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CHAPTER 4: GRAVITATION AND SATELLITES

Test Your Concepts-I
(Based on Acceleration due to Gravity,
Gravitational Field and Applications)

1.  Escape velocity from the surface of moon is

2GM,,
v, =
RH!

Substituting the values, we have

o Jz X6.67x10" x7.4 10>
‘ 1.74x10°

= 10,=24x10° ms™ or 2.4 kms™

2. Both the planet and the sun revolve around their
centre of mass with same angular velocity (say @)

r=n+t (1)
' 2 Gmym,
mR@" = nyho" = " .(2)
my ry r, mp
. - .

Solving these two equations, we get

m
m, +m,

m,

G(my+my)

3
r

Now, total energy of the system is
E=P.E+KE.
Gyt

and 0’ =

1 1
= E=- + 3 o’ + 5 o1

p

Substituting the values of 7, r, and @, we get
Gyt

S

3. (a) Gravitational potential at point P due to the ring,

M

E=

GMm
Vit +x
(b) When x a, a®+x*=x’
_GMm
x

= U=mV=-

= U=

{the potential energy of two point masses}

(© F= A ~GMm- i(az w2
dx dx
L o GMmx
(x2+a2)”

(d) When x a,a*+x*=x*

GMm
&2

and F,=—
{force between two point masses}
(e) Atx=0
F.=0
As the particle is attracted equally from all the
four sides.

{centre of the ring}

Net force on M due to the pairs 2M and 2M, 4M
and 4M, 5M and 5M, 7M and 7M, M and M is
zero. So, the only left out massis 3M and net force on
M is due to 3M, given by
G(3M)M

7

3GM* :
F= 7 ,along +x axis

F=

. Gm m
Given that F= —4-8

.
Since acceleration of A is a, = —

my
= a:a’A :i:—Gn;B (l)
mA T
Now if, F= Z"4™5 then
r
ah:izcﬁ
My
’ a .

r
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6. Since, E= £
My

4N
E:—_?’
20x10™ kg

= [E=200Nkg™,along +x direction.

7. Let m; be the mass of the core and m, the mass of

outer shell, then

To calculate M we consider an infinitesimal shell

total?

§4=88 element of inner radius r and outer radius r+dr. If
B dm be the mass of this infinitesimal element, then

dm= (4Jrr2dr)p

‘ But, p=@
7

= dm =('O°RJ(4zrr2dr)
r

R %_G(ml-l-mz) = dm=(4nmp,R)(rdr)
R*  (2R)? g
= dmy=(m+my) = My = Jdm = 47?P0Rjrd?'
: 0
4 4 3 J ( 4 3 4 5 J 3
= 4 -1R’p, |=| =aR’ |p, +| =7(2R)’ - =zR 4mpoR
(3 pl) (3 SME 3 )P = Mg = p2° =27y’
= Adp=p+7py GM
= E(r)=—-
p 3 o Eo G(ZEpORS) _ TRGpy
8. L=mR 4R* 2
o gl 10. Field strength at the axis at distance x from the centre
n of the ring is,
Gravitational field at the centre of a semicircular wire GMx
of radius R is E=——Gn
262 (R +")
TR u
M
where 1= T «—F
P Q
ZG( T) A _Hd-n_ e 0O
_ X
= E= —( [ ) X
n
. 27GM
-T2 Consider an infinitesimal mass element PQ of length
Since F = mE { Eo F } dx, mass dm ata distance x from centre of ring. Then
22CM ' m dm = Adx
F= 2 " Force on this element will be,
GMAx
9. Since r(=2R) lies outside the sphere, so dF = Edm = 2 232 dx
(R2+x2)
GMtotal = o0
E=—7f forr2R GMAxdx
r = F=|dF= ——an
where M, ., is the total mass of the sphere. 0 ) (R2+22)"
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e
, dx 1 i
Smcej =— G{zr 3 _R3 p]
JR 422 R2+22 — f-_L3 ( ])
r 2
o r
= F=-GMA 1 From (1), we get
VR + 4% |, 3 s
GM( " -R;
11 b=
= F=-GMA I AR -k
£ GMA [ 0 for  r<R,
TR GM( r’ =R}
So, E, =| —- % for Ry<r<R,
11. At the equator, we have r" \R;-R; <
8.=g~Ra? Mt >R, e
60% of his weight at the pole means - r -
_60 _3 13. Reduced by 36% means the value is 64% the original o
87008758 g
&h 8
= Eg:g_sz 100 U
5 gRZ
2 Since g, = >
= Zg¢=Re’ (R+h)
5 2
4 R
= 0= 28 - ﬁ=(ﬂ)
5R
2x98 L RS
= o= [ R+h 10
5x6.4x10
= 10R=8R+8h

o [196 R

B 4 a
= 0=78x10"" rads Test Your Concepts-ll

12. For r<R,,wehave E, =0 (Based on Gravitational Potential, Potential
GM Energy and Applications)

For r>R,,wehave, E, =

1. First of all let us calculate the total number of interac-
tions between these eight particles. Since, total number
of interactions (N) between n particles is

n(n-1)

N = ch -
-1
= N= 8(8-1) =28
2
8 7
. A
Inside i.e., for R; <r <R, , we have 5O - 1------- 0 !
I I
’ I 1 1 |
;- N
r ! 14 I |
L | - L--03
where M’ is mass of shell from R; to r.So, O &
1 2
M'—EE(}‘S —RS)
BE) 1P Out of these 28 interactions, 12 interactions are due
M to masses at separation @, 12 interactions are due to
where p= (1) masses at separation v2a (the face diagonal) and 4

4 (03 b3
EE(RZ -R}) interactions are due to masses at separation /32 (the
body diagonal). So,
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oo o ) F)

- u=-r (12 N f]

2. Consider an infinitesimal element of the rod of length
dx ata distance x from m;.If dm be the mass of the
infinitesimal element, then

dm=de
L
M E& my
| | — ©
dm |
— X —

The gravitational potential energy of the infinitesimal
mass dm and the point mass 1, is

M
Grgdm __GmD(de]

dl=-
x X
GM n+Ld
= U=Jdu=—ﬂ J =
L X
U=—GMmﬂlogf(a+L)

L
3 u:_G}\/Im
GMm

So, the binding energy is |U|=——

ie., this much energy is required to displace the
particle from the centre of the ring to infinity.
4. Outside the sphere, we have

GMm
r

U=-

as if the sphere were a point mass concentrated at its
centre.

Even if the sphere is replaced by a thin shell, the gravi-
tational potential energy of the particle-shell system
will remain the same, because for the shell to the entire
mass is concentrated at the centre, so

GMm
r

U=-

5. Consider an elementary hemispherical shell of radius
r and thickness dr. If dm is mass of this shell, then

dm = L 1 Axcr?dr

1(4;{133)2
2\3

= dm= %rzdrf

Initial potential energy at O due to this element and 11 is

R
U, = -3 GMm

2 R

SO, Wf.‘)demal = Uf — uj — 0 _ _é GMH-I _ g GM??'I
’ 2 R 2 R
So, the work performed in the process by gravitational
[ 3 GMm ]

force is

2 R

Let gravitational field be zero at a point lying at
distance x from M. Then,

G_M= Gm
xZ (d_x)Z
-y \/H
= —=[—
X M
o 4 m
b M
(M ]
= x_[m.h/a d ..(1)
(_m ]
= (d X)_[\/M+\/E d ..(2)
Since, V, =" M (3)
-x X

Substituting (1) and (2) in (3), we get
Vp= —%(M + \/M )2

B Potential due to Potential due to
! shell at P particle at P
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Since point P lies inside the shell, so the potential
inside the shell is constant and equals the value at the

surfaceie., ———

__GM_GM
PR (R/2)

2
= W= ‘[dW _ oM self energy
0 2R
(b) See theory.

(a) Consider a mass element of length dx, mass dm
at a distance x from the centre of rod. Then

dm = Adx

The potential at the point P due to this infinitesi-
mal element is

dV——%—— Gdm
r vat +x2
S Ve~ GAdx

{ /
Since Jf(x)dx:2jf(x)dx,iff f(x) iseven
—f 0

dx

(x+ \fa2+x2)

,
= V= —ZGAJ-
0

dx
Also, J7=10 .
Vit +2? ’
!
V=—2Gﬂ.[loge(x+\lx2+az)| ]

0

Hints and Explanations H.259

(42 + 4 ]
i

= V= —ZG/ll()gt,[

(b) Again consider an infinitesimal element of length
dx, mass dm at a distance x from P. Then

dm = Adx
1axi i
X —»
| ¢ *p
:4—[_—H|4— L—Pid—(a—l_)-hl

1 1 1
1 1 |
1 < a »
L >,
! 1
[ [

q
— (a+l) ———> o
L
If dV be the gravitational potential due to this =4
element at the point P, then &
gy =-&im XL
* Y
v - _Gldx)
X
a+L i
= V=-GA J‘ =
X
a-L
a+L
= V= fG/l(logex\R_L]

=V =—Gllogf(%)

Test Your Concepts-lll
(Based on Relation between Gravitational
Field and Potential)

1. Since, dV =-E-di

A (2,1,0)
= JdV:— j (xf—Zy}+z§)~(dx§+dyf+dzl€)
B (0,2,4)
(2,1,0)
= V,-Vy=- J (xdx - 2ydy + zdz )
(0,2,4)
(2,1,0)
= V= [IZHZ"‘ZZ]
2 2 (0,2,4)

= Vip=3Jkg™

2. Since, dV =-E-di
= dV:—a(ydx+axdy)+b(zdy+ydz)
= dV:—[ad(xy]+bd(yz):|
Integrating we get,

V=—(axy+byz)+C
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3. (a) dV=-E-di
(0,0,0)
J.dV——J. yz+x] dx1+dy]+dzk)
(1,1,1)

(0,0,0)
= V,-Vy=- j (ydx+xdy)

= Viyp=- d(xy) {asydx+xdy=d(xy)}
(1L1,1)

,0,0) _
= VAB=_|:(XV)‘ 11)] 1]kg1

(b) dV=-E-di
A (0,0,0)
= J.a'V:— j E.-di
B (1,1,1)

0,
= -Vp=- j szydx+x3dy)
1,

(0.0,0)
(1,1,1)

= V= [(x y)| }:ng‘l

Since in both the cases, the line integral of the field is
an exact differential and hence both the fields are con-
servative in nature.

4, Since E-—(: aa_V+~aa_Z+£E;_IZ/)

oV
here — =6
where == 6xy
v =3x"+3y*z
dy

WV 5

z
= E=—(6xy)i-3(x*+y%)j - vk
5 (a) Given,V:a(xzfyz)

So, E=-VV =—2a(x?—y}')

8.

(b) Since V = axy
So, E=-VV = —ayi —ax]
V=bx- 3x2y + 2yz2

Since E=VV=(&:: +?; +£;:fc]

= E:(—5+6xy)§+(3x2 —222)}—4sz€

=-5i -5
(1,0, -2) I

= E=,/E§+E§+E§

E=+(-5)*+(-5)* 402 =52 Nkg !

= E

Since, E, = —[zg—:ﬂaa—Z)
where —V:ZO
dx
and a—V=20
dy

> E,=-20(i+])

Since, F = mE, =—(05)(20)(i + )

= F=-10(i+])
|Fl=102 N

Given, V:a(x2+y2)+bz2

Since, E=-VV

= E= —(2axf+2c1y}+2bzlz)

Hence |E|= 2Ja2 (x*+y7 )+ b2

T

[ vs v
- {ox ay] 0z

where, v i(2:c+3y—z)=2

dx  ox
aa— ;(2x+3y—z)=3
%— E%(Zx+3y z)=-1
= E=-2i-3j+k
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Test Your Concepts-1V
(Based on Conservation Laws, Escape
Velocity and Applications)

1. (a) Increase in potential energy is AU =U; -U;

GmM _[_GmM)
R+nR R

- Au=GmTM(1LJ

= AU=(L)(G—AZ/I)HIR
n+1/\ R

Since g—G—M
"R

= AU=-

2
= Al= (L]ng
n+1
(b) By Law of Conservation of Energy,
[Gain in GPE] ~ ( Loss in KE)

of m of m

= (L}frigR=lmv2
n+l 2

. /ZHgR
n+1

2. (U+K)atm=(u+K)surface

0+0 =_GMm +lmv2
2
2GM
v=,[——
R
- ()

= ©v=,2gR=112kms"
3. By Law of Conservation of Energy, we have
(U+K)at1m :(U+K)atﬂ.5m

G 1 1
_Gm1m7_ __bmm, n Emlvlz +Emzvg (1)

i} i}
Further by Law of Conservation of Linear Momentum,
we have

my (0)+m,(0) = myo, +"’2(_UZ)

= mu; =0, .(2)
2
= Gmym, 11 =1mlvf+lm2 Mo
nont 2 2 1,

= Gmlmz(l—l)=1mlvf[1+m]
L ont 2 1,

Hints and Explanations H.261

my +m,
. _\/2G(100)(L_1)
! 30 \05 1
20G
a3

= 0,=21x10" ms”
From (2), we get
0, =42x107° ms™

Let © is the minimum velocity, then by Law of
Conservation of Energy, we have

v
g___"-____LT_’__':___Q
M Cc M

(U+K)c=(U+K)m

(—m—m)2+1mvz=0+0
L 2

= ‘{):2(3—M
L

Our first job is to find a point where the resultant field
due to both is zero. Let the point P be at a distance x
from centre of bigger star.

G(16M)  GM
¥ (10a-x)
= x=8a {from O, }

i.e. once the body reaches P the gravitational pull of
attraction due to 16M vanishes and the gravitation
pulldue to M takes the lead to make m move towards
it automatically.

i.e. a minimum K.E. or velocity has to be imparted to
m from surface of 16M such that it is just able to over-
come the gravitational pull of 16M .

By Law of Conservation of Energy.

Total Mechanical | _ [ Total Mechanical
EnergyatA )\ EnergyatP

CHAPTER 4
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Total mechanical energy at A is

£, = Lm2, +[_G(16M)m_GMm]
mn 2a 8a
= EA=1mUr2ninGMm[16+1)
2 2a 4
. Eﬁzlmvz. _ 65GMm
2 ™ 8a

Total mechanical energy at B is
( GMm G(16M)m )
EB =| - -

2a 8a
o By=- MM gy S6M
2a 2a
= lm i‘lill = GMm(45)
2 8a

3 lSGM
= Unin =74y
2V

At minimum and maximum distances, the velocity
vector (7) makes an angle of 90° with radius vector.
Then, by Law of Conservation of Angular Momentum,
we have

muyty sing = mor ..(1)

where, m is the mass of the planet.

Further by Law of Conservation of Energy, we have
(U+K)ya=(U+K)p

(2)

2 ) 2 r

where, M is the mass of the sun.

Solving equations (1) and (2) for r using the concept
of quadratic equations we get two values of 7, one is
Tmax and anotheris 7 ;. So,

max

max

- 2r0K(1+\f1—K(2—K)sin2¢)

and 1, =~ (1- 1-K(2-K)sin?¢
2-K
2.2
where,K:ﬂ
GM
E=U+K
. E=_GMm 1 ;
R 2

ae
Butvf:zc—M
GMm 1 (ZGM)
== +—m
R 2 R
= E=0

Given that v, =11.2 kms ' = %

By Law of Conservation of Energy, we have

Ki+U;=K;+Uy
. %mvf—GMsm _ GM,m 040
r

€

where, r is the distance of rocket from sun

2GM, 2GM,
v, = | —+——
R, r

Since, M, =3x10°M, and r=25x10"R,

2GM, 2G(3x10°M,)
= U= +
R, 25x10*R,

ZGM(,[ 3x10° J
1+ 1
R 25x10

= U=
= 7= /ﬂxl?’
RE

= ov,~42kms™

Since the gravitational potential energy between the
disc of radius @, mass n1; and a particle of mass m,
placed at axis of disc at a distance / from centre is

U =2 (e ) (1)

axis
(12

1
1 2y
= uam:zcmgmlﬁ[(n;} 1}

72 2¢2
2Gmm,l | a
- o) )
a 2/
= ualxis=_%

Further, when the particle collides with the disc (at its
centreie., /=0), then

U _ 2Gmymy
centre —

{+of (D}

a
Applying Law of Conservation of Energy and using
the concept of reduced mass we get



o0
(u‘l'K)axm (u'l'K)cenfre
_%4.0:_2(%]4.1#93
/ a 2
where 1= —1"2
m1+m2

a [ 2 my +1m,
1

- —JZG(m1+m2)(%——

2G an‘
10. v, = ,’ K4G

vesocR

Surface area of 1is A = 47R}

Surface area of 2is 4A = 47R3

= R,=2R

Given that mass of planet 3 is My = M; + M,

- (3o o )
R} =R} +R}

R3 =9R}

Ry =9"°R,

Ry>R, >R,

V3> 0,>7

L |

1/3 U
=97 and £=2
U U

U

U

3
v v

= 2=9and 2=2

0

Test Your Concepts-V
(Based on Satellites, Kepler’s Laws and
Applications)
1. r,=R+R=2R
and r; =R+3R=4R

GMm
Since, kinetic energy K = =S
r

= K 1

r
L Ky m_4R_,

Ky r, 2R
M

Also, U=—G m

r

2

Hints and Explanations H.263

= |U]e=
= uA=rB =2
Ug 14

(a) Just before the explosion, the orbital velocity is

Uy = oM corresponding to which the total
R

energy associated with the satellite in the orbit is
NEGATIVE.
When a mass Am is expelled very rapidly with
a speed v, then for the satellite to still remain
within the gravitational pull of the planet, the
new total energy must still be negative. So

GM (m — Am)

1
E(mfAn-z)(va, )27?50 ()

q
[+ 4
L
-
o.
<
L
Vv

2GM
R

’ GM
= 7y+0, £
fGM IZGM
=
= UrS(\/E—l) G?M

(b) Sincetheterm (m— Am) cancels (see equation (1)),
so, no modification is needed.

= (0+7,)<

3
Since T = 4;52[ r_]
GM

When the satellite is revolving close to the planet, then
r=R

3
= T2=4EZ[R—]
GM
. 4 3
Since Mz[ger )p
3
4 3)
G| -nR
)

= pT?=constant

= T?=47’

For the satellite to revolve in a circular orbit of radius
1, the orbital velocity is given by

Uy = G—M ..(1)
To
At maximum or minimum distances, velocity is
perpendicular to the radius vector. So, on applying
Conservation of Angular Momentum and Mechanical
Energy, we get
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muyly COS O = Mur .(2)
and _CMmn = _GMm + 1mvz -..(3)
2 r 2

Solving these three equations, we get two values of r
ie, (1+sina)r, and (1-sina)r, . Therefore,

row =(1+sine)r, and r_. = (1-sino)r,

5. Let M be the mass of the sun and r be the distance
between the two stars, then

1y 2
n= r=—=t
my+m, 3
and n=—9m ="
m+m, 3
< r >
I 2
. Y .
M
my;=— mey=="=
155 2=
o5
Centripetal force on m, is ———= = 92
r r
2GM? 2
o 26 T = 1y1° :[—MJ(i)mz
9 r 3 3
L S
p
[2;:)2 GM
= — = —3
T r
2o dr’r?
GM
Since time period of earth around sun is
2. 47°R3
GM
= r=R

6. (a) Let the origin be at m; and the centre of mass be
at a distance r, from it. Then

. 11y (0) + ryr

1y + 11y
m
= r1=( 2 )r and
1y + iy
m, CcM my
ry i rp

ae
The centripetal force is provided by gravitational
force, so
mym

Solving these equations, we get

G(my +my)
= T
3
= T=2—E=2x d
G(my+my)
1.5
—lw 2
(b) Ki_2" L _mypy
K, 112(32 I, mn

. 2 2
Since, m1,0° = N,1,0

= 1yt =yl

L K (m(m) _m
Ky \my \'my My
L_ho_L_m

L, Lo I, m

d) L=Li+L=(L+)o

(c)

= L= (mlrf + mzrzz)m

1= mmz;“fdz N mzmlzdz ®
(ml+mz)2 (m1+m2)2

= L=pod
mm,
where y=—2- is the reduced mass
1y + 1ty

1 1
(€) K= E(Il +1,) 0’ :Eymzdz

For two satellites revolving around same planet, we
have

T_(n)"
I, \n
3/2 14)32
' 2x1
= TL,=T h =28[X—40) =56+/2 hour
n 10
Since, 0= 2
T

2

radhr™!
5632

) = z—z radhr™ and o, =
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o0

G(M)(M) _GM>
g AN 9. (a) F= sl
',VA ,/ “\ \\ (ZR) 4R
AP
'\ l\ O /rl '|
\\ \\‘__‘/ I’f

. s

\"‘-_B_..’_J‘,VB

Positions corresponding to maximum separation are
shown in figure, so we have

gy =T~ 04 =|vg|+|vs|  {for shown position) (b) <
=  Upq = ol + 4 . o MR o
2n 4 27 4 1 =
= Upy=| —=x%2x10"+="=x10" | kmhr
. [56@ 28 ] ~ w_‘jT_\/G_M &
A e A an3
= oy, = (0.1587 +0.2242) x10* kmhr™ MR V4R
BA I
3 3
= g, = 3829 kmhr Lo, 4R IR U
(0] GM GM

is the mass of earth (1) IR
Absolute velocity of particle would be:

[GM
Orbital speed of the satellite is v, =,[— , where M 2
G(M)(M GM
' (C) E=_M+2(%Iﬂ)2)=—§+1w2

M? M M?
5 = E=__G2R +(MR2)(G—3J=——G4R
v, =0+7) = ,|-7 = V1257, .(2) 4R
4 GM?
- So, binding energy is | E| = Ta
"= \[;VO Hence, this much amount of energy will be required to
separate the two stars to infinity.
Particle “ 10. Since, we observe that
rt =% +b*
Vo But b* =a?(1-¢?)
Since, v, lies between orbital velocity and escape = rf=at +a’ -a%e?
velocity, path of the particle would be an ellipse with = r=ga
r being the minimum distance.
Let #* be the maximum distance and v}, be the veloc-
ity at that moment.
Then applying the Law of Conservation of Angular B
Momentum and Conservation of Mechanical Energy,
we get
mo,r = moyr’ .-(3)
and L o - GMm _1 . GMum @ Total energy of a satellite in an elliptical orbit is,
oro27 GMm
Solving the above equations (1), (2), (3) and (4), we get b=- 24
r’:i and ' =r = EC=1mU37GMm=7GMm
3 2 r 2a
Hence, the maximum and minimum distances are o 1 5, GMm  GMm
= —mu - =- {r=a}

and r respectively. 2 a 2a
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fGM
U= —
a

= v.=R % {asGM=gR2}

11. Both the stars rotate about their centre of mass.

my

For the position of CM let Origin be at m; and CM be
at distance r, from origin. Then

1= "ol and =10
my + 1, ny + 1,
2
Also, myro” = Gm12m2 { 0= _E}
r T
Since, 1, = —2"
G(m+
o o= (ml3 my )
r
1/3
G(my+m,) |
- = [#] (1)
(0]
Applying Law of Conservation of Mechanical Energy,
we get
_ Gmym, __ Gmym, +1Wr2 Q)
r (Ri+R,) 2
1,

where, i is the reduced mass given by y =
1y + 11,

and v, is the relative velocity between the two stars
From equation (2), we get

0o 2Gm,m, [ 1 1 ]

! i \R+R, r

o= 2Gmym, 11
! 1y 1y Rl + R2 r
1y + 11,

= 0f =2G(my+m,) t 1
R +R, 1

Substituting the value of » from equation (1), we get

1/3
1 47* "
= [2G(m, + -
v, (ml mZ)[Rl"'RZ {G(m1+mz)T2} ]

Single Correct Choice Type Questions

1

—

axf [, VL2 +x* Y
N o -gF N
dFsing~c M
L dFsin i P
)

Nl dF

T

Let the mass M be placed symmetrically.

oo

I GM(Ad
= Fnet=JdPsine=j (Adx) L

P+ 22

o0

d
- E, =GMALJ‘ —
b X+ 17

MAL

net = G 2 (2)
L

E, = 2GMA
L

Hence, the correct answer is (C).

Let M be the mass of the planet and m the mass of
satellite. Then

Hence, the correct answer is (C).

r m
M A
(U+K),=(U+K)o
GMm 1 5, GMm
= - +0=—mv" -

V2 +r? 2 r
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Hence, the correct answer is (D).

jl+LG(de)m GM h+L
P:J LZ = mjx_zdx
X L
h h
h+l
GMm| x> |
= F
L \-2+1],
GMm( 1 1)
= F=e— | ————
L \h+L h
~ GMm
" h(h+L)

Hence, the correct answer is (C).

Gravitational field due to the ring at a distance
d= \/ER on its axis is

M ;H_R; T

' d=J3R
Y
R 1
8M
p__ GMd___\3GM
Rl o
3GM?
Force on sphere is F=(8M)E= J_Rz

Hence, the correct answer is (D).

By Law of Conservation of Energy, we get
(U +K )surface = (U +K )centre

Now, for a solid sphere, we have

usulfﬁfe :_GMm and ucenh'e :_Em—m
2 R
- _GMHI+1m(D)2=_EGMn1 lmvz
R 2 2 R 2
1 , GMm ( SGMm'J
= —mv=- - -2
2 R 2 R
1 2 1 GMm
= —mvt=———
2 2 R
o o [CM_Z
R _\/E

Hence, the correct answer is (D).

10.

Hints and Explanations H.267

Gm®

(2R)
If p be the density of each sphere, then

4 3]
m=| —nR
(5 )

2
G(E:’IRSPJ
F_ 3

= =
4R?

Since F =

2

= F= gGﬂ'zsz4

CHAPTER 4

= Fo«R*
Hence, the correct answer is (C).

Since, ¢= fg{ (1)

Also, M = (%nR"” )p

13
_ ( 3M )
4mp

Substituting in (1) we get,

=G M[ @ )2!3
g 3M

o g MV
= Zpane =8(8)7(8) = 8

Hence, the correct answer is (C).

1
F, =< — and does not depend on the medium. Hence,
r

, FE

F1=Zl
1

Foe—s
Kr?

and when air is sucked, force will slightly increase in
vacuum, so

F
F2>ZZ

Hence, the correct answer is (C).

= d=2h
Hence, the correct answer is (B).



ICON

H.268 JEE Advanced Physics: Mechanics - 11

11.

12.

13.

14.

Imagine an inverted hemispherical shell to be placed
on this shell so as to complete the spherical shell inside
which net gravitational field is zero. Net field can be
zero only when field at P is directed along c .
Hence, the correct answer is (C).

(u +K )surface = (u +K )R+7R

GMm 1 ,  GMm
- —my” =- +0
2 R+7R
GMm 1 , GMm
= - —my” = -
R 2 8R
v GM GM s 7(GM]
5 —=—-— = —=—|—
2 R S8R 2 8\ R
7GM
V=, [——
4R
Hence, the correct answer is (D).
2h
Since,g,;g(lE) {~h R}
= wh:w(1—%J
R
Rate of change of weight with height

Hence, the correct answer is (B).

Given that points P and Q located inside and outside
the planet have same acceleration due to gravity equal

tog.Thus
4
2
g(1—£]= gR 2=&
R) (R+h) 4
Lf:gandi=1
4 R+h 2
= h=R

Maximum separation between P and Q will be when
these are diametrically opposite. So, maximum separa-
tion is

oo =+ R+(R-d)
= Ip =R+ R+(R—%J R

4
Hence, the correct answer is (B).

15.

16.

17.

18.

19.

¢’ =g-Ra’*cos’ ¢
Atequator ¢=0°
= ¢'=g- Ro’
For g’ to be zero
\/E L rads™
R 800

Hence, the correct answer is (C).

4
G(—ERSP)
cM 3 4
R e

= g=pR

g:

R is increased by a factor of 2 i.e., to keep the value of
¢ to be the same, the value of p has to be changed by

a factor of 1 .
2

Hence, the correct answer is (C).
E= (igr
dE GM

Slope,
i.e., Slope, — PR

but M= és’rR3p
3

R3 p (p = density)
R’G,O

4
= Slope = 3 - constant

Hence, the correct answer is (A).

= F=-ai- b}
|F|=a? +1?
[F|_Va*+0?

m m
Hence, the correct answer is (C).

= |Accl=

Let R be the radius of earth and g the acceleration due
to gravity on earth’s surface. Then the desired ratio

(say x)is
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2
Since h R, so [1+%] ;1+2—ht

R
= x=(l—£](l+2—h]
R R

= J4f=1+E
R

From this expression we see that x increases linearly
with h.
Hence, the correct answer is (C).

20. E(r):[%)r where M:(%xRSJp

bl

Gr( 4 \ (4
= E(r)=R—;(§nR3p]=[§erG)r

Hence, the correct answer is (A).

21. Energy required to raise a satellite to a height / is

B GMmh
" R(R+h)

Further, if v, be the orbital velocity in the orbit, then

GM
vy =
R+h

1 GM
= KE:—mUé: "
2 2(R+h)
AE 2h
So, —=—
KE R

Hence, the correct answer is (C).

22, Gk

Since U = _GMm
R+h
So, U, =7GMim=7GMm
2R+ R 3R

23.

24.

25.

26.

Hints and Explanations H.269

GMm B GMm

and U, =- =
/" R+3R 4R

Hence, external work done W is given by

W=Au=uffu‘- =Gi\47m=G7Afxm7R
’ 12R R 12
W = MgR
12

Hence, the correct answer is (C).

Since, F = Gi;_”
9R
Also, F, = GMm _G(M/8)m

9R*  (5R/2)

- GMn-z_GMm 41 GMm

CHAPTER 4

= =—
27 9R? 50R? 450 R?
h_4
F 50

Hence, the correct answer is (B).
By the principle of superposition of fields
E=E 4
where, E is net field at the centre of hole due to entire

mass, E, is field due to remaining mass and E, is field
due to mass in hole = 0.

Since, E1=E=(G—I\j]r where 1‘=E
R 2
- E-M
2R

Hence, the correct answer is (C).

Initially field due to both is along positive x-axis. Due to
the ring, field will first increase and then decrease to zero
at centre. While field due to the solid sphere, will con-
tinuously increase in positive x-direction. On the other
side of the ring field is now towards negative x-axis.
Hence, the correct answer is (B).

Potential due to particle at the surface is V; = —G?M
and potential due to shell at its own surface is
v, = G(3M)

R

So, total potentialis V =V, +V, = —MTM

Hence, the correct answer is (D).
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27.

my my
:‘ R >
V. = Potential at N Potential at
A7 Adueto A AduetoB
= V,=- % - % and
Similarly,
B Potential at Potential at
B=| BduetoA || BduetoB
Gm, Gm
= Veg=-—2-—L
TR VR

SinCE WA%B = m(VB *VA)

oW _Gm(ml—mz)(ﬁ—l)
A—B \/ER
Hence, the correct answer is (B).

1 1 1 1
28. E =G| 5+—+—+—+...
: {12 22 4t g ]

= E =G{1+1+1+1+...]

8 4 16 64
= Eg=G L] $ - Ist term
1- 1 “  1-Common Ratio
4G
Eg = ?

Hence, the correct answer is (B).

29. For a satellite revolving near the surface of planet, we
have

R3
T=2r o [ r=R}

Since, M=(%7rR3 ]p

:>T=\/3Tr
pG

ie, T isindependentof R.
Hence, the correct answer is (D).
30.

31.

32.

33.

34.

By Law of Conservation of Angular Momentum, we get
mvll’ = mvzr 2

= muoyr sin30° = mo,rn,

= o =200

Hence, the correct answer is (C).
Kinetic energy of satelliteis K = GZ;A—m and the magni-
r

tude of gravitational potential energy is

_GMm_GMm
rolr

U=

u
So, K=—
2

Hence, the correct answer is (B).

Total mechanical energy, at earth’s surface is

E=U+K=—GMm+%mvf
. 2GM
Since v, = ,|——
R
E=GMm+1m(2GM)=O
R 2 R

Hence, the correct answer is (D).

By Law of Conservation of Mechanical Energy, we get

GmM  GmM 1[12)2
_ == 4+ Kkl =
2R R 272
2
GMm( 1) kR?
= |2 |=
R 2) 8
12GMm
= k= e

Hence, the correct answer is (D).

By Law of Conservation of Energy

(U + K)surtace = (U +K),
GMm 1 ,  GMm

- +—mv" =~ +0

R 2 r

Mm 1 M
—G—m+5mkzvf=—e &
r

But o, = ’2G—M
R

GM 12(ZGM] GM
g 2 el P

R 2 R r
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(] ]
1 1-k?
= —=
r R
.__R
1-k*

35.

36.

37.

38.

Hence, the correct answer is (B).

When kinetic energy < E, total energy will be negative,
when kinetic energy equals E, total energy is zero and
when kinetic energy > E, total energy is positive.
Hence, the correct answer is (C).

For r<n

1y
— =constant
h g}

For n<r<n

Gm, Gm
V=—e—2_271
i) r

Slope of V-r graph 6;1 = GL;I
r

r
For V=—M, slope of V-r graph is
r

dv G(my +m,)

PR

At the boundary of outer shell, slope of V-r graph

changes from Gn;l to G(ml: m)
) h

Hence, the correct answer is (D).

ie., slopeincreases.

ZGMsrar
R

-11 30
. 3X103:\/2(6.67><10 )(3x2x10%°)
R
= R 9km

Hence, the correct answer is (D).

Gravitational force on each particle due to the other three
particles will provide the necessary centripetal force.

Hints and Explanations H.271

o IG_M[z\EﬂJ
R 4
Hence, the correct answer is (D).
39. dW=F.di=my(E-di)
= dW:mﬂ(4§+f)~(fdx+}dy]
= AW =my(4dx +dy)
Given that, W=0
= .dW=0

= |(4dx+dy)=0

= |d(4x+y)=0

= 4x+y = constant
= y+4x=2, satisfies the condition.
Hence, the correct answer is (A).

40. Total energy of a planet of mass m, in an elliptical

orbit is
E= _GMm { m =mass of planet}
2a
By Law of Conservation of Energy, we have
KE+PE=E
1 , GMm  GMm
= —mv - =-
2 r 2a
= v=,GM [ 2 1 J
roa

Hence, the correct answer is (A).

41. Since u= %ve
By Law of Conservation of Energy,
(U + K)gurface = (U +K),
GMm 1, -GMm
r

-GMm 1 (9 ZJ__GMm

+0

+—miu

+—m
R 2

Ut’
16

r

, 2GM
Since v} = e

GMm 1 9(2GM]__GMm

+—m—
R 2 16\ R r
_lGMm__GMm
16 R r
r=ER
7

Hence, the correct answer is (B).

CHAPTER 4
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43,

44.

[WorkJ - ( Increase in Gravitational J

done Potential Energy
h
Since, AU =S
h
1+—
R
W, = mgg _ mgR
1+ 2
R
- mgh
and similarly, W, = -
1+—
R
Since, W, = 2W,
mgR — 2mgh
2 14 n
R
= h= E
3

Hence, the correct answer is (C).
dA _ 1 o base x height

dt 2 dt y
oA _1ta)® [ e velt—
at 2 dt T
dA b
- _=_‘U b dA
at 2
Since, v=at, s0
> X
dA_abt 0
dt 2
Hence, the correct answer is (B).
= = ~dV ~d tn
E,=-VV=—|i—+j— |=klyi+x
e L

The work done by this field is independent of the path
followed between any two states i.e.

Wo0.0+(a.2) = Wo.0)(0.0)(a.0) = Wio.0)(a,0)(a.0)
Since, dW = mEg -dF
where dr = idx + jdy
= dW=mk(ydx+xdy)

(a,2)
= W=IdW=mk J d(xy)=mka®
(0.0)

= W=mka® {where m is mass of particle}

2
Wi0,0)=(a,0) =M0,0)=(0,0)>(2,2) = W[0,0)(1,0)5(a,0) = kA

Hence the field is conservative.
Hence, the correct answer is (B).

45.

46.

47.

Let ¢ be the surface density, then
M, =04rnR3, my = 64nR;

_GMA and VB — _GMB

A B

Since V, =

Va_ My Ry _ o(47R%) Ry R,

7V, MR, o(azk2)R, R,
B B K4 0(47TRE) A Bg
Giventhat,£=R—A=E
V;, R; 4
4
= RBZERA

Since the new shell formed also has same surface mass
density. So, we have
M, My  M,+My

o= = = ..(1)
AnR%  4mRZ 4nR?

From equation (1), we get

2
%=R_§ ...(2)
Mg B

2
and Ma*My K o
M, R

From (2) and (3), we get
R*=Rj +Rj

Now {MEs (Moeh) R
QT I

2

From (3), we have M:%

A RA

Substituting in equation (4), we get

vV _JRi+R; 5

v, R, 3
Hence, the correct answer is (C).

Since, T* = kr*

Y
T r
AT 34r
T 2vr

Hence, the correct answer is (A).

Net mass, M = [%ﬂ'(ZR)S - %nRS]p

where p is the density of the material of sphere. So,

p- M :( 3M )
%x[(ZRf—(R)ﬂ 287K’

Now V=Vip o Vi (1)

centre centre
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48.

49,

50.

GM,

GM
Vg = -1 =2
2R R

2R

where, M, :p[%ﬂ)(ZR)S =§M

and V; =

4 3 M
and M,=p| -7 [(R)'=—
’ p(S ] 7
Substituting in equation (1), we get
9CM

V= 51.

~ 4R
Hence, the correct answer is (B).

By Law of Conservation of Energy
(U‘l' K)surface = (U‘I' K)h
GMm 1 5  GMm

= +—mu” = +0
R 2 R+h
{~ At maximum height velocity is zero }
GMm 1 GMm
= - +—mgk =—
R 2 R+h
GMm 1GMm  GMm { GM } 52
= - += =- =—
R 2 R R+h R
= h=R

Hence, the correct answer is (B).

Null point
A m B c m D
—
Y a ®
0]

The direction of net gravitational intensity at various
points is shown above. Taking gravitational intensity
towards right as positive, the graph will be

Hence, the correct answer is (A).
GMm
R+h ( R
when taken from surface to /1 , we have
_ GMm GMm
STRen R
Now, when taken from h to infinity, we have

GMm)
R+h

Au1=—

AUZ=O_(_

Since AU, =AU,

53.

Hints and Explanations H.273

_GMm N GMm  GMm
R+h R  R+h
2(GMmJ_GMn-1

R+h R
= 2R=R+h
= h=R
Hence, the correct answer is (A).
2.3
Since —-= %
2 I

(Three earth radii from the surface means four radii
from the centre).

L 1
= T,=8T, =8(83) =664 minute

Hence, the correct answer is (C).

> X

Since angular momentum of the particle about origin
O, L=mub = constant, therefore, areal velocity of the
particle about origin O is constant. So, it sweeps equal
areas in equal intervals of time. Thus, area swept in
smaller time interval will also be smaller. Hence

A> Ay i (ty-t)<(t 1)

Hence, the correct answer is (B).

Gm

After perfectly inelastic collision, velocity of combined
mass will become zero. Therefore, if v be the desired
speed, then by Law of Conservation of Mechanical
Energy, we have

(u +K )r:SR = (U + K)surface

_(W_M)_(G"’M)w:—%%&m)vz

5R 5R
& Lopmypr o CMQm)  GM(2m)
2 5R R

U= seM = 2\/5'00
5R

Hence, the correct answer is (A).

CHAPTER 4
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Area Swept

54, Since Areal velocity = — -
Time for one Revolution of

Earth about the Sun
Further Areal velocity = ﬁ

Time for one
about the Sun

=  Area Swept= ( 2L )[ Revolution of Earth
Area Swept = %( 4.4x10%)(365 %24 x 60 % 60)

7x10%2 m?

Hence, the correct answer is (D).

= Area Swept

55. Force on element dx onrod is

JF = GM (de)
X

where dm = ﬂa’x
2R

2
o[
2R )42

ax e—

Total force on the rod is

2R 57.

2
PG
2R J x
R

om?( 1\[*
(Y
2R X
_GM?
4R?
Hence, the correct answer is (A).

. 2R

F

56. At height h=R, the distance of the particle from
centre of earth is r=2R.
Let v be the velocity at that point. Then by Law of
Conservation of Mechanical Energy, we have

v

_____ d{
Horizontal

i
'R

GM*( 1 1
=553 58.

(u+K)surface :(U+K)ath

1 ;_.__GMm_l_GMm_I_GMm
27 R R 2R

[GM
= v=.—
R

Let 6 be the angle of its velocity with horizontal, then
by Law of Conservation of Angular Momentum about
centre of earth, we have

mv,Rcos(45°) = morcosf

v,Rcos(45°)
= cosf=—-—--——
or
R 2GML
1
= cosB:%f:E
(2R), =~
R
= 6=60°

Hence, the correct answer is (C).

_GMm r2R

u(r)= r
__GMm , '<R

R

Hence, the correct answer is (C).

In a double star system, both stars revolve around cen-
tre of mass of system (C).

From the definition of centre of mass
MR =3MR’

R
= R'=-—
3

Hence, distance between two stars is

r=R+s =2
3 3

The gravitational force between them will provide the

centripetal force to revolve in the circle. Therefore, for

the smaller star, we have
GM x3M

(5)

= MRw*
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59.

60.

61.

62.

63.

27GM
W= .
16R
3
- 2_71' _on 16R
® 27GM

Hence, the correct answer is (C).

By Law of Conservation of Energy, we have
(U+ K)surface = (U‘I' K)h

GMm 1 (‘U )2 GMm
S | L) =Sy

R 2 R+h

) h

GMm 1 , GMm 1 (ZGM)
= U=-——+-my,=———+—-m| ——
R 8 R 8 R
Ly, - 3GMm
4 R
Hence, the correct answer is (C).
GMm GMm  GMm
E=——— Ef=-s=-—+
2r 2(3r) 6r
Energy Required is
sp=E, £ =S
3r
Hence, the correct answer is (C).
Since, W=U, -U;
2 2
Where, U = - 3Gm and U, =- 3G
rf r‘,
= W=U,-U :3Gm2{l—l]
LTy

where, G = 6.67 x10 ! Nmzkg’z, m=0.1kg, re= 04 m
and ;,=02m

Substituting the values, we get
W=5%x10"2]
Hence, the correct answer is (C).

The whole space can be divided into three regions
(i) 0<r<R, wehave F(r)=0

3
(i) R;<r<R, wehave F(r)= gerpm(r—R—%]
r

T‘Z

4 Ry -R;
(iii) R, <r<oo, wehave F(r)= gmpnz[#]
where, p is the density of material of the sphere.

Hence, the correct answer is (C).

The weight of the traveler first decreases, then becomes
zero and after that again increases.
Hence, the correct answer is (C).

04.

65.

66.

67.

68.

Hints and Explanations H.275

Since E = —d—V
dx
= —dV =_Edx

= —dV =K %dx
= —jdV=KJx*3dx

—3+1
= V=K( i J
-3+1

K

= V=—ri
2x? <
Hence, the correct answer is (D). (a4
_ Ll
Total number of interactions ="C, = n(n2 D Iﬂ-..
Hence, the correct answer is (D). <
Gravitational field due to element dx at origin is XL
Gla+bx?)dx U

dEg=—17——
X

Net field at O is
l+a

a
E, =JdEa' =GJ [x—2+b)dx
o

\ |+
R Ef(GaJ +Gbl
X o
= ES=Ga(11)+Gbl
a l+a

Hence force on mass m is given by

F=mE8 =Gm[a[1—L )+bl:|
o l+a
Hence, the correct answer is (A).

Net gravitational field inside a shell is zero. Hence, net
force on the particle will be zero i.e., the particle stays
at rest in its original position.

Hence, the correct answer is (D).

Angular momentum of earth remains constant even
after the hit because the meteor is coming radially
inward. However, the MOI increases by mR” as
meteorite strikes the earth at equator.

Iw = constant

= ldo+odl=0
do__di
o 1
. 2n dT  dl
Since w=—,we get —=—
T T I
2
HemcedT:ﬂTzznL _omT
I EMRZ 2M

Hence, the correct answer is (A).
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69.

70.

71.

72.

The gravitational potential at the centre of the ring is

M
R
irrespective of the distribution of mass

Since, We_,., =m (V.. - V¢)

V=

73.

Hence, the correct answer is (B).

When mass of the shell is 1, the potentialis V = _G?m

To add an elementary mass dm, the work done is
dW =Vdm = —G?mdm

This, net work done equals the gravitational self
energy, so

M .

J‘Gmdm GM? &

U=- =
R

2R

0

Hence, the correct answer is (D).

Given that v, = U—Z"

R* 1

82 _ 2 2R
R+h 2

R

R+h

= h=R
Since the satellite now stops and falls from this
height, using conservation of mechanical energy

ui+Ki=uJ‘+Kf
_GMm

_1
2

75.

Hence, the correct answer is (A).
Potential energy at a height of 2R from surface of
earth is
B GMm _GMm
R+2R 3R

and total energy of a satellite at a height 1 is
_ GMm
2(R+h)

Giventhat U=E

76.

ae
GMm GMm
= - =—
3R 2(R+h)
= h:E
2

Hence, the correct answer is (B).

CONCEPT OF REDUCED MASS (1)

Let 1, be at rest and think that 1, has been replaced
by u and is moving with velocity v. Then by Law of
Conservation of Energy

1 > 1 5 Gmm,
—my(0) +=uv” =——=+0
2 2 r
UL UL
where, 1 = reduced mass of system = ———=—
my + i,

2G (my +m, )
r

= 7=

Hence, the correct answer is (B).

Since U =1, = GTM

By Law of Conservation of Energy, we have
(u + K)surface = (u+ K)nf h
_GMm +lmu2 _ _GMm N 1m(0)2
2 R+h 2

_GMm N GMm _ GMm

R 2R R+h
h=R
Hence, the correct answer is (C).

=

Gravitational force between balls is
G 2
oS
(a-x)

For equilibrium of each ball, we have
2

Tsinf=——— (1)
a-x)

Tcosf=mg ...(2)
= tantS':Gim2
(a-x)"g

= @=tan G_mz
(a-x)"g

Hence, the correct answer is (B).

Since the torque on the planet due to gravitational pull
about the sun is zero, so angular momentum of the
planet about the sun is constant.

= mor; = constant

Hence, the correct answer is (B).
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77.

78.

79.

80.

81.

By Law of Conservation of Energy

(U+K)surface =(U+K)oo

-GMm 1 1
= m+—rri(£’>vﬁ,)2=[}+—m”o2
R 2 2
GM 997 1,
——+F=—v
R 2
Since vf:zc—M
Uf 9@5 1,
=5 —St+—FL=—v
2 2 2
= v'=8¢
= U=2\/EUL,

Hence, the correct answer is (D).

A lighter body inside a denser medium behaves like
a negative mass so far the gravitational force is con-
cerned even the air bubbles with negative masses will
attract each other.

Hence, the correct answer is (B).

According to Kepler’s Laws the planets sweep equal
areas in equal intervals of time. So,
for

Hence, the correct answer is (C).

By Kepler’s Second Law, we have

AA L mab
At 2M T
L mab
M T

where a is semi major and b is semi minor axis of
elliptical orbit.

P P
T
Hence, the correct answer is (A).

mzr(rﬁ+r ) rt,
= L:—

. dA L
Areal velocity o constant
m

Since, L =mursin®

ﬁ_ vrsing
dt 2
dA 0

= —om
dt

Hence, the correct answer is (D).

82.

83.

84.

85.

86.

Hints and Explanations H.277

2
Since, T = idll
v
2R 5 and R 6
% Yo

This is possible when R’ = 4R and v) = %ﬂ
Hence, the correct answer is (D).

Distance of second satellite from the centre of earth
becomes four times.
Since, according to Kepler’s Laws we have
T? < p?
= Tocr¥?
So, time period of second satellite must become
(4)"* =8 times
Hence, T’ =8T =(8)(90) =720 min
Hence, the correct answer is (D).

CHAPTER 4

The gravitational force provides the necessary centrip-
etal force for circular motion
Gm* B mo®

P R

1 |Gm
V== |—
2V R

Hence, the correct answer is (C).

Energy of the satellite at the surface of earth is

E =7GIVITm and energy of satellite at a distance

r=(2R+R)=3R from the centre of earth is
GMm  GMm

E,=— e
f~72(3R)”  6R

So, the energy required to launch the satellite is

Hence, the correct answer is (C).
o

E= fZHGGJ.SiHBdQ
0

= E=-210G(1-cosax)

>

dx
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87.

88.

89.

90.

91.

- E=—2nac(1—é]
V2 +R?
’
V=—2:r0'rG[l— ]
VP +R?

Hence, the correct answer is (C).

For all points lying in the plane of base of a hemispher-
ical shell, gravitational field is normal to the base and
hence this surface is equipotential. So, V,; =V =V
Hence, the correct answer is (D).

Since, Total energy = - Kinetic energy =-E
So, energy E will have to be supplied to escape the

electron to infinity.
Hence, the correct answer is (C).
u, =7GMm
R+h
GM ' oM h
S —m(l —) ——m(l—)
R R R R
{~h R}
GMm GM
= U,=- +mgh Vo= —
h R g { g Rz}

Hence, the correct answer is (B).
Since W = jf? dl

where F=myl and dl = dxi +dyj
(>3]
J. 2dx + 3dy
(1.1)
Since 3y+2x=5
= 3dy+2dx=0

= W=0
Hence, the correct answer is (A).

= W=m;

By Law of Conservation of Energy, we have
(u +K )initial = (u +K )final

2 2
_3Gm +3(lm(0)2)= _3Gm +3[1mvz)
d 2 2R 2

2 2
= 3(lmvz)=3(GlGl]
2 2R d

92.

93.

94.

Hence, the correct answer is (D).
(U + K )inigiar = (U +K).,

GM,m GM,m 1
R *—+EFHU =0

2 2
= 7= E(I\/IE,H’\/I,”)
r

Hence, the correct answer is (A).

Gm(ﬁdx)
du=-——t /
X
M ¢ m
I— ] — O
> — a—»
0X 1o X »
a+f
o u:jau:-G”—Mjﬁ
{ X

a

= U= __Gj\;lm loge(ﬂ)
4 a

Hence, the correct answer is (C).

By Law of Conservation of Mechanical Energy

U1+K1=Uf+Kf

GMm GMm 1 ,
- +0=- +—mo
R+h, R+hy 2
GM GM 1,
- +0=- +-v
R+R R+05R 2
GM 2GM 1 ,
——t——==7

2R 3R 2
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M _1,
6R 2
GM
= p= f—
3R
Hence, the correct answer is (D).

95. Given that E = E. By Law of Conservation of Energy,
we have

(U+K)5urface = (U+K)w

1
~mE+=mov’ =0 { u:Gm—M}
2 R
= 0,=2E
Hence, the correct answer is (A).
GM
96. Total initial energy is E; = _Tm
GMm
Total final energyis £, =————
BY 5 =R+ R)

Energy required = £, - E,

7GMm N GMm _EGMm

AE= =
6R R 6 R

= AE= gng
Hence, the correct answer is (D).

97. Time period of a satellite above the earth’s surface is

p MR 3 3¢
GM (M ) Gp
E;er3
3

3n .
= ,DT2 = E = a universal constant

Hence, the correct answer is (A).

98. J Eg -dA =-4mm,G (Gauss Theorem for Gravitation)
s
Hence, the correct answer is (B).

99, M,=81M, m ném
______ .0._______
R r
u:_cm[%+%)
r

= U =—Gn1Mm[ﬂ+1)
R r

Hence, the correct answer is (C).

100. Since, we know that from Work — Energy Theorem,
W, = AU+ AK

€

= Wy p=(Up-Uy)+(Kz-K,)

101.

102.

103.

104.

Hints and Explanations H.279

= Wysp=m(Vg—Vy)+(Kg—Ky)
Substituting the values, we get
-10=2(Vp-V,)+4

= Vz-V,=-7]kg™
Hence, the correct answer is (D).

Gravitational pull on satellite revolving in an orbit of

R
radius 37 is

_ GMm 4 GMm <
RY 9 R x
2 =
As weight of 1kg body on the surface of earth is o
GMx1 10N , g
Fo 0 (given) L
4GMm 4 =
= F=2M_ 2 10x200= 20
9 R 9 9
= F=889N

Hence, the correct answer is (B).

Let r be the radius of the satellite. Then

2 =M

By Law of Conservation of Mechanical Energy,
(U+K)sy=(U+K)s

GMm 1 2 GMm 1 ,
- +-m(0) =———+-mo
ro 2 R 2
2= M XM _ o o

R r

[2 52
= U=40, -2y

Hence, the correct answer is (D).

L is conserved both in magnitude and direction.
Hence, the correct answer is (C).

Since, we know that areal velocity of planet is
constant. So, we have
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Area of Ellipse ~ Area SAB

Period of Revolution £,

Area SAB
Area of ellipse

(-2
mab

- )

Hence, the correct answer is (B).

= tAB=

105. Gravitational field inside the cavity is
- 4
E = —mpGr
3
where p is mass density and 7 is separation between
centre of sphere and centre of cavity. Escape veloc-

ity from point A is calculated by applying Law of
Conservation of Energy according to which

(U+K)A =(U+K)eo

E.
S

1 , GMm G(g

— — +—_— =
5 MU R ( 5K ) 0
3
/ZSGM
[ Y
15R
Hence, the correct answer is (A).
106. L=mor (1)
2
mv°  GMm
Also, —=— ..(2)
r r
From equations (1) and (2), we get
L=mGMr
= L rlf':‘2

Hence, the correct answer is (D).

107. Let us consider the shell when a mass m is already
piled on it by the agency. If V' is the potential on the
shell, then

V="
R

To add a mass dm further, we have
AW =Vdm

= dW= fc—mdm
R

M
= W=fEJAm dm
R

0

(]
1M
2R
= W ="Potential Energy of Interaction
Hence, the correct answer is (B).
- . . GMm
108. Total energy of satellite in the first case is E; = ~ o
r
and in the second case is E; = CMm___GMm
: ( 3r ] 3r
21 —
2
GMm(1 1 M
Energy increased AE = n ( —— —) = GMon
r \2 3 6r
( GMm ]
br

x100% = 33.33%

So, percentage increase =

GMm
( 2r J
Hence, the correct answer is (C).

GM®  GM® _GM’

2(2R) 2R 4R
Hence, the correct answer is (C).

109. AE=U,-U, =

110. With respect to earth, satellite appears after every
6 hours over same place. Since it is revolving in
opposite direction to that of earth, angular speed of
satellite relative to earth is

2 2n
Orelative = Dsatellite T Pearth = ? = ?
2T 2
= ﬂ + Wgatellite = ?
2n 2 & 4
= Ogpellie = ? - E = Z radhr
Hence, the correct answer is (C).
Gmd
1. dy=-——2mam

G[Eﬁr3p)(4nr2drp)
= dUu=-—3
P
2 2
cill:—lmr?’cﬂl ridr



[ ] ]
2 5
”=(‘E”ZGJ e (R_J
3 20 2p6 5
9
2
e _3GM°
5 R
Hence, the correct answer is (C).
. M_A_L
dt T 2m
= 2mA

Hence, the correct answer is (C).

13, KE=M"_ F andpE=-SM"_op,
2r r
M
— TE=KE+DPE=_ M ~E,

2r
Hence, the correct answer is (C).

114. Since the satellite appears after every 8 hours above
the same place on earth, therefore its angular speed

. . 2
relative to earth is ? . Hence

2n
? = Wsatellite ~ Dearth
2n 2n 2n
— _— R
8 Tsatellite 24
2n 2n 2n 2m
= =t —=—
Tsatellite 8 24 6

= Tsatellite = 6 hl‘
Hence, the correct answer is (C).

115.  The system will revolve/rotate about an axis passing
through the centre of mass of the combined system.
Considering origin at the particle of mass 2m , we

have the centre of mass at a distance é from 2m
20
and ? from m .

The gravitational force of attraction between 2m and
m provides the necessary centripetal force to the mass

20 /
to revolve in a circle of radius ? for m or 5 for 2m .

(/3
—

116.

117.

118.

Hints and Explanations H.281

3Gm
= M= —
/
/3
= T=2r|—
3Gm
Hence, the correct answer is (C).
w=2
4
3
= Beff = 13

At equator, we have

3
Seff:g—Rﬂ’2=13

. a,z\/Ezz( £]=1XL
4R 2\ \R 2 800

o= b rads™
1600

Hence, the correct answer is (C).

CHAPTER 4

Let gravitational field be zero at a point lying at
distance x from M. Then,

G_M= Gm
X (d-x)
—y \/ﬂ
A A i
X M
L 4 m
X M
(M J
= x_(\/f\_/[+ﬁ d ..(1)
Since, V, =" - OM ..3)
d-x x

Substituting (1) and (2) in (3), we get

Vp=_§(\ﬁ+m)2

Hence, the correct answer is (D).

Total _ Total
Mechanical Energy . | Mechanical Energy o
1 M 1 GM
= —H'I(O)Z*G—T=EMU2*TNI
V(V3R) +R?
GMm _1 , GMm

10
2R 2



ICON

H.282 JEE Advanced Physics: Mechanics - 11

119.

120.

121

122,

123.

124,

IGM
=, |—
R
Hence, the correct answer is (A).

By Law of Conservation of Energy, we have
(U‘I'K),m;s =(U+K)C
If my be the mass of the particle, then
Gmmo + l 'IO (0 )2 - Gmﬂ'fo ]. moﬁz
Vri+r?

1 G 1
= —m002 - 2o (1 ]
2 r

= = —ZGm(l—iJ

r U2

Hence, the correct answer is (C).
~ GMm

VA

U =

1

and U_f =0

= W=AU=me

Hence, the correct answer is (A).

Use Gauss Theorem for Gravitation.
Hence, the correct answer is (C).

E=-"—"
dr

Hence, the correct answer is (C).

Centre point is the unstable equilibrium position
where potential energy is maximum.

m

Hence, the correct answer is (C).
M
Since, ¢ = i—z =GMR™

Fractional change in ¢ is
Ag AM  2AR

g M R

A
= 2 05%-2(05%)=-05%
g

So, g will decrease by 0.5%

IZGM
V= [——
R

Fractional change in escape velocity is

v, 2M 2R

[4

Percentage change in escape velocity is
Ap, 1
2

(0.5-05)=0%

So, escape velocity will remain same.

Potential energy of an object of mass m on the
surface of earth is

Uew GMm
R
Fractional change in potential energy is
AU__AM AR
u M R
Percentage change in PE is
AU

—-05+05=0%
u

So, potential energy will remain same.
Hence, the correct answer is (C).

Multiple Correct Choice Type Questions

2
= %(RE +h)’ and v, = cM

R, +h

€

TZ

If h R,, then

T=2:rc\/E
8

= T =844 minute
Hence, (B) and (C) are correct.
_ —GMm

u;= =U iven
R (given)
AU:UI—U[=_GMm+GMm
(R+R) R
Au=GMm=_E
2R 2

Same is the case with potential.
Hence, (A) and (D) are correct.

At a point P lying outside both the shells, the field
will be due to both the shells as if they were point
masses with total mass (1, +11, ) concentrated at the
1y + iy

rZ

If P lies inside one shell and outside the other. Then
field at point P due to the shell enclosing it is zero and

centre. So, E:G( ) for r>r and r>mn.

is G—TZ due to the other shell.
r

If P lies inside both the shells, then Ep =0.
Hence, (A), (B) and (C) are correct.
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Similarly, as in SOLUTION to PROBLEM 3,
V= G(m+m,)
r
Which satisfies OPTION (A)
For the point P lying inside shell 1 and outside shell 2,
the total potential at P equals the potential at P due to

shell 1 plus potential at P due to shell 2.

for r>R;, r>R,

5 V- -G, N -G,
h r

S ey
noor

Which satisfies OPTION (C)

(Since field inside shell 1 is zero, so potential at a

point lying inside shell 1 is a constant and that equals

the value of the potential at the surface of shell 1 i.e.
Gy )

h
Similarly, for point P lying inside both the shells, we
have

Gm, Gm
V=-—1_2772
n g}
my M,
V=-G| —L+-2| for r<n
non

Which satisfies OPTION (D)
Hence, (A), (C) and (D) are correct.

Conceptual (A), (B), (C) and (D) are correct.

Inside the inner sphere field is zero but potential is
constant.

Between two, field is due to inner sphere and potential
is due to both but it is constant due to outer shell.
Outside the outer shell, field and potential are due to
both and it decreases in both the cases.

Hence, (A) and (C) are correct.

Velocity of Nature of Path
Satellite
v=1 Circular path around the earth.
v< 7 Elliptical path and body returns

to earth.

v>1, but <v, | Elliptical path around the earth

and will not escape.

V=7, Parabolic path and it escapes
from the earth.
v>7, Hyperbolic path and escapes

from earth.

Hence, (A), (B), (C) and (D) are correct.

10.

Hints and Explanations H.283

Net force towards centre of earth is mg’, where

(3

= mg’=%

Normal force N =mg’sin@
R

Since sinf =2

X

= sinf= £
2x

Constant and independent of x
Tangential force is given by

F = ma=mg’cos@
= a=g'cost

2
R
ye

X
= a=%\jR2 —45°

So, curve is parabolic and at x = g we have
a=0
Hence, (B) and (C) are correct.

Since cosf=

y-_M
R
GM
= V=—?R
= V=-gR

Hence, (C) and (D) are correct.

E-r and V-r graphs for a spherical shell and a solid
sphere are shown here.

For a shell

_/_ r
For a solid sphere
Hence, (A), (B) and (C) are correct.

CHAPTER 4
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11.

12.

13.

14.

15.

16.

17.
18.

Ee GMm
2a
So, E < m
E o< im,
Eol
a
Hence, (A), (B) and (C) are correct.
Thﬁ(mf {.,hm}
GM 2 2
2 : 3
Tc=——r, +1
()

By Law of Conservation of Angular Momentum
MU, 1y = MUprp

= UA I‘A = v‘prp

Hence, (B), (C) and (D) are correct.

Time period in both the cases is

R
T, =T, =2n,/— = 84.6 min
1=12 M

However, v, >, , because the difference in potential
energy between the extreme position and mean posi-
tion will be more in the first case.

Hence, (B) and (D) are correct.

dv

E =-—

£ dx
If E, =0, then V=constant and this constant may

also be zero.
Hence, (A) and (C) are correct.

At two positions, when the planet is closest to the sun
(perigee) and when it is farthest from the sun (apogee),
velocity vector is perpendicular to force vector ie.,
work done is zero. In one complete revolution work
done is zero.

Hence, (A) and (D) are correct.

The field inside the shell is zero and so potential inside
the shell is constant equal to the value that exists at the

. GM
surfaceie. ———.
a
Hence, (A) and (D) are correct.
Hence, (B) and (D) are correct.

By Law of Conservation of Mechanical Energy, we get
(U+K).. =(U+K),

Gm(dm) 1
+-u

vy

= 0+0=-
p

19.

20.

21.

ae
G(m)(4m) 1
S e —? (1)
r 2
where, 1 =reduced mass = M = dm and
m+4m 5

v, = relative velocity of approach

Substituting in equation (1), we get

10Gm
v, = ,/
-

From equation (1), the total kinetic energy is

~ G(m)(4m)
- r

AGm?
r

Net torque of two equal and opposite forces acting on
two objects is zero. Therefore, angular momentum will
remain conserved. Initially both the objects were sta-
tionary i.e., angular momentum about any point was
zero. Hence, angular momentum of both the particles
about any point will be zero at all instants.

Hence, (A), (B), (C) and (D) are correct.

K

= K=

When total force is zero, g, =0

_Gm
b

V=

For a shell of radius R,

GM
Vinside = Vsurface ==
shell R
Linsige =0 whereas
. _GM
tside —
outside 1‘2

So, plotof V' vs r is continuous whereas plot of I vs
r is discontinuous

Hence, (A), (B) and (C) are correct.

Orbital radius of first satellite is 2R and that of second
satellite is 8R.
For a satellite
GMm
2r
GMm
Ty
GMm
- 2r
Hence, (A), (B) and (C) are correct.

KE.=

PE.=

TE.=

Conceptual (A), (B) and (C) are correct.
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22,

23.

24.

25.

26.

27.

28.

According to Kepler’s Laws Areal Speed is constant.
Also, by Law of Conservation of Angular Momentum
L must be constant.

Hence, (B) and (C) are correct.

According to Right Hand Thumb Rule curl the fingers
of right hand in the direction of rotation then thumb
gives the direction of the areal velocity/angular
momentum.

Hence, (A) and (C) are correct.

Atcentre, V = —éG—M
2 R

and E=0
Hence, (A) and (D) are correct.

Gmym,
2

Hence, (A), (B) and (D) are correct.

GM
'UD= T

_ ~GMm

o

_ GMm

2

Hence, (A) and (D) are correct.

Forceon P is , attractive i.e. towards O .

u

K

Let CM of system be at a distance 7, from m and r,
from 2m . Then, mr; =2m(r—rn)

r 2r
= n=—and n=r-n=—
3 3

PPN
Since, T = ——2
Gm
2.3
Tf‘ _ 32y
27Gm

3 1

= TzacrE and szm_E
Hence, (A) and (D) are correct.

Conceptual (A), (B) and (D) are correct.

29.

30.

31.

32.

Hints and Explanations H.285

Distance from centre of sun and hence the kinetic
energy and potential energy keep changing.
Hence, (C) and (D) are correct.

-G
R
_ GMm
7 R+
(Work done) = (Change in G.P.E.)
= W=U —U——GMm[L—l)
e R+h R <
: . (a'4
GMm hy! [T
W=- 1+=| -1
- R ( R] } ~
Q.
GMm[_ 1 g
Mm 1
W=- 1-—-1
- R L R ] )
- WzGAIfTh
= W=mghforh R
Also, U; =—%,and
R
U, (h=R)=-SMn __CMmn
’ R+R 2R
= w=uffu,-=m7m
2R
1 GM
= W=—-mg¢R =—
"8 [ RZ}

Hence, (A) and (D) are correct.

2
T? = %(Rﬁ-hf

Since h R
253
o T2=MIN=2TR
GM
Also, v= 2R
T

= v is MAXIMUM

and total energy is E = _Gi\/I_Rm = MINIMUM
Hence, (A), (B) and (C) are correct.

Since, t =nT

= T=

8|5

t_
n
= T=12s

Now, AT =nAT
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At AT

t T

1 AT
So, —=—
40 2

= AT=0.05

Since, time period, T =27 ‘
8

AT 1%
T 2g

A
So, percentage error in g is 22 % 100%

% Error = —2% x100% = -2 % % x 100%

= % Error =5%
Hence, (A) and (C) are correct.

33. The force of attraction between any two point masses
is responsible for providing the necessary centripetal
force to a mass to revolve in a circle of radius r. Using
trigonometry, we get

(2 7
cos?:0=i=L
ro2r
I
= r=
2¢co0s30
= r—i
NG}
2 Gmm
= mre 2
{ 2 sz
= M0 =—
3 /
\/gGm
= o=
IE
g
T=2n——
\/anz
3
= T /2 and {OPTION (A)}
1
Tem 2 {OPTION (D)}

Hence, (A) and (D) are correct.

34.

35.

Distance of any mass from centre is

Mass is moving in circular path of radius r = %

Such that gravitational force on the particle due to
other two provides the necessary centripetal force.

=
a a
%)
Gm
= U=,—
a
27{(1) 3
. oT- \/5 _ 2ma
v 3Gm

Total kinetic energy of the particles is
2
K= 3(1,@2): 3Gm”
2 2 a

Potential energy U of the system is

2
u=_3(GA]
a

= Total energy E is

.
E=U+K=—§(GﬂJ
2\ a

.
= Binding Energy = %[ Gi}
a

Hence, (B) and (C) are correct.
GMm
2r
GMm
r
GMm
2r

1
Kinetic energy is always positive and KE o —
r

Kinetic energy, KE =

Potential energy, PE=—

and the total energy, E = -

Potential energy is negative and |PE| < !
.

Similarly, total energy is also negative and |E| !
r

Also |E|<|PE[, so from the graph we observe that A
is kinetic energy, B is potential energy and C is total
energy of the satellite.

Hence, (A), (B) and (D) are correct.
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36. At all the places potential will increase by G?M, 0
GM 3GM GM _ GM

I T TR ST

Hence, (C) and (D) are correct.
37. Conceptual (A), (B), (C) and (D) are correct.

38. Both the stars will revolve about their centre of mass.
So, if the centre of mass be at a distance x from 2m,
then

2m(0)+mr r
3Im 3

X=

2
So, r1=€r and 1‘2:%

® and T will be same for both the stars, so

1.5 1.
K,==Low" and K, ==I,w
1751 2750

%)
Ky L~ 3 _9

T K L (rp
2 b Zm(ﬁ)
3
L1=Ilw and L2=12{U
= ﬁ=J—]=2
L L

Hence, (A), (B) and (C) are correct.

Reasoning Based Questions

L
' dt  2m
Since L= constant
P

= —=constant
dt

dA _1?‘2@_ 11’2{])

Also, —= =
dat 2 dt 2
dA mrle L
= —= = — = constant
dt 2m  2m

Hence, the correct answer is (A).

2. The torque on a body is given by 7 =%. In case of

planet orbiting around Sun no torque is acting on it. So,
dL
=0
dt

= L=constant

Hence, the correct answer is (A).

» GMm

e

0

. .1
3. Using energy conservation 2 no

10.

Hints and Explanations H.287

= o= 2= R

Hence, the correct answer is (A).

Although no gravitational field is produced inside a
symmetric shell, it produces a field at points outside of
shell.

Hence, the correct answer is (D).

Work will be done only in bringing the unit mass from
infinity upto the surface of shell because inside shell

there is no gravitational field and in moving inside the N
shell no work will be done. o
. Ll
Hence, the correct answer is (D). =
2k .
8§ =8 R <
, 2h E
= &=g-8'=g| &
dw d d d (2gh )
—=—(mAg |=m—(Ag |)=m—| —
an an\"8)= () dh( R
dW  2mg
—— = —— = constant
dh R
Hence, the correct answer is (B).
in = G—Ag(SRZ - rz)
2R
Atsurface, r=R,s0 V, = G?M
Atcentre, 1=0,50 Vppe = 36M
2 R
3
= centre — E VS
= Vin > VS

V' is not same everywhere as indicated by V, .
Hence, the correct answer is (C).

The time period of satellite which is very near to earth
R

is givenby T = 27{\/: =84 min =1 hr 24 min
g

Hence, the correct answer is (A).

Work done in conservative field in cyclic process is
zero.
Hence, the correct answer is (A).

GM
Acceleration due to gravity is given by ¢=-——,so it
r

does not depend on mass of body on which it is acting.
Also, it is not a constant quantity because it changes
with the change in value of both M and r (distance
between two bodies).

Hence, the correct answer is (C).
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Hence, the correct answer is (C).

By Law of Conservation of Energy

Al = 11’@}1
2

(]
Linked Comprehension Type Questions 5
= ov=,-¢R
1. According to Kepler’s Law, we have 5%
T2 oc 13 Hence, the correct answer is (D).
2 .3 3
= T—"; r,_g 5. L V2
7 T2 r;‘
;2 3 vy
= Tm = (ﬂJ Te = 1 rl
T, 64 1)
Since Te =1 yr = K= 41'1
6x101° Y’ = 1r=4x10"km
= Tm = 11 (1 yl‘)
1.5x10 2mr nd o 27r,
s "= and v, = =TT
= TI,= 6X10m]l 1 4 2
"\ 15x10”) 7 = 2e(10°) |
32 1
2 f
= T,= ] r 4
5) 7 and UZ=M=,¢X104 kmh™!
Hence, the correct answer is (D).
= Speed of S, relativeto S; is vy,
Since orbital velocity v, is given by
GM '021 =-TTX 104 km.h_l
%=y Hence, the correct answer is (A).
GM,,, 6. w= L0
= (2),= » n—h
Hence, the correct answer is (B).
GM,,, GMm
= , 2R
r, 7. F={ ¢
( ) 0 , < R
= (; » Hence, the correct answer is (A).
[} m GMm
>
(%), _ [L5x10" _ [i15 2 o 2R
= T 8. F(r)=
(o, ) 6x10 6 dnGprm o
(%), _[5 5o
= E where pis density of sphere
(vo )e Hence, the correct answer is (C).
Hence, the correct answer is (A).
. v, 2GM
U - GMm _ GMm 9. Giventhat v,= E , where v, = e
i~ _T - R
R+ . IGM 2GM
Since v, =
1GM +h 2 R
= AU=U-U == = R+h=2R
775 R
= h=R
- AU= m?gR { g= G_I;/I } Hence, the correct answer is (C).
R 10. Since the satellite is stopped suddenly, so its kinetic

energy in this orbit becomes zero, however its gravita-
tional potential energy in this orbit is

GMm  GMm

R+h 2R
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Since (u + K)initial = (u +K )final

GMm 1 2 GMm 1 ,
- +-—m(0)" =- +=o
2R 2 R 2
1, GM
= v =—
2 2R

GM
= U=,]—
R

Also, we know that ¢ = fg_Af

> o= %"4:\/3?

Hence, the correct answer is (A).

11. T=2n F , substituting ¢ = (;—ﬁf we get,
8

3
T=2r R—
GM
Hence, (A), (B) and (C) are correct.

12. Maximum speed is attained by the particle at centre.
Applying Law of Conservation of Mechanical Energy
(from surface to centre), we get

(U +K )surface = (u +K )centre

_GMHI+1m(O)2 :_EGMn-l +1mv2

R 2 2 R 2
[ GM 3GM ) GM
v= 2| -+ = | =
R 2R R
Hence, the correct answer is (B).
B GmM
\M’z + x2
Hence, the correct answer is (A).

GMimx
5 )3,:"2

13. U=

14. Since F=
az +Xx
When x=0, F=0
Hence, the correct answer is (D).

15. Forsmall x ie., x

is
Fe _( GMm ]x

a , the force acting on the particle

a3

The negative sign showing that this force is directed
towards the mean position (i.e. position where F=0).
Hence the particle will perform oscillations about the
mean position i.e. the centre of the ring.

Hence, the correct answer is (B).

16.

17.

18.

19.

20.

Hints and Explanations H.289

Given that 7 =3.6x10" m, m=5000 kg,
0=4000 ms ™" and ¢ = 30°

Angular momentum of satellite
L=morsing

= L=>5000x 4000 x3.6x 10" x sin30°

= L=36x10"]s

Hence, the correct answer is (D).

Energy of the satellite is
GMm
r

E=K+U=%mvz—

1 1
K= Emvz - 5(5000)(4000)2

= K=4x10"]

CHAPTER 4

(6.67x10™)x(5.97 x 10*) x 5000
3.6x107
= U=-55x10"]
= E=K+U=-15x10"]
Hence, the correct answer is (D).
GMm
2a
So, semi-major axis a is given by
-GMm
T
6.67 x10™" x5.97 x 10* x 5000
2x(-15%10)

= a=66x10 m
Hence, the correct answer is (A).

U=-

Since E=-

Eccentricity (e) of the orbit is given by
22 )
G*M*m®
2x(-15x10°)x(3.6x104)’
(667x10™)" x(5.97x10%)" x (5000)°

= e=0.804
Since, semi-minor axis b is given by

b =a\jl—ez
= b=66x10"\1-(0.804)

= b=392x10" m
Hence, the correct answetr is (B).

= e=1+

Minimum distance 7, is

r. =all-e)

min
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21.

22,

23.

24.

25.

26.

27.

S = 6.6x107 x(1-0.804)
= 1 =129%10" m

Hence, the correct answer is (C).
Maximum distance ,,, is

e = 0(1+) = 6.6 X107 x (1+0.804)

= Iy =11.9%107 m

Hence, the correct answer is (C).
_ GMm _ GMm

T (R 4R

Hence, the correct answer is (D).

1

Mass of complete sphere,
4 o3
M=—-nR
3P

3
Mass removed M’ = 4E[R] p= 1M

312 8
Force due to hollow sphere F, at P equals force due
to solid sphere at P minus force due to removed mass

at P.
~GMm  G(M/8)m
4R (3R2)

k,

GMm[1 4
= F2= R2 4

GMm[1 1

= b L"_]

_ GMm[9-2

R 36

_ 7 GMm

T3 RE

Hence, the correct answer is (D).
b _GMm 36R? 9

E, 4R* 7GMm 7

Hence, the correct answer is (A).

= F

2

The system must revolve about the center of mass.
Hence, the correct answer is (B).

If we consider the origin at the heavier mass, then the

. . ! .
center of mass is at a distance gfrom the origin. So,

the heavier star revolves in an orbit of radius //3.
Hence, the correct answer is (C).

For m,

Gm(2m) (g] )
2 =m 3 ® ..(1)

28.

29.

30.

31.

ae
For 2m,
Gm(2m) 0\ 5
Adding (1) and (2), we get
4Gm* (4mf) s
—_—| —— |
¢ 3

3Gm
= 0= /—

Hence, the correct answer is (C).

32
1 (20 (2 ),
(K.E-)]ight=KL=E m(?] =(§mf]w

) 2 22
(KEheavy =Ky = %(2@( (o J _ mfgw

= K +Ky= %mﬁzmz
Hence, the correct answer is (A).

Acceleration due to gravity near the surface of shell
can be assumed to be uniform (1 R).

G(2M) GM

" (2R? 2R?

Since h= % gt

2h hR?
= t= |—=2, ﬂ—

g GM
Hence, the correct answer is (A).

Gm Gmh
U,=2¢h= 2| — |h=,—
ATV \/ ( 2R J \j R

From A to B, field due to shell is zero, but field due to
sphere is non-zero.

R
Hence, t,, <—
VA

R.’Z
GMh
Hence, the correct answer is (C).

= <

Since b R,sowehave K, =0

Potential between A and B due to shell is constant.
Applying the Law of Conservation of Energy, we get

= Ky=U,y-Uz=m(V,-Vg)

= %mvé =m(V,-Vz)



32-33.

34.

35.

ICON

GM GM

RO TR
GM
Y

Hence, the correct answer is (D).

The correct answer is 32(C) and 33(B).
Combined solution to 32 and 33

If m be the mass of satellite, then by Law of
Conservation of Angular Momentum, we have

mo, (2R) = mv, (4R)
=20, ..(1)

Also, by Law of Conservation of Mechanical Energy,
we have

(U+K)pg =(U+K)gg

= 7

GmM 1 , GmM 1 ,
= ———+-mvy=- +—mv,
2R 2 4R 2
12 5 GM(] ])

—\ vy — - | — ==
2(1 2) R (271
GM
= 405-0vi=——1
2T =n
GM

Since, v, =20,

fZGM

@_ GmM
n o (2R)
4R? (4R2J(2GM)
th=—yr = — || ——
1 1
GM cM N\ 3R
8R

?‘1 ==
Hence, the correct answer is (A).

Let M be the mass of the planet, n; be the mass of
the moon 1, m, be the mass of moon 2 and m; be the
mass of moon 3.
GM
B

25,2
=wR

= M= mzRg

2 Y 3 1
=( ”5) x(9x107) x ————
3%10 6.67 %10

Hints and Explanations H.291

11
- M=4zz2><81><10“><£

- M=48x10*
Hence, the correct answer is (D).

36. —=02

02x4x109

6.67 x107

= my=012x10" =1.2x10% kg
Hence, the correct answer is (C).

m3=

37. Centripetal Acceleration of Moon Il is

2r 2
a-=| —— | x9x10”
¢ [3><105)

= a-=4r"x0x107°

CHAPTER 4

= a-=~004ms?

Hence, the correct answer is (B).

Matrix Match/Column Match Type Questions

1. A-({pq1);B->1);,Cot;D->(pqr1s)

Conceptual

2. A-(q;B-(();C—({p;D-(9

= E«=pR

At surface, V=-——=-
R

= VepR®

3GM

2R

At centre of a solid sphere field strength is zero.

centre —

3. A= (@B=();C—=(q;D-(p)E—()
At perihelion position planet is nearest to sun.

4. A p,q,rs 5B—=(p,qrs);C—(qrs);D—(pr1)

|'GM and E__GM??I

5. A—>(p) (q) C—>(q D-(q)
Due to rotation of earth, variation in value of g is

given by

=g - Rw* cos® ¢
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10.

11.

Atpole ¢ =90° so there is no effect of rotation of earth.
Atequator g" will increase if @ decreases.
Further, T will increase with decrease in @

From Kepler’s Third Law T?«<+*, s0 r should also

increase.
. Mm g . .
Since, E= - 5 ,sowithincreasein r, E alsoincreases.
r

A-mt),B=>(6);C—>(prD-=(q
Conceptual

A= (p);B—=(q;C—(s);D— (b

GM ,__GM
R R

Gravitational field of the earth is actually the measure
of acceleration due to gravity.

Atheight 1= R:

E=

, GM GM E

T (R+h) 4R* 4
e M
2R

1
ie, E’ decreases by a factor — and V” increases by a
factor of 2. 4

Atdepthd:%:
d) E
E=El¢-—=|==
[+-5)-3
v=-M (g2 p2)
2R
2
V'=_G_A§(3R2_R_J=_EG_M
2R 4 8 R

ie., E" decreases by a factor 1 and V” also decreases
11 2
by a factor R

A—=(q;B—=(s)C=(p);D—=(r)
Conceptual
A=(r,q);B—=(s);C—(p;D—(r)
Conceptual
A= (s);B—=(1);C—(p);D—(p)
Conceptual
A=(@);B=(q:;C=(p);D—=()
For planet revolving around sun in an elliptical orbit,
we have from Kepler’s Second Law

M_L

At 2m

mab_ L

T 2m

2mmab

= L = constant

Integer/Numerical Answer Type Questions

1.

Area that cannot be covered by the satellite moving in
an orbit of radius r as shown in figure is

47R*Nr? - R?

r

A=47R* -

- A=20R?
where, Q=27(1-cos8)

=

¥

= Q=2:r[1—

=

= A=4ER2(1
.,

= 16r> —16R* = 9¢?

4
= r=—=R=1515R
J7
r 4
= —=-—==151
R V7

Since, AW = F-d/
= dW= mEg -di
= dW=m(2;+3})-(fdx+}dy)
= dW=m(2dx+3dy) (1)
Since the particle is moved along the line
Jy+2x=5
= d(3y+2x)=0
= 3dy+2dx=0
= 3dy=-2dx
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= dW=0 { of (1)}

= W=0

Applying Law of Conservation of Energy, we get 5.

(U+K)s=(U+K)o

~ GMm  GMm
 JRPear? VAR

K, =0
Finally, when m passes through O, we have

GM 1
Up =2 and Ko = =m0’
R 2

Uy

Since (U+K),=(U+K)p

GMm 1 , GMm
= == oMU -
V3R 2 R
L, 25-1)em
J5R

1
1 \GM |2
= v=|2|l-— |—
{-5)7]
= x:Z,y:\/gandz:Z

5 2
v _(B) 5
- xz (2)(2) 4_1'25

By Law of Conservation of Energy, we have

(U+K)sm;fn(f =(U+K)atw

GmM 1

+—mu? =0-|-1m?)2
2 2

Hints and Explanations H.293

= o2=-(112)" +(15)" =125+ 225
= =10 kms!

By Law of Conservation of Angular Momentum, we
have

m(v,cos60°)4R = mvR

GMm 1 2 Mm 1 )
4R 2 R
1, 1, 3GM
= U -—yy=——r
2 2 4 R
= vc,:% 64x106—% -

= 7= 40002 ms™
= 7y =5656 ms™

(a) Let x be the displacement of ring, then the dis-
placement of the particle is (3-x) m. Since, no
external force is acting on the system and particles
are initially at rest, so the centre of mass will not
move. Hence,

(54x10°)x=(6x10%)(3-x)

= x=03m=30cm

(b) By Law of Conservation of Linear Momentum,
we have

0="5.4x10"0, -6x10°7,
= 1,=9 (D
By Law of Conservation of Energy, we have

(u +K )initial = (u +K )final

Gmym, 1 1
Bkl Emlvf + Emzvg‘

+0=
4% + 37 4

I \/6.67x10”x6x103
"V 100 100

= 1,=002ms™ =2cms™

= ©v,=97,=18 cms™

q
[+ 4
L
-
o.
<
L
Vv
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Potential at origin is

V=~ 2GM
a
Potential at point (0, 0, Z\Ea) is
Voo XM __ 2 GM

\Jaz+12r12_ N

By Law of Conservation of Energy, we get

(U+K)p=(U+K)p

- e e

= a=4and =13

Let v be the speed of the projectile at highest point
and r,,, its distance from the centre of the earth. By

Law of Conservation of Angular Momentum and Law
of Conservation of Mechanical Energy, we have

Moy sinet = mor, (1)
1 GMm 1 M
—mvﬁ——mz—mvz—G m ...(2)
2 R 2 r

Solving these two equation, we get
3R

T,
max
2

So, the maximum heightis k. =7, -R= 5
= #=2

A satellite which rotates with angular speed equal
to earth’s rotation has angular speed of revolution is
given by

10.

2
w:%,where T=24hr

When satellite moves from a point above north pole to

. : n .
a point above equator, it traverses an angle — . So, this
time taken is given by 2
’ ﬂ:""#2 T

T=—"2 ="=6hr
(2n/T) 4

By Law of Conservation of Energy, we have

(u +K )surface = (u +K )centre

u=0

7GMTH 1?1‘1(0)2=*§GMW+1 7)2
2 2 R 2
1 2 GMm
= M =—-"
2 2R

where m is the mass of the ball

/GM
= U=, —
R

Velocity of ball just after collision

, 1 |GM
v=ev==,—
2V R

Let r be the distance from the centre upto the point P,
where the ball reaches after collision. Then by Law of
Conservation of Energy, we have

(u+K)centre:(u+K)P

GMm
2R3

where Up = - (3R*-1?)



[ ] ]
Mm 1 CM
_EGJ+_HI 2 gn(BRZ_ 2)+0
2 R 2 2R
But v'=— G—M
R
M 1GM M
_EG m+_G m=_G T(3R2—}’2)
2 R 8 R 2R
1 [3R2—r2]
= ——=- 5
8 2R
= 22R%=24R*-8/
= 8r’=2R?
2
= r:":R—
4
R
= r=—
2
So, the desired distance, is
s=R+5+E=2R
2 2
= x=2
11. Atapoint P ata distance r from Moon, we have net

12,

gravitational field equal to zero

_G_M_G(SIM)
> (D-r)
= D-r=9r

= 10r=D

So, r= % from the Moon and % from the earth.

= x=9and y=10

= y-x=1

Consider an imaginary planet moving along a strongly
extended flat ellipse, the extreme points of which are
located on the planet’s orbit and at the centre of the
sun, the semi-major axis of the orbit of such a planet
would apparently be half the semi-major axis of the
planet’s orbit. So, the time period of the imaginary
planet T" according to Kepler’s Law will be given by:

BHE)"
- ey -3

So, time taken by the planet to fall onto the sun is

T T(1)?
f=—=—| —
2 2(2]

13.

14.

15.

Hints and Explanations H.295

*****

\ — )
\\ ’=L l’
. Tz
" — r—»
2
. f=£T=\FT=\F=1
8 64 32 [

= x=5
For point mass at distance r =3/

GMm Gm®
- =ma

For point mass at distance r =4/
M 2
G—n.: + G_n; =ma ...(2)
(40)° !

Equating the two equations, we have
GMm B Gm® _ GMm N Gm?®
92 2 1602 2

m m
—t———————-
<:;}7*—“ ¢

7GMm B 2Gm*
144 2

=3 GrR,p,
8 _ Ropy
gl.’ prf

Also, v, = J;g_R

v R '

L Y (SR (8] [P V12 3
vf gt’R(’ gt’ pp 11 4
v, 23 3 3

= —=—X—=—
v, 11 2 11

= 'Up=3kms’]

The gravitational field due to cylinder at a distance x
2GA

from its axis is Eg =
X

q
22
L
-
o.
<
L
Vv
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16.

17.

(2GA) mv*
= m| == |=—
X x

where 1 is the linear mass density given by
A= ;:)(J*:R2 )
= 2GpnR* =7

= v=R\2Gpr
1

= #=2
11 M
2.2 M, o
® en?y-( o
_______________
H—%—Hﬂ-g-ﬂ

Total angular momentum aboutcm L

Angular momentum of B about cm ) E

Lo e e ()
e

L

L.

The time period T of the satellite is

3 3
T=2m |~ =2r |—
GM gR
2.3 3
YLy
gR R

where, = 6400+ 1600 = 800 km = 8000x 10> m
and R=6400x10° m
Substituting these values, we get

= 6

—~

=

(8000x10°)°

2
(6400 10°)
Further, orbital speed,

2
o= [CM _ SR
r r
= 0= [(Lg]x(mooxlog)
8000 x 10

= p=7155ms"

T=2 =7071s

Let t be the time interval between two successive
moments at which the satellite is overhead to an observer
at a fixed position on the equator. Since both satellite

18.

and earth are moving in the same sense (i.e. from west
to east) with angular speed s and @ respectively so,

we can write the time of separation (¢) as
2r
W5 — Wp

t=

2

where Wg =2—E and ()3 =m

7071
,  86400x 7071
86400 - 7071
- 611x10°
79329
= +=7702s

Applying conservation of mechanical energy, we have
(U+K)atB = (u+K)atA
= Uz+Kz=U,+K,

= UB+O=UA+%mvﬁ

where U =mVy and U, =mV, , so we have
%mvi=uB—UA=m(VB—VA)

= UA=m (1)

Potential at A

Potential Due Potential Due

V, =| to the Complete || to the Spherical

Sphere at A Cavity at A
V. - _EG_M_(_GM']_ M _3GM
A7 2R r r 2R
where
4 R’
M= E:rrRap, r =E and M'=—nrip= dl
3 2 3 6
Substituting the values, we get
G| mpR® 3 5 2
V=~ =——-2mpR® |=-Z7GpR
A R[ 3 P, 3 P
Potential at B
Potential Due Potential Due
Vg =| to the Complete || to the Spherical
Sphere at B Cavity at B
GM /. ., 3GM’ )
Vy=——— (3R -2 )| -2 2=
TS (3% =r") ( 27
where
3
M=E]IR3,D, r _R and M’ =é:rr3p= PR
3 2 3 6
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11GM  3GM’ f4GM
8 R R 3R
G( mpR®  117pR’ 4 5 PGM
Vo=—| ———— |=——7GpR i =,|—
B R[ ) 6 3 P Since v, A
o V-V, = %J?.‘GPRZ Given that v, = N
So, from equation (1) = 26M - 4G_M\/ﬁ
R 3R
2 2
v=,[-nGpR
3P = N-= % =15 <
2GM - : o
Also, v, = R 20. Let E be the gravitational field at x due to the com- Ll
plete sphere. E
where M_, = M-M'= 7 Rp If E; be the field due to hole and E, be the field due to <
6 the remaining portion, then we have T
E=E +E, U
= = E=E-F
GM Gm
= 2 = ? - W s .(l)
x [ —
2
- 3
4 4 (R
here, M=—nR’p; and m=— (—)
where SRy and m==z| = | py
=
Substituting the values in equation (1), we get
= aCpR* [ 1 8
B )Ry e
. Atheight h, we have [x - 2)
2
gR
= (1) -
& (R+h) o =_(ﬁGp0R3J 1 8
. 8 B? ’ 6 [QR_E)Z (2RY’
Given that g, = g ih 2
Substituting in equation (1) we get, v WG R 4 2
= EZ = ——O[ —2 - —2 J
1 ( R }2 6 \9R* R
9 \R+h b TGpR(4-18
= h=2R o6 L9
Applying Law of Conservation of Energy, from A to 14
B, we get = b= 5—4”GPOR
(U+K) = (U+K)y ;
GMm 1 , GMm = b= (EJ”GPUR
- +-movt=— +0
2 R+h
Since I = 2R, so we have Since, E =( J?TG,ODR
a+20
1 , GMm GMm
Myt = - a7
2 R 3R =—
, a+20 27
v 2GM
= =— = a=7
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21. Figure shows the corresponding situation

ARCHIVE: JEE MAIN

Since the spaceship follows a parabolic trajectory
tangential to the moon. When at the surface of moon it
has speed equal to escape speed

[2GM
v, = ——
R

Now to transform it into a circular orbit, its speed
should be decreased to orbital speed v, given by

GM
Ay

So, change in speed is

Av=1v, -1,
= Av:(ﬁ—l) G—M
V R
= x=2

1. Since dn = pdV, where dV = 4nr’dr

= dm= (E](él:rrzdr) = dmkrdr
r

R R )
= M= J.dm = I4nkrdr= 47rk%
0

0

R

0

= M=2rk(R*-0)=27kR?

For circular motion, gravitational force will provide
the centripetal force so that

GMm m_if)2
R? R
G(27kR? ) m _ m_vz
R? R
= v=+21GkR
Time period T is given by
v 2nGkR
= T’«R

Hence, the correct answer is (C).

Let M be the mass of earth, M; be the mass of shaded
portion and R be the radius of earth.

Atheight 1, g, = oM

At depth h, we have

M 4
Mlsz1=—4 EE(R—h);": R3
E?IRS

M(R-h)’

Weight of body is same at P and Q, so
mgp =Mgo

= & =80

GM, GM

(R-h)* (R+h)

GM(R-h)’  GM

(R-hPR®  (R+h)

= (R-h)(R+h)' =R’

= R’-hR*-hWR-h’+2R*h-2RW* =R’




= RI-RW-K=0
RZ-Rh-h*=0
= W +Rh-R*=0

o “REVRI+4R"

U

=
2
~R++5R _[5-1
h= = R
2 2
Hence, the correct answer is (A).
. GM
Since, vy = |—
(U+K)A = (U+K)B
3
A Vs \E vy
R,
B
Rmax /’
- -7 vr
= ~CMm +lmvz = —CMm +1mv’2 (1)
(4 2 max 2
Also, vR, =v'R,, (2
Solving equations (1) and (2), we get
Rmax = SRE

Hence, the correct answer is (B).
According to Gauss Law for gravitation, we have

E(4ar?)= J podnridr

r 2
= Er’= 4nGJpn[1If;2)r2dr
0

[El=E= 4G (”3 ”5]
= |E|=E=4 —_———
P53 TR

dE
For E to be maximum, o =0
r

= r= ER
9
Hence, the correct answer is (B).
A
Given that E- = 736” andV, =0
2, 2\
x“+a

V.r X
Since, JdV = 7.[EG -dx

V. oo

Hints and Explanations H.299

= V.-V =7J'7Ax —dx

) (xz +a° )3""2

oo

Substitute x* +a” =z i.e., 2xdx = dz

f Al (A
Lo (4)
SR P S

X

Az
R Ew

A A

Y(2ea?)” (2 4+a2)"

Hence, the correct answer is (A).

oo

For orbit close to the planet, R+ /= R
GM

R

, 2GM
Since, Vgscape = e

Uorbit =

CHAPTER 4

Uorbit i

vescape \/E

Hence, the correct answer is (C).

GM GM
Since, ¢, = = (1)
57 Reny (3R2)

=

b
ih:Fr‘.'2
]

1
1
1
1

ER
¢ (R-d)
_ GM(R-4d)

Also, g, = P ...(2)

Given that, ¢; = ¢,
GM  GM(R-d)

=
(32} R
4 (R-d)
= =
9 R
— 4R=9R-9d
= BR=94
d 5
= —=-—
R 9

Hence, the correct answer is (D).

At equator, we have g, = ¢ - R’
Forhi R, wehave

2h 2¢h
82‘”’8[1_E):3_i
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10.

Since, g1 =g,
_2gh
R
R*w?
28
Hence, the correct answer is (D).

Ro’

h=

Applying conservation of angular momentum, we get

—

- =~ v .
min
.~ Planet b I
\\rm\n rma)( L
Vinax S - P
rminvmax = rmaxvmin (1)
— Umax

Given that, v

# ¥min —
From equation (1), we get

Tmin _ l

rmax

Umin _

Um ax 6

Hence, the correct answer is (A).

The minimum speed will take the body to the neutral
point P after which the bigger planet will automati-
cally attract the body towards itself. So,

GM _ G(16M)

¥ (102-x)°

1.4

x (10a-x)
= 4x=10a-x
= x=2 (1)
Applying law of conservation of mechanical energy,
we get

_GMm _ G(16M)m _GMm _ G(16M)m

+KE=
8a 2a 2a 8a
= KE:GMm(i+EiE]
81 2a 2a 8a
. KE:GMm(1+648416)
a

11.

12.

13.

14.

15.

ae
= lmv2=GMm(§)
2 8a
e \/9OGM 3 \/SGM
NV 8 2\ &

Hence, the correct answer is (B).

W =196 — mRo*
Hence, the correct answer is (D).

Gravitational field on the surface of a solid sphere

GM
R
From graph, G—M; =2and G—Mzz =3
(1) (2)
M_1
M, 6

Hence, the correct answer is (D).

Initially, the body of mass m is moving in a circular
orbit of radius R. So, it must be moving with orbital
speed given by

GM
'y

After collision, let the combined mass moves with
speed vy, then by conservation of momentum, we get

{32

50,

= U =—
6

Since after collision, the speed is not equal to orbitial
speed at the point. So, motion cannot be circular.
Also, velocity will remain tangential, so it cannot
fall vertically towards the planet. Their speed after
collision is less than escape speed V20, 50 they cannot
escape gravitational field. Hence their motion will be
elliptical around the planet.
Hence, the correct answer is (A).

The escape velocity is

2GM
v, = |—
R

Hence, the correct answer is (A).
Since, U, + K, =U, +K,

GMn 1,
10R 2

GMm 1
il +§mv2
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o0
9( Mm) )
= = mvy = ~mu
10
9(1 gt =y
= —|= +-mui = —mo
10\ 2
= 7 —7; +07
10 ¢

= = % x(11.2)* +(12)°

= °=112.896+144

= ©=16.027 =16 kms™
Hence, the correct answer is 16.

16. Net force on 1 acting towards the centre of circle is

a 2(1 r
4.7 T3
Y 3
p! A r/ : \\
,’ : f'\\ /’ 1 \‘
! [ \\ /, [ ]
I] : A f’:a :
1 ! /’ \\ ! 1
N
g :}z
1™~ 2 %
Mv*  GM? 1
- _oM (ﬁ+-) po
[i a 2 \/E
V2
= ‘U2=G_M[1+L]
a 2\/5

= ‘GTM(H%) =1.16@

Hence, the correct answer is (B).

17. Let my; be the mass of rocket, then

GM,m, and E' = GM,,m,

€ Rm

Since V, =64V,

E=

PR; = 64pR;,
-~ R.=4R
o B _(My)(R =[i)(4)=l
E |\ M &, ) e 16
p-L
16

Hence, the correct answer is (C).

18.

19.

20.

21.

Hints and Explanations H.301

GM 2CM
E=—2+—2
(32)" (3a)
E_GM
3a*

Hence, the correct answer is (C).

R
M= '[(47rr2dr)£2
p

0

= M=4nKR
) <
G(w} _% e
R? R L
=
= 7, =+4nGK [
2:rR 2nR <
Since T = — =TIk I
’ U

T
= —=constant
R

Hence, the correct answer is (A).

Given that g, g

U
[
|

h=(v2-1)R
h=6400x0.414
h=2649.6 km

h=26x10°m
Hence, the correct answer is (D).

Since Tz& and v, = [G—M
vy r
r r

= T=2nr|— =21,|]—
GM GM

oL el

(202)° x10"
= T=2r = 55 S
6.67 x107 " x8x10

= T=78122s
= T 217hr
So, number of revolutions is

N= 24 =11

T

Hence, the correct answer is (C).
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(]
22 Given that $¢.= 2 = Let v, be the minimum speed of meteorite at O,
g 4 then by Law of Conservation of Energy, we have
, GM 1 2aMm_
Since g = ra 5 M7
M xR2 9 _ [4GM_ [4x6.67x107" x3x10%!
N (A = U= = 11
RIxM, 4 R 10
2 = 7,=283x10° ms™ =2.8x10° ms™’
R, 9 0
= 9x ra Hence, the correct answer is (A).
LR R _R 27. Since, v = 2¢R, v, =/2gR
P
2 2 = Av= \/giR (\/E - 1)

Hence, the correct answer is (D). .
Hence, the correct answer is (B).

23.  Areal velocity is given by 28 0 X=4 dM  x=a+l
. X =

AM L a-moo—o- a T D
— = mt > —
At 2m X ax
Hence, the correct answer is (C). IF = GW;M where dM = Adx
2. E=U,-U, *
= dM=(A+Bx*)dx
. GMm  GMm L
1= - ! 2
R (R+h) So, dP=_ij(A+B;r )dx
_ GMmbh X
Y"R(R+h) ‘ L
KE of satellite in this orbit is F= —Gm[—A( —- —) + BL}
L+a a
KE=E, = GMm _ GMm L
2r  2(R+h) = F=-Gm|A P +BL
:> 1 GMm H & @ a s (O)
275 (R+h) ence, the correct answer is (C).
Given that E, =E, 29. Orbital velocity v, is given by
5 2.1 o= [CM
R 2 0 R
= .Pz:5 P N
2 /// \\\
Hence, the correct answer is (A). / Y
! \
I \
25. Since U = —z(lmzﬁ) : -—-M ——e M
2 II\ 1 VO
In order to escape, we have U+K =0 \ S
= K=m’ \\\H /’,’ Vo
Hence, the correct answer is (B). After collision, we have
26. 2R=d=2x10"m mvo(—})ﬂ-mvo(—?):Zmﬁ
= R=10"m . Uyr Uy
= T=-—i-—1]
2 2
Pl N v
s N = |5|=-L=0.7v
Mir \" \/E 0
"\ ,"M = 1<7
S So, the path will be elliptical.
Hence, the correct answer is (C).




30.

31.

32.

33.

ICON

. v GM
Since —=—-
roor
, GM
= U =—
r
1 2 )
T, o' 1(UAJ
= =7 —| A
Ty Lome? 2\ vg
2
o Ta_1Rp_
T, 2R,
Hence, the correct answer is (A).
k
Since U =-—
2r
Force acting on the particle is F = —i—u = %
ror

This force provides necessary centripetal force, so
2

mo” _k
roor
k
2
= my=—
-z
- . 1 5 k
Kinetic energy of particle, K = 2™ =23
’
. k  k
Total energy of the particle =U + K = w3 + 22" 0
e 2r
Hence, the correct answer is (C).
Since, central force is given by
=
¢ R"
= L= k( i]
RH
= mo'R=k —
(22 1
= "o k R
= T2 o RH+1
(n+1)
= T«R 2
Hence, the correct answer is (C).
Initially, total energy is E, = - GMm
2R
() o)
Final total energy is E; = - -
BECEESY
2| = 2| —
2 2

_ 2GMm
f 3R

34.

35.

36.

37.

Hints and Explanations H.303

Required difference in energies is AE=E( —E;

GMm(gl]_GMm
3 2)  6R

Hence, the correct answer is (D).

F - GMEZM," and F, = GM;MS
51 )
2GM,M 2GM.M
= AF1=——§ "L Ar, and AF, =- G 3" = Ar,
5} ) <
SR My 5 (M, )5 )& i
AE, 1 MaAn | M, 5 )\ An -
Given that Q.
A = Ary = 2R o, M, =8x10% kg §
M, =2x10" kg, r,=0.4x10° km, U
r, =150 x10° km .
= EL =2
AFZ

Hence, the correct answer is (A).

Effect of rotation of earth on acceleration due to grav-
ity is given by ¢’ =g~ Rw’cos’ ¢

where ¢ is the latitude angle. There will be no change
in gravity at poles because ¢ =90° at the poles and at
all other points as @ increases, ¢" will decrease.
Hence, the correct answer is (C).

This force provides the centripetal force to the particle

to move in a circular orbit.
mo* 16 3
=—+7

r r
- 1 -, 1 4
Kinetic energy, K= Emv = 5(16 +r)
16+1
Ky o 17
= K, 164256 0B
2
= LS} 6x107
K

2
Hence, the correct answer is (A).

Variation of ¢ inside earth surface
g

gs """
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38.

39.

40.

41.

42,

43,

For d<R, g:(Gde

R?
Gm
For d=R,gS=F
For d>R,g=%

Hence, the correct answer is (D).
Here, the weight of person on the equator is W. If the

W
earth rotates about its axis, then weight is 3?
Radius of the earth = 6400 km
The acceleration due to gravity at the equator is

8 :g_Rmz

3 2
Zo=0-R
= 48 2 (]
= Ra*=%
4
= o= \/E 2 _0625%10° rads™
4R V4x6400%10

= ©=063x107 rads™
Hence, the correct answer is (A).

The correct answer is (A).

GM
Up = ?=\/37R

2GM
v, = X - J2¢R
So, increase in velocity is

Av=\/g_R(~/E—1)

Hence, the correct answer is (A).

Let the area of the ellipse be A . According to Kepler’s
Second Law, areal velocity of a planet around the sun

is constant, i.e., m = constant, so we have

A A 3A
t _ Area of abesa E+E _1_3
t, Areaofadcsa A A A
2 4 4
= tl = 3t2
Hence, the correct answer is (C).
Gravitational pull on the astronaut F; = GLmZ
(R+h)

Net force on the astronaut is zero.
Hence, the correct answer is (C).

VP = Vsphere atP Vcavity at P

GM
_3(

Since, V = ———(3R% - 1?)
2R

2L

45.

46.

M| ., (RTJ 11GM
= V =—— 3R" -] — =
sphere at P 2R3 [ 2 8R

Now, V.

cavity at P ==

8R
Hence, the correct answer is (B).

Centripetal force is provided by the gravitational force

1 1
which is proportional to —. So, F o< —
r r
2
o M 1
roor

= 1, = constant
2
Since T=2%
v

= Touxr
Hence, the correct answer is (C).
Potential V() due to a large planet of radius R is
given by

GM

Vo(r)=—— for r>R
r

V(r)=_GTM for r=R

Vin=77
2 R

Hence, the correct answer is (B).

2
FoF Mo

gravitational force on M = R

2
3GM(1’H2) for r<R
3R

GM®  Mov®

GM? 1
+ 5=
] (2R) R

- F=2| 2
2

((«ﬁﬂ) 2

GM”  GM® _ Mv®

V2R 4R? R

v:%,ﬂGTM(1+2\/§)

Hence, the correct answer is (D).

=



e
M
47. Atsurface, E; = _GTm
In orbit, Ef=- GMm =_GMl
2(3R)  6R

= Required energy is
= AE:EI—EI:SGMm

6R

Hence, the correct answer is (A).

48. Energy required to make the spaceship reach the free

space is
AE= GMm
R
, _GM
Since g = g

m
= AE= ng X E
= AE=mgR
= AE=1000x10x6400x10° = 64 x10° ]
= AE=64x10"]
Hence, the correct answer is (C).

49. Let x be the distance of the point P from the mass m
where gravitational field is zero.

m P 4m
o

ARCHIVE: JEE ADVANCED

50.

Hints and Explanations H.305

R @=G(4m)
2 (r-x)
(L]Z_l
(r-x)) 4
— x=L ..(1)

o . . . ro.
Gravitational potential at a point P i.e.at x = 3 is

_Gm G(4m)  Gm _ G(4m)

V= =
C ) )
J— 'rfi
3 3
V:_@_SG(clm):_gG_m
r 2r r

Hence, the correct answer is (D).

q
[+ 4
L
-
o.
<
L
Vv

The acceleration due to gravity at a height /i from the
g

ground is given as .

M

om_(G !
2 URY )9
= r=3R

The height above the ground is 2R
Hence, the correct answer is (A).

Single Correct Choice Type Problems

1.  For a particle revolving in a circular orbit of radius r
due to the gravitational attraction of inner cloud of
mass M , we have

GMm mo*
r2 r
2 2
o M= v _ 2mor
G 2Gm
. 1 5
Since K = Emv = constant

= mo*=2K
2Kr

M=
Gm

2Kdr

Also, we know that
dM = p(r)dv

= dM=p(r)dnridr
So, equation (1) becomes,

p(r)anrdr _ 2Kar
Gm
P _ - K

r)=——
m 2nGm*r?

Hence, the correct answer is (B).
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2,

Given that v, =11.2 km 2GM,

€

By Law of Conservation of Energy, we have

K1+U,-=Kf+uf
. lmyf,GMsm, GM,m — 040
2 r R

e
where, r is the distance of rocket from sun
2GM,  2GM

v, = 3
R, r

Since, M, =3x10°M, and r=25x10"R,

B \/ZGME , 263x10°M
R

25x10*R,
ZGMF( 3x105]

1+ 1

25x10
G £x13

= v, 42 1<ms_1
Hence, the correct answer is (C).
R

: _ p _ —earth
Given, R, =R = 0

earth

3
3 - Rearth

Since, density p= 1

Mplanet
4 -3
5 an]anet

M M

_ earth — ¢
planet =903~ 1000
Let the acceleration due to gravity at surface of planet
and at the surface of earth be g, and g, respectively.
Then

Also, p=

= M

GMplanet _ GME.(]-O )2 _ GME

gP_ R;lanet (10)3R§ _lORf
_ 8
=10

The value of g inside the planet at a distance x from
centre of the planet is

X x
Sinside = &surface of planet =8 P

So, total force acting on wire is

=i(ldx)gp(%]

B

R

l 2
. F=ﬁ(x_]
R 2 4R/5

Substituting the given values, we get
=108 N
Hence, the correct answer is (B).

In circular orbit of a satellite, potential energy U is
1
U = -2 x (kinetic energy ) = -2 x Emvz =-mo*

Just to escape from the gravitational pull, its total
mechanical energy should be zero. Therefore, its
kinetic energy should be +mv” .
Hence, the correct answer is (B).

For annular disc, gravitational potential at the point P
lying on the axis at a distance x from centre is

Vp = 2GM (\/R2+ R+
where R2-4R R1 —3R and x=4R
Vp=- 2GM(4IR 5R)
7R?

Also, V_ =0

Since Wp_,.. = my(V., - Vp ), where my =1 unit

= WP4m=2;;7RM(4\/§75)

Hence, the correct answer is (A).
mo* GmM

For r<R, — 5 ...(1)
r r

4
Here, M = (Errre‘ ]po

Substituting in Equation (1), we get ve<r
i.e. v-r graphis a straight line passing through origin.
For r >R, we have
3
mfvz Gm( 3 R ) P

2

r r
= Dee l
Jr
The corresponding v-r graph will be as shown in
option (C).

Hence, the correct answer is (C).

In case of binary star system, angular velocity and
hence, the time period of both the stars are equal.
Hence, the correct answer is (D).

Time period of a satellite very close to earth’s surface is
84.6 min . Time period increases as the distance of the
satellite from the surface of earth increases. So, time
period of spy satellite orbiting a few 100 km above
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10.

11.

12,

the earth’s surface should be slightly greater than
84.6 min . Therefore, the most appropriate option is
(Clor 2h

Hence, the correct answer is (C).

Since T1:2n\F
g
Vgh

S
oW 8= e
= g;,:% {- h=R}
L_ |8 _
Tl g‘..’4

Hence, the correct answer is (D).

Force on satellite is always towards earth, there-
fore, acceleration of satellite S is always directed
towards centre of the earth due to which net torque
of this gravitational force F about centre of earth is
zero. Therefore, angular momentum (both in mag-
nitude and direction) of S about centre of earth is
constant throughout. Since, the force F is conserva-
tive in nature, therefore mechanical energy of satellite
remains constant. Speed of S is maximum when it is
nearest to earth and minimum when it is farthest.
Hence, the correct answer is (A).

From Kepler’s Third Law, we have
T2 oc 1

= Te(r)”?

3/2
T !
- ~2_|h
L \n
. V2 12
= T, =T1(—2J =(365)(—)
n 2
= T,=129 days
Hence, the correct answer is (B).
FeR™2
This gravitational force of attraction provides neces-
sary centripetal force to planet to revolve about the
massive star.
=  mRw? <R ?
= @ <R7?
4z’ —7/2
= F o« R

= T?«R"
Hence, the correct answer is (B).

13.

14.

Hints and Explanations H.307

AU _GMm _(_GMm )
R+h R
AL = - GMm  GMm [~ h=R}
2R R
o au=Mm lm(G—J\fJR= mgR
2R 2 R 2
Hence, the correct answer is (A).
. _GM
Smce, g= ?
1 <
oc F E
& __,AR In-_
8 R <
So, g will increase, if R decreases T
= £=—2(—10/0)=20/0 A

8
Hence, the correct answer is (C).

Multiple Correct Choice Type Problems

1

Gravitational field at a distance r due to mass
( 4 3 ) ‘
m|==nr’p| is
3

4 3
- r? 3
Consider a small element of width dr and area AA
at a distance r from the centre. Pressure force on this
element is due to the gravitational force on dm from
m inwards towards the centre.

= (dP)AA=E(dm)
where dm=(AA)(dr)p and m:(%mst

= —dPAA= (%Gﬁpr)(pAAdr)
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2
P=2Gﬂ(R2—r2)

3
2

= P=k(R27r2),where k=2G3ﬂ=constant

R 9R? 7R?
Fm;r:%f,11=k(ﬂz—-—-]=k( J

16 16
2 2
For, r= 2K pfk(ﬁz_ﬂJ:k(ﬁ]
3 9 9
P, 63
= -
P, 80
2
mnnﬂig %M—EW)kP@%
5 25 25
2 2
For,r—ﬁ, 4—k(R2—£]— (ﬁ]
5 25 25
P
o B_16
p, 21
2 2
Fm‘r:E,Jg:k(Rl—E—]:k(3R )
2 4 4
2 2
for 1=, o 1K) (B
3 9 9
KE_2
P, 32
Hence, (B) and (C) are correct.
L C L
R e )
M T“ M
v

Let v is the minimum velocity, then by Law of
Conservation of Energy, we have

(U-I-K)C:(U‘l'K)m
[_GMm

J2+%mv2=0+0

= U=2G—M
L

Hence, (B) and (D) are correct.

4
2G(—JrR3]p
o, = ,2GM= 3 _ /4GpR
) R R 3

Ve = R

Surface areaof P is A= 4R'R}%
Surface area of Q is 4A= 47:R,5
= Ry=2Rp

ae
Mass of Ris Mg =M, + M,

4 ' 4 4
= (5o o= 32 o+ 350 )

Ry=Rp+R;

U

R} =9R}

=
= Ry=9"R,
= Rg>Ro>Rp
= Vi>Vp>Vp

Also, Ve =93 and Ve = 1
v, vV, 2
Hence, (B) and (D) are correct.

Gravitational field is the acceleration due to gravity.

cM rzR
72 (Outside)
So, g=
—nGpr r<R
3 (Inside)
E
= —=-2(Outside)
K o

where 1, >R and r, >R

and h_n (Inside)
B n
where 1, <R and 1, <R
Hence, (A) and (B) are correct.
The spherical cavities can be assumed to be negative

masses placed symmetrically about origin O. So gravi-
tational force due to this object at origin is zero.

The dotted circle is lying in the yz plane and is an
equipotential surface (as we can see that two cavi-
ties are lying symmetrically on each side of the EPS
(Equi-Potential Surface) so gravitational potential is
same at all the points lying on the circle y* +z* =

(where Q= constant).

Hence, (A), (C) and (D) are correct.



