)
r
3. The time taken by a particle to move down a straight tunnel from the surface of earth to its centre is [Ris

radius of earth]

© [R R © [R 2 [R
A_/_ B) n |~ c_/_ D—n/—
()2g (B) ; ()4g ()\/5 .

Ans (A)
Force on the particle when it is at distance x from centre is

, R—X mgx
F=mg'=mg|1- =—
g'=mg [1-BX] 18

As it is of restoring nature F =—%x or a= —%x

Comparing it with a=-w®’x, We have o= \/g

T=2"_2z R Required timeis L= * R
[0) g 4 2\g

4, A small mass m is transferred from the centre of a hollow sphere of mass M to infinity. Find the work done in this
process. [Radius of sphere is R]

3 GMm GMm GMm
A - —— B) zero C) —— D) 221
O (B) © ~% 0) =2
Ans (C)
e GM
At infinity V = 0, at the centre V, = R
W =m(©0-V,) :m[o_(‘GM ﬂ _ GMm
R R

5. An artificial satellite is moving in a circular orbit around the earth with a speed equal to half the magnitude of escape
velocity from the earth. The height of the satellite above the earth’s surface is

[R = Radius of earth]

R R 3
A) — B) — CR D) =R
(A 3 B) 3 (©) (D) 7

Ans (C)
2GM 1 [2GM .
v, = ,T = Uo=§ = (given)
Also, v, = GM
R+h

.'.\/GM =1\/ZGNI = R+h=2R=h=R

R+h 2 R

6. Two satellites S; and S; revolve round a planet in coplanar circular orbits in the same sense. Their periods of
revolution are 1h and 8h respectively. The radius of orbit of S; is 10* km. The speed of S; relative to Sz when S; is
closest to Sy, is km h-1.

(A) 2 x 10* (B) 7 x 10* (C) 2rt x 10* (D) 10*

Ans (B)
T?ar®
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B8] 08 o

\\ \R _,§1_ S2
. R, =4R, =4x10"km S S

v = 2 510 km bt o
T

1

R _ nx10* km h™

2
In the given situation | v1 — v2| = © x 10* km h™*
A body is projected vertically upwards from the surface of the earth with a velocity sufficient to carry it to infinity.
If the radius of the earth is R, the velocity of the body at a height h is

2gR? gR? 2gR?
(A VR ®) 3(R+h) © R+h ©) R+h

and v, =

Ans (D): From conservation of energy

oMm m( [26M Y _GMm 1,
T iy Zmo
R 2|\ R R+h 2
GM GM GM 1, ,ZGM {2ng
R+h R R R+h R+h

8. A solid sphere of umform density and radius 4 m is located with its centre at the origin ‘O’ of Ay
coordinates. Two spheres of equal radius 1 m with their cavities at A(-2, 0, 0) and B(2, 0, 0) :
respectively are taken out, leaving behind spherical cavities. The mass of each sphere taken :
out is M. The gravitational field at B is PN
(A) GM ®) 22

31 31
C) == GM D) ——GM
©) 16 (D) 2
Ans (C)
M x ﬂ7'c(4)3
Mass of whole sphere of radius 4 M (without cavities) is M, = 43— =64 M
L’
3
The gravitational field at B = field due to whole sphere — field due to sphere A
GM,r GM
R? AB?
G(64I\:I)>< 2 G|\2/| 31 m
4 4 16
9.  Three uniform spheres each having a mass m and radius R are kept in such a way that each touches the other two.
Find the magnitude of the gravitational force on any of the spheres due to the other two.
() Y (B) L36m (c) Y3em ©)
4R? 2J2R? 4\2R? 2[ R?
Ans (A)

0 =60°, APQS is an equilateral triangle of side 2R.

2
ForcesonS: F = Gm Gm and F'= @e
(2R)?2  4R? /\
F

F;
=JF? + F? + 2F2 cos60 = /3F @
J36m?

net _W
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10.  The distance between two bodies A and B is r. Taking the gravitational force according to the law of inverse square
of r, the acceleration of body A is a. If the gravitatinal force follows an inverse fourth power law, then what will be
the acceleration of the body A?

a a a a
A) — B) — C) = D) —
A) = (B) - (),—r D) =
Ans (D)
F :—Gm';mB = aA = a:—F = GTB ...(i)
r m, r
FroCMaMs o g PO (i)

!

From (i) and (i) &=L =a=2
a r r

11.  Value of g on the surface of earth is 9.8 ms=2. Find its value on the surface of a planet whose mass and radius both
are two times that of earth.

(A) 9.8 ms2 (B) 19.6 ms (C)4.9 ms=2 (D) 10.32 ms™2
Ans (C)

g= G'\ZA =98ms?; g'= G'(ZI\Q) = GI\Z/I L a9ms?

R (2R) R? 2

12.  Calculate the change in the value of g at latitude 45° (when compared with g at equator). The radius of earth = 6.37

x 10° km.

(A) 0.021 ms? (B) 0.0013 ms (C) 0.043 ms (D) 0.017 ms2
Ans (D)

gequator =0- R(Dz COSZ 0= g- R(Dz

2
U, =9 — R’ cos’ 45° =g — R;)
2 2 6 2
Ag=|g- Rw _(g-Ra?) = Rw =6.37><10 x( 2n j = 0.017 ms=2
2 2 2 24 x60x60

13. A body is weighed by a spring balance, 1000 N at the north pole. If only the rotation of earth is accounted for, how
much will it weigh at the equator?
(A) 1002 N (B) 997 N (C)995 N (D) 999 N
Ans (B)
Upae = 9 — R’ cos® 90° = g = mg =1000
9" = Oeqator = 9 — R’ €05° 0° = g — R’

2
= mg’=%(g—Rm2)=looo[l— R;; ]:997 N

14. A particle of mass 20 g experiences a gravitational force of 4N along + ve X-direction. Find the gravitational field at
that point (magnitude)

(A)50 N kg™ (B) 100 N kg* (C) 200 N kg* (D) 150 N kg
Ans (C)
m=20g =20x10"° kg; F =4N

F 4

:_:W:o.zum =200 N kg™
m X

15.  Two spheres one of mass m has radius r. Another sphere has mass 4m and radius 2r. The centre to centre distnace
betwen them is 12r. Find the distance from the centre of smaller sphere where net graviational field is zero.

(A) 2r (B) 4r (C) 5r (D)35r
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Ans (B)

Let at point P net m
L . . 12r
gravitatinal field is @'"; """"""

zero. So fields due to
spheres are equal and

opposite.
Gm G.4m
=EE=>—5=——
5=5 X2 (12r —x)?

3x? +24rx —144r? =0
X* +8rx—48r* =0 = x=4r

=144r% + x> — 24xr = 4x%?

16.  Figure shows two uniform rods each of mass m and length | placed on two perpendicular lines. A small point mass
m is placed on the point of intersection of two lines. Find the net gravitational force experienced by m.

2
A) 2@% II:m} -------------- * ------
2 vm
J2Gm? :
(B) 7 )
42Gm?
(C) ‘/__2
3l IL'm
2Gm?
(D) J_Iz
Ans (C) — D A
The formula of illustration (1) can be used here F
F_ Gm? _4Gm’
(A/2)[(1/2)+1) 312 H
2
L —F\Z- @
3l
17.  The period of a satellite in a circular orbit around a planet is independent of
(A) the mass of the planet (B) the radius of the planet
(© the mass of the satellite (D) all the three parameters (A), (B) and (C)

Ans (C)
The period of a satellite in a circular orbit is independent of mass of the satellite.

18.  The time period of a satellite in a circular orbit of radius R is T. The radius of the orbit in which the time period is
8T is
(A) 2R (B)3R (C)4R (D)5R

Ans (C)

2 3
From the Kepler’s law, we have T2 = R*= (EJ = (&J

R,
2/3 213
R> =R, (-_II:—ZJ =R (B—T] = 4R,

T
1
19. If the distance between the sun and the earth is increased by three times, the attraction between the two will
(A) remain constant (B) decrease by 63 %
(C) decrease by 83 % (D) decrease by 89 %

Ans (D)
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Gm;m,
r

Gm;m,
RoU

=~ 2 =9 F,
F, Gm;m,
@3r)?
. F-F
.. % decrease in force = ———=x100 =89 %
1

20.  The ratio between masses of two planets is 2 : 3 and the ratio between their radii is 3 : 2. The ratio between
acceleration due to gravity on these two planets is

We have F =

©|m

(A)4:9 (B)8:27 (C)9:4 (D)27:8
Ans (B)
GM,
2 2 2
We know that g:G—M S R MRy :Ex(gj -8
R2 92 GMZ M2 Rf 3 3 27
R

21. If the change in the value of g at a height h above the surface of the earth is same as at a depth d below it, then (both
d and h are much smaller than the radius of the earth)

(A)dzg (B)d=h (C) d = 2h (D)d =h?

Ans (C)

The acceleration due to gravity at heighthisg' =g (1— ZR—hj

The acceleration due to gravity at a depth dis g’ =g (1— %)

Given that, g’ = ¢/

2h d
Hl-—1=¢"|1-= 2h=d
g( R) ’ ( Rj

22. If Ris the radius of the earth and g is acceleration due to gravity on the earth’s surface, the mean density of earth is

4G 3nG 3 R
(A) (B) == C) —2— o) =3
3gR 49R 4nRG 12G
Ans (C)
GM G 4 39
Wehave,g= — = —x—7R%p = p=
d R?2 R? 8 3 P P A7RG

NCERT LINE BY LINE QUESTIONS

1. The escape speed of a body from the earth depends on

(1) Mass of the body

(2) The direction of projection

(3) The height of location from where the body is launched

(4) All of these

2. A planet of mass m revolved around the sun of mass Min an elliptical orbit. The maximum

and minimum distance of the planet form the Sun are r and 3r respectively. The time period of
the planet is proportional to
3

(1) (2) (2r)? (3) 4r () (4n)?
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3.

10.

11.

12.

Two point masses m and 9m are separated by a distance don a line. A third point mass of 1 kg
is to be placed at a point on the line such that the net gravitational force on it is zero.
The distance of 1 kg mass from mass m is
d d d d

1) = 2) — 3) — 4) =

) 4 )5 )3 )
The force of gravitation between two masses is 10 mN in vacuum. If both the masses are placed
in a liquid at the same distance, then new force of gravitation will be
(1) 10mN %) 4—: mN 3) %
Three equal masses of 3 kg each are fixed at the vertices of an equilateral triangle ABC. The
gravitational force acting on mass 2 kg placed at the centroid of triangle is

mN (4) Can't say

(1) Zero (2) 6.67x10°N (3) 9x10°N (4) Data is insufficient
An object is projected from earth’s surface, with speed half of the escape speed of earth, then
maximum height attained by it is

1) —& 2) —E 3) R, 4) 2R,

The change in gravitational potential energy when a body of mass m is raised to height
4R, from the earth surface is 4R, is radius of earth)
mgRe

(1) S moR, (2) mgR, R ) SmoR,

The potential energy of a system of four particles each of mass m, placed at vertices of a square

of side a is
M -2 @ 4= DRV

A satellite of mass m is in a circular orbit of radius 2R, around the earth. The energy required to

Gm? Gm’ Gm’ _4Gm

transfer it to a circular orbit of radius 4R, is

mgR ¢ 7 mMgR ¢ mgR ¢
1) —= 2) —mgR 3) —= 4) —=
) = (2) gMIRe ®) —g @ —
If the gravitational potential at the surface of earth is V , then potential at a point at height equal
to radius of earth is

1)V, (2) - ©®) = 4) —~

A satellite revolving around earth has potential energy - 2 MJ, then the binding energy of the
satellite is

(1)1 M] (2) 2MJ (3)-1M] @38M)

Starting from the centre of earth having radius RE , the variation is acceleration due to gravity
is best represented by the curve
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13.

14.

15.

16.

17.

18.

19.

20.

A a
o I e B

o | ] S 2 T
o r=R 'y 0 t=R ;

A body weighs 90 N on the surface of earth. The gravitational force on it due to earth at a
height equal to half the radius of earth is

(1) 81N (2) 40N (3) 45N (4) 30N

The escape speed of a projectile on the earth surface is 11.2 km/s. A body is projected out with
three times of escape speed. The speed of body far away from the earth is (Ignore the presence
of sun and other planets)

(1) 31.7 km/s (2) 24 km/s (3)22.4 km/s (4) Zero

The density of a newly invented planet is twice that of earth. The acceleration due to gravity at
the surface of the planet is double that at the surface of earth, If radius of earth is RE then the
radius of the planet would be

)R 2) —E 3) 2R

E

: 4) 4R,

For a satellite moving in a circular orbit around the earth, the ratio of kinetic energy to the
magnitude of potential energy is
1 1

1)1 2) = 3)2 4) =
) @5 ®) oF
A point mass m is placed inside a spherical shell of mass M and radius R. The gravitational force
experienced by the point

GMm GMm 2GMm
1 2) — 3
( ) RZ ( ) 2R2 ( ) RZ

A Geostationary satellite is orbiting at a height of 6R, above the surface of earth. The

(4) Zero

time period of another satellite at a height 2.5R, above the surface of earth is (REis

radius of earth)

(1) 6 hours (2 62 hours 3) % hours (4) 12 hours

A particle is projected vertically up with velocity v =, /% gR; from earth surface.

The velocity of particle at height equal to the maximum height reached by it is

) L @ & ©) %= (4) Zero

When energy of a satellite-Earth system is non-zero positive, then satellite will

(1) Move around the earth in circular orbit
(2) Just escape out
(3) Move around the earth in elliptical orbit
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10.

11.

(4) Escape out with speed some interstellar speed

NCERT BASED PRACTICE QUESTIONS

“All planets move i elliptical orbits with the sun situated at one of the foci”. This law
was given by

(a) Newton (b) keplar (c) Archimedesc (d) Pascal

Planet revolving round sun swept out equal area in equal time because

(a) Its linear momentum remain constant

(b) It angular momentum remain constent

(c) Its (linear + angular) momentum remain constant

(d) None of these

Planet revolving around the sun is shown in figure its speed will be maximum at
(@) A B

(b) B C A

(c) C

(d) same at all points

A planet revolving round the sun has time perid T and semi major axis R then which
of the following relation is correct
(a) T2 XR3 (b) T XR2 (c) Tx RS (d) T2 ¥R
A planet revolving around the sun has angular momentum L and mass m then areal
velocity of the planet is
L L 2m
@) 5y, (b) (© (d) 2 mL
Which of the following is not correct for gravitation force?
(a) It is a conservation force
(b) It is a central force
(c) It depends on the medium between two particles
(d) all of the above
Two particles of mass m: and my are laced at distance r has a force of attraction F if a
third mass mg3 is placed near these two particles then force of attraction between them
will be F’ then
(@ F>F (b) < F (c) F’=F (d) can not be said

If earth pall moon with force F the moon pull the earth with force

(a) greater than F (b) less than F

(c) equal to F (d) none of these

If a body is at a height h from the surface of earth than the value of acceleration due
to gravity at that height if acceleration due to gravity at earth surface is g is

() g (1—2—;j (b) g (1—%j

h
() g (1_ﬁj (d) None of these

A planet has radius half the radius of earth and mass double than that of earth then
value of acceleration due to gravity at the surface of that planet is (g = 10 m/s?)

(a) 40 m/s? (b) 160 m/s?

(c) 80 m/s? (d) 90 m/s?

The value of acceleration due to gravity at a depth of d from the earth surface is

(2) g (1—%j (b) g (1—2%)
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

(©) g -4 (d) None of these
R

If value of acceleration due to gravity at a height h from the earth surface is same as
at a depth d the which of the following is correct

h
(@ h=2d (b) d = 2h (c)d=Z (d) d = 4h
The value of acceleration due to gravity ---------- when one move from equator to pole
(a) increases (b) decreases
(c) remains same (d) can not be said
Acceleration due to gravity at the centre of earth is
(a) (b) O (c) g (d) None of these

Two particles of mass m1 and my are placed at distance & then gravitational potential
energy of to particle system is

Gmm, Gm,m, Gmm, Gmm,
@ b) — © @ e
Potential energy of a system of four particles placed at the vertices of a square of side
lis

2Gm? 2Gm? ), 1
(@) = (b) =7 "

2Gm? —Gm? 1

= 2++2 24—
0 = 2+2) @ (2]
Escape velocity of a body at the earth surface is
R GM

9R; 20R. e o
(@) (b) () (d) ;
Kinetic energy of a satellite of mass M revolving in orbit of radius R is

GM_:m GM:m GM:m GM:m
(a) g2 (b) —r © % d ~ g

If kinetic energy of a satellite revolving around the sun is k then total energy of the

satellite is

k
(a) 2k (b) — k © 3 (d) - 2k

Weight of a person at the surface of earth is w then weight of the person in a satellite
revolving around the earth is

w
(a)o (b) w (c) 5 (d) 2w
Which of the following symptoms is not likely to afflict an astronaut in space?
(a) swollen feet (b) swollen face
(c) headache (d) orientational problem

The gravitational intensity at the centre of hemispherical shell of uniform mass density
has the direction
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

(@) a (b) b (c) c (d) zero

A rocket is fired the earth towards the sun at what distance from the earth’s centre is
the gravitational force the rocket is zero (mass of sun = 2 X 1030 kg.

Mass of earth = 6*102%kg) orbital radius = 1.5 *10!1m)

(@) 1.3*108%m (b) 5.2 x 108

(c) 2.6%10%m (d) 3.6*10%8m

Two stars each of one solar mass ( - 2% 103%g) are approaching each other for a head
on collision. When they are a distance 109, their speeds are negligible. What is the
speed with which they collide? (radius of star = 10%km)

(@) 2.6*106m/s (b) 1.3%10m/s (c) 5.2°106m/s (d) 3.6 106m/s

A body weighs 63N on the surface of the earth. What is the gravitational force it due
to the earth at a height equal to half the radius of earth
(@) 63 N (b) 36 N (c) 28 N (d) 56N
The escape speed of a projectile on the earth’s surface is 11.2 km/s A body is projected
out with thrice of this speed of the body far away from the earth is
a) 31.7 km/s (b) 11.2 km/s (c) 22.7 km/s (d)22.4km/s
The earth is a sphere of uniform mass density how much would the body weigh half
way down to the centre of the earth if its weighed 250 N on the surface
(a) S00 N (b) 100N (c) 125 N (d) 150N
At what height from the surface of the earth will the value of g be reduced by 36% from
the value at the surface of earth (R = 6400km)
(@) 3200 km (b) 16000 km (c) 800km (d) 400km
The radii of the planets are respectively R1 and Ry and their densities are respectively
P; and P>. The ratio of acceleration due to gravity at their surface is

R,P. R,P. R,P. R,P,
@) R,p, ®) R, © &P @ R,

2'1 1°1 272 1" 2

Two planets of radii r1 and r2 are made from the same material . The ratio of the

g
acceleration of gravity g_lat the surfaces of the planets is
2

r ’ r, ’
(@) r1/r2 (b) r1/12 () (E) (d) (r—lj

If mass of a body is M on the earth surface then mass of the same body on the moon
surface is

(@) % (b) zero (c) M (d) none of these

If Ube the orbital velocity of a satellite in a circular orbit close to the earth’s surface
and Y. is the escape velocity from the earth then relation between the two is
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33.

34.

35.

36.

37.

38.

(a) Le =V (b) Ue:\/Z_u
(c) =\/3_ue (d)u=\/3_ue

The amount of work required to send a body of mass m from earth’s surface to a height

-~ Where R is redius of earth is

2
mgR mgR mgR _
(&) — (b) —5~ (© —4 (d) v =2v
For a satellite, if the time of revolution is T, then kinetic energy is proportional to
1 1 1
(@) T (b) 77 © 75 (d) T2/
The atmosphere is held to the earth by
(a) winds (b) gravity (c) clouds (d) the rotation of earth

The time period of a satellite in a circular orbit of radius R is T. The period of another
satellite in a circular orbit of radius 4R is

(@4T (b) T/4 (c) 8T (d) 8/T

A ball takes t second to fall from height h; and 2t seconds to fall from a height h> then
h1 / ho is

(@) 0.5 (b) 0.25 (c) 2 (d) 4
Where is the intensity of a gravitational field of the earth maximum?
(a) centre of earth (b) equator

(c) poles (d) same every where

TOPIC WISE PRACTICE QUESTIONS

Topic 1: Kepler’s Laws of Planetary Motion

1.

Kepler’s second law regarding constancy of areal velocity of a planet is a consequence of the law of
conservation of

(a) energy (b) angular momentum

(c) linear momentum (d) None of these

Which of the following graphs represents the motion of a planet moving about the sun ?

T T T T
(b) R ) R’ ’

@ & @ R

Two satellites revolve round the earth with orbital radii 4R and 16R, if the time period of first satellite is T
then that of the other is

@4T (b) 4P T (©8T (d) None of these

A comet moves in an elliptical orbit with an eccentricity of e = 0.20 around a star. The distance between
the perihelion and the aphelion is 1.0 x 108 km. If the speed of the comet at perihelion is 81 km/s, then the
speed of the comet at the aphelion is:

(a) 182 km/s (b) 36 km/s (c) 121.5 km/s (d) 54 km/s

The period of moon's rotation around the earth is nearly 29 days. If moon's mass were 2 fold its present
value and all other things remain unchanged, the period of moon's rotation would be nearly
(a) 29 2 days (b) 29/ 2 days (c) 29 x 2 days (d) 29 days
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6.

10.

11.

12.

13.

14.

15.

A planet of mass m moves around the sun of mass M in an elliptical orbit. The maximum and minimum
distance of the planet from the sun are r1 and r» respectively. The time period of planet is proportional to

(a) 2" (b) (r,+1,)" © (n-r)" (d) r?

A satellite moves round the earth in a circular orbit of radius R making one revolution per day. A second
satellite moving in a circular orbit, moves round the earth once in 8 days. The radius of the orbit of the
second satellite is

(@8R (b)4R ©2R dR

Figure shows elliptical path abcd of a planet around the sun S such that the area of triangle cSa is1/4

the area of the ellipse. (See figure) With db as the semimajor axis, and ca as the semi minor axis. If ty is the
time taken for planet to go over path abc and t. for path taken over cda then:

(a) t, =4t, (b) t1 = 2t2 (c)tr=3t (d)te =t

A planet moves around the sun. At a point P it is closest from the sun at a distance di1 and has a speed v1.
At another point Q, when it is farthest from the sun at a distance d> its speed will be

(a) d?v,/d? (b) d,v, /d, (c) dyv,/d, (d) div,/d?

The planet mercury is revolving in an elliptical orbit around the sun as shown in fig. The kinetic energy of

mercury will be greatest at
D

A ﬁ SUN B

E

(@A (b) B (cC (d)D
The distance of Neptune and Saturn from the sun is nearly 10 and 10'? meter respectively. Assuming that
they move in circular orbits, their periodic times will be in the ratio
(a) 10 (b) 100 (c) 1010 (d) 1000
A satellite is revolving round the earth in an orbit of radius r with time period T. If the satellite is revolving
round the earth in an orbit of radius r + Ar (Ar <<r) with time period T + AT then,

AT 3 Ar AT 2 Ar AT Ar AT Ar
(a)T_Zr (b)T_Sr(C)T_r (d)T_r
The time period of a satellite of earth is 5 hours. If the separation between the earth and the satellite is
increased to 4 times the previous value, the new time period will become
(a) 10 hours (b) 80 hours (c) 40 hours (d) 20 hours
The maximum and minimum distances of a comet from the sun are 8 x 10> m and 1.6 x 102 m. If its
velocity when nearest to the sun is 60 m/s, what will be its velocity in m/s when it is farthest
(@) 12 (b) 60 (c) 112 (d)6

Topic 2: Newton’s Universal Law of Gravitation

Two masses m1 and mz (my < my) are released from rest from a finite distance. They start moving under
their mutual gravitational attraction, then
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16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

(a) acceleration of my is more than that of mz (b) acceleration of m2 is more than that of m;

(c) centre of mass of system will remain at rest in all the reference frame

(d) total energy of system does not remains constant

Two bodies of masses 4 kg and 9 kg are separated by a distance of 60 cm. A 1 kg mass is placed in between
these two masses. If the net force on 1 kg is zero, then its distance from 4 kg mass is

(@) 26 cm (b) 30 cm (c) 28 cm (d) 24 cm

A body weighs 72 N on the surface of the earth. What is the gravitational force on it due to earth at a height
equal to half the radius of the earth from the surface?

(@) 32N (b) 28 N (c) 16N (d)72N

If masses of two point objects is doubled and distance between them is tripled, then gravitational force of
attraction between them will nearly

(@) increase by 225% (b) decrease by 44% (c) decrease by 56% (d) increase by 125%

The distance of the centres of moon and earth is D. The mass of earth is 81 times the mass of the moon. At
what distance from the centre of the earth, the gravitational force will be zero?

D 2D 4D 9D
@3 (b) = © = @ 5

Six stars of equal mass are moving about the centre of mass of the system such that they are always on the
vertices of a regular hexagon of side length a. Their common time period will be

3 3 3
(8) 47, /é‘—m (b) 27 _ AE (©) 4r, /zim (d) None of these

Gm(5v3+4)
Two stars of mass m; and m; are parts of a binary system. The radii of their orbits are ry and r, respectively,
measured from the C.M. of the system. The magnitude of gravitational force my exerts on mz is
m +m
(a) mlszZ b) mlG . C sz . d ( 1 22)
(r+r,) (r+r,) (r+r,) (r+r,)
The percentage change in the acceleration of the earth towards the sun from a total eclipse of the sun to the
point where the moon is on a side of earth directly opposite to the sun is

2 2 2
@M Ly 100 0 Me[ 2] 100 @25 | Mesioo (@)% | Mesio0
M_ M r, M M

1 2 r2

m 1 m m m

There are two bodies of masses 10° kg and 10° kg separated by a distance of 1 km. At what distance from
the smaller body, the intensity of gravitational field will be zero
(@) 1/9 km (b) 1/10 km (c) /11 km (d) 10/11 km
Two spheres of masses m and M are situated in air and the gravitational force between them is F. The space
around the masses is now filled with a liquid of specific gravity 3. The gravitational force will now be
(@) F/9 (b) 3F (o F (d) F/3
Topic 3: Acceleration due to Gravity
The weight of an object in the coal mine, sea level and at the top of the mountain, are respectively W1, W>

and Ws then
(@) Wi W2 > W; (b) Wi= W2 = W3 () Wi W2 < W3 (d) Wi> W2 > W3

The ratio between the values of acceleration due to gravity at a height 1 km above and at a depth of 1 km
below the Earth’s surface is (radius of Earth is R)
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

R-2 R R-2
(a)m (b) R_1 (© R (d1

The angular velocity of the earth with which it has to rotate so that acceleration due to gravity on 60°
latitude becomes zero is (Radius of earth = 6400 km, at the poles g = 10 ms2)

(a) 2.5 x 103 rad/s (b) 5.0 x 10t rad/s  (c) 10 x 10* rad/s (d) 7.8 x 1072 rad/s

A (nonrotating) star collapses onto itself from an initial radius R; with its mass remaining unchanged. Which
curve in figure best gives the gravitational acceleration ag on the surface of the star as a function of the

radius of the star during the collapse
3!.
5, id
a 1“1-]?""'1.
.-"-E-"“ 1 > E
Rj

(@a (b) b (©)c d)d

What should be the velocity of rotation of earth due to rotation about its own axis so that the weight of a
person becomes 3/5 of the present weight at the equator. Equatorial radius of the earth is 6400 km

(a) 8.7 x 107" rad/s (b) 7.8 x 10 *rad/s (c) 6.7 x 10*rad/s  (d) 7.4 x 103 rad/s

If the density of a small planet is the same as that of earth, while the radius of the planet is 0.2 times that of
the earth, the gravitational acceleration on the surface of the planet is

(029 (b)0.49 (€29 d4g

As we go from the equator to the poles, the value of g

(a) remains the same (b) decreases

(c) increases (d) decreases upto latitude of 45°

The radius of a planet is n times the radius of earth (R). A satellite revolves around it in a circle of radius
4nR with angular velocity w. The acceleration due to gravity on planet’s surface is

(a) R’ (b) 16 R’ (c) 32 NR®’ (d) 64 nR @’

The variation of acceleration due to gravity g with distance d from centre of the earth is best represented by
(R = Earth's radius):

g E
u& L
(@ ° * (b) ©- % (c) © @ ° F

The acceleration due to gravity on the planet A is 9 times the acceleration due to gravity on planet B. A

man jumps to a height of 2m on the surface of A. What is the height of jump by the same person on the
planet B?

@ %m (b) ém (c) 18 m (dy6m

A roller coaster is designed such that riders experience “weightlessness” as they go round the top of a hill
whose radius of curvature is 20 m. The speed of the car at the top of the hill is between:

(@ 14 m/sand 15 m/s (b) 15 m/s and 16 m/s (c) 16 m/s and 17 m/s (d) 13 m/s and 14 m/s

If earth is supposed to be a sphere of radius R, if g30 is value of acceleration due to gravity at lattitude of
30° and g at the equator, the value of g — gso is

(@) %(&R (b) %mZR (©) R (d) %(&R

In order to make the effective acceleration due to gravity equal to zero at the equator, the angular velocity
of rotation of the earth about its axis should be (g = 10 ms~2 and radius of earth is 64000 km)
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38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

1 1 1
a) Zero b)—— rad sec?! c) —rad sec? d)=rad sec?
(a) (b) 300 (c) %0 ( )8

If the mass of earth is eighty times the mass of a planet and diameter of the planet is one fourth that of earth,
then acceleration due to gravity on the planet would be

(a) 7.8 m/sz (b) 9.8 m/s? (c) 6.8 m/s? (d) 2.0 m/s?

Explorer 38, a radio-astronomy satellite of mass 200 kg, circles the Earth in an orbit of average radius
3R/2 where R is the radius of the Earth. Assuming the gravitational pull on a mass of 1 kg at the earth's
surface to be 10 N, calculate the pull on the satellite

(@) 889 N (b) 89N (c) 8889 N (d)89N

How many hours would make a day if the earth were rotating at such a high speed that the weight of a body
on the equator were zero?

(@6.2h (b) 1.4 h (c) 28 h (d)5.6h

Let g be the acceleration due to gravity at earth’s surface and K be the rotational kinetic energy of the earth.
Suppose the earth’s radius decreases by 2% keeping all other quantities same, then

(a) g decreases by 2% and K decreases by 4%

(b) g decreases by 4% and K increases by 2%

(c) g increases by 4% and K decreases by 4%

(d) g decreases by 4% and K increases by 4%

Let w be the angular velocity of the earth’s rotation about its axis. Assume that the acceleration due to
gravity on the earth’s surface has the same value at the equator and the poles. An object weighed at the
equator gives the same reading as a reading taken at a depth d below earth’s surface at a pole (d << R). The
value of d is

2p 2 2p 2 2p 2
(a)o)R o’R 20°R (d)\/;e_g

) =5, © =

Topic 4: Gravitational Field, Potential and Potential Energy
The magnitude of gravitational potential energy of earth-moon system is U which is zero at infinite
separation. If K is the K.E. of the moon with respect to earth, then
@ |V =K (b) Ul <K © U >K (d) either B or C

The gravitational potential due to a hollow sphere (mass M, radius R) varies with distance r from centre as

¥ 4 I
i H R 'y

R

I S ) B -
(a) (b) —/ (©) (d) /

A planet is moving in an elliptical orbit around the sun. If T, V, E and L stand respectively for its kinetic
energy, gravitational potential energy, total energy and magnitude of angular momentum about the centre
of force, then which of the following is correct ?

(a) T is conserved (b) V is always positive (c) E is always negative

(d) L is conserved but direction of vector L changes continuously

If ‘g’ is the acceleration due to gravity on the earth’s surface, the gain in the potential energy of an object
of mass ‘m’ raised from the surface of the earth to a height equal to the radius ‘R’ of the earth is

(a)%ng (b) %ng (c) 2 mgR (d) mgR

In a certain region of space, gravitational field is given by | = —(K/r). Taking the reference point to be at
r = ro with V =Vo, find the potential.
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48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

(@) K |ogrl+vO (b) K |ogr—:+v0 (©) K Iog:——VO (d) Iogr—;_’—Vor

0 0
Taking the gravitational potential at a point infinite distance away as zero, the gravitational potential at a
point A is —5 unit. If the gravitational potential at point infinite distance away is taken as + 10 units, the
potential at point A is
(@) — 5 unit (b) + 5 unit (c) + 10 unit (d) + 15 unit
Two rings having masses M and 2M, respectively, having the same radius are placed coaxially as shown in
the figure. If the mass distribution on both the rings is non — uniform, then the gravitational potential at

point P is
- }R -
. /
.'ER _.:-
GM| 1 2 GM 2
Q) ——| —=+—| (h) ———| 1+—| (c) zero (d)cannot be determined from the given information
@ R[ﬁ A() R[ ﬁ}() ) g

Topic 5: Motion of Satellites, Escape Speed and Orbital Velocity

A satellite revolves around the earth of radius R in a circular orbit of radius 3R. The percentage increase in
energy required to lift it to an orbit of radius 5R is

(@) 10 % (b) 20 % (c) 30 % (d) 40 %

The mean radius of earth is R, its angular speed on its own axis is wand the acceleration due to gravity at
earth's surface is g. What will be the radius of the orbit of a geostationary satellite?

@ (R?g/0?)” (b)(Rg/w?)” © (R 1g)”  @(Rglw)

The moon has a mass of 1/81 that of the earth and a radius of 1/4 that of the earth. The escape speed from
the surface of the earth is 11.2 km/s. The escape speed from the surface of the moon is:

(@) 1.25 km/s (b) 2.5 km/s (c) 3.7 km/s (d) 5.6 km/s

A planet in a distant solar system is 10 times more massive than the earth and its radius is 10 times smaller.
Given that the escape velocity from the earth's surface is 11 km s, the escape velocity from the surface of
the planet would be

(@) 1.1kms? (b) 11 kms™ (c) 110 kms™ (d)0.11 kms™

What is the minimum energy required to launch a satellite of mass m from the surface of a planet of mass
M and radius R in a circular orbit at an altitude of 3R?

@) 7GmM 2GmM GmM GmM

b c) — d ——
8R (®) 3R © 2R @) R

The orbital velocity of an artificial satellite in a circular orbit just above the centre’s surface is vo. For a

satellite orbiting at an altitude of half of the earth’s radius, the orbital velocity is

2 2 3 3
(@) U[EHVO (B) 3V ©) SVo (d) 1/(5)"0

A satellite of mass m revolves around the earth of radius R at a height ‘x’ from its surface. If g is the
acceleration due to gravity on the surface of the earth, the orbital speed of the satellite is

gR? gR gR? v
(a) R+ x (b) R—x (c) gx (d) (R+xj

Two satellites of masses m and 2m are revolving around a planet of mass M with different speeds in orbits
of radii r and 2r respectively. The ratio of minimum and maximum forces on the planet due to satellites is
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58.

59.

60.

(a)% (b) % © = (d) None of these
A satellite is revolving round the earth in a circular orbit of radius 'a' with velocity vo. A particle of mass m

is projected from the satellite in forward direction with relative velocity V = {\E —1} V, .During subsequent

motion of the particle total energy is

(@) 3G Me m/8a (b) zero (c) -5G Me m/6a (d) oo

Two particles of equal mass ‘m’ go around a circle of radius R under the action of their mutual gravitational
attraction. The speed of each particle with respect to their centre of mass is

Gm Gm Gm Gm
(@ ) (b) R (© R (d) R

The Earth is assumed to be a sphere of radius R. A platform is arranged at a height R from the surface of
the Earth. The escape velocity of a body from this platform is fv, where v is its escape velocity from the
surface of the Earth. The value of f is

1 1 1
@3 (b) 5 (c) v2 ® %

NEET PREVIOUS YEARS QUESTIONS

If the mass of the Sun were ten times smaller and the universal gravitational constant were ten times larger
in magnitude, which of the following is not correct?

(a) Raindrops will fall faster (b) Walking on the ground would become more difficult

(c) ‘g’ on the Earth will not change (d) Time period of a simple pendulum on the Earth would decrease
The Kkinetic energies of a planet in an elliptical orbit about the Sun, at positions A, B and C are Ka, Kg and
Kc, respectively. AC is the major axis and SB is perpendicular to AC at the position of the Sun S as shown
in the figure. Then

A C

(a) Ka<Kg < Kc (b) Ka>Kg > Kc (c) K > Ka>Kc (d) Ke <Ka<Kc
The acceleration due to gravity at a height 1 km above the earth is the same as at a depth d below the surface
of earth. Then

3 1
(@d=1km (b)d:Ekm (c)d=2km (d)dzzkm
Two astronauts are floating in gravitation free space after having lost contact with their spaceship. The two
will [2017]
(a) move towards each other. (b) move away from each other.
(c) become stationary (d) keep floating at the same distance between them.

At what height from the surface of earth the gravitational potential and the value of g are 5.4 x 107Jkg™
and 6.0 ms—2 respectively? Take the radius of earth as 6400 km:
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6.

10.

11.

12.

13.

14.

15.

(a) 2600 km (b) 1600 km (c) 1400 km (d) 2000 km

The ratio of escape velocity at earth (ve) to the escape velocity at a planet (vp) whose radius and mean
density are twice as that of earth is :

@1:2 (b)1:2+2 ©1:4 @d1:2

Kepler's third law states that square of period of revolution (T) of a planet around the sun, is proportional
to third power of average distance r between sun and planet i.e. T? = Kr® here K is constant. If the masses
of sun and planet are M and m respectively then as per Newton's law of gravitation force of attraction

between them isF =

GMm : L : , :
Z here G is gravitational constant. The relation between G and K is described as

(@) GMK =47° (b) K=G @)Kzé (d) GK = 41

Two spherical bodies of mass M and 5 M and radii R and 2R released in free space with initial separation
between their centres equal to 12 R. If they attract each other due to gravitational force only, then the
distance covered by the smaller body before collision is

(@ 45R (b)75R (c)15R (d25R

A satellite S is moving in an elliptical orbit around the earth. The mass of the satellite is very small compared
to the mass of the earth. Then,

(a) the total mechanical energy of S varies periodically with time.

(b) the linear momentum of S remains constant in magnitude.

(c) the acceleration of S is always directed towards the centre of the earth.

(d) the angular momentum of S about the centre of the earth changes in direction, but its magnitude remains
constant.

A remote - sensing satellite of earth revolves in a circular orbit at a height of 0.25 x 10 m above the surface
of earth. If earth's radius is 6.38 x 10° m and g = 9.8 ms2, then the orbital speed of the satellite is:

(a) 8.56 km st (b) 9.13 km st (c) 6.67 kms (d) 7.76 km st
A black hole is an object whose gravitational field is so strong that even light cannot escape from it. To
what approximate radius would earth (mass = 5.98 x 10%* kg) have to be compressed to be a black hole?

(@) 10°m (b) 10°m (c) 102 m (d) 100 m

Dependence of intensity of gravitational field (E) of earth with distance (r) from centre of earth is correctly
represented by:

et et gt et
o —=% o ol 0
e R T— — B t—
(@) (b) (c) (d)

A projectile is fired from the surface of the earth with a velocity of 5 ms™ and angle g with the horizontal.

Another projectile fired from another planet with a velocity of 3 ms™ at the same angle follows a trajectory

which is identical with the trajectory of the projectile fired from the earth. The value of the acceleration due

to gravity on the planet is (in ms=2) given g = 9.8 m/s?

(@ 3.5 (b) 5.9 (c) 16.3 (d) 110.8

A body weighs 200 N on the surface of the earth. How much will it weigh half way down to the centre of
the earth?

(1) 150 N (2) 200 N (3) 250 N (4) 100 N

At a point A on the earth's surface the angle of dip, 6§ = +25°. At a point B on the earth's surface the angle

of dip, & =-25°. We can interpret that :

(1) A and B are both located in the northern hemisphere.

(2) Ais located in the southern hemisphere and B is located in the northern hemisphere.

(3) A is located in the northern hemisphere and B is located in the southern hemisphere.

(4) A and B are both located in the southern hemisphere
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16.

17.

18.

19.

20.

21.

22,

23.

The work done to raise a mass m from the surface of the earth to a height h, which is equal to the radius
of the earth, is

(1) mgR (2) 2 mgR 3) % mgR @) g mgR

The time period of a geostationary satellite is 24 h, at a height 6Re (R is radius of earth) from surface of
earth. The time period of another satellite whose height is 2.5 Re from surface will be,

24 12
1) 64/2h 2) 124/2h 3) =—h 4) ——h
) 6:/2 ) 124/2] ) o2 ) e

Assuming that the gravitational potential energy of an object at infinity is zero, the change in potential
energy (final — initial) of an object of mass m, when taken to a height h from the surface of earth (of
radius R), is given by,
1) - GMm 2) GMmh 3) mgh 2) GMm

R+h R(R+h) R+h
What is the depth at which the value of acceleration due to gravity becomes 1/n times the value that at
the surface of earth? (radius of earth = R)
(1) R/n? 2 R(n. D)/n (3)Rn/(n. 1) (4)R/n
A body weight 72N on the surface of the earth. What is the gravitational force on it at a height equal to
half the radius of the earth?
1) 24N 2)48 N 3)32N 4) 30N
The escape velocity from the Earth’s surface is v.The escape velocity from the surface of another planet
having a radius , four times that of Earth and same mass density is :
1. 2v 2. 3v 3. 4v 4. v

A particle of mass ‘m’ is projected with a velocity u =kVe (k < 1) from the surface of the earth.
(Ve = escape velocity) The maximum height above the surface reached by the particle is

2 2 2 2

1) R(Lj 2) Rk 3) RK 4 R (Lj

1+k 1+k 1-k 1-k

A body of mass 60 g experiences a gravitational force of 3.0 N, when placed at a particular point. The
magnitude of the gravitational field intensity at that point is:

1) 0.5 N/Kkg 2) 50 N/kg 3) 20 N/kg 4) 180 N/kg
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NCERT LINE BY LINE QUESTIONS — ANSWERS
1.(c) 2.(b) 3.(a) 4.(a) 5.(a) 6.(b) 7.(d) 8.(a) 9.(c) 10.(b)

11. (@) 12.(d)13. (b) 14. (a) 15. (a) 16. (b) 17. (d) 18. (b) 19. (d) 20. (d)

NCERT BASED PRACTICE QUESTIONS - ANSWERS

1 b 2 b 3 C 4 a 5 a
6 C 7 C 8 c 9 a 10 b
11 C 12 b 13 a 14 Db 15 a
16 b 17 b 18 b 19 b 20 a
21 a 22 d 23 ¢ 24 a 25 ¢
26 a 27 C 28 b 29 C 30 a
31 C 32 b 33 b 34 d 35 b
36 C 37 d 38 c
TOPIC WISE PRACTICE QUESTIONS - ANSWERS
) 212 313 314 415 416 2|7 28 319 3|10 1
11) 3 |12) 1 |13) 3 |14) 1 |15 2 |16) 4 |17) 1 |18 3 |19 4 |20) 2
21) 1 122) 3 (23) 3 |24 3 (25 1 (26) 1 (27) 1 (28) 2 |29 2 (30 1
31) 3132 4 (33) 2 [34) 3 (35 1 (36) 2 (37) 2 [38) 4 (39 1 |40) 2
41) 3 |42) 1 |43) 3 |44) 2 |45) 3 |46) 2 |47) 1 [48) 2 [49) 1 |50) 2
51) 1 |52) 2 |53) 3 |54) 1 |55 1 |56) 4 |57) 3 |58 1 |59 1 |60) 4

NEET PREVIOUS YEARS QUESTIONS-ANSWERS
) 3[2 2103 3[4 1[5 16 =27 1]8 2]9 310 4
11) 3|12) 1 [13) 1 [14) 4 |15 3 [16) 3 [17) 1 [18) 2 |19) 2 |20) 3
21) 3 [22) 3 [23) 2

TOPIC WISE PRACTICE QUESTIONS - SOLUTIONS

—

1. (b) Since areal veIocityA & angular momentum Lofa planet are related by equation A = ﬁ , Where M is

the mass of planet. Since in planetary motion L iS(To =0), hence A is also constant
2. (o

T (RY* T (4R "
3. () 2=|=2 :—cﬂ—q =T,=8T
T, |R, T, (16R
s (@ Yo_lre 14020 3
' v, 1-e 1-020 2

5. (d) Time period does not depend upon the mass of satellite

6.  (b) T2ar3, where r = mean radius= 112 ; "2

7. (b) Given thatT, =1day and T, =8days
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10.

11.

12.

13.

14.

15.

3/2
_(k
T \n

T 2/3 8 2/3
~bh_|2 :[—] =4=r,=4r
N 1

(c) Since area of triangle csa is 41 of total area of ellipse, therefore:

C

o
a .

Area of cdas = %Area of abcs

Now that from Kepler's second law areal velocities of the planets are constant which essentially means
planets cover equal area in equal time interval.

Hence,

Time taken in covering path abc and path cda will be in proportion to their respective enclosed areas.
=>1=3t

(c) In planetary motiont,, = 0= L =constant
L=Fxp(=mv)= mrv(-; 0= 900)
So mydivi = madavz (here r = d)
e N

sun _,11'/

Vldl
2
(a) Angular momentum is conserved. At A, the moment of inertia is least and hence angular speed is
maximum. Thus the K.E. at A is maximum.
(¢) T 2c R® (According to Kepler’s law)

T2 oc (102 ) and TZ oc (102)’

2T (107 or L - 10410
T, T,
(a) Since, T2 = kr®
Differentiating the above equation
AT _Ar AT 3Ar
T r T 27
(c) According to Kepler’s law of planetary motion,

R 3/2 AR 312
ST,=T, [—2] =5>{—} =40hours
R R

1

Ve

=V, =

(a) By law of conservation of angular momentum,
mvr = constant
Vmin X rmax = Vmax x rmin

12
_ 60x1.6x10 —@=12m/s

Ny =y =
8x10 5
(b) Same force acts on both masses
Hence a o i(F =ma)
m

In absence of external force (remember mutual gravitational force is an internal force for the system)
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total energy remains constant.
16. (d)

-

A * C (60x B

dks ke Y
< >
4x1 9x1 2
=G =G or==
2 (60-x)° 3 (60-x)

= X =24cm

X
17. (a) Weight of body on the surface of the earth =mg=72N
2
Acceleration due to gravity at height his g, = LZ
(Rc +h)

Substitute h= % in above expression:

___9Re 4
gy 99

RZ
R +—F
()

Gravitational force on body at height h is F =mgh

_mxZg=timg =2x7an=32N
97 9 9
G(2m,)(2m,) Gmm, 4
@y gL
18. (c) % change= x100 ; =-—x100=-56%
Gmym, 1

r2

—ve sign indicates that force of attraction decreases

19. (d) Mo O
X (D-x)
74
orG(8;Lm)2 m :
x> (D-x)
9D
SX=—
10
20. (B)F=F+F,+F+F,+F
Fa|=|Fs| and |1?1|=|1?4|

F1=F3 +2F, cos30°+ 2F cos 60°

2
G-
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2
F= GT £§+ij:mw2a

a’ 4 3

(33

21 (a)F = MM _ Cmm,
(n+r)

r2
22. (c) During total eclipse:
Total attraction due to sun and moon,
GMM, GM M,
F= =+ 5
n r

When moon goes on the opposite side of earth effective force of attraction
£ _GMM, GM M,
= _

’ Iy
Change in force, AF =F, —F, Z&?Me
r2
Change in acceleration of earth Aa = f/I_F = %
e r-2
Average force on earth, F,, = Fa _ G—'\fs

e N

Percentage change in acceleration

2 2
28 100=2Mn, 5 L1002/ 1| Mn 00
a,, A GM, r, ) M,
3 5 2
23. (C)GX120 =GX102; %:_10 > 110 jor-1-rv ~r="Lkm
(r) (1-r) " (1-r) r 1-r 11

24. (c) Gravitational force is independent of medium, Hence, this will remain same.

25. () At the surface of earth, the value of g = 9.8m/sec?. If we go towards the centre of earth or we go above
the surface of earth, then in both the cases the value of g decreases.

Hence W1=mgmine, W2=MQsea level, W3=Mgmoun

So Wi1< W> > W3 (g at the sea level = g at the surface of earth)

26. (a) We know that,

variation in g with height "h"

g'=g[ R )2
R+h

g' — gravity at height /» from surface of earth.
r —Radius of earth
h — height above surface

Therefore, g' 12
r
Acceleration due to gravity above the earth
2h .
(gl)=go(1—7j ----------- (i)

Since h<<R acceleration due to gravity below earth surface

g, - go(l—%j -------------- 0

Now, putd =h=1km Thus, 9 _R-2
92 R-1
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27. (@) ¢'=g-w’cos’A=0=g—w’Rcos’60°

2
0=g—wR:>w:2\/§:i@ :2.5x1073@
4 R 400 sec sec

1
R decreasing g increase hence, curve b represents correct variation
29. (b) True weight at equator, W=mg

Observed weight at equator, W'=mg' = g mg

At equator, latitude A=0 ; Using the formula, mg' = mg —mR®’ cos® A

=gmg=mg—mRzmzcoszezmg—mRm2 = mRe’ :mg—gmg:zmg

1/2 1/2
_._m:(ZEJ =(&86] =7.8x10"rad /s
5x6.4x10

30. (a) We know that,

4
G| - ~R®
g_GM = (37[ jp—ﬂirGR
R? R’ 3TNP

Rl 0.2R

31. (c)Sinceg= G;\ﬂe for earth.

2
e

At poles the earth is slightly flattened. It means that the radius of earth at poles is slightly less in
comparison to radius at equator. So from the above expression, the value of ‘g’ at poles is greater in
comparison to value of ‘g’ at equator.

32, (d) mre’ = G'rvz'm
GM =r’e’  (GM =gR’)
ré.w?
9=
4nR)’ .
g' :—( nz.)sz g' = 64nRw’

33, (b) With depth g, = g(l—%j

As depth d goes on increasing g1 goes on decreasing, it remains maximum at the surface of Earth .The
above equation is in the form of straight line.

With height
2h 2gh
=ql1-2=2 |=g -2
9, 9( R] g R

g, oc% (Hyperbola)

Acceleration due to gravity goes on decreasing as the h above Earth surface increases.
34. (c) Applying conservation of total mechanical energy principle

%mvz = mgAhA = mgBhB

= g,h, =mgghg
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:3h3:[gﬁ}hA:9x2=18m
B

35. (@) For the riders to experience weightlessness at the top of the hill, the weight of the rider must be
balanced by the centripetal force.

‘ o R

i.e., mg=

=4/10x20 =14.1ms™

Hence, the speed of the car should be between 14 ms? and 15 ms™.
36. (b) Acceleration due to gravity at lattitude’ 2.’ is given by

g, =9, —R,®’ cos® A
At equator, A =90° = cosA=c0s90° =0
g, =g, =g (as given in question)

2

= Vv=40R

At30°,9,, =g - Rw’ cosZSO:g—%Rm2

37. (b) g =g—w’Rcos’A
To make effective acceleration due to gravity zero at equatorr=0andg'=0

.'.Ozg—wZR:wz\/Ezi@
R 800 s

38. (d) Since gravitational acceleration on earth is defined as
_GM, )

ge_ Rs

mass of planetisM, = ';/loe &radiusR, =%

GM .
So, g, :R—zp """""" (ii)

p
From (i) & (ii), we get
M, R _g _ )
9, =9, R—sz Vi 2m/sec? (as g=10m/sec?)

e

2h) 4g . 3R
39. (a)g,=9|1-— |=—(since h=R+—
@g, -q(1-2 =12 R)

Force on the satellite=mgh = g mg

::gx200x10z889N

40. (b) mg=mR®’

o;):\/g:T: ZR\/E:275\/64000
g9

21t x800

=21 x800s = h=1.36=1.4h

GM

~r =GMR

41. () g=
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42.

43.

44,
45.

46.

47.

48.

%xlﬂﬂ' -7 %x 100 =— 2 x (-2%)
—1%

AlsoK= 31o? - ’i‘;’ - %

As I=KER® so %=%

%xlﬂ'ﬂ - 2[%::11}!}} =2(2%)=—4%

®°R?

(a) g(l—%j:g—sz; d=

(c) The orbital velocity of moon is

GM, .
om— r (I)
GM_M ..
E M oo i
2r (i
U :—GM"M”‘ (iii)
r

So kinetic energy of moon isK = % M V2

where r is distance between the centres of earth & moon.
It is clear from (ii) & (iii) that U>K (in magnitudes term)
v, = —%fcr r<Randv, = —%, forr >R, and so option (b) is correct.

r
(c) Inacircular or elliptical orbital motion, torque is always acting parallel to displacement or velocity.
So, angular momentum is conserved. In attractive field, potential energy is negative. Kinetic energy
changes as velocity increase when distance is less. So, option (c) is correct.

—GMm

(b) Gravitational potential energy on the earth surface U, =

—-GMm
R+h

Gravitational potential energy at a height h above the earth's surface, U, =

_—GMm -GMm
" R+R 2R
Gain in gravitational potential energy=U, —U,
~ —GMm _(—GMmj _GMm GMm

2R R R 2R
= GNI_m = 1 ng
2R 2
(a) We know that intensity is negative gradient of potential,
i.e., | =—(dVv/dr) and as here | =— (K/r), so
V_K e, fdv=K
d r
orv-V, = KlogL

r0
s0 V=Klog—+V,
rO
(b) The gravitational potential V at a point distance 'r’ from a body a mass m is equal to the amount of
work done in moving a unit mass from infinity to that point
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49.

50.
51.

52.

53.

54,

55.

V-V, =—[ EdF =—GM(1/r-1/) :——{As Ez__}

(1) In the first case

When V, =0,V, = —GM

;
(i1) In the second case V, =-+10unit

V, -10=-5 or V, =+5unit
(a) As all the points on the periphery of either ring are at the same distance from point P, the potential at
point P due to the whole ring can be calculated asV = —(GM)/(\/R2 +x° )where X is the axial distance

=-5unit

from the centre of the ring. This expression is independent of the fact whether the distribution of mass of
uniform or non- uniform.

So atp v —_CM _Gx2M __GM{L+£}
T YR BR R [V2 5
(b) Conceptual
2mr 2mr 2% 2n
(@ T= = PR T N
Vo (gR /r) JoR?  ©
R? 2
Hence, r¥? = T oor = ng
Q)] 0]

2GM
(b) v, = - SV, = —gve =2/9x11.2kms™ = 2.5kms™*
2GM,
Vv, R M
(c)( h Y R A Re M. R, g9
(Vo). /2c5|\/|e M, R, M, R,/10
Re

~.(v,), =10x(v, ), =10x11=110km/s

(a) As we know,

o . -GMm
Gravitational potential energy =

and orbital velocity, v, =+vGM/R +h
1 2_GMm _EmGM_GMm

E; ==mv,
2 3R 2 4R 4R
_GMm(1 )_-GMm
4R (2 7)) eR
E. :—GI\/Im+K; E_E
R
Therefore minimum required energy, K = 7%’;‘”‘

M
(@) v= (GT) where r is radius of the orbit of the satellite
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Here r=R,+h=R +R—:§Re

e

where v is the orbital velocity of the satellite, which is moving in circular orbit of radius, r = Re

mv® GmM GM
56. (d)(R+x):(R+x)2 alsog = R
omv? =m(GMj R?
" (R+x) R® J(R+x)*
mv’ R?

R+x) mg (R+x)2

1/2
RRVAE gR" =vV= oR”
R +Xx R+ X

S7. (C) I:min = lezlm - GM(Zm) = CMm

r (2r)f  2r
GM(2m
and F_, GI\/2|m+ (2m) §Gl\/21m
r (2r)’ 2 r
P L
B max 3
. GM,
58. (a) Angular momentum of particle=m(vo+v)a where V, = a
Total energy of particle = % m(v0 +V? ) _GM.m
a

_5G6M,m GM.m _-3GM,m

"8 a a 8 a

At any distance 'r', total energy== % mu? — GM,m

r
But angular momentum conservation gives,
5 GI\/I (A

mur=m

Therefore total energy—amg GI\/2| A _GMm

r r

According to conservation of energy this is equal to the initial enegy.

1 5GMa GMm _ 3GMm
Hence, = m— >
2 4 r r 8a

Solving this givesr =a, ga
59. (a) Here, centripetal force will be given by the gravitational force between the two particles.
Gm?
(2R)

=mo’R

2
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5 Gm
=>—=0"2>0=,[—
4R 4R

If the velocity of the two particles with respect to the centre of gravity is v thenv = oR

Gm Gm

V=, /—3 xR = /—

4R 4R
2GM

| 2GM _ [2GM v 1
60. (d)v,=,/——and v':J :\/ =% o f=—
(e R * \R+h VR+R 2 J2

NEET PREVIOUS YEARS QUESTIONS-EXPLANATIONS

1. (c) If universal gravitational constant becomes ten times, then G! =10G

Acceleration due to gravity,g =

RZ
So, acceleration due to gravity increases.
2. (b) Speed of the planet will be maximum when its distance from the sun is minimum as mvr = constant.

- B
the]?/‘[’_Nm
A S C

Point A is perihelion and C is aphelion.
Clearly, Va> Vg > V¢
SO, Ka > Kg > K¢

3. (c) Acceleration due to gravity at height h, g, =g, (1—2—;j h=1km

Acceleration due to gravity at depthd, d, =g, (l—%)

9, =0y ; g{l—%‘}g{l—%) =d =2h; =2x1km=d =2km

4.  (a) Both the astronauts are in the condition of weightlessness. Gravitational force between them pulls
towards each other. Hence Astronauts move towards each other under mutual gravitational force.

5. (a) As we know, gravitational potential (v) and acceleration due to gravity (g) with height

-GM

V= —5.4%10" ---------- 1)
R+h
and g = cM ;=6 -(2)
(R+h)
-GM
. R+h  —54x10"7 54x10
Dividing (1) by (2 = = =6

=R + h =9000 km so, h = 2600 km
6.  (b) As we know, escape velocity,

2GM 2G (4 _,

V,=,|—=,]—.|=7R R

‘TR \jR(Bn pjm\/g
V.

Vv, Rp\/pp v, 2Re‘\/2pe v,
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GM
7. (a) As we know, orbital speed, V,, = -
Zm’ 2mr
Time period T = — = Jr
p Vorb \} GM
Squaring both sides,
, (2mdr ) 4w T2 472
T = = i == =
JGM GM rr GM
= GMK =47*
8. (b
Before collision At the time of collimon
i ; IIR—SR—E'IL EE :
Let the distance moved by spherical body of mass M is x1 and by spherical body of mass 5m is x>
As their C.M. will remain stationary
So, (M) (x1) = (5M) (x2) or, x1 = 5x. and for touching x1 + X2 = 9R
So,x1=75R
9.  (c) The gravitational force on the satellite will be aiming towards the centre of the earth so acceleration of
the satellite will also be aiming towards the centre of the earth.
10. (d) Given: Height of the satellite from the earth's surface h=0.25 x 10°m
Radius of the earth R = 6.38 x 10°m
Acceleration due to gravity g = 9.8 m/s?
Orbital velocity, Vo = ?
2
v,= | M __ |GM R _ \/9.8x6.38><§.38 7 76Kkm /s [ GM _ g}
(R+h) R® (R+h) 6.63x10
11. (c) From question,
Escape velocity
2GM -11 24
_ f _c—speed of light = R = 2G2M _ 2x6.6x10 ><5.298><10 m=102m
R c (3x10°)
12. (b) First when (r <R) Eocrand then whenr>RE o 12
r
Hence graph (b) correctly dipicts.
u’sin 20
13. (a) Horizontal range = sog oc U’
2
u 2
or Joaret _ ( plenet )2 ; Thereforeg,,,, = (Bj (9.8m /sz) =3.5m/s’
Geartn (uearth) 5
14. ¢g'=9g(1-d/R)
g=g \1 R }
mg' = mg(1/2) ; W'=200(1/2) =100 N
15. In northern hemisphere dip is +ve and in southern hemisphere dip is .ve.

16.
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~ mgh
“1+h/R
ath=R, W= ng’R
17.  We know that square of time period is proportional to cube of the radius.
2 3
T2 e - T2 o (R +h) ; T_12= (RE+6RE)3
T, (Rg+25R.)
T2 73 T2
L=t L-gT,-4
T, (7] T, 22
2
24
T,=——=T,=62h
2 2\/5 2
18. Gravitational potential energy of the two particle system can be written as follows :
U= Sm,m, . Hence potential energies in two cases can be written as follows :
GMm
(PE), = R
GMm
PE.). =
(PE), R+h

..AU=(P.E),-(P.E),
_ GMm N GMm  GMmh
R+h R  R(R+h)

19. Atdepth: g, =g(1—%]

:%zg(l—%j:dz(n—l)R/n

R 2
20. =0q| ——
9 g‘:R+h:|

2

21.
VY ECUI VIR g
R
2G><67ZR3D
V = 3
¢ R
VaR,ﬁzi;l— R Vv, =4V
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22

given v = kVe

where, k<1

Thus, v< Ve

From conservation of mechanical energy,
1 .., GmM GmM

—mV* - =—

2 R (R+h)

vV GM _ (GM)  h
2 R (R+h) R(R+h)
= 2KVe “RR+h
' 1,,(2GM\_ GMh
We know, V, =\’@ - ERZ[TJ: R(R+h)
'kz o
(R+h)
RK + hk* = h
RK2 = h(1 — k2)
(1-k?)
F 30
23. =50N/kg

m 60x10°




