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PHYSICS - Gravitation

|
i i = —— =22
New time period T'=2xn 1/9/2 V2

11. (D)
THEORY

12. (A
1

—mv'2=2x1mv2
2 2

V'=v2Vv,
v'=v,

. SO escape.
13.  (©)

14. (A

R, = 2R,
= 0,29,

V. = J20R
(Ves)A = \/ZgARA = 2\/ZgBRB

(Veds = V2GR

Va _,
VB

15. (B)

GM
V,=— ?(—ve)
asR | GR—M 1 but due to —ve it decreases.

16. (B)

17. (B)
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18.

19.

20.

21.

22.

23.

24.

25.

v (Move tangentially)

©

2n _ 2m _ 21 x 24 x hr.
T= O 20 2x2n
T=12 hr.
QY]

- .,

-

(a) cavity at center, field is zero
(b) Arcof ellipse
(c) forescape T.E.=0

(d) Notes.

(8))

PE. =— MM
P

Gmm

TE. =— —1 2
2r

KE =+ MM,
2r

(8))

©

Kepler's second law

d—Aszconstant
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PHYSICS - Gravitation °:

1 & B & 3/2
) 10
—mv:=————2-xG;
2 (RJ ....(2) R, 1
3 r (2)2/3
from (1) & (2)
r
Ri=—%7
mG'va90=imG|\/lxh1 = h, =1lom (4) /3
R? 10 R?
32. (B)
26. © GMm _mv?
w=CmM _ GmM r’ r
R NnR +R
33. ©
_ GMm 1—i _GMm| n
"R nH| R |n+1 _|Gm _ | Gm
r R+h
n
=mgR
g (n+lj V., = G—mz\/gv
1 R 3
R+ —
27. (D) 2
—GMPm=54 = GIVIF’><3=54 34. »
R, R,
Voc\/z
GM, _1g r
RP
V. _ /rB+R
Ve = 2(;Mp =y2x18=6m/sec Vo VN +R
35. ()
28. © A L
1, GMm _ gRe’m T 2m
—mv?= =
2 Re+h Re+4Re L= 2mA
1_, MgRe T
5 MV =5 36. (B)
F=M- Fl_GMsMe _E
29. (B) R? ’ - (3R)2 )
Gravity of earth vanishes means there is
no centripetal force that is gravitational | 37-  (C)
force. 38. ©
30. (A roc T2
£ Gmm, L (3 2/3_3
- 2r r, \24 4
Ezﬁzﬁ T_E V_E
E, v, 1 Y -
31. (C) Vi (R[T]_(L1)f24).2
v, \LJT, 4)\ 3 1
27 1
3/2 _
Tocr |:(D—?:|; (DOCr3/2 39. B
Gmym
F= r; 2
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PHYSICS - Gravitation

1. From E.C.

o= Gmm
- d 2

fromM.C. myv, —myv,=0

mv. Y
m 11
Z(m J

2

Gmm 1
NOW, % = Em:[Vi +

26m3
d(m, +m,)

2
2G mj

v, =
V2= 1d (m, +m,)

Relative velocity of approach = v, + v,

2G (M, +m,)
V=, ———=%
d
GMm
2 F,= R?
GMm
F, R’
GMm
Change 3 R
3 G—-—w’R=09g/2
o’R =g/2
2
\Y;
~ = 2
R Y
2vz =¢gR
V., = 420R
V. = 420v%)
=2v

4. v, = y20R = ZGTM

from E.C.
_ GMm _ -3GMm
R 2R
M_ 12
2R "2V
— Ve
V=12
GMmx
5. F= R°
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+—myv; + —m,V,;
2

>mv
2

2

1 2
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Exercise-ll

D

time to each otherend t = % =42.3min

_,_[R
T=2n GM

T=84.6 min

4 3 4 3
= nmR>=m = (2R =8m
P3T ps( )

from E.C.

Gm8m

O+0=-"%

+ %mvf +%8mv§ ....... (1)
from M.C.
mv, = 8mv,
v, = 8v,
Put value from eq. (2) to eq. (1)
G8m° 1

_1 2,1
3R _2m64v2+28m

>, 2Gm

27 27R

2 - 84x2Gm
- 0 27R
After collision

v vV, +V,
2 18m

Gm8m
3R

Initial K.E. =

final K.E. = %mvf +%8mv§
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PHYSICS - Gravitation

1 16 2 1 2 1
— Em 8—l(v1 +V,)° + E8m(v2 +V,) W
m 2
= E(V1 +V2)
_26m"
3 R
7. After collision r is max. separation
from M.C.
8mv’, + mv’, =9mv
VvV, +V
Bm{ 11+8 2} - m{% (v, + vz)} =9mv
v=0
from E.C.
-G8m? 1 , 1 __, 2Gm* G8m?
+=8mv°+_—_mv°- = — -
r 2 3 R 3R
=r=4R
2GM?
8. In (&) & (b) 2
AGM?
In (c) & (d) 2
a
-GM,m
9. R — Sinitial
-GM_m
Efinal - 2 x 2R
. GM ,m GM.m
difference = — R + aR
-3
=2 mgR

10. (:)_> e o
<—® v1

J%Te
5Mv0 =— Mv0 + 4Mv

1

3v
2~V

3 [GM,
vV, = —

2 r

_GM4m 1, (9 GM,

TE. = r 2 r
TE.>O0
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11.

12.

13.

14.

15.

16.

17.

18.
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t, > t, between area is ACB is greater than
ADB.

Both D & C between
Total energy is always —ve

GMe
aa_ ™R R
dt 2m
dA
—_— R
at <R
PE =_ Gmm,
E. ;
— Gmli‘nZ
TE. =— or
KE. =+ SMuM;
2r
Earth
-GM
()T
-GMr
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PHYSICS - Gravitation

sinf =

R+h
22.
Area covered = R?2xn (1 — cos(90-0))
= 21R? (1 — sinb)
Area escaped = 4nR? — 21R? (1 — sinb)
= 2nR? (1 + sind)
19. Radius decreases = Velocity increases
due to which K.E. increases
GM
m.v.r:>m,/ = onr o3
T? o1
20. Theory
-GM
21, SMm _pp
r
GM, 24.
VvV =

A)
®

©)
(®))

Both direction and Magnitude not
change

Total Mechanical is constant

Linear momentum changes becoz v
change as r changes

but rv = constant

-GMm
2R
_ 2n r3/2
T="lom,
GM,
g= Rz andT  atr_ =R
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PHYSICS - Gravitation °:

Exercise-ll| Level - |
Gm? 2Gm? 3Gm? G ¢ MR
1. TE= - - - _—ijde 0
oo 6. £= 2 [rrancos 7
2 oL
- TE. =" 6Gm G '/
a ) E= ?[ZSinoc]
- -6Gm
final = 2210
ina 2a . Gm _ GR(a)r
6Gm?  6GME 3G Potential = R - R =—GA20
W.D. = — + -
a 2a a
_ P
m dm = Adx 7. _@7
2 —Xx—» 2L
dx
m % Gmdx V. = —GM
A= Z dF = IT P 2a
L
-GM
— i_i VP - a
1, GMm 1
2 —mv° = 1-—
F = GsT 2 a |: 2:|
-GMgm 1, -GM,m g h
3 O 2" T ToR 2 =g[ _R_e}
8 1+L
v = 4 GM, Re
“ 3V R
(i) -GMm 1 .2 _-GMm +lmv§ 9. _GM,m GM,m _ GM,m
R 5R 2 2r 2r r
v = 2 |2EM, —> <
1~ 3\5 R ByM.c.@v V@

final velocity =0

4. When sense of ratation of both earth and
satellite is opposite TE= -GM,2m
2n 2n . .
T, = E_ 27n+27n Straight line.
24 1.5
When sense of ralation of both earthand | , o ZGM.m 1 .2, 2y ~GM.m
satellite is same. R, 2 (R.+h)
2n -GMm
.= 2z 21 11. or | Finitial
24 1.5
72::\:”“ = TE.fina
PE. )
5. |T-E-|=|T| _GMm(1 1
Ct= 2 Re r
T.E.,, = -1x10°J
m
T.E. = —2 % 10°J m
So given energy =1 x< 10°%J m -
12. m m
m m
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u-_28 3Gm® 4 3Gm* + Gm’ Given m = I\gs
2| « V2L 3L
h 3GM, GM,
then —s3" =~ Re
m r=R
1S ® ‘ - Gpo 2 7R
m m _ 3
2 > g-—
U=0 —Glm2 _Gm* _Gm® _ 3G|2/Im 15. :_Gpug%
a a (x-R/2)
2Rcos 30° =a
-3Gm { m }
= —+M
R ﬁ 9. = 1'po0R3 1 _ 8
net R 2
e 6 (X_E)Z X
Gm?
a2 GMm
RZ
a2
(i)
mv’ .
R —Gﬂ R3 g2 R 0
_ TR™po Iy T Pol>
gnet - + 8
RS RS
GMm J3Gm?  mv?
R2 3R? R _ 4G3£)0n {"2— rl} - ﬁnGpORT
GMm J3Gm?  mv?
R? 3R* R N
M
G(m 16. = Gr £
v=_[S|—=+M d D)
R (x@ j max™distance
..... =r2 O
) _ [GMe
N LT Tt . Vrelative - ﬁ r R
) ' : : r
f 2m&— /3 /3 m
' * . 7 -GMm _ -GMm i 2
14. . ‘ 3 17. R - R +2mv
el L. v = J—GRM - Time = 2R
2
GZZT\ — mo? 3 e
r 3 =2x oM
3Gm* _ -
r_3
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PHYSICS - Gravitation

N = I =V
1 (2R)3/2 ’ 2 (3R)3/2

with respect to one time taken

©

2n 27R%2(64/6)

t=—— t=
O, + o, = \/GM(2ﬁ+3\/§)

2

. mv
2 Attraction force F_ =

GMm Gm’ mv?

r? 4r? r
m
{ll

mva/r
|
m,

%[4M +m]=v® Now

_2nr 4qr/2

T="——=——__

v Je@MLm)
3 dF- G(&j dxm

d
«—>

. [
m

X

¢ dx ”
F=Gka‘X—3 - |:=_Gmy{x_12} -

=d

Gmi

4 In a cavity gravitational field

r(4rr 47pRG
a=¥; r=R/2 =>a= n%

47pRG R
fom  vZ—u?=2as = V2=2( 5 j—

2
= V= \ %TCGQRZ
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g 2d°

7
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0-

Level - |l

, _ 4n*Grp
M= (nr?)(2nr)p = a—m

Now F=ma

Row=4= g =u=,/4g

According to problem @ =J20,R,

GM
e @=—3R,
R? R?

49=29 R ;

4 4
[3ﬂRijp(2) ) [3RR2J(29)RP
R? - R2

e

R,=yR. = R, =v6.4Km
w.r toCOM of ship & pad
V.=V,

b
2v,

3V, =V,

\ >
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PHYSICS - Gravitation

V,=V,/3
m
. 2m
(213 + 1)vq
V(1 —1/3) = 2/3vq
KI + Ui = Kf + Uf
2

E(Zm)(gvoj +{—GM(2m)} = (2m)v? {—GM(Zm)}
2 3 3R m

GM(m,) (2m)v0 GM

RS

from (1) & (2)

Y,
0
2/3v,
1
0059—— &sin 0 = T Ans.
8 F/
6GM
ARV R xR =V,
from energy conservation
1 _6GM GMm -GMm 1 >
-m - = +=mv;
2 5R R r,
mv?  GMm GM
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9 _ GMm 1m2_—GMm i, L
' R 2 ° R+h 2 ~(D)
3Gm

Vo =, |—— (2
R 2)
(given)
conserved about centre of earth
~ MRy sin60°=m(R+h)v ..(3)
Solving these (3) equations
R ~ J7
we get v——ﬁvo & h—R(lJf?J
+h 2
Ans. (i)
v R? 3 3GM_ (R+h)?
Re=— = > X—X X
a (R+h)* 4 2 R GM
9
R. =—R
c 8
-1.13R Ans
10. A
——
a=-—-mu’X
-Gm,
a= RZ’
Gm,
0)2 = R3

FromW.E.T
Wg =kt — ki

R

_J—szmr dr = imvi —imvi

' R 2 2

l 2 l 2 e 2 2
—mv, = —mvj, + R*-r9)
2 P2 ﬁ

V2 = Vi + 0’ (R —r?)

—dr

2gR + o’ (R® —r
¢ = V20R.+ 0’ R? 1)

|:VA :\/ﬁJ
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Exercise-1VV

®

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.

QY

Escape velocity = ,/2gR,
So, escape velocity is independent of m. So,
it depends upon mass m as m°.

©
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

GM_m

GM
KE = ¢ — =mgR as gR = &

()
Gravitational potential energy of body will be
~ GMm

r

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

E:

Atr=2R,
__GMm
@R
Atr =3R,
_ GMm
7 @R)

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

AE=GMm l_l =GMm
R 2 3 6R

©

The escape velocity is independent of angle
of projection, hence, it will remain same ie,
11 km/s.
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0

Level - |

©

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).

_ GMx5M
(A2R - x)?
_F_ Gx5M
asmall M (12R _ X)2
X (9R-x) 2R
€<—>,
R 0
12R
M
5M
_F__GM
Bois = 5\ (12R - x)?
1 , 1 Gx5M .,
2 asmall 2 (12R _ X)2 (l)

1 GM

1 2_+  OGM 5 B
(OR =X) =7 agt" =5 AR - %) v (i)

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

X

=5

9R - X
or X =45R - 5x
or 6xX =45R
or x=7.5R
©
According to Kepler's law
T2 o 13
= 52 « 13 ...()
and (T')? oc (4r)®  ...(iD)
From Egs. (i) and (ii), we have

25 r

(T  64r3

or T'= 41600
or T'=40h
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PHYSICS - Gravitation

10.

www.aviral.ac.in

QY]

The necessary centripetal force required for
a planet to move round the sun

= gravitational force exerted on it

e, R R"
GM 1/2
. o)
Rn
27nR
T =
Now |, v
h1 \172
=2nR X( R J
GM,
., R2 xR 1/2
GM,
n-1)/2
=2n R 1/2
(GM.)
or T R(n+1)/2
®)

Gravitational potential energy of body on
earth's surface

GM,m
R

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

U=-

__GM,m = GM,m

"TTR+h) 2R
Where M, = mass of earth,
m = mass of body,

R = Radius of earth

.. Gain in potential energy
=u, -U

(ash =R)

_ _GM,m (_ GMemj

1
=—mgR
> g

QY

Time period of satellite

11.

12.

13.

www.aviral.co.in

-

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

T=2n

()
The gravitational force exerted on satellite
at a height x is
_ GM,m
(R +X)?
Where M, = mass of earth
Since, gravitational force provides the nec-
essary centripetal force, so,
GM,m  mv;
R+x¥’ R+X)
(where v, is orbital speed of satellite)
GM.m _ mv2
R +x)

G

gR’m 2 g-= GM,
or R +x) 0 B R?
1/2
V.= ng = ng
or ° (R +Xx) R+ X
(8))
U - ~ GMm
r
U - _6.67x10™x100x10"*
b 0.1
U = - 6.67 x10™**
0.1
=-6.67 x 10 ]

. m=10x10"kg

M= 100kg

We know that
W = AU
=U. -U (.
= W =-U,
=6.67 x 101°]

©
()
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PHYSICS - Gravitation

d y
9y = 9(1—Hj ..
As per statement of the problem,
ie, g, =9,

{57

= 2h=d

14. (C)
g= GM ; M= (%nR?’jp

R2
4G 7R3
"3 R P

4GnR
or g= 3 [ (p=average density)

= gocp Or pocg

15. (©)
According to Millikan's oil drop experiment,
electronic charge is given by,
_6mr(v, +Vv,)
DrT—
Which is independent of g.

electronic charge on the moon _
elecronic charge on the earth

So,

16. (A)

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

17. (A)
Mass of planet, M,= 10M_, where M_ is mass
of earth.

. R . .
Radius of planet,R;, = ﬁ Where R_ is radius

of earth.
L /2GM
Escape speed is given by, V, = R
2G xM,
For planet, Vp = R
P
_ [100x 2GM,
Re
=10 x v,

=10x11=110Kms?*

18. (A)

\ Gm
g =m, acceleration due to gravity at

heighth
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19.

20.

21.

22.

o

g GM R? R Y
= - = > - 2=g
9 R (R+h) R+

h

1 R Y\ R 1

f— —_= Y = —
9 [R+hj R+h 3

= 3R=R +h = 2R =h

©
Let gravitation field is zero at P as shown in
figure.

m P am

—_—tB
= X —HE—T-X —M
—r—>

Gm _ G(4m)
x> (r-x)°
= 4 =(-x)
= 2X=r-X
r
= X==
3
v, - _Gm _G(am)
X r—x
~3Gm 6Gm = 9Gm
r r r
®

Gravitational force provides necessary
centripetal force,
Gm?> mv?

ie, 2. =
me (ZR):'R * RR

=

= V=, ,——
4R

(®))

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 =10° % 10 x 6400 x 10°%J

=6.4 %< 10

©
Energy = Au + KE

GMmMm GMm 1 (Gm
= |+ =M —
| [ MF

R 3R 2
_ E GMm
6 R
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PHYSICS - Gravitation @:

Exercise-1V Level - 11
1. Gravitational force is_c_onservative so work done _ 2GM(4 J2 - 5)
only depends on position not a path taken after solvingU_ = — — R
> from E.C. work done by external agent=U_—U_
GMm[._, ( 99) , (1] (zemj _ 2GM(4y2-5)
- 3R?—| —|R? |+|| = |m| —— =
2R® 100 2 R R
_ _GMm . L MuVar, +MgVely
H ) Lg MgVgly
after solving H :1005R _MaVala 1o Ms g
mBVBrB mA
ﬁ - . civen M J6GM,  MR? V6
. iven =T = =7
2 R: 11 R? MR, 11
...(1)
v =J2GM/R P =Zp
p 3 e
Height from the surface H=H-R M, 2> Me MR 2
H'=995R =5 7= T =%
4/3nR; 3 4/3nR; MeRg 3
3. Intheory T, =T, ...(2)
4. forr<R 2GM 2GM
2 © < =11 . £ = Vesc
GMr mv R VR
=
R r 11 [R.Me
= Vesc ReMp
...(3)
from (1), (2), (3) V., = 3 km/sec
o GMM, _ mgv? _ GMe .
' r? r r
Object escape when its P.E equal to its
Vocr
GMemg
> = 2 —
forr=R= r? roo K.E. = my2=mv?
5. Astronaut feel weight lessness when only gravi-
tational field is act 10. B,D
M M 0 R
6. o= 2 2 - 2
n(4R)" —n(3R)* 7nR P
dm = ¢ 2ardr
U “f Gdm(1) T 2nGordr
== > o1/ = —/
p iR (16 RZ + r.2)1/2 3R(16R2 +r2)1 2
P M, = My, = 8M M, = OM
Radius of R will be slightly larger than 2r,
V=y20R = XM r
Hence V> VQ >V,
Ve 1
Also V, 2
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PHYSICS - Gravitation @:

11. (B)
From energy conservation
GMm GMm GM* _ 1 GM
L L 2L 2 2L
2GMm 1 )
L = E myv

[GM
=2, |—
v L

1
E= > mv? E.=0.
In one particle potential energy should not
be considered.

Energy of m is not constant.

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




