NSEP AcadXl

ELECTROSTATICS

Note: (*) — Multiple Correct Type Question

1. An isolated metallic object is charged in vacuum to a potential V, using a suitable source, its
electrostatic energy being W, . It is then disconnected from the source and immersed in a large

volume of dielectric with dielectric constant K. The electrostatic energy of the sphere in the

dielectric is: [NSEP-2017]
(A) K> W, (B) KW, © ) Lo
K K
Ans. (D)
2
Sol. U =2c since C will become k times

So U will become % times

2. Two identical charged spheres suspended from a common point by two light strings of length ¢ ,

are initially at a distance d(< /) apart due to their mutual repulsion. The charges begin to leak

from both the spheres at a constant rate. As a result, the spheres approach each other with a

velocity v.If X denotes the distance between the spheres, the v varies as [NSEP-2017]
(A4) x* (B) x** Q) x™ (D) x
Ans. (O

Sol.

o (20m(@)2 s :

3 = x =( const )q?

~ _dx 2 =
2v=2v=( const )x 2 :Ez(const)gq 3
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3. A cylinder on whose surfaces there is a vertical electric field of varying magnitude as shown. The
electric field is uniform on the top surface as well as on the bottom surface therefore, this cylinder
encloses [NSEP-2017]
800 V/im
-
aoovim 1+ 4 %4
(A) no net charge
(B) net positive charge
(©) net negative charge
(D) There is not enough information to determine whether or not there is net charge inside the
cylinder.
Ans. (B)
Sol. Consider a Gaussian surface
¢ =(800—400)A = in i, =400, A
€o
4. A hollow conducting sphere of radius 15 cm has a uniform surface charge density +3.2uC/m?”.
When a point charge ¢ is placed at the centre of the sphere, the electric field at 25 cm from the
centre just reverses its direction keeping the magnitude the same. Therefore, ¢ is: [NSEP-2018]
(A)+0.91uC (B) —0.91uC (C) +1.81uC (D) -1.81uC
Ans. (D)
Ko4nR*> K
Sol. El=E2:>r—2=r—2(q—6.47tR2):>q=2><47ER2~6
q=81R%
=1.81uc

- K(q-cdnR?)

r
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[NSEP-2018]

[NSEP-2018]

[NSEP-2019]

NSEP
5. An electron (e) and a proton (p) are situated on the straight line as shown below. The directions of
the electric field at the points 1, 2 and 3 respectively, are shown as
] ] ]
J * 1 ° J
(A) > £ > (B) € » €
(@ € -y > (D) > <% %
Ans. (B)
Sol. E«x iz
.
*6. Two point charges +1uC and —1uC are placed at points (0,—-0.1 m) and (0,+0.1 m) respectively in
XY plane. Then, choose the correct statement/s from the following.
(A) The electric field at all points on the Y axis has the same direction.
(B) The dipole moment is 0.2uC—m along +X axis direction.
(C) No work has to be done in bringing a test charge from infinity to the origin.
(D) Electric field at all points on the X axis is along +Y axis.
Ans. (CD)
A
-Tueh,
", (0,0.1m)
" E(due to -1c)
=
> > X
/,” due to +1uC
e b (0,-0.1m)
Sol.
V,; =0 Voo=0 AU =qAV =0 ... C is correct.
From symmetry of the problem components of field by both charge cancel in x-axis and add up in
y-axis.
7. Two charges -  and —q are placed at points ( 0,d ) and ( 0,—d ). A charge +(, free to move along
X axis, will oscillate with a force proportional to
1 1 X
(A) B) = © ———= D) =—
x? +d? x° (d2+X2)§ VX% +d?
Ans. (C
© 2kg?x R
Sol. Frest = ﬁ :
(d +X )

L

sac
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[NSEP-2019]

[NSEP-2019]

NSEP
8. In an ink-jet printer, an ink droplet of mass m is given a negative charge ¢ by a computer
controlled charging unit. The charged droplet then enters the region between two deflecting
parallel plates of length L separated by distance d (see figure below) with a speed v. All over this
region there exists a uniform downward electric field E (in the plane of paper). Neglecting the
gravitational force on the droplet, the maximum charge that can be given to this droplet, so that it
does not hit any of the plates, is:
E - " )
Y V
= L =
mv’L mv’d md mv?L?
A B C) —— D
()Edz ®) e Orrr ®) &g
Ans. (B)
1/ T
E
Sol. lal E /,.«"/
At
- y A1
L.
X
E
a:& A/qg when Ax=L=vt=L=t=L/V
m
Et? .
Ay<d/2 =L ngl|q| 39:>|q|smv—2d
2 2 2 m 2 EL
*9. An electric dipole placed in a non-uniform electric field may experience
(A) No net force, no torque.
(B) A net force, but no torque.
(©) No net force, but a torque.
(D) A net force and a torque.
Ans. (A, B,C D)
Sol. When a dipole is placed along the electric field at a point where the field is symmetric as well as
either maximum or minimum.
10. Point charge q is kept at each corner of a cube of edge length ¢ . The resultant force of repulsion

on any one of the charges due to all others is expressed as
q q

q

(B)

Mol neyl’
(1-0.1775)q°
<€) ——— (D) none of these
ney!

[NSEP-2020]
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Ans. (C)
Sol.  The force along x axis is

LF+ B 1}”[“ 2
Aney | 07T (1N2)2 J_ (\B)2 3| 4me, 2 J_ 33

Similar expressions are held along y and z axes. Hence the resultant force is

1 q 1 ¢ 3 1| 082250’
F= PP +F+F > F=—— 1+1+ =— 2 3+\/7 s l=——
oy 4ne, ﬁz{ \/_ \/_} { | 4mg, 1 {\/_ 2 3 N

(1-0.1775)g?

X:

Or F=

neyl’

11. A thin semi-circular metal ring of radius R has a positive charge q distributed uniformly over its

curved length. The resultant electric field E at the center O is [NSEP-2020]

- i
v
P P i 9 P

A —j—— B) +j—— O +j—— D) -j———

) J2n280R2 ®) J27t280R2 © J47‘E280R2 ) J47‘E280R2
Ans. (A)

Sol. By symmetry net electric field along X -axis at the centre O is zero and the electric field along y
axis will be added up

dEyz(—j) 1 d—acose
4ne, R

Where dq=2(Rd0) =iR(Rde) ~ 340
T T

) 1 n(qcosedej R q
E,=|—-j|2x [2 T E :(_'j—
Y ( Jj 4me, 0 R? Y : 27[280R2
12. A charge +(q is placed at each of the points X =X;,X =3Xy,X =5Xy,X =7Xj............0 on the X axis

and a charge —q is placed at each of the points X =2X;,X =4Xy,X =6Xy,X=8X;...... © here X, is a

positive constant. Take the electric potential at a point due to a charge q at a distance r from it to

be V= 2 9 The electric potential at the origin due to the above system of charges is
mEy T
[NSEP-2020]
(A) zero B) —— D in2 € -+ _3d (D) infinite
4me, X, 4mey Xo2In2
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Ans. (B)

Sol.  The potential at the origin may be expressed as

vo=L(&_i+i_i+i..........)

dmeg\ xo 2%, 3%, 4%, 5xq
V= 1 i(1—l+l—1+E—E+...........j
4me, X, 2 3 4 5 6
using now
2 3 4 5 6
Ioge(1+x):x——+x—+x—+x——x— .......... for -1<x<1
2 3 4 5 6
n2-1-22 1 1.1
2 3 45 6
One obtains V = A2
4me, X,

13.  Two point charges +Q each are located at (0,0) and (L,0) at a distance L apart on the X - axis.

The electric field (E) in the region 0 <X <L is best represented by [NSEP-2021]
: E i E i E i
i ’ i

‘\ / j I [\Lf: |, l\ R

E i ) i 0 ] T
L ®) . © l N @ l N
L 0] L2 L 5 !

(A) Fig. a (B) Fig. b (C) Fig. c (D) Fig. d

Ans. (D)

Sol.  Since both the charges are positive, the electric field at any point between them is
__1|Q Q
E= V2 2
4mey | X°  (L—X)

This will be positive for 0< x < %

and negative for % <x <L as shown in figure d.
o1
The curveis a =z type.

14. A hollow non-conducting cone of base radius R =50 cm and semi vertical angle of 15° has been

uniformly charged on its curved surface up to three-fourth of its slant length from base with a

surface charge density ¢=2.5uC/m”. The electric field produced at the location of the vertex of

the cone is [NSEP-2021]
cln2 cln2 cln2 cln2
(&) 5 (B) ©) (D)
€y 4e, 8e, 16¢,
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Ans. (B)

Sol.  Let us consider an elementary ring of width d¢ at a slant distance & from the vertex of the cone.
The charge on the circular ring shall be dq =2n&sin® dx o . The electric field produced by this

1 “ 21Esinfdé x 6 x EcosO

elementary ring at the vertex of the cone is dE = 3
4me, 3

Thereby the electric

field E at the vertex shall be E =——2sinfcos | ! 4% =E= 4isin26{ln§}: /a
€0 €0

—E=-—"x2In2=—"In2
€0 4e,

15. Consider a particle of mass m with a total energy E moving in a one dimensional potential field.
The potential V(x) is plotted against x in the figure beside. The plot of momentum - position

graph of this particle is qualitatively best represented by [NSEP-2021]
Vi(x)

\/\\_ J

> X

NN
T

p

» X

pn
All plots are symmetrical about X - axis
(A) Fig. a (B) Fig. b (C) Fig. c (D) Fig. d

Ans. (A)

Sol.  Since the total energy is fixed, the kinetic energy so to say the magnitude of the momentum will

7
(b) \/[\/ © (d) \/l\/

be large where ever the potential energy is less and vice versa. Further the momentum

p= i\/Zm x(KE) = i\/me(E —V). Here ( E-V ) is the kinetic energy of the particle. The curve

for momentum will be symmetric about X axis so curve a.

In questions 16 and 17 mark your answer as
(A) If statement I is true and statement I1 is true and also if the statement Il is a correct explanation
of statement I [NSEP-2021]
(B) If statement I is true and statement II is true but the statement II is not a correct explanation
of statement I
(C) If statement I is true but the statement II is false
(D) If statement I is false but statement II is true
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16. Statement I: Work done in bringing a charge q from infinity to the center of a uniformly charged
non - conducting solid sphere of radius R (with a total charge Q ) is zero.

Statement II: The potential difference between the Centre and the surface of the uniformly charged

non - conducting solid sphere of radius R (with a total charge Q ) is X Q .
4me, 2R

Ans. (D)

Sol.  The statement I is false but the statement II is true.

17. A sphere of radius R, is charged with volume charge density p suchthat pocr (r is distance from
Centre). Variation of electric field E with r (For all values of r:r <R and r>R)) is best represented
by [NSEP-2022]

I I
E
I
I
I
() Re—siT (®) S
| . |
E
I I
I I
I I
(© R—*4 (D) ik,
Ans. (D)
Sol.  For a non-uniformly charged sphere the electric field E(r) is given as
A
( 1K P P
IR
I

Using Gauss law, r <R

$ EdA _ 9o E 4 =ijr4nx2kx.dx
€o € 70
2
-k
4e,
For r>R
1 q
4ne, 1P

Therefore, the graph will be drawn as,
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18. Three point charges +0,-2q and +(¢ are placed on X -axis at x=-d,x =0 and X =+d respectively.
The value of electric field at a point P on X -axis at x =r(r>d) is given by E= n 1 $
me, I
(Here Q=2qd? ). Then [NSEP-2022]
(A) a=3n=3 (B) a=6,n=4 (C) a=3n=4 (D)azg,n=4
Ans. (C)
- r .
—d 0 +d P
—e 9 0 . g
Sol. ™ =29 q
Enet = : qz_z_ng qz
Amey \ (r+d)” r° (r—d)
47ie,, (r2 —d2) r?
_2q | rt+rfd®—rt +2r%d® -d*
4me, r2<r2 —d2)2
_ 29 | 3r’d*-d*
drigy | 2 (I’2 —d2)2
2
— 2q_d4 r>d) = i“
4ne,r 4ne,r
19. A static point charge Q is located just above the centre C(80) of a horizontal circle of radius R

on its geometric axis, as shown in figure. The magnitude of electric flux through this circle is
[NSEP-2022]

(A) Zero (B) Q Q) Q (D) Q
480 280 £
Ans. (O
Sol. Total flux dueto Q= g
€

Flux below the end is almost same as above

20 = Q =¢= Q. flux through the given circle = ol
% <0 €o
ol @
<R
C
0o—0
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20. Three small identical neutral metal balls are at the vertices of an equilateral triangle. The balls are
in turn touched to an isolated large charged conducting sphere whose centre is on a line
perpendicular to the plane of triangle and passing through its centre. As a result the first and
second balls have acquired charges ¢, and (, respectively. The charge acquired by the third ball

is [Assume that charge and potential of large spherical conductor change insignificantly in

charging od the balls and that charges on balls are spherically symmetric] [NSEP-2022]
2 2
A = B) (© 20,0, (D) 45=0; =0,
a2 0y
Ans. (B)

Sol. Let r= radius of small ball, R =radius of large sphere, Q =Initial charge of large sphere
since on touching, potential would become same

g, Q-0 r r r r 2r

X = =—|1-— |QAnd g, =—|1-=— “r<«R

:>r R =0, RQ:>% R[ R}Q nd g R‘: R}Q[ ]
r Pl 2r q2

==\ o] [-F|-an=a-g

*21. A small positively charged ball of mass m is suspended by a long insulating thread of negligible
mass. Other positively charged small ball is moved very slowly from a large distance (along
horizontal direction) until it is at original position A of first ball. As a result, the first ball rises by
h to position B such that h < /. Choose the correct statement(s). [NSEP-2022]

(A) Electrostatic energy of system of charges is 2 mgh .

(B) Total work done on system to bring two balls in their final position is mgh.

(C) Total work done on the system to bring two balls in their final position is 3 mgh .

(D) Work done on system to bring two balls in their final position does not depend on the
magnitude of charges explicitly.

Ans. (A,C D)

Sol. W

electrostatics

+ Wg,avity +W,, =AKE

W, —-mgh+W,, =0 W, + W, =mgh

h
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Resolving forces as vertical and horizontal components at B,

Tsinb = Fecosg =F = 2Tsin9
2 2
. 0
TcosO + FeSIHE =Mg
As 0 is small, cosb =1 and Sing is neglected,

— T = mg From the figure, sinsin g _h
r

= Fe :2m—gh:kq—12qz
r r
= U, z_kq;qz =2mgh

=W, =-U, =-2mgh

= W,,, =3mgh .
- Option A,C and D are correct.

22, The figure shows five point-charges on a straight line. Separation between successive charges is
10 cm . For what values of g, and g, would the net force on each of the other three charges be
zero? [NSEP-2023]

uC - q wC g  2uC
. ) ° ° °
«—>
10 cm
27 27
(A) Q1=qZ=_%HC (B) Q1ZQ2=EHC
27 27 27
C) 9, =—pCq, =——pC D) g, =9, =——pC, 1uCq,2uC
© a, 80“ 92 80” (D) 9, =0, 40H g, 2p
Ans. (A)
. kx(2)x(2
sol K q12><2 . kx12x2+ kxq22><2 . x( )Zx( ) _
10 20 30 40
& + 1 + q_2 + 3 —
1 4 9 16
9, 6
+—=+—=0#(1
O+ + - =0#(1)
N 6 10q, 6 6x9 27
+ == = = —— C
%96 9 16" 160 80"
23. A very small electric dipole of dipole moment p lies along the X axis (i.e p=pi) in a nonuniform
electric field E = Ei (where c is a constant). The force on the dipole is [NSEP-2023]
X
@) i (B) -2 ©) Li (D) zero
X X X
Ans. (B)

Sol. U=—p-E
X

(U peg_ @
dx X X
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24. A conducting thick spherical shell of radii a and b(b >a) has been charged with uniform surface

charge density —~6C/m?® on the inner and +6C/m? on the outer surfaces. Then [NSEP-2023]
(A) The net charge on the spherical shell is zero.

2
(B) The radial electric field outside the shell is E = %
gl
0(b2 ~a’ )
(C) A Radial electric field E = > exists outside the shell.
€of

(D) There is a net electric charge in the cavity (i.e. in region r<a ) equal to 4n0(b2 - az)

Ans.

Sol.

Total charge =oc.4nb” —c.4ma” =q,

1 '6-47Ib2 B ob?
2

E= — =
4me, r gl

25. A spherical conductor is charged up to a potential of 450 V. The potential outside, at a distance 15
cm from the surface, is 300 V. Then [NSEP-2023]
(A) The potential at 15 cm from the center is 900 V
(B) The charge on the conductor is 1.5 nC
(C) The electric field just outside the surface is 150 N/C
(D) The total electrical energy of the conductor is U =3.375u)
Ans. (D)
Sol. 450= Kq
R
Kq
(R+15)
3 R+15
2 R
3R=2R+30
R=30cm
50 2% 10° X,zq
30x10
g=15nc

£ _ Ka _9x10°x15x10°°
R? (.3)°

300 =

= =1500x10""

=15%x100=1500

0.5x9x10° (15x10*9)2
U=

=3375x107°J =3.375u)
0.3
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*26. A small dipole is placed at the origin with its dipole moment P =pi oriented along x axis. E and

V, are respectively, the Electric field and potential at point A(X,y). The observations at the Point

A(x,y) which is at a large distance r from the origin, show that [NSEP-2023]
1 p(2*-y?) 1 p(x*-2y)
) B, 4me, r° ®) B 4me, r°
1 3pxy 1 p-r
©) &, dng, 1 ©) 4ne, 1
Ans. (A, C D)

—_——— ——

Sol.
(A) & (B)
E - 2Kp(3.‘,ose "
r
_ 2Kpcos®®  Kpsin6

r3 r3

Kpsinf
¢

0SS0 — sin®

= %(mosze 4 sinze)

L PLX Y
dngy 0 2 r?
1 P 2 2

= —(2x° -
4re, r5( y)

(C) For Ey

_ 2Kp§059 sind + Kpsinf
r

E
3

y -cos0

_ 3KpsinOcoso
=
r

1 3P-xy

—E. = -

Y o lme, v

_ KPcosb

r2

(D) V

Il

=~
0!
=l

'—\
o
-

4ng, 1?

' +91-7737432098 i# www.acadxl.com —-_ Contact@acadxl.com ) @AcadX1-09 13



http://www.acadxl.com/
http://www.youtube.com/@AcadXL-09
https://www.acadxl.com/
mailto:Contact@acadxl.com

NSEP

AcadXl

*27.

Ans.
Sol.

Two equal positive charges +Q each lie on y axis at (0,a) and (0,—a). The electric field strength

E ata point (x,0) satisfies:
1 20a

(A) E= 4ne, (Xz Jraz)3/2

(B) For large values of x (i.e Xx>a ), the electric field E « iz
X

(C) For x>0,E is maximum at x = a

N

(D) For x>0,E is maximum at X =0 and is equal to

2Q

4ne, a®

(B, ©)
(A) E, =2Ecos
KQ X
a1 x% JaZ +x?
1 20Qx
- 47‘:80 ' (az " X2)3/2
(B) for x>> a
20x 1

=2

net —
drggx®  x?

(©) for XZO,d—E:O
dx

X=—

2

(D) For x=0,E=0 & not maximum.

[NSEP-2023]

Ap— () — e P e
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GRAVITATION

1. If Newton's inverse square law of gravitation had some dependence on radial distance other than

r?, which on of kepler's three laws of planetary motion would remain unchanged? [NSEP-2017]
A) First law on nature of orbits
B) Second law on constant areal velocity

D) None of the above
Ans. )

Sol.  As the magnitude of force does not matter. The torque would still be zero.

(
(
(C) Third law on dependence of orbital time period on orbit's semi major axis
(
(

=

2. A satellite is launched from a point close to the surface of the earth (radius R ) with a velocity
v=V,/1.5, where V,, is the velocity in a circular orbit. If the initial velocity imparted to the satellite
is horizontal, the maximum distance from the surface of the earth during its revolution is:

[NSEP-2018]

(AR (B)2R (©)3R (D)4R

Ans. (B)

Sol. Conservation of angular momentum Vi1 5
mV,+/1.5R =mVr

szO—Jrl'_‘E’R ()

Conservation of energy

lmvél.S——leIm ~ 12 -GMm
2 R 2 r

3GM GM V{15R* GM
4R R 27 1
GM 3GMR GM

4R A7

3R 1 -1

a? r 4R

r=R,3R = taking r=3R

distance from surface = 2R

3. Let R be the radius of the earth. In general, the loss of gravitational potential energy of a body of
mass m falling from a height h to the earth surface is [NSEP-2018]
R R+h R
A) mgh B) mgh—— C) mgh D) mgh, | ——
(A) mg (B) mgh—— (€) mgh,|— ()gJR+h
Ans. (B)
Sol. AU=—%+ GMm
R R+h

G—M—g:GM:gR2

RZ

2
AU =—-gmR + gmRR =-gmR 1_i
R+h R+h

Loss in P.E =mgh R
R+h
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4. The shortest period of rotation of a planet (considered to be a sphere of uniform density p ) about
its own axis, such that any mass m kept on its equator is just to fly off the surface, is [NSEP-2020]
A) T= [>% B) T |- ©T- [ D) T= |5
pG 3pG pG 3pG
Ans. (C)
Sol. g =g-0’R where ¢’ is apparent acceleration due to gravity and o= % is the angular velocity
2 )
at the verge of fly off means g'=0 or g=w’R = (?j R there by
2
%ﬂnR%:(@j R=T= 2%
R°3 T pG
*5. The magnitudes of the gravitational field at distances I, and r, from the centre of a uniform solid
sphere of radius R and mass M are F(r,) and F(r,) respectively. Such that [NSEP-2020]
F(r, F(rn) 1
(A) (8) _% ity <R and 1, <R (B) (1)=rizifr12Randr22R
F() © F(r,)
F(r, F(r 2
© (8) _% ¢ >R and 1, >R (D) (1)=r1—2ifr1£Randr2£R
F(r,) F(r,) 1;
Ans. (A, B)
Sol. The gravitational field due to a uniform solid sphere of mass M and radius R at a distance r
from its centre is
F(r):(i—'\gﬂjr if r<R and F(R)zGr—zM if r>R thereby
F(r, F(r, 2
(l)zi forn<R and r, <R and ﬁz% fornr 2R and 1, 2R
F(r,) F(r,) 1
6. Two planets, each of mass M and radius R are positioned (at rest) in space, with their centres a
distance 4R apart. You wish to fire a projectile from the surface of one planet to the other. The
minimum initial speed for which this may be possible is [NSEP-2021]
2GM 2GM 4GM 3GM
(A) =5 (B) ,/— © ,/— (D) ,/—
5R 3R 3R 2R
Ans. (B)
Sol. Two planets of mass M and radius R each are separated by distance 4 R. A mass m has to be

thrown from Planet A so as just to reach Planet B. For this we need to throw the mass so that it
just reaches the midpoint then after it will be attracted by B. The potential energy of the mass m
GMm GMm  4GMm
R 3R 3R
midpoint between the two planets is U,y =— GMm _GMm __ GMm .
2R 2R R

Hence the energy needed to project the body is

1, GMm 4GMm 2GM
—mv? =] - - - :>v:4/—
2 R 3R 3R

on the surface of the planet A is U, =— and the potential energy at the
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7. Two stars of masses M and m(M =2m) separated by a distance d =3 astronomical unit, revolve

in circular orbit about their centre of mass with a period of 2 years. If M is mass of Sun then

[NSEP-2022]

(A) m=2.25M; (B) m=1.25M, (C) m=2.50M, (D) m=4.50M,
Ans. (A)
. . . G2 m? )
Sol.  Both the planets are revolving around each other in circular orbit, so 2 - mo” x2
2AU 1AU
@ SR EEEERRE .
m CM 2m
/GM 9
=,[—= T=2 years =2n,|— =JGM =3
® 5 y ey N T
1
For Earth, T=2n =1 year
GM,
So, \(/GMq =2=n
\JGm = g |GM,
9
So, m=- M =225M;
8. At the Earth's surface, a projectile is launched straight up at a speed of 10.0 km/s . Height to which

it will rise is [gat surface of Earth =9.8 ms~ and radius of earth R = 6400 km ] [NSEP-2022]

(A) 1.63x10° km (B) 2.52x10* km (C) 1.56x10* km (D) 5.1x10° km
Ans. (B)
Sol. Conserving energy:

_GMm 1.  GMm

Ve =— +0
2 R+h

-GM V> GM
= =——-—
R+h 2 R
GM R?2 v GM
S—— =
R> R+h 2 R?

2 2
=g/R- R -V
R+h 2

2
Rh  V? (104)

- =—=
R+h 29 2x98

h 108
- = =
R+h 2x9.8x6.4x10°

—=h =%=2.52x104 km

797
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*9. In an isolated asteroid of radius R and uniform density p, a spherical cavity of diameter AC =R

is excavated,

[NSEP-2022]

B

Where C is centre of asteroid. Choose CORRECT alternative(s)

(A) A ball just dropped from A will strike C with speed v=2R I%

(B) A ball dropped from A will reach C after time t= ’iG
Tp

(C) Acceleration of ball dropped from A varies as its distance from O (centre of cavity)

(D) Weight of a body placed at B (diametrically opposite to A) on the surface of the asteroid

7 . ;
decreases by a factor of 3 due to excavation of cavity.

Ans. (A, B)

Sol.  Gravitational field inside the gravity is constant and directed parallel to ocC

E= %nGpR(— jj So, particle move along AC with constant acceleration

2 . . , .
a= gnGpR Using equations of motion for constant acceleration,

v2=2a(AC) v? =2x 27poR><R v, =2R f LS option A is correct.

AC = L Zat’R= at =>t= fZR , . option B is correct
2 nGpR

As acceleration is constant, optlon C is incorrect.

M
Eg= GR_z (Without excavation)

o)

_GM 8) GM 4GM 1

B"R2 /3R R’ 9R2 8
)

GM GM 17GM

R2 18R%? 18 R2

B:

Weight decreases by factor %

. option D is incorrect.
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10. Three stars of equal mass M rotate in a circular path of radius r about their center of mass such
that the stars always remain equidistant from each other. The common angular speed (®) of
rotation of the stars can be expressed as [NSEP-2023]

B 1 1 1 1
GM+/3 |2 GM )2 GM 2 )2 GM )2
A B) | — O | ———F D
(%] @) ofFE o)
Ans. (D)
Sol. a= rcos(30° ) = @
2
Fnetz\/F2+F2+2F2x%=«/§F '
2 -
3F = ﬁLﬁ; = mo’r
(22)
IRECLLC
4x J§r2

Lo L[em
VB

11. The figure shows a smooth tunnel AB( length =2/) in a uniform density planet (say Earth) of

mass M and radius R. A small ball of mass m is released from rest at the end A of the tunnel.
Acceleration due to gravity at surface of the planetis g. Time taken by the ball to reach the end B

is [NSEP-2023]
A
R ™
B
R Y n |2R R
A) w [— B) 2 |- Q) — |[— D) 2n [—
OENS ® 2, © 55 o) 27
Ans. (A)
Sol. [p?x} AnGm =ma
2 (4nG] (4nG J ——s
- = || —p s s
3
T=E=2n 3
4nGp
o= M
ﬂTtR3
3

3 3
TZZEJﬂ:m R R
4G xMx3 GM g

Time taken from A to B is T/2.
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