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SYLLABUS : Gravitation - 2 (Gravitational potential energy, Gravitational potential,
Escape velocity & Orbital velocity of a satellite, Geo-stationary satellites)

Max. Marks : 120

Time : 60 min.

GENERAL INSTRUCTIONS
e The Daily Practice Problem Sheet contains 30 MCQ's. For each question only one option is correct. Darken the correct

circle/ bubble in the Response Grid provided on each page.

e You have to evaluate your Response Grids yourself with the help of solution booklet.

e Each correct answer will get you 4 marks and 1 mark shall be deduced for each incorrect answer. No mark will be given/
deducted if no bubble is filled. Keep a timer in front of you and stop immediately at the end of 60 min.

e The sheet follows a particular syllabus. Do not attempt the sheet before you have completed your preparation for that
syllabus. Refer syllabus sheet in the starting of the book for the syllabus of all the DPP sheets.

e After completing the sheet check your answers with the solution booklet and complete the Result Grid. Finally spend time
to analyse your performance and revise the areas which emerge out as weak in your evaluation.

DIRECTIONS (Q.1-Q.21) : There are 21 multiple choice
questions. Each question has 4 choices (a), (b), (c) and (d), out
of which ONLY ONE choice is correct.

Q.1 A body of mass 100 kg falls on the earth from infinity.
What will be its energy on reaching the earth ? Radius of
the earth is 6400 km and g = 9.8 m/s%. Air friction is

negligible.
(a) 6.27 x10°7 (b) 6.27 x 1010]
(c) 6.27 x 10107 (d) 6.27 x 1077

Q.2 An artificial satellite of the earth is to be established in the
equatorial plane ofthe earth and to an observer at the equator
itis required that the satellite will move eastward, completing
one round trip per day. The distance of the satellite from the

Q.3

Q.4

centre of the earth will be- (The mass of the earth is 6.00 x
102* kg and its angular velocity = 7.30 x 10~ rad./sec.)

(a) 2.66 x 10°m. (b) 2.66 x 105 m.

(c) 2.66 x 10°m. (d) 2.66 x 107 m.

Two satellites S, and S, revolve round a planet in the same
direction in circular orbits. Their periods of revolutions
are 1 hour and 8 hour respectively. The radius of S is 104
km. The velocity of S, with respect to S; will be-

(@) mx 10* km/hr (b) /3 x 10* km/hr

(c) 2mx 10* km/hr (d) w2 x 10* km/hr

In the above example the angular velocity of S, as actually
observed by an astronaut in S, is -

(a) m/3 rad/hr (b) m/3 rad/sec

(¢) m/6rad/hr (d) 2n/7 rad/hr
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Q.5 The moon revolves round the earth 13 times in one year. If
the ratio of sun-earth distance to earth-moon distance is
392, then the ratio of masses of sun and earth will be -
(a) 365 (b) 356
(c) 3.56 x 10° (d 1

Q.6 Two planets of radii in the ratio 2 : 3 are made from the
materials of density in the ratio 3 : 2. Then the ratio of
acceleration due to gravity g,/g, at the surface of two
planets will be

(@) 1
Q.7 Asatellite of mass m is revolving in a circular orbit of radius

r. The relation between the angular momentum J of satellite
and mass m of earth will be -

(@ J=JcMm?*r (b) J= JGMm
(¢) J= JGMmr (d) J= \/%

Q.8 A spaceship is launched into a circular orbit close to earth's
surface. What additional velocity has now to be imparted
to the spaceship in the orbit to overcome the gravitational
pull? (Radius of earth = 6400 km, g = 9.8 m/sec?)

(a) 3.285 km/sec (b) 32.85 m/sec
(c¢) 11.32 km/sec (d) 7.32 m/sec

Q.9 The ratio of the radius of the Earth to that of the moon is
10. The ratio of g on earth to the moon is 6. The ratio of
the escape velocity from the earth’s surface to that from
the moon is approximately -

(a) 10 (b) 8 (c) 4 (d 2

Q.10 Acceleration due to gravity on a planet is 10 times the value
on the earth. Escape velocity for the planet and the earth
are V_ and V| respectively. Assuming that the radii of the
planet and the earth are the same, then -

(b) 2.25 () g d) 0.12

(@ Vp=10V, (b) Vp=410V,
(©) V= e @) Vo=t

Q.11 The Jupiter’s period of revolution round the Sun is 12 times
that of the Earth. Assuming the planetary orbits are circular,
how many times the distance between the Jupiter and Sun
exceeds that between the Earth and the sun.

(a) 5242 (b) 4242 (c) 3.242 (d) 2.242
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Q.12 The mean distance of mars from sun is 1.524 times the
distance of the earth from the sun. The period of revolution
of mars around sun will be-

(a) 2.88 earth year (b) 1.88 earth year
(c) 3.88 earth year (d) 4.88 earth year

Q.13 The semi-major axes of the orbits of mercury and mars are
respectively 0.387 and 1.524 in astronomical unit. If the
period of Mercury is 0.241 year, what is the period of Mars.

(b) 3.2 years

(d) 1.9 years

Q.141f a graph is plotted between T2 and 13 for a planet then its
slope will be -

(a) 1.2 years
(c¢) 3.9 years

4n? uM
@ ®)
(c) 4n GM (d 0

Q.15 The mass and radius of earth and moon are M|, R; and M,,
R, respectively. Their centres are d distance apart. With
what velocity should a particle of mass m be projected from
the mid point of their centres so that it may escape out to

infinity -

G(M; +M 2G(M;+M
(@) / ( 1d+ 2) (b) 12G6( 11+ 2)
(¢)

4G(M1 +M2) GM1M2
V d (d) d

Q.16 A satellite has to revolve round the earth in a circular orbit
of radius 8 x 103 km. The velocity of projection of the
satellite in this orbit will be -

(a) 16 km/sec (b) 8 km/sec
(¢) 3 km/sec (d) 7.08 km/sec

Q.17 If the satellite is stopped suddenly in its orbit which is at a
distnace = radius of earth from earth’s surface and allowed
to fall freely into the earth, the speed with which it hits the
surface of earth will be -
(a) 7.919 m/sec

(¢) 11.2 m/sec

(b) 7.919 km/sec
(d) 11.2 km/sec
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Q.18 A projectile is fired vertically upward from the surface of
earth with a velocity K v, m/s where v, m/s is the escape
velocityand K < 1. Neglecting air resistance, the maximum
height to which it will rise measured from the centre of
the earth is - (where R = radius of earth)

2
) 12K

Q.19 A satellite is revolving in an orbit close to the earth’s
surface. Taking the radius of the earth as 6.4 x 10° metre,
the value of the orbital speed and the period of revolution
of the satellite will respectively be (g = 9.8 meter/sec?)
(a) 7.2 km/sec., 84.6 minutes
(b) 2.7 km/sec., 8.6 minutes
(¢) .72 km/sec., 84.6 minutes
(d) 7.2 km/sec., 8.6 minutes

Q.20 Ifthe period of revolution of an artificial satellite just above
the earth be T second and the density of earth be p, kg/m3
then
(G =6.67 x 10~ m3/kg. second?)

(a) PT2isauniversal constant
(b) PT2 varies with time

K*

R R
O

3n
pT2= =
(©) G

(d) Both (a) and (c)

Q.21 Two satellites P and Q of same mass are revolving near the
earth surface in the equitorial plane. The satellite P moves
in the direction of rotation of earth whereas Q moves in
the opposite direction. The ratio of their kinetic energies
with respect to a frame attached to earth will be -

(8363)2 (7437)2 (8363] (7437)
@ \7237) ® (5363) © (7437) @ (5363
DIRECTIONS (Q.22-Q.24) : In the following questions, more than

one of the answers given are correct. Select the correct answers
and mark it according to the following codes:

Codes :
(a) 1,2 and 3 are correct (b) 1 and 2 are correct
(¢) 2 and 4 are correct (d) 1 and 3 are correct

131
Q.22 Gas escapes from the surface of a planet because it acquires
an escape velocity. The escape velocity will depend on
which of the following factors:
(1) Mass of the planet
(2) Radius of the planet
(3) Mass of the particle escaping
(4) Temperature of the planet
Q.23v, and v denotes the escape velocity from the earth and
another planet having twice the radius and the same mean
density as the earth. Then which of the following is (are)

wrong ?
(D) V.=V, (2) Ve:2Vp
3) Ve:Vp/4 4) Ve:Vp/z

Q.24 Select the wrong statements from the following
(1) The orbital velocity of a satellite increases with the
radius of the orbit
(2) Escape velocity of a particle from the surface of the
earth depends on the speed with which it is fired
(3) The time period of a satellite does not depend on the
radius of the orbit
(4) The orbital velocity is inversely proportional to the
square root of the radius of the orbit

DIRECTIONS (Q.25-Q.27) : Read the passage given below and
answer the questions that follows :

It can be assumed that orbits of earth and mars are nearly circular
around the sun. It is proposed to launch an artificial planet around
the sun such that its apogee is at the orbit of mars while its perigee
is at the orbit of earth. Let 7, and T, be periods of revolution of
earth and mars. Further the variables are assigned the meanings as
follows.

M, — Mass of earth

M, — Mass of mars.

L,— Angular momentum of earth around the sun.

L, — Angular momentum of mars around the sun.

R, — Semi major axis of earth’s orbit.

R, — Semi major axis of mars orbit.

M — Mass of the artificial planet.

E, — Total energy of earth.

E, — Total energy of mars.
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Q.25 Time period of revolution of the artificial planet about sun
will be (neglect gravitational effects of earth and mars)

T,+T,
(@) 5 ® VLT,
3/2
2T, T2/3 L7213
© -7 @ |
e m
Q.26 The total energy of the artificial planet’s orbit will be
@ oM ( RE, ) ) oM ( R,E, )
q) o _Te—e -
v\ R +R, M, \R+R )
© 2E,M (R, + R, ) @ 2E6M( R, +R, )
c e m
M, R, J M, L /R§+R,31J

Q.27 Areal velocity of the artificial planet around the sun will
be
(a) less than that of earth
(b) more than that of mars
(¢) more than that of earth
(d) same as that of the earth
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DIRECTIONS (Q. 28-Q.30) : Each of these questions contains
two statements: Statement-1 (Assertion) and Statement-2
(Reason). Each of these questions has four alternative choices,
only one of which is the correct answer. You have to select
the correct choice.

(a) Statement-1 is True, Statement-2 is True; Statement-2 is a
correct explanation for Statement-1.

(b) Statement-1 is True, Statement-2 is True; Statement-2 is
NOT a correct explanation for Statement-1.

(c) Statement-1 is False, Statement-2 is True.

(d) Statement-1 is True, Statement-2 is False.

Q.28 Statement-1 :The speed of revolution of an artificial
satellite revolving very near the earth is 8kms™!.
Statement-2 : Orbital velocity of a satellite, become
independent of height of near satellite.

Q.29 Statement-1 :If an earth satellite moves to a lower orbit,
there is some dissipation of energy but the speed of
gravitational satellite increases.

Statement-2 :The speed of satellite is a constant quantity.

Q.30 Statement-1 :Gravitational potential of earth at every place
on it is negative.
Statement-2 :Every body on earth is bound by the attraction
of earth.
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PROBLEMS SOLUTIONS

(1) (@ Abody projected up with the escape velocity v,willgo | (4) (@) When S, is closest to S, the speed of S, relative to S,

to infinity. Therefore, the velocity of the body falling isvy—v, =mx 10* km/hr. The angular speed of S, as
on the earth from infinity will be v_. Now, the escape observed from S; (when closest distance between them
velocity on the earth is isTy—1; =3 % 104 km)
4
v.=+eR = \/2><(9.8m/sz)><(6400x103m) e 2"V1_ X 104 —_ I adihr
—1.2x 10104 m/s = 11.2knvs. 2oh 3x10 3
The kinetic energy acquired by the body is 7
. . |o|= 3 rad/hr
K= Hm Ve = 5 100 kg (11.2x 10° m/s)? (5) (¢) Period of revolution of earth around sun
=6.27x10°J. 2 4n°R2
GMm GM © T GM
@) @ Weknow that 2 moTor 2 oL Period of revolutions of moon around earth
. GM ,  4n’R2
r=T 2 T GM,
where o is the angular_ velocity of the satellite (T \2 (Me\ (R \3
In the present case, ® = 2w, L_CJ _ L_J k eJ
where o, is the angular velocity of the earth. T M Rp,
. @=2x7.3x 107 rad/ sec. 5 3
G=6.673 x 1071 n-m?/kg? My (T, )R (393)° 103
and M=600x 10%kg "M, 1) (R, T T36x10
Substituting these values in equation (A), we get (6) (@ According to law of conservation of angular momen-
(6.673 x 10_“)(6 00 x 1024) tum, mvr = constant
3= => vr = constant
(2 x 7.3 x10° ) Vmax ‘Tmin = Vmin' Tmax
: = 7
Solving we get r=2.66 % 10'm. N Vs _ Viax _ Tmax _ .
¢ @ VA Vmin I'min
v, (7) (@ Angular momentum of satellite, J=mvr. But,
¢ GMm 2 GM
= = V= _—
S, r? r v r
~ J=m JGMr
GM

(8) (@ The orbital velocity of space ship, v, = -

1 2 3
From Kepler's Law, T ocr If space, ship is very near to earth's surface,

3 2 4
(%J = L \ (lj = (%} r=Radius of earth=R .. v, = G?M
= 1,=4x 10*km = JRg =+/6.4 x 10° x 9.8
2nr =7.9195 x 10° m/sec = 7.195 km/sec
Vo= The escape velocity of space-ship
(1 rz\ ve~ J2Rg :7.9195ﬁ:11.2m/sec
L lvy—vy|=2n L | =nx10*km/hr Additional velocity required = 11.2—7.9195=3.2805 km/

S€C.
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©® o

(10) ®)

an @

12) ®)

(13 @

(14 @

The escape velocity v, = /2gR

Now, (Ve)moon: 2gR

(Vo)earth = V2 % 6g x 10R ,

S (Ve )earth _
0 ———=
(Ve )moon

2GM
Escape velocity = JT =,/2gR
: —p ,/ = Jl0x1=+10

V,= \/_ V.
We know that T2 oc a3
Given that (12 T)? o 313 and T2 oc 323

a®  (12T)°
5= =144
32 T

or 2L =(144)13=5242
a3

Hence the jupiter's distance is 5.242 times that of the
earth from the sun.
We know that T2 o a3 = T o (a)*/?

3

~ Toars _ (amﬂjz =(1.524)¥2=1.88
Teanh Aearth

As the earth revolves round the sun in one year and
hence, T, 4 = 1 year.
ST ars™ Tearh < 1.88=1x1.88 = 1.88 earth-year.

mars
(0387)"°

3/2
amercury\ J
1.524

B

Tmercury

mars

T =T

mars

1.524)%2
mereury ™ {0387

=(0.241years) x (7.8) = 1.9 years.

2
v _em’ 1
3

_ _ _4n’
B €)Y

- GM

GMm , G
Vg =——
r r2 > 0 r ]

Il’lVO2 _

4’

2
Slope of T2—r3curve=tan § = - =
r GM

15) (©

(16) @

a7n o

(18) @

19) @

1571
Total energy of the particle at P

E E +U 1 2 GMlm Gle'II
= = —mvy, — -
kP 2 ¢ d/2 d/2

1 >
:Emvef

At infinite distance from M, and M,), the total energy
of'the particle is zero.

m
T(M1 +M,)

1
—mvg =

2

[4G
SOV = T(Ml +M2)
}GM
v =

=7.08 km/sec.
From conservation of energy,
The energy at height h = Total energy at earth's sur-
face

m
— M+ M,),

ng

9.8 x 6.42 x 10'?
Cogx10°

GMm 1 5 GMm
“R+nh 2™ TR
1 GMm GMm GMm GMm
—mV2: —_ = —
2 R R+h R 2R

[GM  |R%g
=V = R = T—ng

= /6400 x 10° x 9.8 =7.919 x 10> m/s

=7.919 km/sec
If a body is projected from the surface of earth with a
velocity v and reaches a height h, then using law of
L 2o _meh

— mv

conservation of energy, 5 “1th/R°

Givenv=Kv,=K /2gR andh=r- R

mg(r—R) R

— orr= 2
1+—R I-K
R

1
Hence, ) mK2 2gR =

Orbital speed,

Vo= \JERe =4/9.8x(6.4x10°)

=7.2x103m/s=7.2km/s.
Period of revolution,

T =2n \/R/g
=2x3.14 /(6.4x10%)/9.8 = 5075 s = 84.6 minutes.
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20 @

@n @

(22) ®)

(23 @

Ifthe period of revolution of a satellite about the earth
be T, then

47 (R, +h)’

.
T GM

c

where h is the height of the satellite from earth's sur-
face.
47* (R, +h)?
e (YTZ
The satellite is revolving just above the earth, hence h
is negligible compared to R ..
4n°R}
€ GT2

4
But M, = 3T Re3 pwhere p isthe density of the earth.

Th 4 R3p= 4R
us 3n o P= G2
3n
. TZ_

p G-

which is universal constant. To determine its value,

o3 3 x3.14

PTG 7 6.67x10 " m3 /kg-s?
2

Exo _ Vo

Exp  v3 '

Linear velocity of earth,

21R,  6.28x6.4x10°
24 x 3600

V= T

(S

=463 m/s

Orbital velocity, Vy=1/Reg =7.9x 103 m/s

According to question,
Vp=V,+V_,=7900-463=7437m/s
Vo=Vt V= 7900+463=8363 m/s

Exq _(8363)2
" Egp \7437

2GM . .
Ve = ™ 1.e. escape velocity depends upon the

mass and radius of the planet.

2GM

A% =
¢ R 3

If mean density is constant then v, <R

3 1
\% R 2

24 @

25 @

(26) @

@7 (©

(28) @

29 @

(30) @
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GM
e

7% o« R?
T? = KR>:T? = kR>;T? = kR®
R:M
2
723 p2/3 13
ST? k|
3/2
2/3 2/3
=>T= zé___j;zii__
2
p_ GMM,  GMM
¢ 2R, 2R
2R,E M
M, 2[R6+R)
2
oM R,

LR+RJ

Areal velocity of the artificial planet around the sun
will be more than that of earth.

For satellite revolving very near to earth R,+h =R,

As (h<<R)

Vo = /Reg = V64 x10° x10 =8x 10> m/s = 8 kms ™!

Which is independent of height of a satellite.

Due to resistance force of atmosphere, the satellite
revolving around the earth losses kinetic energy.
Therefore in a particular orbit the gravitational
attraction of earth on satellite becomes greater than
that required for circular orbit there. Therefore satellite
moves down to a lower orbit. In the lower orbit as the

potential energy (U=—GMm/r) becomes more

negative, Hence kinetic energy (Ek :GMm/Zr)

increases, and hence speed of satellite increases.
Because gravitational force is always attractive in nature
and every body is bound by this gravitational force of
attraction of earth.
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