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Electrostatics and Gravitation

SOLUTIONS

EXERCISE - O
1. Ans. (C)

Electrons are move strongly bound with B than A.
Also, electrons are move strongly bound with A than C.

Thus, electrons will be more strongly bound with B than C.

2. Ans. (B)
Opposite charge of rod is induced on water and it gets attracted.
3. Ans. (C)
By Newton’s 3rd law.
4. Ans. (C)
By super position of forces.
5. Ans. (D)
They will not experience any force if | P_'G) | =| 1?;, |

G m? __1 q>
(16x1072)2 470" (16x107%)?

= %= A/ 4me,G

6. Ans. (A)
2
Since F = kiz
a
7. Ans. (C)
, 1 49193
F'=+—— -(1)
2
k4‘T[€0 Tl
9.4,
F=_1112 (2
4m,r’ ()
.9, _ 99

k4ane,r?  Ame,r’

"ok
8 Ans. (B)
A
Fa< e :d# EB ° :‘d g —F¢
+q Tag +2q Tec +4q
Force on 4;
_K(a)(2a)  K(a)(4q) _3Kq*
A dZ (Zd)Z dZ
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10.

Force on B;
r _K(29)(49) K(29)(q)
B dZ - dZ
6Kq*
= g

Force on Charge C;

_K(4q)(2q)  K(4q)(q)

S (2d)
9Kq*
M

Net force on the system;
Fret=Fa+ Fg-Fc=0

hence, system is in equilibrium.
TAB = FA and TB(; = F(;

= TA;B:izzzl
T, F. 9 3
Ans. (C)

F, 9 Fg 4x10-°C -16x10-°C
—O——> @ o----
‘—>4—>
X A 20cm

= F,=F

Kq(4x107) =1<(q)(16><10‘9)

X (20+x)’
1 4
= —= >
X" (20+x)
1 2
—= = 20+x=2x
x 20+x
= x=20cm
Ans. (C)

If force on B is zero, them charge on 4 and D must be negative.

F :% K@)

A ’ D €2
_k(®W)(@)_ Kk
Ty

Net force in B is zero
= I:"A +ﬁD +F‘C =0

= F,+F,=-F

= =—
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11. Ans. (B)
System in equilibrium — Net force on each charge must be zero.
Force on 4,
KQq K(@xQ)
-+ —=0 B
(dj d A q
e et L *---mmme-
d d
2 Q: — > < i Q
0 2 2
= 4q=-"0Q=>q=——-
4
12. Ans. (D)
2
Kx(5x10°)" K(5-Q)(5+Q)x10"
r’x25 r?
13. Ans. (D)
-3q . 2q
Ae F<—B
(ZJ _15 3) (3P 0; 4)
A r
= F=-1, = —(f—B)
|74 |
. (f+]+k)
S a—
NG
14. Ans. (B)
. 9x10°
Use F, = x a(q;)(qz)am
71|
15. Ans. (A)
q q
q q q q
q q q q
-
Kq Kq Kq 2Kq
b BTETE T
16. Ans. (B)
: 1 4 ..
Due q4, electric feed at P(E;) = Ine, a—% (D)
electric fed at P(E,) = 1 % 0]
1z 2) = Imeg )2 E, ¢ B
At P,
E a? 1 2\?2 A
tan9=—2—2—2—(—) (—) =2 g
1 d1 b 2 1
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17. Ans. (D)
kq7, kqi, . E-kqF ., |-
r1131+ rzézjrz:k—%“(|rl|=|rz|=1)
18.

In case I1I,
El - E2 - E4_ - E5

19.  Ans. (D)

\
\
\
\
\
\
\
\
\
\
\
\
\
N
Ul
=
O |
1l
e}
S

rn=vB-12+@B-12+(3-2)2=422+22+12=3
r,=vB-02+B-32+3-(-DZ=V9+0+16=5
 9x107x3x107°

g kq - i n -~
E1=r—fi,1r— = JB-1)i+@B-1)j+B-2)k

=103 [2i + 2] + k]

> kqy >  9x10°%2.5%x10°° . . -
Ezzr_gzr2= = [B-0)i +3-3)] +{(3- (-1)}k]
2

)
9)(2.5 3 n n Al
= x 10° [31 + 0] + 4k]
125

9 n " N ~
= o % 100037+ 4k] = 180 [31 + 4]

Enee = E1 +E;
= [20007 + 2000j + 1000k] + [540i + 720k]
= [2540%1 + 2000 + 1720k ] N/C.

[124]
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20. Ans. (B)
T =0 abt bottom
= qE (2R)sin® = (mgsin B) R
21. Ans. (A)
Since Electric field is rightwards A is at highest potential
Va-Vg=(E) (A'B)
=El((1-cosB)=El(1-cos)

1 1
UA— UB =q (VA - VB) = Emvz —Emvg

Vo=0

E¢ (1-cos 0) (q) = %mv2

(ZqEL(l —Cos 6)}1/2
v ——————=

m
22. Ans. (A)

_ / v _mg-qE

T =2m Terr ; where,geff =—
E
-
Time period increases.

23. Ans. (C)

The electron deviates by an angle § = tan™?!

iﬁ (from x axis) = 45°
muvj

Let final velocity is V, i + 1},j
Then V, =v, and t=A/v,

eE? eF
V= ayt= — where (ay = %)
Vy  eEf 1.6x10719%91x1076x1
tan@ =— = 5 = =
Ve mv§ 9.1x10731x16x10°
= 0=45°
24. Ans. (D)
tan 0 = qE
mg
qE
- i E
o . @i tanf = i
~Z mg
m St
g o,
0 -

4
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25. Ans. (B)
mzg - T - q2E = maa MLTM
—(T + q1E - mig = m1a) ( )
(m1+mz)g - (q1+ q2)E - 2T = (mz2 - m1)a qiE QE
T— (ml —mz)a
2

a, = 2T +0 g

m, +m, mz;g

26. Ans. (D)
Both electric and gravitational fields accelerate the electron. The acceleration due to the electric
field is opposite the direction of the field because the electron is negatively charged.

27. Ans. (A)
If B is pushed down, upwards electrostatic repulsion on it increase and hence it return back and

vice versa.
28. Ans. (C)
q1 is in unstable eq if qo and g1 have same signs.
d 9, q
q() _____ o ql
9, q,
9
9

As charge moves always toward the (+)ve z-axis (-ve z-axis) then net force on charge will be along
the displace direction and would not come ever.
q is in stable equilibrium if g1 and qo have difference signs.

In this case as charge moves away from centre then net force on the charge opposite to displace
direction.

29, Ans. (A)
Atright of q,, E = +ve so, charge will be positive at left of q,, E = -ve so, charge will be +ve also, E is
zero nearer to g, so strength of gz is more (g, > q,).

30. Ans. (C)
Since the path is parabolic thus acceleration must be constant and in the direction of change in
velocity.
31. Ans. (B)
T+Mg+QE=0 (Initially) T QE

= T= —(Mg + QE)

When the string is cut,

= F, =Mg+QF

Now, net force equal to M§+QE', which is equal and opposite to T.

Particle will move in direction of net force i.e. at g angle from, vertical.
Hence, path Il indicated trajectory.
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32. Ans. (C)

+ + 4+ + + +

33. Ans. (A)

E, =%(sin91 + sin®,)

E
y
E, =ﬂ(sin0‘ +5sin60 )=@
2 2d
<—d E— 0 E
k 7 *E
E, :%(cos 0, +cos 0,) u 6()0&,*
/g0
E, =%(COS 0"+ cos 60 )=% //’l Q,=60°
K\ 308
bk =
tane:_yzizi //
E, \3Bk. 3
2d
1
tan0=—==30
NG
30° with x-axis.
34. Ans. (B)
E= &sin 0 A= Q
r L +
Ly
po2kr L 2
r 2d +
+
E= ke +
rxd
KQ

- > LyET
r1/r2+L—
4
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35.

36.

37.

38.

39.

40.

41.

Ans. (B)
As shown in figure
Enet = 2E cos /2

2= [Z—M] (cosg) = iﬂ.sinQ/Z cotf /2

r 2

E
Ans. (A)
=K<q>=£[od}x1

R® R*|2nR| R’
Ans. (D)

e

-E

0

EO
So, 7 comes two times.

Ans. (A)

[128]

www.allen.in



Electrostatics and Gravitation

ALLEN’

42, Ans. (A)
e = 21‘:1 sing (6=180°)
2k\
Elnfinite wire = —= (d = R)
d
A=A
43. Ans. (C)
Q1 No.oflines from Q4 _ +10 5
Q; No.oflinesfrom ¢, -5 B
44, Ans. (D)
R
45. Ans. (B)
Electric field lines originate from positive charge and terminate at negative charge.
46. Ans. (A)
Both cuts equal number of electric lines.
47. Ans. (D)
By Gauss'’s 1aw, ¢net = 0
Thus ¢hemisphere = _¢plane
= —-(-EmR?)
= E(nR?)
48. Ans. (C)
O=E-A
= (E,i +E, j)x(—a® cos30°k +a* sin30°)
— an2
2
49. Ans. (B)
The flux of y-component of E is zero, through this loop
y A
(a/2,a,a/2)
E,oi
(a/2,0}0)
> X
(a/2,0,a)
=FE x=xaxa
¢=E, >
_E,’
*==3
www.allen.in [129]



ALLEN JEE (Main + Advanced) : Physics
50. Ans. (B)

1
e
o=24
80
51. Ans. (C)
0=E.A
= (21-10f + 5k). (10k)
=50 Nm?/C
52.  Ans.(B)
4y

E = Eyxk

X
— >

A 4

> X
—>dX<—(a,0)

Flux through differential element d$ = Ey x a dx.

Net flux
E 3
= ¢=Eja foax.dx = Oza
53. Ans. (B)
R
_________ A 3
—0 Wire

Ring

Let a wire and ring are placed as shown in figure. Due to semi-infinite wire, electric field at one of
its end at distance r is as shown

s kA
| v kA
S y axis
r
—0 A X axis
A A kA4

k
So, the Electric field=— i+ — j
r r

Now we take a ring element of radius r and thickness dr.
Let ds = Area vector of this ring element

ds = 2nrdr i

[130] www.allen.in
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54.

55.

56.

57.

58.

59.

60.

y axis

r X axis
Now electric flux due to this element :

kA kA S Rpa RA
=f—lds+f—]ds=f —.2nrdr+0= 2w kAR =
r o T 2€

r o

R(16€yp)
) 2€p
Ans. (A)
Here genc = q1 + @2 + q3
SO0 Gepe =10+ (-10) + (-5)=-5nC
¢:qenc __—5x107°

Ans. (A)
Since charge enclosed by Gaussian surface is
GPone. =(2%X107°—=5x10"°-3x10°+6%x107°) =0 so ¢ =0
Ans. (D)
2q
c = ¢net
€o
= q=(-4x10%)¢,

Ans. (B)
In case of net charge is zero then incoming lines = outgoing lines.
Ans. (B)

= 8N/cm2

er = Taoxioiz" 56497 Nm/C

Ans. (B)

Given that charge per cm length of the wire is Q.

Since 100 cm length of the wire is enclosed so Q.. = 100Q
100Q

= Electric flux emerging through cylindrical surface ¢ = P
0

Ans. (C)

La3 .
g—o ()

Flux coming out of the cube ¢p; =

and from sphere ¢, = A2a ..(ii)

€0
¢ 3
o2 2

www.allen.in
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61. Ans. (D)
$a + ¢c + ¢p = eio
ba = ¢c
bat ba +o =
_1(q

41 =3(&-9)

62. Ans. (D)

By symmetry we can cover the charge with five extra square of same size so that it makes a cube
with charge at its centre so.

_ 4
¢closed cube — E_
0

¢square = 6L€0
63. Ans. (D)
R* —x*
Using Gauss's law, ¢ = a_ Gn( )
€ €
64. Ans. (C)
Calculate flux through curve surface and circular cross section both.
65. Ans. (A)
For spherical charge distribution we can apply Gauss theorem
f E d qm
€
R
E4mnr? — din [ = —]
€o 2 _
R/2 Gaussian
Qin = f pdv surface
0
Ar
= Fﬁlnr dr
A4 [r1*? AnR®
E4mR®>  AnR®
4 16 ¢€,
AR 2R A2
= — = =
16 €, €
66. Ans. (C)
P(r) = L r
From Gauss law,
$E.ds = en _ JPVAV
' € &0
r41tr dr
= [ o e
4
2 _ Q@ Tl
E.4-TCT1 = ? 4 T
QT1
4nsOR4
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67.

68.

69.

70.

Ans. (B)
For calculating the electric field outside the ball, we should calculate first the total charge present
in the ball, i.e.

Q =4np, f(I)Q [1 —%] radr

3 4 3
R™ R R
=4mpo [? - ﬁ] = 47Po (ﬁ)

Again, to find the electric field outside the ball, total charge Q will be considered to be concentrated
at the centre. Hence, electric field at a distance r from the centre of ball.

10 1 R* . 1 _ ok
Ez__:_4n/)0<ﬁ>xr_2:0—

Aamer?  Ame 12er?2
Ans. (C)
[Ear =
So
r a ,
Q+|—4nr<dr

i r Q+2ma(r® —R%)

= E(4pr?) = =
So So

—2na.R?
. E- o +Q Tcoc2
2e, A4meyr

= Q=2noR
Ans. (B)

We can consider all the charge inside the sphere to be concentrated at the centre of sphere,
consider an elementary shell of radius x and thickness dx.

©or

_ k [dq _ kfor47rx2dx(o< x) _x r?

E 2

2 T
Ans. (A)
By using Gauss law

- —)_i
9SE-dS_EO

4gg

2
— (E)(4mr?) = %;dr)

(Note : Check dimensionally that p o r°)

(kr7)(4mr?) = —fp(47err2dr)
0

= kegr® = [ pridr

Differentiating above equation w.r.t. r we get ke, (9r®) = pr? = p = 9ke,r®
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71. Ans. (C)
| |8 20,0 (~4)
28, 2¢, 2¢
26 ( »
E.,=—I/-k
= 22(-F)
72. Ans. (D)
Q 2Q -Q

Q0 0]2Q -2QQ —Q|Q

73. Ans. (C)
Let the charge distribution on the plates is as shown in the figure.
Equating electric field at point P inside the right most plate:

-q X 2q-x
— + 0+ — =
A€ A€ A€

3q
-q+x=2q-x or x:? A_q 2q
Charge on outer surface of leftmost plate is A A Al A
_q+37q= % (g +x)| |-x x||-x x (29-x%)
74. Ans. (A)
Where, x = (2¢oF + 30)/2 E
Let charge distribution on each surface at plates are -
shown in figure (after applying the electric field) [ ] [ ]
Now, at point P: (@-XA IyA A (x-20)A
(o0-x) (x-20)
2e, | 2e, ©
= 2x+ 30 =E.2¢
30+2&gE — —
x= 2
75. Ans. (C)
Let there is x charge on left side of plate and Q - x charge on right side of plate
Ep=0 H
X —-X x X |1Q-x
2A50+E=§Aso orAeo - ZAQSO_E Q=x. - 2: +E
2A¢g, P €9
x=§—EA£0 and Q—x=§+EA£0 H

So, charge on one side is % - EAg( and other side% + EAgg

[134] www.allen.in
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76.

717.

78.

79.

80.

81.

82.

83.

84.

Ans. (B)

If y is fixed then there is an external force so L.M. is not conserved but E is conserved as there is no

work is done by that force.
Ans. (B)

y-KaQ  KqQ Kaqq _,
a \/fa a

Q__
Q+J§ q

Q(_\EH]?CI

N7

= — \/Eq
J2+1

__2q
2+2

Ans. (A)

Up=Ur+qv=v="L"Y
q
Ans. (A)
Kq*
a

W=U,-U, =

Ans. (C)

As Mechanical Energy is conserved. So, it will move along the Electric field so, K.E. T and P.E. {.

Ans. (B)
W=qAV
=q(Voo - Vi)

- qLO—s( Kq J _ —3\3Kq"

Ans. (B)
Apply linear momentum conservation and total mechanical energy conservation.

Ans. (D)

_Kep, 1,1 1,1

V=2 [1 2+3-4+5....]
x2  x3

l e 1 = - - ...
0g. (1+x)=x 2 + 3

x=1

Kq
=—log.(2
o 08e(2)

Ans. (A)
Due to the principle of superposition, potential at O

-6 -6
1 28x10 — 9% 10° x 28x10

= — 4
= Ine, X 04 04 = 63 X 10* volt

www.allen.in
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85. Ans. (B)
k(8q) _ 16kq
Veentre = a3 = a3

2

4q
" megaV3
86. Ans. (C)

Zg:OatX:O:y

r_t,0 L2,

87. Ans. (D)

v = ke ka_kq_ka_,
T T T T

Er = 2(2E) cos 45 (- ) = 22 % -1

q\ /q

N
~ r %4

~ 4
~. 0.

N 7

o e N

Vo=¥+7'7'7=0

Eq =2 (2E) cos 45 (+ ) = 22 % (+)

28 [Ex 2E
_q I )y _q
0
q“ ~q
88. Ans. (D)
—kx5x5x107" kx5x5x107% %2 +«—3m—<«—3m—
x2+0.6=— e |
3 (32+x2) 5uC™. l—suc 5uC
ULX
9x10x25x107 % x2 —9x10”x25%x107 2 %1073 x2
= - +0.6=
3 ’32+X2
0.45
— -0.15+0.06=—
\/32+x2
0.45
_ng_
V3 +x°
x=4
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89.

90.

91.

92.

93.

94.

Ans. (A)
U,+K,=U,+K,

2KQq  2KQq

a  \a*+4d*
2

£0=0+2m?
2

2KQq 2KQq 1
———=—mv

a \/ga 2 q
1 2900, 1 1_g
e, a J5
Ans. (B)
1000+1500 500

+
X x* X

V=

oV _ 1000 3000 1500

ox x* x* x*

a—V=0 & 8_V:0
oy 0z

1000 3000 1500)-
X X

E(x,0,0)=( —t+——+——|iV/m
X
E(1,0,0) = (1000 + 3000 + 1500)iV /m
= 55001V /m
Ans. (B)
_dv, 343
E = —%T‘ = ?
Ans. (B)
Charge on sphere q = f(f po(4nr?dr) = mpyR*

By definition of potential = Vo, — V,, = 'lzc—g

ke ___Q
2R ~ " BmEyR

(3t + 2j + 6k)

= Vo =

Ans. (C)

V=-[E-di
V=—[(V3t—7) - (dxi + dy)

V= —[\/§x - y]

V=—V3x+y

So, equipotential line having slope 60°.
Ans. (B)

cu=qV

At Point C and D, Vis Positive so electron will have negative potential energy.

At Point 4, Vis zero so potential energy = 0.

At Point B, VV us negative so potential energy is Maximum.

www.allen.in
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95. Ans. (A)

At a great distance from a collection of charges behaves as a point charge.
96. Ans. (B)

“V=V,=V,-V,  (given)

As we go along positive x-axis, electric field increases, E.F.L. becomes denser so distance so distance
between equal potential surfaces.

Decreases is X, > X,.
97. Ans. (A)

E = —kyi + kyj

E? = k2(y? + x?)

i ] k
o 0 9 — 2Kk
ox 0oy o0z
-ky kx O
So, the field is nonconservative.
98. Ans. (B)
dv 2 -2
Ex=-— ,Ex=- =-100N/C,E,=-| ——— | =200 N/C
dx (2><102) /G Ey (1x102j /
= E=(-1i+2j)N/C
99. Ans. (C)

VB_ VA = - fxlfsﬁdx
1020 2071°
——fs x—de— 7]5 ==-2V
100. Ans. (A)

K2
Potential due to both hemisphere shells are K2e

K
Potential due to one hemisphere shell is FQ

101. Ans. (C)
Volume of bubble = Volume of droplets

3

4
4maz x t = Enr (r = radius of droplet)

r=(3a2t)/3
Ki
The potential of bubble V = KQ
a

Q = Charge on bubble
KQ

Now the potential of droplet = V'=—
r
, KQ Va

V = =
(3a*t)'?  (3a*t)"?
a 1/3
= V 'X —
3t

[138] www.allen.in
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102. Ans. (A)
p1 = 2qa() + 2qa(j)
P2 = qa(-D) + qa() 3 B,
Ps = qa(-1) + qa(-) s 45°
Pnet = P1 + D2 + D3 ~2Q 450 Y ~2q
Onet = 2qa(f) p
103. Zfi (B) Vaa ™ "
(0,a, a); (0,a,-a); (0,0, -a)
P= q(aj+al€—aj+al?) +q(aj+al?+al?)
= q(ZaE) + q(aj + 2al€)
= q(aj + 4al€)

+2qe +q

~+q

|P| =V17qa and tan-l(%) with z-axis in y-z plane.
104. Ans. (C)
p1 = (qa)j
P> = (qa)f
p = (qa)i + (qa)j
15| = vV2qa
Along line which joins points (0, 0, 0) and (a, a, 0).
105. Ans. (A)
Dipole P,

-

Dipole P, P

106. Ans. (C) E
In shown diagram, E = Net electric field vector due to dipole. X

1
(by derivation) and tan a = > tan 0

Angle made by E with x-axis is (0 + o). 0
107. Ans. (A)

a1

www.allen.in [139]
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108. Ans. (C)
At -q field is more so the net force towards left
qE” qE*
— _—
—-q q
E->E+
Fnet = qE_ - qE+
109. Ans. (C)
-+
+
-+
-+
+
-+
+
-+
-+
+
-+
-+
(e)
E= ,q=M
2¢e, 1
r=2qE£sin6=2k€ ° ><£sin6
2 <
2
T= oMt sin@
2¢g,
110. Ans. (A)
= 2K\ 2K\
F=Z2 )+ = (+q)
r r+d
2K\
= (~qxd)
r(r+d)
= - (towards wire)
2me,r
111. Ans. (A)
2k 0
By v = 2008
r

112. Ans. (D)

S 2a-X ">~
-q X |WD) +q
Vp = —kq n kq
Jy2+x2 Jy2+(2a—x)2
113. Ans. (D)
Properties of equipotential surface.
114. Ans. (C)

Potential inside a conductor is constant electric field inside a conductor is zero.
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115. Ans. (A)

kq, +ﬂ=5
b b

%4_%:10
b

a
116. Ans. (C)
Let the Q charge on sphere,
Kq_/z + K_Q — 0
d r
__ar
¢ 2d
117. Ans. (A)

k
¢1: %

1 2

_ ¢1_r1 ) ¢, = de)l_rl (Principle of generator)
k r, k

q,

118. Ans. (D)

119.

120.
Kay _Kay | ke __3kd,
p= =
20 a (a/2) 2a

121. Ans. (C)

Net induced charge on sphere is zero.

So potential at the center will be zero.

q/2

b, = ka, (All the charges reaches to surface of shell to potential difference)
r

www.allen.in
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122. Ans. (A)

Vin = Vint Q
Kx N K(4Q—-x) K(x+4Q-x)
R 2R 2R
4Q—x _4Q

Xt—3 =72

20 —x=2Q

x=0
123. Ans. (D)

Let g be the charge on inner sphere then potential at the surface of inner surface

=)o

KQ

Vinner= —

4Q-x

K

e ( -Earthed) q = L Q
r R

124. Ans. (A)

125. Ans. (A)
Property of conductor.
126. Ans. (B)
—-Q<«inner surface

Q-g<«—outer surface

127.
U 1 s
=—¢,E* and E.E =E?
volume 2
c 2R
U==2 j E*4nridr
2 R
128. Ans. (A)
c
E1=—+E E, E,
80 N )
o
EZZ——E > <
& > <
20 2
E +E ="2=-1 — =
g, Ag E;=5x105 E,=3x105

F=q(2xE)
0.08 = q(2 x 105)
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129. Ans. (D)
1 F
F o —- If r becomes double then F reduces to Z
r

130. Ans. (D)
F=mw?r=6x1024x (2x10-7)2x 1.5x 108 x 103=36 x 1021 N
131. Ans. (D)

Force will be zero at the point of zero intensity

< D >
oo dm VB, 9, X ot
Jm+fm,  JBIM+JM 10

132. Ans. (D)

Gravitational force on each due to other three particles provides the necessary centripetal force.

GM? 2 2
S 2 —j=— cos 45° oM Mv
(V2R) 2RY R

Simplifying it, we get,

@(zﬁuJ

R 4

133. Ans. (B)

Gm?

Tsin0= —
(a-x)°

T cos®=mg

mG

Dividing we gettan9= ——
Byes (a9

mge—— a—XxX——

134. Ans. (A)
Gravitational potential at mid point
_—tM,  —GM,
d/2 dj2

-2G
Now, PE =mxV sz(M1 +M,) [m =mass of particle]

So, for projecting particle from mid point to infinity
TE, =TE,

%mv2+PE=O+0

1 2Gm
= Eva:T(Ml-l—MZ)
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135. Ans. (D)

136. Ans. (C)
y component of field,
RdO
A
0
- Gdmsing _ 6% [singap = 25+
R R * R
137. Ans. (C)
ol M
8) GM

Apply principle of superposition, 0 + =5

2
y
138. Ans. (D)

Graph of gravitational field versus distance from axis for a solid cylinder.

R-E R R+E "
r——
139. Ans. (B)
41
=—=GpR
g 3 p
140. Ans. (C)

Velocity of body in inter planetary space v'=\[v* —v2
where v, = Escape velocity and
v = Velocity of projection

v'=\/(2ves)2—vezs =\/3va = v'=\/§ves
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141.

142.

143.

144.

145.

146.

147.

Ans. (B)

v, = ﬂ:R\/ﬁnGP
R 3

e

If mean density is constant then v, « R

v, R 1 v,

—_—=—= - Ve:—

v, R 2 2
Ans. (A)

h = height above the earth surface.

From energy conservation between surface and maximum height.

GMm 1 -Gmm
P om (KV,) =t
: 2 (R, +h)
2
andV, = Gm,
Re
Ans. (C)
21
T = 3/2
oM
T 27T 3/2
_—— —Tl
2 JeM
2=(7)
L]
44/3 = r
L£]
Ans. (B)
5MV = —-MV + 4MV;
Vl > Vescape
Ans. (D)
rg=PE_ _gp__GM
2 2r
Ans. (D)
—GMm
El = R
—GMm
E, =—2g
GMm GMm 3GMm
W=E-E=—F%"~"7Zr =3 R
3
= ngR
Ans. (D)
—GMm
Vi=—2r—
—GMm
Uz = —3r
GMm GMm GMm
W=U,~U1=Zpe; ~6Re ~ 1ZRe

www.allen.in
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148.

149.

150.

151.

152.

Ans. (A)
U= —GMm
r

o = JGM

=32
2

U= v7 rT acl

Ans. (D)

Orbital radius of satellites,
r,=R+R=2R
r,=R+7R=8R
U, = —GMm and U, =

rl
K, = GMm and K, =
2r,
E = GMm and E, =
2r,
Uu _X _E_,
UZ KZ EZ

Ans. (A)

d L

Areal velocity —=—

dt 2m

L = angular momentum
m = mass of planet
Ans. (C)

d_A L

dt 2m
dA Vr
at 2
2dA

rdt

2x1012
4x10*=v
40 km/sec =v
Ans. (A)

VoI

dA
Areal velocity = —=——
dt

2

and V, = M

r
Vo = Orbital speed

r = Radius of orbit

rT U7

rT wl

GMm

X 4x10° = v

[146]
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153. Ans. (C)
According to Kepler's Third Law,
Tz o r2
= 52«3 (1)
And (T")2 o (41)3 -(2)
Dividing equation (1) and (2), we get
25 r’

(T')2 64r°

or T'=+1600
or T'=40h
154. Ans. (A)
Let M; and m, represent masses of the galaxy and the Sun.

According to Kepler's law,

£2 = 2i2 r
mS
4t
and T? = R’
GMG

- 55

155.

(iv) T, =2x \/E [As [=o0]
9

156. Ans. (ABC)
Incoming flux is negative and outgoing flux is positive.
157. Ans. (ABC)

q

Total flux through cube =
4e,

®aBcp = Geren = 32q & Oerp = Ocerp & Gapen= Pancc=0
0
4
€

¢ABCD = ¢(;FEH + ¢BEFD + ¢C(;FD =
0

www.allen.in [147 ]



ALLEN JEE (Main + Advanced) : Physics

158. Ans. (BC)

(A) VX:O # 0
2R
IK4nr2dr ,
BV =t -2
x= r 2 g,
4 3
Kl(x—n7R
Qv . - 3 _ 7(R*
. 2R 6g,

159. Ans. (AB)
E=x%+y*]
dv=-Edr
V= —szdx + J.yzdy] +C

3 3
= —(X Yy j+C
3

From given condition,
Vatx=3,y=3isequalto 0
C=+18

3 3
V= —(X J;y ]+18

Also, V= —szdx + jyzdy} =0
b

a

160. Ans. (BD)

2kp cos 6 2kpsin@ kp cos 0
g = 2kpcosf, _ Zkpsing - kp

r3 © r3 P r?
2k
=L_ ] 0= 45°
T
P a
V‘\ 0=45° ,@‘1 D
o, o459
a N a
4_ O,,/’ ‘\\@
{L
"E‘i a5 P
p a
_a _ 2kpcos45° _ 4kp _ ) _ kpsin45°  _ 2kp _
r—ﬁ,Er——(i)g = —3 =2E; Eo _—(i)g =5 =E
V2 V2

[148] www.allen.in



®
Electrostatics and Gravitation Al-l.E-

E =E
45°
E=2E ona E=2E
E.=2E
3rd Eo=E 4th
k 459

WIE = 2\/5.32kp _ ﬁp3 Vo g KR0S ﬁpz
a TEpa TEpa

161. Ans. (ABC)

o

=0 (1)
r 2r 3r
k(q1+qa+
(q1+q2+q3) -0 (i)
3r
Solving (i) and (ii)
—q> q3
+ = —q5,, = ) — =3
q1 T q3 qz q1 ) a1

162. Ans. (AD)
Ve = Vsurface

_ kq
Ve =R7d

_ 1 q
Vs = 4mey R+d
Vg +Vina =V
Kq kq
d ind = pyd

_ kq —kq

Vind = R3d—a

Vina = 2z (R¥dyd
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2a 2a

V= K(—£J+Q:O

_ke ke
2r 2a

_ko/2 KQ
r r

_ke

C2r

V=

V=

q

F;,qouter charge

~

~
- =
<

~~q>z

(A) Magnitude of force on q; due to induced charge at inner surface of conducting shell is non zero.

163. Ans. (ABC)
(A)E,C=0
3
=L (2
3a a
© v=0- K2, K¢
3a a
_Q
¢ 3
164. Ans. (BC)
n=0=k2ixkd = 4=-¢
2a a 2
r<a = E=0
KQ/?2
a<R<2a = E= Q/z
(r)
KQ/2 K
r>2a = E= — QZ/ +_2Q
r r
_ ke
2rt
165. Ans. (BD)
(D) (B)
Fipqinner
Fq1
166. Ans. (AD)
For tunnel (1), © = ’pr%ﬂ:
4 3
G.p—n(\/d2+x2) X
For tunnel (2), o = 3 3
(\/d2 +x2) X
Since o is same thus, T1 = T>
AlSo, Vinax = A®, thus vi > v,
167. Ans. (ABC)
T o 13/2 rd T1
L = mvr constant rli v1
E= _‘;Mm r1t E1
T

@

[150]
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168. Ans. (ACD)
There is no external torque acting in any case.
169. Ans. (B)

I dq= J.: por>-2nrdr.(
2mp,la’
q= Po

5
170. Ans. (A)

5
E.2mrt = 2P
5S¢,

4

E= Por

5¢,

171. Ans. (C)
¢=£ =0Q=2x105x8.85x10-12C=1.77 uC

eO
172. Ans. (B)
(1.77x10°+Q,)
o
173. Ans. (D)

For all values of r, flux ¢ is non-zero i.e.,, no Gaussian sphere of radius r is possible in which net
enclosed charge is zero.

=-4x105 = Q4=-5.31x 10-¢C

174. Ans. (C)
2G\ mv*
—Xxm=
r r

were A = mass per unit long = p x 4 = p x tR?
2

2GxpxmR® v
> — =
r r

= v= R\2nGp

175. Ans. (B)
3R 2G\
= [
176. Ans. (D)
T= 2nd =d=RT Gp
1% 2r
177. Ans. (B)
Axc > Asps
t, >t,
178. Ans. (C)
T<O0
K+U<0
|K| < |U| atall points
179. Ans. (A)

Check using direction in each quadrant.

m

1
drzimv = v = 2R\/npg(n3
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180. Ans. (A) y
v, = kps;ne A
r =2 .
—kpcos® P_ 4Psin@
VeT T 3 N B |
r A € \ \ 4 »X
kpcos 0 C Pcos®
c= 2
—kpsin© De
o=

181. Ans. (A-Q,R), (B-Q,T), (C-S,T), (D-P)
(A) New Q,, potential is positive = Q1 is positive
New @, potential is negative = Q is negative

Forv=0andr;>r; AV N
K_Ql_K_Q2:0 ! (Potential) !
rl rZ i i
Eﬂzﬁﬂ ///4 -e—ei//\\\\-
r r v Q- i
. o r
M=r—1>1 r WO +‘_’:L
|QZ| n T i
At infinity V = i
= [elfel Y

<

A
+Eb- :
i Emin I
(B) -E \F\\\_L,///f/: -E
+E | +E Qz? i '
Mid i
Point i/ E

_____'____.‘____

Enmis is at midpoint = |Ql| =|Q2|

Near Qi: «—=%— o £ 5 So, Qi is positive
Q,
Near Q2: —£ 5 o «—£ So, Q:is negative
e Y
+ - . Py
(C) Near Q1: —> ® ¢—, So, Q1 is positive
)
Near Q: : — 5 (—— So, Q:is negative
For, E=0, x1<Xx2 AR

E1-E=0 §

Ko, Ko, i
x> x: +E/!

1 . 2 yl——l X1 E=0 I_1:Q
@:X_l<1 ‘,i + T i ‘ \27
ol IV
ol<la, ;

X1 <X2
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Q
(D) Near Qs : —E s et 5o, Q1 is positive

&
-E E . .
Near Q;: ¢—— ® —> ,So, Q:is positive

E=0isnear Q1

E1 - Ez =0 A 4\
o e
KQ, KQ ! Qi

r121 _Tzz : ?1 :2? : r
|Q2| I i i

‘Ql‘<‘Q2‘

182. Ans. (A-R), (B-Q), (C-Q), (D-P)

V,
perigee ¢ o~ - Apogee
&1 §)
Vl v

rn>n v, <1

U= —G)]ﬂVIm L = constant

U, > U

EXERCISE - S
1. Ans. 625

F=10-19N

— 10-19=_Kxqa’ _
B0 e, e

«~—3cm——

= 107" ——9X109 xq-
9x10™*
= 2= 10-32 = q=10-16C
= q=ne = n=g=—10716
e 16x107"
10°
= n= E= 625 electron to each body.
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2 Ans %
4
q1 qz
F<—o<_d_:—>F
= F= kCCI;Z%
3q1 3q2 ’
_ o K(34)(3¢,) _9Kqyq,
- 2 ) 2
(Zd) 4 d
= F':ﬁ
4
3. Ans. 3
Fe=mg

2
9x109;7_2=0.9x10—3x10

= q=3x10°C
=3uC
4. Ans. 9

*q

+q _Zq

+3q -3q

Fnet: 9F
5. Ans. 3

F=3a

F_9><109>(<32><10—9 _

la=

Ll
3

§=23F=3

6. Ans. 8

2Tsing =dF

0__1 (q)xdQ
2 4ne T
Qq
T=— <1
8n’e, r’

2T
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®
Electrostatics and Gravitation Al-l.E.

7.

10.

11.

Ans. 400

A:
q1=q2=50nc C
-~ Kq, Kgq :
o= 2 =0

Initially electric field at centre is zero.

qz2

r02

s

Im

=
—_
)
fary
SN—
=
—~
ol
(e
N—

{ 2!

Il

[«
. 9 2
v 0'8

3m

\ X I
A

1m
50

= q', =—nc
q, 9
Removed charged

o '
= aqu_ql

= =50nc—5?0nc

8x50nc 400
=——~nc

9 9

o
9
o
9
= o =400

Ans. 3

g _9x10°x24/2x107 [3 4
L 12 55

p 9%10° x2+/2x107° {4 3}
=

12

2 2
E:JEL+E||

\/900

E=——=3N/C
10 /
Ans. 2
Due to symmetry field due to one pair will be forming the resultant field strength and equal to

L 9 ok

4me, r

Ans. 1
Find resultant of field due to DE, CB and FG rest on them cancel each other.

Resultant of BC and FG = E\/E and at 135° with E of DE. EV2
_ 135°
Enee=E E

Ans. 2
The magnitude of electric field intensity due to each part ~ ~_ i o
of the hemispherical surface at the centre 'O’ is same. e
Suppose, Itis E. 30° 30°
E E E Ep
—F2F=FEnv |[E=20 - e
E+E+E—EO,ZE—E0, E—2 ZEZ E
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12.

13.

14.

15.

16.

17.

18.

Ans. 12

dcm = Or

_, 9E-—pmg _ urrzzgr -
m mre /2

E
= qE—umg=2umg:>q—=3ug
m
3ugm 3x0.2x10x2
q 1
Ans. 4
2\

0=2neod

L=m¢g,de,

£d
Soep=E,—
p 0 4r?

Ans. 6
u=4/4gl =6
Ans. 3

E =2 due to spherical shell.
4e,

2R 2
2nredr
E=Ip ,wherep:p—or
» 4e, R
Ans. 576
¢ = (E sin 53° x TR?)
Ans. 1
Electric field inside spherical cavity,
5 P00
3g,

Where 00’ = distance between centre of sphere and cavity,

2N

E=§E:>y:3,X:2
Ans. 8
Q= Ip4nr2dr

0

0 -r/2a

e
- Anridr

Q '(')'po 2

©

Q= p04nje’r/2"dr
0
Q = po8ma
Q

poa

umg

qE

[ 156
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19.

20.

21.

22.

23.

Ans. 3

¢:%:IpdV _ Areaunder p v/s x graph :(ij
=N &, = 4

Ans. 2

Flux through bottom circular end

q 0 q
21(1—cos37"))=——
4me, ( ( )) 10¢g,

Flux through curved surface is
q a__2q

2g, 10g, B 5g,

>
N

1
~8R.3R |R
¢=qi:p(2 j _12pR°

&g &g €

Ans. (a) 200 Vm-1 making an angle 120° with the x-axis

6
(b) Radially outward, decreasing with distance as E =r—2V /m

(a) Usingdv = —E.dr

= AV = —E.Ar cos6
10% E 20V
E= —AV . 0
= = Arcose 30° 5 30°
L po_—(20-10 .
10x10 “cos120°
~10 ~10?

= = =200V /m
10x10™ 2(=sin30°) —1/2 /

Direction of E is perpendicular to the equipotential surface.
i.e., at 120° with x- axis
(b) As Electric field intensity is Lr to Potential surface

kq 6 kq
E = —_ = — _—= =
So, 2=2 V/m = 01 60V = kgq=6
Ans. 2

AK of q =%mv2 —O(final zero at %j .

r 1
For g1 work done by E is +ve, so kinetic energy increases by Emv2

For KE %mv2+%mv2 =mv? :%mv’2 :v’:ﬁv:ﬁ:N:Z

2
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2
24. Ans. _ki(g_ﬁ)
a
Wexe = Uf - U;
25. Ans. 20

CI(Vinner) +0= Q(Vouter) + %mvz
N (—20)(—V)=%><(1)><V2

26.  Ans. 2tant| —24
2g,mg

Wg + Welect = Kf - I(I

—mgf(l—C059)+iq€sin6=0
2g,

—mgt’(l—cose)zg—:(sine
0

+H++++ 4+

mg2sin® 9 _ 94 56incos?
€ 2

1/2
27, Ans. M(ﬂﬁj
mR r 8

UA+KA=U3+KB

2
@+lmu2, :@(3}32 _R_}_O

min 3
r 2 2R 4 . :
-mu,, =———-
2 min 8R r q'm

%
Unin = [@(ﬂﬁﬂ
mR r 8

28. Ans. 2

(%)
Wi_aVi__\R w

2
- = 1
Wz qu QE@ w, 3
2 R
29. Ans. 2
AKE + APE=0

2
2. {lmvz}-{o—(l(q .4_@}}:0
2 4R 2R
V:\/i(qu—_'_quJ
m\ 4R R
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30. Ans. 2
V4 oc pL?

Divide cube into smaller cube of length L

Therefore

L 2
v () 5| <

VCoc2pL2
Va_1
%4 2

c

31. Ans. 1

9)-(-)-C

_ ko2x0dx
X

dv

x=2Rcos0

dx=—2Rsin6d0
oR
V=
2t e,

32. Ans. 2
p = charge x (distance between mass centres of both the portions)
=4uCx05m=2uC-m
33. Ans. 6
t=2qFE 3asin 6 + k2a sin 0. 2a cosO + 2k a sinB a cos O
For small angular displacement

T = 6aqE 0 + 6kaz0 k
dZe qE
-18ma? = = 6a(ak + qF)0 0
d0  (ak + qE) hinged
— +———0=0 qE
2k

=
dt 3ma
2
f:i /ak+qE :i ,%:i ’%:i f9k7r _{Sgec
2n\ 3ma 2r\3ma 2n\'m 2n k
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ALLEN JEE (Main + Advanced) : Physics

34. Ans. 4
When connected all charge move to outer shell,
KQ?
Heat=U;- Ur=
4a
35. Ans. 5
F - (m,+m,)g @
2
mg  myg
97757
9
T:(ml _mz)E @
10
T=(2-1)x—=5N
2
3
36.  Ans. g=+ﬂ0poR 1 : _% ‘g:_ZnGpORf
6 | (x-(R/2)) X 3

g(X) = Jsolid sphere T Jhollow sphere
M GM

solid sphere hollow sphere

= +

XZ R 2
X_i
2
4 (RY
—Gpo(gnﬁj GP()L“(ZJ ]
+ i
XZ Rjz
X_i
2

4 -1 1 N
G[—npOR?’) — i
3 X

g(x)

37. Ans. 2
Let mass of P, Q and S are m1, m; and mj3 respectively
Gm, G(m,+m,+m,)
R 9R?
8ﬁh =my + ms
38. Ans. 4
dm = kr4nr2dr

m = knr4

r

-dP x 4nr2 = szdm
r

Gkrnr* xkanridr

4

—dP=

47r
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—-dP = Gk2nr3dr
-f " dP =Gk’ [~ rr
P=0 r=R

_p= gienl =K

4 4
P=Gnk2(R d J
4

39. Ans.7
dm = pordmr2dr

Gm GJ: p, X 4nrdr

Inside g, =—-
91 2 2
Gp,mx*
1= T
gi= Gpo‘l'[X2

Outside-

R 3
_Gm G,[o p, x4nr’dr - Gp,mR*

2 2 2

Yy y Y

, 1
Given gl =g2 :Egsurface

Jsurface = GpOT[RZ

2_ Gp,mR* 1

Gp,mx X :EGPOTERZ

= x=%,y=\/§R

N7

x+y:£+\/ER:£

N AN

= x+y:R\/g

a=9
B=2
40. Ans. (1.6 hours if it is rotating from west to east, 24/17 hours if it is rotating from east to west)
2T W
NW=—=—
24 12
There can be two w' one from west to east and one from east to west.
2 4
w = 2T rad/hr.
1.5 3
For west to east For east to west
Wrel=W-w' Wr =W+ w'
5 4 17
= 2 rad/hr. _An o m _Lim
4 3 12 12
T= §hrs. T=ﬁhrs
5 17
=1.6 hrs.
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41. Ans. 1 x105)

GMm _mv’

R* R
12 GMm at any distance R \Y
2 2R

PE R m

So for PE = — GMm corresponding KE = S

= ForU=-2x 105]andKE:—%=105]

2md>/?
42. Ans. (a) T = W, (b) 2, (C) 2

(a) The COM of the system divides the distance between the stars in the inverse ratio of thin

masses. If di and d; are the distances of M and m from the COM. (COM = Centre of mass)

d d
d, = xm and d, =
M+m M+m

The stars will rotate in circles of radii di and d; about their COM. The same force of attraction
provides the necessary centripetal force for their circular motion.

GmM 2 2

= Mwd, =mw,d,

7 =

x M

Gm _ GmXM+m=G(M+m)

or (Diz

d*d, T d dxm d’
G(M+m)
andu)1=u)2= T
Lm de(D M d z
®) 1 Mo =—[u]
M 1@ m{ Md,
As md2=Md1
- L_M_,
L, m
lMV 2d2 d2
(C)K"” 2 1 M(’)11_M_1
— = 2 32 2
K, %Mvj m o,d, md,
K, M m" m
= —=— —2:—
K m M M
43. Ans. 2

By conservation of angular momentum
mviri =mvara
v, r, 144x10°
=——=2

v, r 72x10°

1
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44, Ans. 9
Circular orbits
RZ
GM

N

T=2r

Binary stars

(9R)’
nT=2n,| ————
G(3M, +6M;)
3 3
nx2m R =9x27 R
GM, GM,
n=9
45, Ans. 6
X1+X2= d (l)
For COM
M1X1 = MzXz
(22 Ms) X1 = (11 Ms)Xz
X1 = 5X2 (11)

From equation (i) and (ii)
5d d
X1 = ? & X2 = g

Then for circular motion
G(11M;)(22M,) (11M,)V;

d’ X
G(2.2M) v}

a

Ny G(11M)(2.2M;) _ (2.2M,)V;

d X
Gmy)_ v;

T

2

G(55M;)
6d "
then
(11M,) 2.2GM (d
L, mpV,r, 6d

W A(2.2 Ms)

www.allen.in
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46.

47.

48.

L, 1 L,

L=—5-A4=5
L, 5 L,
then, Total angular momentum
Angular momentum of B
_L,+1L,
LB
L
=441
B
=5+1=6
Ans. 2
rcos60 =R=r=2R orbital velocity v, = ’G_M _ M o
r 2R
_______________________ satellite
Ans. 2
GMm
Energy in the orbit= —
2r
Energy at the surface = — GMm
2R,
Loss in energy = GMm 1 1
8y 2 \R, r
Loss in ener
Time required = c &Y
Ans. 3
Total mechanical energy
E :_GMm+lmv§ GM
r 2 UO - |
To
_ _GMm 1 v p Lo
r 0
GMm GMm rp[* C a
= - +
r, 2r, 26
o _GMm o 7 P
2r,
—-GMm _ GMm
2a 2r

0

= Length of semi-major axis, a = ro

Hence point 'P' must be an extreme

Point of the minor axis of the elliptical orbit
asino =ae
e=sina=sin37°=0.6

Hence the eccentricity of the elliptical orbit
e=0.60

[164]
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49.

50.

51.

AE
Ans. (a) AE = ZMM LoS  AE,=—13 AE
r1+r2 r1+r2

(r,—r,) (b) AE, =

For a satellite, orbiting in a circular orbit or radius r,
We have,

GMm mv* , GMm
7 = or mv =

r r r

KE. = lGMm and P.E.=—GMm
2 r r

GM.
Total Energy E = —Z—m
r

Total energy of the satellite orbiting in circular orbit of radius r1 is given by

E = GMm
2r,

Similarly, for an orbit or radius r
E,—— GMm
2r,

So, additional energy imparted will be
GMm ( GMm
2r. 2r,

2

E,~E, =—

~ GMm(r, -r,)
- 2nr,
Ans. 8

M
For astronaut  |— =v_,
RZ
GM
For body, ,[— =V,
Rl

Given, Vase — Vbody = 5 m/s
Vast = 5000 m/s

o GM . GM
© (50007 (5005

Ro-Ri= GM| —— 1 |<32km
(5000)" (5005)

Ans. 8

Conserving angular momentum m(v; cos 60°) 4R = mvzR = Ya_y,

Vl
m 1 , GMm 1
+EmV1= —

Conserving energy of the system —

+—mv.
2

www.allen.in
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52. Ans. 2

EXERCISE - JEE (Main) PYQ

’ Z_gXR/
esc 11
4
=—=GpR
g I P
—x—nGpRziz—nGB '
11 3 11 3 4
R'=iR
11
= V,= 2—‘g><ﬂ =£><11=2km/s
11 11 11
1 Ans. (2)
V‘—"IL/I ~~~~~
’,’ ,I,I\J \\\ F\,\\\\
A2 A5% N2 AN
I,, /" F2 : F \‘\‘ \\ V
l’ // ‘ 1 \\\ “\
i iR .
MI’- -------------- e 3/
e L V
M

Net force on one particle

Fret = F1 + 2F> cos 45° = Centripetal force

GM* | 2GM* .| mv?
—+ > Cos 45° |=
(2R} | (V2R)

-1 ,/GM (1+242)
2. Ans. (4)

By principle of superposition

e, *5)
V= 3 {3122 R } +
2R 4

_-11GM  36M __GM
8R 8RR

[166]
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3. Ans. (1)
Sofrom7? =5 x E

th—tk = (pxi+pyj) X (Ei+\/§Ej)

= py X V3E k + pyE(-k) p
0 = Ek(V/3p, —
(\/_Px Py ) 0 > X axis

Py — 3 /
Px

tan0 =+/3

0=60°

4. Ans. (1)

Voutside = K—Q, where r is distance of point from the centre of shell
r

Vinside = KTP, where 'R' is radius of the shell

KqA+KqB+KqC

Vy=
r, r, r,
1 | c4na® o4nb® o4nc’
Vy = N +
4ne, b b c
2 2
Vy -9\|4 b +c
=N b
5. Ans. (4)

ta
Q= Ipdv = J.r—ze‘zr/“ (4nr2dr)
0

R A R
- j—ze’zr/“ (4nr2dr) = 4nAIe‘2r/“dr
0 r 0
R
R 4nA(—9)(e‘2R/" -1)
2 2
a Jo

Q= 2ndA(1 - e-2R/a)

1
1- Q
2naA

a
R==lo
2 g
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6.

Ans. (1)
As given in the first condition :

Both conducting spheres are shown.

Vin - Vout = (k_Q} _(k_Q)
n n

Hollow

” (uncharged)
Q
+Q

In the second condition :
Shell is now given charge -4Q.

S Lk_o%_oj(k_e_ﬂj

in out —
p) )

n p)
_kQ_kQ _ (1 1)
2

no n 1 R

Hence, we also obtain that potential difference does not depend on charge of outer sphere.

P.d. remains same.
Ans. (2)
Ui+ Ki=Ur+ Kr
kq* 1 k_q2

—_—+ mu‘ =
16a* +9a> 2 3a

1, kqg* (1_1)_21«12

—mu‘ =— =
2 a\3 5 15a

4kq*
15ma
Ans. (3)

a 2
J. kr 4nr® dr
E4na2=">

€

_ k4na

4x4me,
2Q = _[R kr 4nr® dr
0
-2
7R

_ 1 QQ
4me, (2a)°

R =a81/4
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9. Ans. (1)
Total charge of dipole = 0, so charge induced on outside surface = 0.
But due to non-uniform electric field of dipole, the charge induced on
inner surface is non-zero and non-uniform.
So, for any observer outside the shell, the resultant electric field is due

to Q uniformly distributed on outer surface only and it is equal to.

_kQ

r2

E

10. Ans. (2)

Minimum energy required (E) = - (Potential energy of object at surface of earth)

_ _GMm _ GMm
R R

Now MEarth = 64 Mwmoon

p.f TR} = 64 TR} dm
3 3
= R.=4Rn
Now EMoon — MMoon .REarth :ixi
EEarth MEarth RMoon 64 1
E
= Emoon = —
16
11. Ans. (2)
v, - [am
Re
V= \/EV
- - = 15%
CLCLUNE P s L S (i) 2
Re 2 Rmax 2T g
_ ) Re N
VRe = VRmax ...(11) \XV
Solving (i) and (ii) Rmax  /

’

12. Ans. (2)

Electric field due to each sheet is uniform and equal to E = Zi

Now net electric field between plates

E,,, =Ecos60°(-%)+(E-Esin60°)(})
:i|:_§+[1_£Jj/:|
2e,| 2 2
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13. Ans. (4)
Fill the empty space with +p and -p charge density.

3 3718 3 | 18
E,_9_18
E, 17 34
14. Ans. (1)
Now Q1+ Q2=Q'1+Q2=12uC-3 uC=9 uC
KQ', KQ'
and V,=V,=> El = BZ
3 3
Q' =2Q",=2Q',+Q', =9C
= Q:=3uC
and Q'1=6uC
15. Ans. (1)
@.}.m‘gy = ﬁ_{_lmvz
R R+y 2
V2 = Zgy + M
mR(R+y)
16. Ans. (226)
1
From symmetry ¢ = —(ij
6\ g,
. 12x10°°
6x8.85x10 7"
2
= 22598 x 103 V™
s
3 Nm?

=226x10

17.  Ans. (640)

¢=EXA:§><4><103><0.4=640
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18. Ans. (2)
. . . . M
Energy is maximum when mass is split equally so — = 2.
m
19. Ans. (4)
3/2
T':T(ﬁJ =33T
R
20. Ans. (1)
kq’ k
iz =umg = L= |——¢q
L umg
21. Ans. (3)
Note: Dipole will rotate about COM but no option is matching with this calculation.
If we assume dipole to oscillate about midpoint
e . d
(/2 Y
t=—-PE .0
I? I’
= m—+2m— |oa=—qlE.®
4 4
2
o ML gEe ma--2Ey
3ml
4
0=, ’—qE
3ml
Correct Ans. is (3)
22. Ans. (1)
kQ
V . = —
inside R
kQ
outside —
v| v=Constant
voe1/r
r
23. Ans. (4)
Planets revolve in elliptical paths around sun. Thus, their linear speed is not constant
www.allen.in
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24.

Ans. (2)

2
- g,:gR __9R 16g

r? 2”25
()
4

Weight = ;—gx 100=64N

EXERCISE - JEE (Advanced) PYQ

Ans. (B)
E, - 4nGrp
3
dF = Echdr
8 4mGp anGpr [ r2 ]
F= rdr =T|:7:|4R
4R 5

5
2
:4nGp7{Rz_16R }:ﬂkaxiRz
3x2 25 6 25
2
M xkxix R
25 100

F= i G x
6 ER3
3 e
After solving [F= 108 N].
Ans. (C)
Point charge Line charge Infinite sheet

Q A
El(ro):4ne r? Ez(rO)ZZT':Eoro
oTo
Given

E1(T‘0) = Ez(ro) = Eg(ro)

Q A _©
dme,r? 2me,r, 26
Q A
dne, 1} 2 SN

Q o Q  _ 2ay 2n

2 2 2
4 r, TEY e, TN&h
TEy | -

o

E3(r0)=E
0

(D)

So,

= Q= 2\rg

Now, E, (r,/2)=

A A E(r,/2
E,(ry/2)= PR 1(;/ )¢4Eg
2neoEO 070

From equation (i)
Y 2=L:>Q=2cmr‘02
dne,ry  2¢g,

Also, from equation (i)
A c

[172]
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3. Ans. (C)

E,>FE{>E3
4. Ans. (A)
When all are positive net field is along +y axis
P—3

QA Q Q Qs
when Q1, Q; positive Qs, Q4 negative
Q-1

X

Q, Q Q, Q
When @1, Q4 positive and Q», Q3 negative
R— 4

5. Ans. (D)
Considering any point, 4 inside the cavity electric field can be calculated at A by using super

position principle.
E,=(E
A~ ( A)Due to sphere without cavity
o
—(E
( A)Due to sphere of radius R, & centre at P

E, =L 04--L(p4)
3g, 3g,

But OP + PA = OP
0A —PA=0P
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So E.F.is independent of location of A inside the cavity.
Ans. (6)

dp = » . d Ldx
2ne, \/dz+x2 \/d2+x2
Lt dx
¢= 2 I 2 2
e, 7a/2d +Xx
a/2
:X(d)(L)(ljz[tanlf} M (@ \_ AL
2ne, \d d 1o TE, 9 a3 | 6ne,
2
Ans. (C)

In first case if q is shifted towards one of the wires, its repulsive force will increase which will bring

the charge back.

In second case, in same type of displacement attractive force due to wire increases which will make

it move further towards wire.

Ans. (2)
g':—g 2 :%
(1+h] v=0
R s
hisv
1+ ﬁ: :
R
h=R ()

So, velocity of particle becomes zero at h =R

Given, Vesc =VvA/N

So, /ZGTM _ N

Applying conservation of energy

..(ii)

-GMm 1 , GMm
—mv°=———+0
R 2 2R
On solving
V2 = G_M
R
GM o L
So, v= S putting in equation (ii)

Comparing N = 2.
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9. Ans. (7)
Due to gravitational interaction connected masses have some acceleration.
Let both small masses are moving with acceleration 'a' towards larger mass M.
GMm Gmm GMm Gmm

= + a
9% #1602 (? M —
Force on middle mass (m) = Force on mass (m) (right side) m m
......... — gmm
% =2m ;
—3l—_  _,__,

™ ( M j
= m=—=k|—

288 288
= K=7

10. Ans. (B(C)
i , , GM
Gravitational field ata distance r: g=—-.r
R
Taking a small element of surface area dA and thickness dr.
GM
F=[P-(P+dP)|dA =5 rdm

GM
~dP.dA= ?.r[p.dA.dr] { dM = p.dA. dr}

P r
!—dP = %_}[ rdr

P=GMP[R2—r2]

2R’
11. Ans. (BD)
We know,
2 2
=t T ST (Ran
4dne, r g

So, dimension
2

9 _dim (Fr?) = MLT-2x L2 = ML3T-2
€y
. 3
Similarly; E ZEKBT

=  dim (KgT) = dim(Energy) = ML2T-2

ng* L*xMPT? 1
(A) = - = —
ek, T MI’T L

®) /(E)xvol _MIPT? <D
Fr? MLT % I*

© \/Frz(vol)m :JMLT‘ZXLZXLZ _JE

(Ke) MI*T™
FrivoD)'®  |MLT*I*xL
oy [Fol)™ "2 _1 [ dimensionn= dim[ijzﬁ]
Energy ML'T vol
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12. Ans. (AB)

Every point on circumference of flat surface is at equal distance from point charge

Hence circumference is equipotential.
Flux passing through curved surface = - flux passing through flat surface.
(d¢)through thering = Ecos0.dA
1 Q R
4me, ( [2 R? )2 JR? +17

_ QR f rdr . q 1
.[d(l)_zl.neo 27-2').(1?2_'_’_2)3/2_260£1 \/Zj

2nrdr

Flux through curved surface = —L( —ij

So \/E

Note : Flux through surface can be calculated using concept of solid angle.

Q=27n(1-cos0)= Zn(l—ij

2

Solid angle subtended = 21{1—%]

¢ for 4 solid angle = -1 5

«
1 . q 1
¢ for 275[1——] solid angle = .Zn(l——j
J2 dme, 2
_ L(l_ij
2¢ 2

13. Ans. (C)

2GM
Given, v, =11.2km/sec= R £

e

From energy conservation
1 , GM,n GM,m
V. — —_ =

20 r R

e

0-0

where r = distance of rocket from Sun

/2GME 2GM,
= v = +
R, r

Given, M;=3 x 105 M. and r=2.5 x 104 R,

2GM, 2G 3x10° M, 2GM, 3x10° 2GM,
= v, = + 7 = 1+ | = x13
R 2.5x10"R, R 2.5x10 R

e e e

= v,=42km/s
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Field due to straight wire is perpendicular to the wire

Length, PQ = 2R sin 60 = V3R According to Gauss's law

14. Ans. (B)
m_,
m .
iven
R g
R, 4
GMm, mv;
R R
L |
Rl 2
v, 1
(P) “t-2
V2
(Q) L=mvR
L _myR, 2><2><l=1
L, myV,R,
1 5
(R) K==mv
2
m,v?
11 ; =2x(2)2=8
K, my,
(S) T=2mR/V
T R1XV2 R v
T, vi Ry R, v
15. Ans. (AB)
and radially outward.
Hence E; =0
Total flux = 4)5'% = qﬂ:@
So
16. Ans. (2 [1.99, 2.01])
n=103kg q=1C at t=0
E = Ep sin ot
Force on particle will be
F=qE =qEosin ot
At Va0, F=0,qEpsin ot =0
F=qEosin ot
dv E, .
—=qg—sinwt
dt
v /o
E
Idv= I 90 sin ot dt
0 0 m
www.allen.in
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E /0
v-0= q—o[—cosmt]o/

mo
E
v-0= q—o[(—COSTE)—(—COSO)]
mo
1x1
Vv ————x2=2m/s
107°10° /
17. Ans. (B)
. K
i E= sz :>Eoc?
(ii) Dipole

E= Zg\/u&osze

E o d_13 for dipole

(iii) For line charge

(v) E=2Kr_2Kn :zm[
d—( d+/(

2K (20)

d+0—-d+/
d? —r?

(v) Electric field due to sheet
E is independent of r
18. Ans. (A)
Let charge on the sphere initially be Q.
kQ
R
and charge removed = aQ

= V0

\\\\\\\

R/2 (
and V,,—k—Q ZKOLQ kQ
R R R
V= kQ(1-a)
R
] &_ 1-a
'V, 1-20

[178]
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(B)  (EQ)initial = zero
k
(EC)final = OLQ

R2

= Electric field increases

kQ
C Ep)initial = —
(@ (Ep)initia e
*
P:R
P

——————————

kQ _kaQ
4R* R
kQ kQ kaQ kaQ V,a
e
4R" 4R R R R

D) (Vmal = %Q

(E P) final =

°C

(Ve)final = @

AVe= %Q(a):avo
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19.  Ans. (ABD)

For option (A), cylinder encloses the shell, thus option is correct.

For option (B),

Cylinder perfectly enclosed by shell,
Thus ¢ = 0, so option is correct. |

For option (C)
¢:2XQ(1—C05530) =£ I/ R(\:\ \\H
2¢g, 5¢, S

For option (D) : \Z'R/5 /

N

Flux enclosed by cylinder N |1
= <|):£(1—00537°):i —t—
2¢, 5¢,

20. Ans. (AD)

E.F. at B along tangent should be zero since

circle is equipotential.

K|P
So, Ey = |3 ! and Ez=0
R
So, R3 = KFy = F
E, dne, E,

1/3
)
SoR=
dne) E,

So, (A) is correct.

(B) Because Ej is uniform and due to dipole E.F. is different at different points, so magnitude of
total E.F. will also be different at different points.
So, (B) is incorrect

BT

R R R\2

So, (C) is wrong

(D) Ez=0

So, (D) is correct.

€ E,
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21. Ans. (D)
Let total mass included in a sphere of radius r be M.
For a particle of mass m,

GMm mv*
r? r
N GMm oK
r m
:> M = &
Gm
dM = 2Kdr
Gm
= (4nridr)p = 2icdr
- _ K
P 2nrt m*G
n= B :%
m 2nr°'m°G

22. Ans. (BC)
a, =-400 x 1010 [gE}, = ma,]

12 - 2 -
R=5= 40x10"“sin20 R(range): u“sin20
400+/3x 10" )
sin 20 = ?

20=60°120° = 0=30°60°
Time of flight,

2x2J10x106x1 z
T, = Zz\/gys (for 6 =30°)

400+/3x10"
Time of flight,

2><2\/E><106><\/2§ R
T,= =.|=us (for 6 =60°
2 4004/3x10" J;— ( )

Answer is (BC).
23. Ans. (3.14)

y
A

PF+x /)

Al — X
Atf:F€=F5p
y
Kl = 2k139q ?
14 |
Fnetstp_Fe=k(€+X)—qE E
= k(x+ ) - ‘I(Z_kpg
(f*l—X) f)’i q .
------------ , e
Sy ) (0,0) Fsp
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2kp ( 3xj
=kx+kl(-q| == || 1-=
¥ q( Iz ) ‘

3x

L

keg=4k ; T= 21t,fﬂ:n\/E
4k k

1 [k
~7\m
Sod=n=3.14
Answer is (3.14).

24.  Ans. (6.40)

R
r
qu }[60 (1—Rj2nrdr
¢0 = =
€o

€y

FN=kX+kf( j=4kx

0
Answer is (6.40).
25. Ans. (2)
Ui =0

Ufqu—P2+mgh

[26 sin aj
2

Now, from AOAB
a+90-6+90-6=180
= o=20

From AABC : h:2€sin(%jsin6

h=2/sin (gjsin (gj
2 2
= h=2/(sin* (gj
2

Now charge is in equilibrium at point B.

So, using sine rule

- R/4 2 a
Gy2m J (r—R]dr

[182]
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E
N mg _ 1CIE — N — ‘CI =
sin{90+a} sin[180—-26] 0 & sin
2
N mg _ .qE Mg _ qE
o  sinoa (0} .o o
CcoS — cos— 2sin—cos—
2 2 2 2

= qE :ngSin(%)

= q2kp 3= ngSin[—j
[2€sm

2
[26 sin oc}
2

Substituting this in equation (i)
kpq

U, =mgh+ >
[28 sin oa}
2

= Ur=2mgh
W=AU=Nmgh=N =2
26. Ans. (BC)
The net electric force on any sphere is lesser but by Coulomb law the force due to one sphere to
another remain the same.
In equilibrium
Tcosg:mg and TsinZ=F
2 2
After immersed in dielectric liquid.
As given no change in angle o. :
(Y
So Tcosgzmg—Vpg oV
when p =800 Kg/m3
and Tsin2-F mg
2 e
mg _mg-Vpg
FF
er
1 4.0
e, d
d = density of sphere
1,800
21 d
d =840
www.allen.in [183]
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27.  Ans. (1.73)

V=0
—kQ N kQ/V3 _

Jx2+y?  J(x—2)2 +y2
3(x —2)2+3y2 =x%2 +y2
(x—3)2 +y2 = (V3)’
R=+3=173

28. Ans. (3)
Let a point P on circle

k(-Q)  ko/\3

V =0=
? n g
kQ _kQ/N3
n g
1 1

\/X2 +y° «/§\/(x—2)2 +y*
3(x-2)2+3y2=x2+ )2
3(x2+4 - 4x) -x2+2y2=0
2x2+12-12x+2y2=0
X2=6-6x+ )2
(x-3)+y2= (V3)’
R=v3=173
b=3

29. Ans. (9)

Circular orbits

T=2n
s

Binary stars
9R)’
G(3Mg +6M;)

3 3
nx2m R =9x21 R
GM; GM
n=9

30. Ans. (ABC)
(A) Due to symmetry EO =0

nT =2n

(B)

_____

P < P(xy)
-Q .’I /3 \“1
‘ L (2,0) /

NP (%)

———————————

r,” Ri

Q100 (20 G0
)

pe
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kq 2qx4 ¢
Epet = 7%2= 7 2
(2d) 4me,-4-3a>  6mea
7k 7 7
© v="H9o 9 __’9
2d  4me, 3a 4\/§n80q
qu Zq q
2d  4ne, f3a 2\/§n80q
31. Ans. (3)
From Gauss law,
q
(I)hemisphere + (I)Cone =T e
€

Total flux produced from q in o angle

d):%[l—cosa]

For hemisphere, a =§

q

¢hemisphere = 2¢
0

From equation (i)

q q
=+ =
280 q)cone 80
-1
(I)CODE 280
4 _a
bg, Z2g,
n=3

Alternatively, ¢ oc no of electric field lines passing through surface g is point charge which has
uniformly distributed electric field lines thus half of electric field lines will pass through
hemisphere and other half will pass through conical surface.

32. Ans. (B)
1
q,= Ikr4nr2dr = Amk =nk
0 4
' 8nk(r?-1°
q,= J.%émrzdr = g
1T 2

qz = 4nk[r? - 1] = 4nkr? - 4k
Qnet = q1 + q2 = 4mkr? - 31tk
Gnet = Tk [412 - 3]

NE)

(A) EnetZOSqnet:():r:?

kQ,,, 1 nk(4r2—3)
Ty =4TC80 r

B Vv
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33.

34.

V:L[M_E} :L[ME_ﬁ}:i
4e, r

© q,. =Tck[4(2)2—3J = 137k

5 2
2 4{ 2] -3
(D) 5 _kQ 3 1 TEk(‘l-f‘ —3)_ k (2] B k [25_3]_25
22 4mg, r  4g, (5/2)2 25¢, 25¢,

Ans. (ACD)
W, +W,, =k, —k;
qv;—qv,+W,, =k, -k
q—c[\/haz—z}—@Jrcz:kf—o
2¢€, 2¢€,
C:CIGB

2¢g,

Substitute B and Z, calculate kinetic energy at z = 0.

If kinetic energy is positive, then particle will reach at origin.

If kinetic energy is negative, then particle will not reach at origin.

Ans. (2.30)
GivenRa=Rz=R
Mp=2M,
Calculation of escape velocity for A:
Radius of remaining star = Ry
R, M
Mass of remaining star = p, in—A =4
3 8 8
-GM
— 4B 1mvfl =0
RA/Z
26M, GM,
= Y, = =
R,/ 2R

Calculation of escape velocity for B
Mass collected over B = %MA
Let the radius of B becomes r.

4 7 4
gn(r3 ~R3)p, =§pA—nRi

3
1/3
L ol U97R
8 2
Vs  23GM, _ 23GM,
2

8><151/3B  4x15"°R
2

[186]
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23GM ,
2x15Y3R

V, _ [10x230
v, 151/3_ 15'/3

=230
35.  Ans. (B) (100,100)
P1=q(4) ~*
P =Pj J <

Vg =

7 =100( + j)mm
. KP,F _K(100P,) smm|

r* (100\2) ’
tan0 =2

P, =132[—c056f+sin6}}

F=100(i + j)mm
+q
P,=q/
KP, ¥ L
r* 4 P
_ K(100P,)—(—cos0+sin0)
(100+2)?

V=

P
Vo—zz(—c059+sin9)
Pl

V=V, q—g[—cose+sin6]
q(4)

Yo
Yo pigq=te
4[ 1

36. Ans. (A)

2 Ip
To_6
r, 5
6
rQ:grP
R hQ:§[R+B]
5
thﬁR R—iRzgR
15 15 5
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JEE (Main) Practice Paper

SECTION-A
1. Ans. (1)

E4 > Eg (Due to more field lines at A crossing a particular area).

Vs > V4 (Because direction of field line from B to A).

2. Ans. (2)
Consider whole sphere
_K(ZQ)_E+EI Q Tﬁnet
net — - » P '
4R? an3 ' TT E+E
3 [
K(2 =
ST N
4R
) 1 3
= X——x2x| px=nR* |- E
4ne, 4R
_ PR _
12¢,
3. Ans. (3)
At point P,

E}, is vertically outward.

Ep is also vertically outward.

4. Ans. (2)
2
I“I_Q+0:]“I_Q+l p_
r 2r 2\ m
5. Ans. (1)
gk, E:K(Ze); y_ke. , _K(ze
R? R R R
6. Ans. (4)

We know that if a point charge q is placed on the apex of a cone

of semi-vertex angle 0 then electric flux through the base of the

M here tanG:@=\/§:>9=60°-
2¢€, a

cone will be

q(1-cos60°) ¢
2¢€, 4e,

Therefore ¢ = =q =40
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7. Ans. (4)
pEds =T = q, =2x(200x10%)xg, =35.4x107C
€
8. Ans. (3)

du = [1% EZJdV
2
1 2 2
= (EEO (3y) j(a dy)
y=a
U= [ au = 3¢,a°
y=0 2

9. Ans. (1)

Q _pR

Electric field on surface of a uniformly charged sphere is given by ==
4me,R° 3g,

_Q _ e’

Electric field at outside point is given by E = 5 5
dre,r®  3g,r

10. Ans. (1)
Field is perpendicular to equipotential surface field inside conductor is zero.
11. Ans. (3)

2 2 2
PA=F=kx= > nR*=kx=>x="2 R
2¢, 2g,k
12. Ans. (3)
Let the Q charge on sphere q/2 Q
Kq/2 KO _,
d r .
r r
__ar
¢ 2d
13. Ans. (3)
At equilibrium o1 = - o2
Eu= 1] %2}
2e, 2g,
= 21jor —2
€9 €
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14. Ans. (4)

(D If Q = 2q net charge on outer surface becomes zero
= Eoutside = 0
= Potential = [E.dr =0

(2) External field affects outer charge —
distribution.

(3) Electric field direction inside cavity is towards
centre and we know potential decreases in
direction of field. —

15. Ans. (3)
F=6"M"2 _6675x 15107 =6.675x10' N
r 1
16. Ans. (3)
hY* [ 2hj
h=g|1+—| =g|1-—|,
sh=o(1e3) =0 (1-3
Fractional change A9 _ 99 _ 1- ﬁ—1
Y Y R
_2h
R
17. Ans. (4)

1 GM GMm _ 3 GMm

2 R R R+h
h=R
18. Ans. (2)

We know that, g= i_ﬂz/l

GM /7 4g 4
2 :—:—g
R /4 7 7

On the planet, g, =

Hence weight on the planet = 700x§ =400 gmwt

19. Ans. (1)
If we consider ring 5M and mass M to be a system we can apply momentum & energy conservation
as F,,=0
M Vmass = SM VRing
My =5MV (1)
U +k =U;+k;

_GMSM _~GSMM 1 5 1. .

2R R 2 2
2 2 2
1
SMSM:lMV2+15M Z = V_ :V_ 1+=—
2R 2 2 5 2 20 5
56M _6_v*
2R 5 2

IZSGM
— =V
6R
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20. Ans. (2)
v, =\2v, =1.414v,

. . . . .. [Av
Fractional increase in orbital velocity| —
v

=Ye™ _0414
Vo

Percentage increase = 41.4%.
SECTION-B

1. Ans. (6)
After reaching at B, it will complete the circle

Conservation of energy at A & B

KQ
—=V
4a B A
Kq(Q) 1 . KqQ
4a 2 a
Imv? = qQ(3
a \ 4
—mv*=3Vq
v [0Va
m
2.
/2
jdvzzjE(Rcose)(mde)zzmzle1=2xzx2=8]
T
0
3. Ans. (2)
(AU)gainz (AK)loss;quz lrflV2 -0; QkQ[ 1 — 1 J:lmvz
2 \/aerO2 \/a2+3a2 2

v—\/qu— (A2ma)q Y
ma dneyma  \2meg,
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4. Ans. (8)
+4)

——a —

0
+A ° +3A

+2\
2kA

a/2

N
'y

2kA
—2
a/Z\/_

Enet at 0 :%

2¢g,

7. Ans. (2)
0=g—Rw’ cos® 45°

2
’2
R&:gormz _gl
2 R

8. Ans. (2)

By conservation of angular momentum
mviris =mvar;

v, _n 144x10° _

v, r, 72x10°
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9. Ans. (4)
dA nR?
de T
_ 4’
oM
_Z_TER3/2 :d_A_—TcRZ

T? R?

10. Ans. (3)
GM,M, M,M,w; (4r)
(4r)2 (Ml +M2)

2
GM
(,05 :(Zj = 35
r

JEE (Advanced) Practice Paper

1. Ans. (C)
Va= Vg
ra=>rp
So, charge density at A > charge density at B
Es>Ep
flux=0
2. Ans. (A)
Whatever the charge distribution of Q on sphere.
V= Kjd—Q _ke
R R

. . K
The potential due to Q is ?Q at centre
V4= Vauerto ot Vdue to sheet
Vo = Vaueto ot Vdue to sheet
Va=Vo
VQA + Viheets = VQO + Vsheet,O

Ki
VQA + Vsheeta = ?Q + Vsheeto +

Ki
VQA = ?Q + (Vsheet,O - Vsheet, A)

_@_L(BJ
TR 2\ 2

KQ oR
R 4g,
0
V=—J-E'dr
Y
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_ 9
2
R

Acceleration below the surface = g(l —%j

Acceleration above the surface =

Equating them will give answer.
4. Ans. (A)

Let’s take strip of length ‘dx’ at length x, from (0, 0).
Its mass = dm=pdx = (a+bx?)dx
Force due to this strip on

2
‘m =dF = G—n; dm=Gm a+lz)x dx
X X
Force on ‘m’ due to
2
dm=dF =" dm = Gm T gy
X X

Total force,

a+bx*

XZ

a+(
=Gm J (%+ b) dx

dx

F =de = TGm

6. Ans. (AB)
b=E.A
¢,, =—ve and ¢ +ve

out —

q,
Qnet =—
0

0, =0,0, =Eqa’, ¢ =Eqa’, 0, =0,05 =0,0, =0

Quee =1+ + 5+, + 05+, = 26,0° = 2E0° =12 = g, =26, Eyd’
0
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7. Ans. (AC)

kq 9x10°x1x107°
AC 5

Ve = (VB)duetoq + (VB)i
Here (VB)i = Potential at B due to induced charge

V= =18x103=18kV

18x103= X9 4 (1),
AB

= 1.8 x 103 =2.25 x 103 + (V3);
= (VB)I' =-0.45kV
8. Ans. (AC)
Since, the situation is having symmetry, particle moves symmetrically along the diagonal shown.
The energy conservation law is to be used.

2 2 2 2 SSEl =" . VY
= 1 {41+2i} U, = 1 {ﬂ+ 29 } 2
4re,| 0 20 dme, | 20 J2x20 L
4mv* . TIRY.
Ui = Uf+ E '#{____\:i\ i
1/2 :,/' XN i
2 2 2 1 oI ______ A
= 2mv* = ! zi+ q => V= il 24+—
4re,| ¢ (2 8neml| 2
9. Ans. (ABC)
. R
[sin0 = 73]
sinf = % cos®’ = cos(90 — 0) = %

8 =sin~?! (RRﬁ) 8’ = cos™! (%)
Area covered
= 2nR?(1 — cos (90 — 9))
= 2mR%(1 — sinB)
Area escaped
= 4nR? — 2nR?*(1 — sinB)
= 2mR?(1 + sin®)
10. Ans. (ACD)
Let

ﬁA= gravitational field due to sphere A (if it were
present at that position)

ﬁB = gravitational field due to sphere B (if it were
present at that position)

ﬁR = gravitational field due to remaining portion after
the cavities are made.

Then from superposition principle, we can see that

ﬁA + ﬁB + ﬁR = 0, as the force due to entire, sphere is
zero at centre.
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Now since due to symmetry.

Hence =0, hence option (i) is correct
Now at B.

Field due to entire sphere is given by .

Then from superposition principle, we can see that ﬁA + 133 + ﬁR = (0, as the force due to entire
sphere is zero at centre.

Now since ﬁA + ﬁB = 0 due to symmetry.

Hence ﬁR, hence option (i) is correct
Now at B,

Field due to entire sphere is given by

M, _GM, _GM
B T 6T 32
tm, _Gm_ _GM _ GM
22 T 16 T T6x64 ~ 1024

F =
whereas F, =

where m = mass of sphere A = M/64 and ﬁB =0
From superposition principle, we have

F_)A + ﬁB + ﬁR = ﬁ

> = = GM, GM , 31GM,
= Fr=F-Fa=331"1522" = To22 ¢

Hence option (ii) is not correct.

#0

Regarding potential at a point on y2 + z2 = 36, we can see that the radius of the circle is 6 units,
however, all the points on it are symmetrically located from remaining sphere. Hence potential
must be same at every point on this circle. Same logic holds for the circle y2 + z2 = 4 also, though
this circle lies inside the remaining sphere.

Hence options (iii) and (iv) are also correct.

Hence options (i), (iii) and (iv) are correct.

Note, we can use superposition principle to calculate the potential at these points.

In option (iii) it will be equal to —G—M[1— 1 )

2 \3 32410
In option (iv) it will be equal to _aM 22—L
64 2

11. Ans. (B)

X y z X y zZ
___?__=0
Cc > Cc x -y _z
d—| 2d d—

x+2y+z= (1)

y—x=0Q -(2)

-y+z=0 .(3)
Solving (1) (2) (3)
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12. Ans. (D)

Charge apply on right side of plate 4 = %
Let start from plate 1 and assume potential of plate 1 = Us.
Also, potential of plate 4 = U; because both are connected.
Electric field in region (A)

X X 1 2 3 4
X2=—"o0 — — = =
24¢, Ag,
Electric field in region (B) A B ¢
M X2 = ﬂ Q X x| |Q+x -(Q+x) | |Q+x Q
248, Ag, 2 @+ | 2
Electric field in region (C)
Q+x ><2:Q+X = —F— 54 s Heag— L
24¢, Ag,,
Now U, -—xd-L X 00 95y,
Ag, Ag, Ag,
Ui=Us
So, d(x+2Q+2x+Q+x):0
Ag,
4
13. Ans. (C)
_3Qd
Vi=V, 4me
14. Ans. (C)

2
Gm* my,

= -
rt (r/2) 2
r .
Z(mvO Ej =njo -(ii)
From (i) and (ii)
2 2
Gm
15. Ans. (D)
Gm®
Vo =
2n]j,
2
= K= lmvg = le = —g,from i)
4 4
E=U+K=-4K+ K+ K=-2K
_ 1 lmSG2
n* |4 7
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16.

17.

18.

19.

20.

Ans. (3)
Net flux in x-direction = 0;

Net flux in y-direction = ,4[3(12 +2)}—A[3(02 +2)} —q=-3¢ (asA=1m?)

Ans. (1)
Using superposition method,
Enet = Esheet — Edisk
Ans. (2)
GMm
2r

M
Energy at the surface = _GZTm

Loss in energy = (;M_m(i_lj
2 \R r

e

Energy in the orbit= —

Time required =

Cc

Ans. (4)

dm = krdpr2dr

m = kpr4

_Gm
r2
m
—-dP x 4pr2 = Gr—zdm
Gknr* xkdnr’dr

—dP =
4mrt

-dP = Gk2?pr3dr
P r=r

-|,_ dP=Gk’x[ rdr
P=0 r=R

4 4
-P= sznr R

4 4
P=Gnk2(R FJ
4

Ans. (A-P,S), (B-P,Q,S), (C-P,R), (D-P)

’ZGM :
V= escape velocity
r
V=, /G_m orbital velocity
r

Loss in energy
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