PHYSICS

Q.1  Abody is projected up with a velocity equal to Sol.  Gravitational force on each due to other three
% th of the escape velocity from the surface of particles provides the necessary centripetal
force.
the earth. The height it reaches from the centre
of the earth is : (Radius of the earth = R) :
10R 16R
A) — B) —
(A) 9 (B) -
9R 10R
C) — D) —
©) 3 (D) 3
[B]
Sol. V= 3 Ve
4 2 2 2
2 GM GM Mv
1 3 . 2 R o —_
- = 2- = 2 S Cos 45° + =
KE. = > mv 2m(4vej (ﬁR)z (2R)2 R
9 Simplifying it we get
== mvﬁ
32 e (2241
=2 (%M R| 4
32 R
K.E = 3 GMm Q\3 The gravitational field in a region is 10 N/kg
16 R 2 n . .
GMm (1—]). Then the work done by gravitational
P.E.= "R force to shift slowly a particle of mass 1kg from
7 GMm point (1m, 1m) to a point (2m, —2m) is -
Totalenergy =KE. +P.E = 70 —5= (A)10)  (B)-10] (C)-40] (D)+40J
Let the height above the surface of €arth be"h; Sol.  [D]
thenP_E_sz'\r/]lm Wy = F,.AS =10 (i—J).(i-3])
Total energy = P.E. above earth's surface =10+30=40J
_ 7 GMm =_ GMg Q4 Two bodies of masses my and my are initially at
16 R h rest placed infinite distance apart. They are then
h= @ allowed to move towards each other under
/ mutual gravitational attraction. Their relative
velocity when they are r distance apart is —
Q.2 Four particlesyof equal mass M move along a
. : . . A) [2G(my +m3) ®) 2Gmym,
cirele of radius R under the action of their mutual . (my +mo)r
gravitational attraction. The speed of each particle
G(my+my) Gmym,
5\ © \— D) J———5:
r (my+my)r
GM i GM .
A =+ ®) [ 22 =2 sal. Al |
R L R myvi — mav2 = 0 by conservation of momentum
Gmm
= \/_ %m1v12+ %m2V227 -1 =0
GM GM (22 +1 r
© [? (2‘/5"'1)} (D) ?( 4 H (by conservation of energy)
- AlSO, Viel. = V1 + V2
[D]
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Q.5 A projectile is fired vertically upwards from the 1825 § ﬁ daye
surface of the earth with a velocity kve, where ve J2 V2
. . . =91.25 x 1.414 days
is the escape velocity and k < 1. If R is the - 129 days
radius of the earth, the maximum height to
which it will rise measured from the centre of Q.8 A particle is kept at rest at a distance R (Earth's
. . ] radius) above the earth's surface. The minimum
earth will be - (Neglect air resistance) speed with which it should be projected sg that
2 it does not return is :
(A =X ®
2
R 1-k (A) % (B) %
. 4R 2R
(C)R(L - K) (D) — [B] Y| T
Ltk © 5 Oyy—=  [C
Sol. Ve:rtically upwards then. let r is the maximum Sol. using conservation of energy
height so from conservation of energy oM !
1 GM,M GM,M _2M A e =0
Em(kve)2+ - Re =0+ ——F 2R 2
r
GMm
OFMVZ =—r
— GMMIr = £ m (k? pCMe )| GM M
2 R R oM
oLV = 1/—
:_(1_k2)GM_eM:>r:iz R
R 1-k
Qe A r:nar\ \r/]v_elght. Vr:/ on Lhe. s;]urfacelof thi earth. Q°9  Acceleration due to gravity at earth's surface is
What is his weight at a height equal to R 10 ms 2. The value of acceleration due to gravity
w W W
AW  (B) > (©) vy (D) 2] at the surface of a planet of mass éth and
C
W i€l radius % of the earth is -
sol. ho- MIn S S
w mg (A) 4 ms (B) 6 ms
g (C) 8 ms3 (D) 12 ms3 [C]
— 9n
== GM
g SOI gp = 2p
R2 Rp
" (R+R)? :lexlvlex%
W e
W, = —
"~ = g g=8ms=2
Q.7 If the distance between the earth and the sun
becomes” half its present value, the number of ) ) )
days 1n a year would have been - Q.10 With what angular velocity the earth should spin
(A) 64.5 (B) 129 in order that a body lying at 45° latitude may
(C) 1825 (D) 730 [B] become weightless ?
3 g 29
2 (A) J: (B) ,/—
Sol. T= B} ? x 365 days R R
1 365 d (©) 2\/2 (D) None of these [B]
= x ays
22 Sol. 0 = g - Rw? cos? 45°
GRAVITATION



Ro? 29 3Gm? 12Gm?
— - Tgoro= /= (A) (B
2 R a? a2
Q.11 Four identical masses m each are kept at points 4Gm? 4Gm?
© = (D) — [D]
A, B, C & D shown in figure. Gravitational a 3a
) ) Sol. Let us put identical mass at E.
force on mass at point D (body centre) is - Due to symmetry net force on mass at 'D' is
A equal to zero.
T B
a \:x/
| LI
c .
3Gm? 12Gm?
(A) ¥ (B) ¥
.. Required forcesForce due to mass placed at E
4Gm? 4Gm? Gn? _ 4Gm?
© —= 0 — [D] = =
a 3a (f3a/2)?  3a
Sol. A . . . . .
Q.14  There is.a concentric hole of radius R in a solid
B sphere of radius 2R. Mass of remaining portion
eD is M, then the gravitational potential at centre is
-5GM -7GM
E (A (B)
C 7R 14R
Let us put identical mass at E. —-3GM —9GM
Due to symmetry net force on mass at 'D' © 7R (%) 14R (D]
is equal to zero. Sol p ol q lid sph ;
.. Required force = Force due to mass placed at ol. ot_entla at centre Jdue to a solid sphere o
E radius r and mass m is
_ Gm? _ 4Gm? v= —%
- - 2
(\/§a/ 2)2 3a Here required potential
Q.12 The total energy of a sateliteNis - = Potentlaldqeto - Potentlaldu?to
(A) Always positive sphereof radius2R | | sphereof radiusR
(B) Always negative Q.15 A particle of mass m is placed on the centre of a
(C) Always zero fixed uniform semi-circular ring of radius R and
. . . mass M as shown. Then work required to
(B) +ve artye depending upon radius of orbit. displace the particle slowly from centre of ring
[B] to infinity is : (Assume only gravitational
interaction of ring and particle)
Sol. TE= - SMm
2r
Q,¥3 “\_Four identical masses m each are kept at points
A, B, C & D shown in figure. Gravitational
force on mass at point D (body centre) is - GMm GMm
(A) —— (B) ———
R R
GMm GMm
C) —— D) -——— A
© R (D) - [A]
sol. U= -MM dui=0
R
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W= AU= GMm velocity. The velocity of the body when it
R escapes the gravitational field of the earth is -
Q.16 A spherical hole is made in a solid sphere of (A) V2 v. (B) V3 ve
radius R. The mass of the sphere before C) V7 D) Vi1
hollowing was M. The gravitational field at the © V7. ©) Vi1 v.
centre of the hole due to the remaining mass is — Sol.  [B]
‘ v=vevnZ-1 or v=vev22-1, v:ve\/§
Q.19 Two bodies of masses 10 kg and 200 kg are
separated by a distance of 2m. The gravitational
potential at the mid-point“of the line joining the
two bodies is :
(A) 7.3 x 107 J/kg (B) -7.3 x 10 J/kg
(A) zero B) 21 (C) 7.3 x 10°Jkkg (D) -7.3 x 108 J/kg
8R2 [C]
GM Sol. Gravitational potential
© 2% ©) —% [C] CXI0™ G100
2R R NG =-110G
Sol. By the principle of superposition of fields S=10 x 6.67 x 1011 J kgL
E=E, +E, £ 17.3% 10 Jikg
-
Here, E = net field at the centre of hole due to Q.20  For the earth escape velocity is 11.2 km/s. What
entire mass will be the escape velocity of that planet whose
N
E, = field due to remaining mass mass and radius are four times those of earth ?
5 (A) 11.2 km/s (B) 44.8 km/s
and E, = field due to mass in hole =0 (C) 2.8 km/s (D) 0.7 km/s
- -
E=£=[ M), Sol. [A] Ve = 2GM andvp= |2
1~ 3 p=
R Rp
R
wherer=— Yo _ Mp Re = |4 ><— =1
Ve M R
2_GM
g E_H or Vp = Ve = 11.2 km/s
Q.17  The gravitational field due to a mass distribution Q.21  The weight of an object in the coal mine, sea
is E :Az inSdirection. Here, A is a constant. level, at the top of the mountain are W,, W, and
N A . W; respectively, then-
Taking the gravitational potential to be zero at
infinity,’potential at x is — (A) W, <W,>W, (B) Wy =W, =W,
2A 2A
A) — (B) 2 (C) Wy < W, < Wy (D) W, > W, > W,
© 2 ® 5 A
« « Q.22  The height above surface of earth where the
Sol. V(X)= —IE dx = —IAZ dx —é value of gravitational acceleration is one fourth
® X of that at surface, will be-
Q.18 A body is projected from the surface of earth (A) R4 (B) R,/2
with a velocity 2 ve. where v is the escape
GRAVITATION



(C) 3Ry/4 (D) R, [D] [A]
" . £ th ational fiel Q.27  The earth's radius is R and acceleration due to
Q23 The magnitude of the gravitational field at gravity at its surface is g. If a body of mass m is
distances ry and r, from the centre of a uniform sent to a height of R/4 from the earth's surface,
sphere of radius R and mass M are F; and F, the minimum speed with which the body must
) be thrown to reach a height of R/4 above the
respectively. Then- surface of the earth is -
F n . 20R gR
A) =+ =21 ifr,<Randr, <R A) [ B) .=
( ) F2 r, 1 2 ( ) 5 ( ) 3
e (© JoR (D) y20R
(B) == L ifr,>Randr,>R 1 1
F, p) Sol. [A] 5 mv2 =AU = z mgR
F n . 20R
() = L ifr,>Randr,>R v= |98
F, ! 2 5
S
(D) E -z ifry<Randr, <R [A] Q.28 A body=efamass m rises to height h = R/5 from
2
? thée.earth's'surface, where R is earth's radius. 1f g
is.acceleration due to gravity at earth's surface,
Q.24  The diameters of two planets are in ratio the increase in potential energy is -
4 : 1. Their mean densities have ratio 1 : 2. The
A > /h B L h
ratio of 'g' on the planets will be- (A) 59 (B) 5 M
(A)1:2 (B)1:4 3 6
(C) - mgh (D) - mgh [B]
C)2:1 (D)4:1 [C] 5 7
Q.25 If the earth suddenly stops rotating, the vatue of Q29 The distance of Neptune and Saturn fror_n the
) Sun are nearly 10 m and 102 m respectively.
g at any place will - . s . . .
_ Their periodic times will be in the ratio -
(A) remain same (A) 10 (B) 100
(B) decrease (C) 1010 (D) 1000 [C]
(C) increase ol T_r12 B R_ﬁ
(D) none of/these [C] -|—52 Rg
312
T, |10%
Q.26  If two badies of mass M and m are revolving T__ 102
S
around ‘the centre of mass of the system in
eircular orbits of radii R and r respectively due = (‘/E)3 =10410
to mutual interaction. Which of the following
formulae is applicable ? Q.30  The time period of_ a satellite of Earth is 5
hours. If the separation between the Earth and
(A) CMm _ 2 (B) GMm _ 2 the satellite is increased to 4 times the previous
(R+r1) R? value, the new time period will become -
GMm _ GMm _ (A) 40 hours (B) 20 hours
© 2 - M R (D) R2 2 e (C) 10 hours (D) 80 hours [A]
Sol. T2cr®; T?c (4r)° or THT?=64
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or T/T=8
or T'=8x5h=40h

For a satellite orbiting at an altitude of half of

the earth's radius, the orbital velocity is-

Q.31 A person brings a mass of 1kg from infinity to a
point A. Initially the mass was at rest but it (A) 3 v (B) \/EV
moves at a speed of 2m/s as it reaches A. The 2 2
work done by the person on the mass is —3J. 5 )
The potential at A is- (C) \/; v (D) §V [C]
(A) -3J/kg (B) -2 J/kg
(C) -5 J/kg (D) none of these
C . . .
€] Q.36 The escape velocity from a Pplanetyis V. If its
Q.32 Aplanet is moving in an elliptical orbit. If T, V, mass and radius becomgs four and two times
E and L are respectively its kinetic energy, respectively, then the eSeape velocity will
potential energy, total energy and magnitude of
angular momentum, then which of the following become -
statements is true ? (A) V (B) 2V
(A) T is conserved
(B) V is always positive (C) 08\ (D) V2 v [D]
(C) E is always negative _ ) _
(D) L is conserved but the direction of vector Q.37 “Imagine a light planet revolving around a very
- ) massive star in a circular orbit of radius r with a
L will continuously change [C] ) ) o
period of revolution T. If the gravitational force
Q.33 Which statement is not true for artificial of attraction between planet and star is
geostationary satellite ? proportional to R-5/2, then T2 is proportional
(A) It revolves round the earth in equatorial to-
plane
(B) It revolves round the earth with, in great (A)R®
circle (B) R72
(C) It revolves round the earth”with time period
of 24 hours (C) RS2
(D) It r_evolves round the earth with a velocity of (D) R3/2 [B]
8 kilometer/second [D]
Q.34  One satellite-is revolving round the earth in an Q38 A planet of mass m is moving in an elliptical
. . . path about the sun. Its maximum and minimum
elliptical,orbit, Its speed will- . .
distances from the sun are ry and r, respectively.
(A)be sae at all the points of orbit If Mg is the mass of sun then the angular
(B) he maximum at the point farthest from the momentum of this planet about the centre of sun
earth will be -
(C) be maximum at the point nearest from the (A) 2GM
earth (h+12)
(D) depend on mass of satellite [C] (B) 2GM.m N
(r +12)
Q.35  The orbital velocity of an artificial satellite in a C)m 26Msnr,
circular orbit just above the earth's surface is v. (1)
GRAVITATION | 6|



(D) ZGNlSrm—tw [C]
12

mass 60kg goes from earth to mars by a rocket
moving with constant velocity. If effect of other
planets is assumed to be negligible, which one

Q.39  Two artificial satellites whose masses are m; of the following graphs shown the variation of
and m, are moving in circular orbits of radii r, weight of traveller with time
and r, respectively if r; > r, then which of the
. . Weight(N
following statements is true about the speeds v, 600
and v, of the satellites ?
A
(A) vy =V, (B) vy >V,
200
vV, _V
Cvi<vy (D) r—l :r_z D t—
1 2 Time
[C]
Q.40 A body is projected from the surface of earth ((é‘))é E[B%E [c]
with a velocity 2ve where ve is the escape
velocity. The velocity of the body when it
Y o y i y . Q.44  The(velocity with which a projectile must be
escapes the gravitational field of the earth is :
fired. so-that it escapes Earth's gravitation does
(A) V2v, (B) V3V,
\/_ i not-depend on -
C) v7v D) v11v B
©) ¢ (©) ¢ [B] (A) mass of the earth
— 2
Sol.  v=4n°-1ve (B) mass of the projectile
orv=422-1 v, (C) radius of the projectile's orbit
v=1/3 Ve (D) gravitational constant [B]
Q.41 The radius of earth is 6.4 x 195m  and Sol. vV = 1/2(;'\/' , v does not depends mass of the
acceleration due to gravity at eafth's\ surface is orojectile
9.8 m/s2. The temperature<reguired by the '
Oxygen molecules to escape, from the earth's Q.45 The escape velocity from the earth is about
surface is- (universal“gas “constant R = 8.3 11 km/s. The escape velocity from a planet
joule/mole - K) having twice the radius and the same mean
(A) 1.59 x 105K (B) 15.9 x 105 K density as the earth is -
C) 159 x AQ°K D) 0.159 x 10* K (A) 22 ks (8) 1L ks
©) ©)o. (C) 5.5 km/s (D) 15.5 km/s [A]
[A]
_[2GM 4 -
Q.42 A Satellite is revolving around earth in a Sol. v= \/ R \/ZG?TR d
circular orbit. The radius of orbit is half of the
radjus of the orbit of moon. Satellite will v Rd
complete one revolution in - V=2V
(A) 2732 lunar month
(B) 2-2/3 lunar month Q.46  The kinetic energy needed to project a body of
(C) 2372 Junar month mass m from the earth's surface to infinity is -
(D) 223 lunar month [A] (A) % mg R (B) % mg R
Q.43 Imagine the acceleration due to gravity on earth () mgR (D) 2mg R. [C]
is 10m/s? and on mars is 4 m/s2. A traveller of
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Sol. Er - GMTm =0 or - % (M1 + M2)m
GMm If v is required escape velocity, the
orEr= —— 1 2G
R —mvZ= == (M + M2)m
R2 2 d
orEr= gr m
V=2 [G(M, +M,)
or Er = mgR d
Q.47 A body is projected up with a velocity equal to Q49 A body of mass m and ra.dius r falls‘en _earth
(3/4)th of the escape velocity from the surface from a great height. If M is mass and R is the
of the_earth. The height it reaches is- radius  of earth while r:i then  the
(Radius of earth = R) 100
10R 9 9 10R acceleration of the body when it hits the earth is
(W =5 B R (© R O =" _ . (" !
. (acceleration due,to*gtavity at earth surface is
Sol. [B] Escape velocity for the earth is q)
o= /ZGM (A g (B)0.98 ¢
o= |
R g
Given the velocity projection of the body © 0.98 (D)o8g [B]
—y= 3,23 |ZM Sl ~GM_ GM _ gy
4 4 1R OS5 T RiZ [ RY
Total energy on the earth [R +j
= Total enery at maximum height h 100
L[ GMMY _ g [ GMm M _oesg
2 R R+h 2
101 R2
1 9 2GM GMm _ GMm 100
=m.—. - = -
2 16 R R R+h
9 4= R 4. R _
16 R+h R+h 16
7TR+7h=16R Q.50  The increase in gravitational potential energy of
Zh=9R = h = g R an object of_ mass m raised from the surfz?ce of
7 earth to a height equal to radius R of earth is :
mgR
Q.48  The masses and radij-of Earth"and Moon are My, (A) mgR (B) 5
R1 and My, R, respettively. Their centre are at a © mgR ©) mgR ]
distance d aparty”The minimum speed with 3 4
which a particle of mass m should be projected Sol. Increase in potential energy
from-A\point. mid-way between the two centres _ G L_ GmMj
S0 as'fe.escape to infinity is : 2R R
GmM GM mR
/ZGM+M G(M;+M =27 =T 0
(A) ( 1 2) (B) ( 1 2) 7R RZ 2
d 2d
=gx 1 mR = — mgR
2 d - “GMm GMm _ —3GMm
Sol.  [D] R 4R 4R
Total potential energy at mid point is
_GMm  GM,m | | o
di2  d/2 | M M.
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