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PHYSICS - Gravitation
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Exercise-II
1. From E.C.

O = – 2 21 2
1 1 2 2

Gm m 1 1
m v m v

d 2 2
 

from M.C.  m1v1 – m2v2 = 0
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v = 
d
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2. F1 = 2R
GMm

F2 = 2R3
GMm

 Change = 2R
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3
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2
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A
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x
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2
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
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
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2
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7. After collision r is max. separation
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9
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

   
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8. In (a) & (b)    2

2

a
GM2

In (c) & (d)    2

2

a
GM4

9. eGM m
R


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Efinal = eGM m
2 2R




 difference = – e eGM m GM m
R 4R



= 
4
3 mgR

10. 5M

M 4M v1

r
GMe

5Mv0 = – Mv0 + 4Mv1

1
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2
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

e
1
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v
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

T.E. = e eGM 4m GM1 9
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r 2 4 r
 

   
 

T.E. > 0

11. ///
///////

A

B

D C

t1 > t2 between area is ACB is greater than
ADB.

12. Both D & C between
Total energy is always –ve

13.
m2

R.
R

GMem

dt
dA 

R
dt
dA 

14. P.E. = – 
r
mGm 21

T.E. = – 
r2
mGm 21

K.E. = + 
r2
mGm 21

15.

Earth

R
M r

r
M

16. m1  F F m2

a1 =
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F
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F

m1< m2  a1 > a2

17.

M
E = 0

v = const.

18.
h
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sin = 
hR

R


Area covered = R22 (1 – cos(90–))
= 2R2 (1 – sin)

Area escaped = 4R2 – 2R2 (1 – sin)
= 2R2 (1 + sin)

19. Radius decreases   Velocity increases
due to which K.E. increases

m.v.r   m r
GM

 . r   r

32 rT 

20. Theory

21. eGM m
r


 = P.E.

eGM
v

r


 =  Tr
T
2

22. (A)
Fnet

(B) Both direction and Magnitude not
change

(C) Total Mechanical is constant
(D) Linear momentum changes becoz v

change as r changes
but rv = constant

23. v = eGM
(Max.)

R

 TrrT 32

T.E. = 
R2

GMm

24. T = 
3 / 2

e

2
r

GM


g = 
e

2
e

GM
R  and Tmin. at rmin. = R

 Tmin. = 
3 / 2

2
e

2 R R
2

ggR


 



7

www.aviral.ac.in www.aviral.co.in www.aviralstore.com

PHYSICS - Gravitation

1. TE = 
2 2 2Gm 2Gm 3Gm

a a a
  

 T.E. = 
a
Gm6 2

final = 
a2

Gm6 2

W.D. = 
2 2 26Gm 6Gm 3Gm

a 2a a


 

2. x
dx

2L
m

 = 
L2

m    dF =  
L3

L
2x
dxGm

F = Gm  



 

L3
1

L
1

F = 
L3

Gm2

3. (i) 2e eGM .m GM m1
mv

R 2 9R
 

 

v = eGM4
3 R

(ii) 2 2e e
1

GM m GM m1 1
mv mv

R 2 5R 2
 

  

v1 = eGM2 2
3 5 R

4. When sense of ratation of both earth and
satellite is opposite

T1 = 

5.1
2

24
2

22

rel






When sense of ralation of both earth and
satellite is same.

T2 = 

5.1
2

24
2

2




5.  5 P.E.
1 10 J | T.E. | | |

2
  

T.E.final = 51 10 J | T.E.| | |  

T.E.initial = –2 × 105 J
So given energy = 1 × 105 J

6. E = 




 cosRd
R
G

2    

E = ]sin2[
R
G 

Potential = 
R

)2(GR
R

Gm   = – G2

7.
P

C

VP = 
GM

2a



VP  = 
GM
a



21 GMm 1
mv 1

2 a 2

 
  

 

8.




 





 

Re
h1g

Re
h1

g
2

9. e e eGM m GM m GM m
2r 2r r

   

By M.C. m mvv

final velocity = 0

 T.E = eGM 2m
r



Straight line.

10.
2 2e e

e
e e

GM m GM m1
m(k v )

R 2 (R h)
 

 


11. initial.E.T
r2

GMm 

final
e

G Mm
T.E.

2 R
 

Ct = 





 

r
1

Re
1

2
GMm

12.

m

m

m

m

m

m

m

m

Exercise-III Level - I
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2 2 28 3Gm 3Gm Gm
U

2 2 L 3 L

 
    

13. (i) 

a

M
R

m

m m

U = 0 
R

GMm3
a

Gm
a

Gm
1

Gm 222



2Rcos 30º = a

= 



  M

3
m

R
Gm3

(ii)

R
mv

R3
Gm3

R
GMm 2

2

2

2 

R
mv

R3
Gm3

R
GMm 2

2

2

2 







  M

3
m

R
Gv

14.
r/3 r/3 m2m

r

2
2

2

G2m 2
m

3r
 

2
3

2

r
Gm3 

Given m = sM
3

then s s
3 3

3GM GM
r 3 R



r = R

15.

+v0

–v0

3
0

2

4
G R

3g
x

- r p
=

gnet = 
3

0
2

2

G R 1 8
R6 x(x )
2

 
  

 
 
  

r1

r2

gnet = 

3
3

0 1 0 2

3 3

4 4 R
G R r G r

3 3 8
R R

 

    


= 
0

2 1 0

4G 2 ˆr r G Ri
3 3

         

16. v = eGM
r

maxm distance

= 2r

vrelative = r
GMe2

17. 2mv
2
1

R
GMm

R2
GMm 

v = 
GM
R

  Time = 
v
R2    

R
r

= 
3R

2
GM


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1 2/31 )R2(
GM

 ;  2/32 )R3(
GM



with respect to one time taken

R

2R

R
1 2

21

2t



    )3322(GM
)66(R2t

2/3






2 Attraction force Fa = 
r

mv2

r
mv

r4
Gm

r
GMm 2

2

2

2 

r

M

fa
mv /r2

mI

mII

2v]mM4[
r4

G
   Now

)mM4(G
r4

v
r2T

2/3









3 2x
m.dx

x
GdF 






 

d

m 

x







x

dx
3x

dxGmF    2
d

2 d2
Gm–

x
1GmF 









4 In a cavity gravitational field

3
)r4(ra 

 ;   r = R/2   a = 6
RG4

from v2 – u2 = 2as     2
R

6
RG42v2 






 



 2RG
3
2v 

5 0
dx
da

  for amax    x = 2
R

22/32/32 R)3(
GM2

2
R32

aMRa 











R



x

2/322 )xR(
GMxa




 )r2()r(M 2  R)3(
Gr4a 2/3

22 


Now F = ma

6 Rmax = 4 = g
u2

   u = g4

According to problem ppRg2g4 

4g = 2gpRp   ;   p2
p

p
2
e

e R.
R

GM
)2(

R
GM



2
P

3
p

2
e

3
e

R

pR)2(R
3
4

R

)2(R
3
4







 








 

ep RR     Km4.6Rp 

7 w.r toCOM of ship & pad
Vr = V0

 m 2m
2vx

vx

3Vx = V0

Rm

R =3R0 m

Level - II
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Vx = 3/V0

m 2m
(2/3 + 1)v0

V (1 – 1/3) = 2/3v0 0

KI  + Ui = Kf + Uf

       

























m

2

m

2

0 R
)m2(GM–v)m2(

2
1

R3
)m2(GM–v

3
2)m2(

2
1

...(1)

0

2
0

2
0

2

R
v)m2(

R
)m(GM
 

m0
0 R3

GM
R
GMv   ...(2)

from (1) & (2)

  
mR

GM
27
40v 

 


v

2/3v0

10
1cos  & sin  = 10

3
Ans.

8
R M r2

v1

1 1 2 2v r v r ;    2 2

6GM
R v r

5R
 

from energy conservation

2
2

2

1 6GM GMm GMm 1
m mv

2 5R R r 2


  

r2

v

2

2
2 2

mv GMm
r r


2

GM
v

r


9. 22
0 mv

2
1

hR
GMm–mv

2
1

R
GMm– 


 ...(1)

R
Gm

2
3v0  ...(2)

(given)
conserved about centre of earth
  m R v0 sin 60° = m(R + h) v ...(3)
Solving these (3) equations

we get 0v
2
3

hR
Rv


   & 











2
71Rh

Ans. (i)




a
vR

2

C  = GM
)hR(

R
GM

2
3

4
3

)hR(
R 2

2

2 




R
8
9RC 

R13.1R ~–C   Ans.

10. A

P
r

a = –2x

a = 
e

3
e

Gm
x

R


2 e
3
e

Gm
R

 

From W.E.T
Wg = kt – ki

R
2 2e
p A3

er

Gm mr 1 1
dr mv mv

2 2R
  

2 2 2 2e
p A 3

e

Gm m1 1
mv mv (R r )

2 2 R
  

2 2 2 2 2
p Av v (R r )   

2 2 2
e

dr
2gR (R r )

dt


   

A ev 2gR  

1 eR1
t sin

g3
 

  
 
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1. (B)
When gravitational force becomes zero, then
centripetal force required cannot be provided.
So, the satellite will move with the velocity
as it has at the instant when gravitational
force becomes zero, i.e. it moves tangen-
tially to the original orbit.

2. (A)

Escape velocity = egR2

So, escape velocity is independent of m. So,
it depends upon mass m as m0.

3. (C)
The minimum kinetic energy required to project
a body of mass m from earth's surface to
infinity is known as escape energy. There-
fore








 
R

GM
gRasmgR

R
mGM

KE ee

4. (D)
Gravitational potential energy of body will be

r
GMm

E 

Where M = mass of earth,
m = mass of the body,
R = radius of earth.
At r = 2R,

)R2(
GMm

E1 

At r = 3R,

)R3(
GMm

E2 

Energy required to move a body of mass m
from an orbit of radius 2 R to 3R is

R6
GMm

3
1

2
1

R
GMm

E 




 

5. (C)
The escape velocity is independent of angle
of projection, hence, it will remain same ie,
11 km/s.

6. (C)
Let at 'O' there will be a collision. If smaller
sphere moves x distance to reach at O, then
bigger sphere will move a distance of (9R-x).

2)xR12(
M5GM

F





2small )xR12(
M5G

M
F

a





M

5M

R

2R

O

(9R-x)

12R

x

2big )xR12(
GM

M5
F

a




2 2
small 2

1 1 G 5M
x a t t

2 2 (12R x)


 
 ...(i)

2
2

2
big t

)xR12(
GM

2
1

ta
2
1

)xR9(


  ...(ii)

Thus, dividing Eq. (i) by Eq. (ii) we get

5
xR9

x



or x = 45 R - 5x
or 6x = 45R
or x = 7.5 R

7. (C)
According to Kepler's law

32 rT 
32 r5  ...(i)

and 32 )r4()'T(  ...(ii)

From Eqs. (i) and (ii), we have

3

3

2 r64
r

)'T(
25



or 1600'T 

or T' = 40 h

Exercise-IV Level - I
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8. (A)
The necessary centripetal force required for
a planet to move round the sun
= gravitational force exerted on it

ie, n
e

2

R
mGM

R
mv



or
2/1

1n
e

R
GM

v 







 

Now , 
V
R2

T




2/1

e

1n

GM
R

R2 











2/1

e

1n2

GM
RR

2 






 
















2/1
e

2/)1n(

)GM(
R

2

or 2/)1n(RT 

9. (B)
Gravitational potential energy of body on
earth's surface

R
mGM

U e

At a height h from earth's surface, its value
is

R2
mGM

)hR(
mGM

U ee
h 


 (as h = R)

Where Me = mass of earth,
m = mass of body,
R = Radius of earth
 Gain in potential energy
=Uh -U









R

mGM
R2
mGM ee

e eGM m GM m
2R R

  








 
2

e
2

e

R
GM

gas
R2
mgR

R2
mGM

mgR
2
1



10. (A)
Time period of satellite

e

3

GM
)hR(

2T




where R + h = orbital radius of satellite,
Me = mass of earth.
Thus, time peroid does not depend on mass
of satellite.

11. (D)
The gravitational force exerted on satellite
at a height x is

2
e

G )xR(
mGM

F




Where Me = mass of earth
Since, gravitational force provides the nec-
essary centripetal force, so,

)xR(
mv

)xR(
mGM 2

0
2

e





(where v0 is orbital speed of satellite)

2
0

e mv
)xR(

mGM





or
2

2 e
0 2

GMgR m
mv g

(R x) R

 
     

or

2/122

o xR
gR

)xR(
gR

v 





















12. (D)

r
GMm

Ui 

1.0
101001067.6

U
211

i

 


1.0
1067.6

U
11

i




= - 6.67 × 10-10 J

m=10x10 kg-3

M= 100kg

R = 0.1m

We know that
W = U
= Uf - Ui (Uf = 0)
 W = -Ui

= 6.67 × 10-10 J

13. (C)








 
R
h2

1ggh ...(i)
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






 
h
d

1ggd ...(ii)

As per statement of the problem,
ie, gh = gd








 






 
R
d

1g
R
h2

1g

dh2 

14. (C)








  3
2

R
3
4

M;
R
GM

g




 2

3

R
R

3
G4

g








 


3
RG4

gor (=average density)

gorg 

15. (C)
According to Millikan's oil drop experiment,
electronic charge is given by,

E
)vv(r6

q 21 


Which is independent of g.

So, 1
earththeoneargchelecronic
moontheoneargchelectronic



16. (A)

Correct option is (a) you can make an anal-
ogy with Gauss's law in electrostatics.

17. (A)
Mass of planet, MP= 10Me, where Me is mass
of earth.

Radius of planet,
10
R

R e
P  , Where Re is radius

of earth.

Escape speed is given by, 
R
GM2

vP 

For planet, 
P

P
P

2G M
v

R




e

e

R
GM2100



= 10 × ve

= 10 × 11 = 110 Km s-1

18. (A)

2)hR(
Gm

'g


 , acceleration due to gravity at

height h

2

2

2

2 hR
R

g
)hR(

R
.

R
GM

9
g
















3
1

hR
R

hR
R

9
1

2
















hR2hRR3 

19. (C)
Let gravitation field is zero at P as shown in
figure.

Pm
A B

4m

x r-x
r

22 )xr(
)m4(G

x
Gm




22 )xr(x4 
xrx2 

3
r

x 

xr
)m4(G

x
Gm

VP 


r
Gm3


r
Gm9

r
Gm6



20. (B)
Gravitational force provides necessary
centripetal force,

ie, R
mv

)R2(
Gm 2

2

2



m mR R

R4
Gm

v 

21. (D)

Potential energy on earth surface is - mgR
while in free space it is zero. So, to free the
spaceship, minimum required energy is
K = mgR = 103 × 10 × 6400 × 103 J
= 6.4 × 1010 J

22. (C)
Energy = u + KE













 
R3

Gm
M

2
1

R3
GMm

R
GMm

= 
6
5

 
R

GMm



14

www.aviral.ac.in www.aviral.co.in www.aviralstore.com

PHYSICS - Gravitation

1. Gravitational force is conservative so work done
only depends on position not a path taken

2. from E.C.
                         

2 2
3

GMm 99 1 2GM– 3R R m
100 2 R2R

= 
H

GMm–

after solving R5.100H ~–

v
R/100

H

R/GM2v 

Height from the surface H = H – R
H = 99.5 R

3. In theory TA = TB

4. for r < R

r
mv

R
GMr 2

3 

R



v  r

for r  R   
r

mv
r

GM 2

2     v2  
r
1

5. Astronaut feel weight lessness when only gravi-
tational field is act

6. 222 R7
M

)R3()R4(
M







dm =  2rdr
4R

p 2 2 1/2
3R

Gdm(1)
U

(16R r )
 

  =  



R4

R3
2/122 )rR16(

rdrG2

r 3R

P

4Rdr

after solving Up = 
R7

)524(GM2– 

work done by external agent = U – Up

R7
)524(GM2 



7.
BBB

BBBAAA

B rvm
rvmrvm

L
L 



= 1
rvm
rvm

BBB

AAA   = 61
m
m

A

B 

8. Given 2
e

e
2
P

P

R
GM

11
6

R
GM

    11
6

RM
RM

2
pe

2
eP 

        ....(1)

ep 3
2


3
e

3
p

P

R3/4
Me

3
2

R3/4
M




   3
2

RM
RM

3
pe

3
eP 

        ....(2)

e

e

2GM
11

R
  ; 

p
esc

p

2GM
v

R


  
pe

P

esc MR
MeR

V
11



        ....(3)
from (1), (2), (3) Vsc = 3 km/sec

9.
r
vm

r

MGM 2
s

2
se     2v

r
Me.G



Object escape when its P.E equal to its

K.E.   K.E. = 
r

Mem.G 0

K.E. = m0v
2 = mv2

10. B,D

 r

P

 2r

Q

  
 r

R

MP = M   MQ = 8M          MR = 9M
Radius of R will be slightly larger than 2r,

2GM
V 2gR R

R
  

Hence VR > VQ > VP

Also 2
1

V
V

Q

P  .

Exercise-IV Level - II
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11. (B)
From energy conservation

2GMm GMm GM
L L 2L

   = 
1
2

mv2 + 
2GM

2L
2GMm

L
 = 

1
2

 mv2

v = 
GM

2
L

Ei = 
1
2

mv2 Ef = 0.

In one particle potential energy should not
be considered.
Energy of m is not constant.


