PHYSICS FOR JEE MAIN & ADVANCED

EXERCISE - 1

Single Choice

1. K(92e)q - _Keq - = i: = r=12cm
r (16 -r) r l6-r
[Q°] ATT? TS
g | = = =M"L7T°A
> S o] "
3.
A B
O ~*2q
o F* :
! ..-".. |
| \. :
' F ‘F/ \'f' :
| WAy ~ i
2(] o " - “e +(
D C
Hence net force is along BD
QKQx
4 F_QE_ (R 2)3/2
+ X

4 (2a0)

F o (%)
(required equation for SHM)

5. Same charges repels each other.

/2
6. t= Rl 2xxm Sotoc Eoc\/r;
a V qE q

2 — P

.tl

=

[when x, q & E are same]

8

7. Force between two line charges On a unit length

_6\2
ZZKKXk:2><9><109><(5><106)

r 0.1

=4.5N/m

9. Ifparticle will loose KE (in that direction) against work

K K
done by electric field 7 =qEd > E=—

HINTS & SOLUTIONS

10. Charge moves L' to the field lines. So the work done
will be zero.

11. o(23)

"o (8, 5)

gy 4

_KQ. 9x10"x50x10° X[ﬁi—sﬁj
o 100 10
= 4500 V/m.

E

12. Work done by external force = AU
[1t is state function]

13. By mechanical energy conservation
(PE+KE),=(PE+KE),

2 2
O-i—l—mV2 +0= &+1—m(1) x2
2 d 2 2

(7 from momentum conservation at closet approach,
both particle will move with a common speed v/2)
~4KQ’

sod
mv’

K K A
14. U= Qg " Q,q
R JR*+R

KQq , KQuq
JR?+R? R

Work done by external force : AU = U, - U,

U=

15. Let distance of closest approach be 'd' then
1, K(2e)9)(2e)
—_mv' =—— =

5 e d=10"cm

K K A\
16. V:(n-l)TQ,E= r? = Ez(n—l)r

17. F=QE=300=3xE=E=100N/C

dv 1
E=—"=AV=100x— =10V
dx 10
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ELECTROSTATICS

18.

19.

20.

21.

22.

Equipotential lines are always L™ to the electric field
strength lines .

7 slope of equipotential lines =2
.. Slope of electric field must be =—1/2

= Electric field strength vector = —81+ 4]

Slope from x axis
y=3+x;tanf=1= 0=45° .
*. Electric field in vector from E =100 L 1\}1] J
a3y
“V=- [ E-dr

(ERD]

-100

V= \/—Ddxﬁ[d}’} 50 2 [-2+2]=0

Alternate solution : The direction of electric field and
the slope of line A (3,1) & (1,3) is | to each others so

the dot product ]lgdf becomes zero.

Slope of equipotential lines will be = 1/2

.. Slope of electric lines must be =— 2

OR
E, =—(ﬂ) _ @2V e vim
Ax y=constant (4 -2 ) cm

B8] Y gy,
’ Ay X=constant (1 y 0 ) cm

OV~ OV~ OV~ ]
E=—| i+ =j+ k| =k [4xi-

[8){ ayJ oz [4x1 2}’]+22k}

=—k[Vi6+4+4]=2kJ6

In figure (—d,0) to (d,0) on x—axis the direction of 115 in

+ve x—axis and left side of (—d,0) the direction in —ve x—
axis, but on y—axis, at any point the net electric field
along the x—axis.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

1201 ur
- J. E.dl is the potential at the centre of the ring which

©

is
v=[dv= jqu Kq

9x10°x1.11x107"x2
V= 1 =2 volt

Electric field lines can't be closed

W=(—pEcos0) — (- pE)=PE(1—co0s0)

— chncloscd

S

L flux= —
eO

r un
From flux = j E.ds

Area(100 m?) in xy plane so area vector in k

T T
=[ E,-ds =B R1008=1732

I r °? dx
= E_dx =€, x600 | —==7x10""2C
Sl rtrs o] 5

) 3Q
E, =——
F 41teOR2

= X———+0=
4m €, (de
2

For any metallic surface, electric field lines are " to the
surface.

aQ
361t g, d°

In hollow sphere potential remains constant inside the
shell.

The potential difference (work done against field)
between the shell & sphere is due to the field present
inside that region which is only due to the sphere.

1, 2, & 3 are wrong because in metallic solid sphere,
there is no field inside the sphere. Option (4) is correct
from given reason and also it has field lines perpendicular
to the surface (as required in metallic surface)

3
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PHYSICS FOR JEE MAIN & ADVANCED

EXERCISE - 2 KQr
Part # I : Multiple Choice 4. E= R +r2)
KQH R
I. mg=qx ——577 It is maximum at r =+ ——= and also E is not a linear
(R> +H?) NG

. . . . function of r.
The field due to ring on its axis will be maximum at

5. Potential at any point is a scalar quantity.

H=+ ﬁ 7 Positive charge = negative charge i.e. the net charge is
equal to zero. Hence potential is zero. Electric field isa
i.e. above that point qE force will decrease and resultant vector quantity so it depends not only distance but also
force becomes in downward direction (equilibrium the way of distribution of charge.
position) and also in same way for below point.
qE KQ 9x10° x10°*
q 6. V=—= > > ==18V
g rJ1-47+(3-77 +(2-2)
H and electric field lines will be in all three direction.
y KQH :
mg=q>x —— 3772 9 -8
(R? + H?) V:@: 9x10" x10 _18V

o JU-4r+G-77 +(2-2)

7. Atpoint A the field lines are much closer than B
hence E, >E,.

Work done by external force in direction of field lines is
negative, hence V,>V .

2. Tsina=qE cos45°and Tcosa+qE sin45°=mg

dF

da

do

>

(% ) _(gd0)( A )
=) 5 o) = e ®)
2n g, R n /\2n g R
n/2
A
F.= I 2dF cos0 = 261
0 g R
/2
qr
cos0d0 =
= l‘ ™ g R
9. No point exist in between the charges where field is
Zero.
Q Q/4 E Q4 P EQ
+——>
Q
Ki
K
E= Qz— 24=0:>r:x
(r+x) r
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ELECTROSTATICS

10.

11.

12.

13.

14.

16.

17.

Here potential decreases 2V as we moves unit distance. '

Hence for point (1, 1, 1) from (0, 0, 0). The total potential
decrease is 2 +2 +2 = 6V. Hence the potential at point
will (10—6)=4V.

If'Y is fixed i.e. another force is exist on Y additional to
the mutual interaction between X & Y. So the net force
on system (X &Y) is not zero so p is changed but total
energy always remain conserved.

Equal electrostatic force (mutual interaction) acts on X
and Y but in opposite direction which accelerate Y but
retards X. After long time the velocity of X becomes
zero while Y becomes u.

V,=3volt, V=7 volt

From energy conservation (Energy), = (Energy),
=12mvi-exTV=-ex3V+0

= 12 mv*=4eV

Here total charge is zero.

1uC —-6uC

2uC 3uC
Any point on z—axis, having the same distance from the
each vertex of a square. So the potential due to all is
zero at that point.

. Ifelectric field and gravitational field will be in same line

then the path may be straight line otherwise parabola.

10°° x300
TX10:3WS

Then the resultant velocity may be between 1 m/s and 7
m/s

Velocity due to acceleration =

By work energy theorem W, + W =AKE
mgO[l —1—] +qEx—==—mv’ -0
V2 V2
2g

18. As E= A
2m ey T
I
So V= lr=W= In|[-2%
2w g, 21 €, T,
(2) (2) (2)
W:LIHLQJ_‘_AMILEJ_FL“ILQ)
21 €, \/1_ 2m €, \/5 2w €, \/1_
= » In2
2w g,

19. GivenV, dueto+Qis V,so V=4V

By energy conservation

1
Emu2 +qV=4qV

SR LI\
m

20. The mass of deuteron is twice,so momentum is different.

(6\0 oV A avA)
21. E=—| —i4+—j+—
Ox Ox 0z
Here 6V:—i E:li
0x X X,
22.
Ay AY
4
0

-q

ZJER) _242¢R
I - T

Dipole moment = (q) [

Ka, Kg_K2q_,
T T T

23. Potential at centroid of A =

Dipole moment of system 2q

=2pcos 30°= \/gp

=V3xaxL *q *q

3
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PHYSICS FOR JEE MAIN & ADVANCED

q, q . KQ 100x15Vxcm
) A i Electric field on surface= - 100em’
=1500 V/m
c
(Q p =qx L) +q - q 30. » Electric ﬁeldze_odue to infinitely uniform charged.
24. z c
Electric flux = Losbusd :.[ — x[nR? — v’
q +q b S S
@ccmmmaaaannn @-cemeacammaaaanan o——p Enet
5 KQ 1 KQ R
Clockwise 31. —‘l'—l'l'lll2 = 3 [3R2 - ] +0
et R 2 2R
Eq c Ev
.q Net | \ , 11xpx—nR’
xpx—nR’ +—mu” = 3
B 4n g R 8 x2R
25. Forceonadipole F=p —
ox , U2
pR
R E u_{“meo}
At xX=—7=,==-0,50F=0

\/Eﬁx

. 32. As the electric field converges at the origin so total
26. Interaction energy U = _f,l -E charge contained in any spherical volume, irrespective
of the location, is negative.

I 2Kp,cosO,. Kp,sin0.
2 t+————=06

where E = "
r r By Gauss theorem I E-ds= g
and 1131 =p,i
2Kp,p, cos® We have ~E(4m?) =L = q=-3x10"°C
Therefore U = —————— !

r

27. % Electric flux depends only on the total charge --- Energy atsurface = Energy at centre

enclosed by the Gaussian surface. Hence[Al]. 1 Kqxq 3Kq

K FM TR Ty <90
Potential at a distance r = Tq
Total charge of dipole =0 LU= qd

- \J4m g mR

. Due to the induction, the opposite nature of charge is

28. Electric flux depends on the total charge enclosed by
the closed surface S. Hence flux is related with charge 34

Q,. Electric field at a point is the vector sum of the all induced at near by surface.
electric field intensities due to all charges. 35,
. KQ
29. Potential at 5 cm from surface= ——-=100
R+5
Potential at 10 cm from surface "
K b =
- X 55 L R-10em 0
R+10

K 100 x15 Potential at outermost shell

.. Potential at surface:TQ = % =150V
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ELECTROSTATICS

:KQI JrKQ2 JrKQ3
3r 3r 3r
=Q,+Q,+Q,=0 ..()

and potential at innermost surface

KQ, , KQ,  KQ,
r 2r 3r

K[6Q, +3Q, +2Q,]
= =
6r

=0

=0

0 ....(ii)

&0 - Q. _
Fromeq. (i) & (ii) Q, 2 and also Q, 3.

36.

)

i
4a
Kq Kq Kq'
Potential at C = i S L 0 = q=-
3a 4a 3a
q
Ki
Kq K K
Potential at A= M. 4.2 .
2a 4a 3a 6a
Kq
Hence V,—V_= a
37.
+Q-q
P
e
K(O -
from figure V, = (QTQ)
38. Final charge distribution on plate
3 5Q
+3Q 259 2
Q 2 .30
2 2
I nim v

39.

40.

& |a

Surface charge densityatinnersurfaceof X is

Q

o= ——
2A

.. Electric field at B due to this is = 3 Q
2 4me

Towards right and in same direction of same value due
to induced charged present inside surface of plate Y.

For rotational equilibrium, Z’CP =0

= mgacosa —qE (2acosa) =0 = E = %
q

Part #11 : Assertion & Reason

1.

C 22D 3 C 4 A 5 B 6 C
7. B 8 C 9. D 10.B 11.B 12. A
13.A 14.D 15.D 16.D

EXERCISE -3

Part # I : Matrix Match Type

[

r OV, 0OVa

Electric field E = ———1——

ox oy
F (A)}ri F ]
or(A): E=-1+—]
NE)

For(B): E = +1

I ~ n
For (C): E = -1++/3]

T o w
For(D): B = + =1+ /3]

g
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PHYSICS FOR JEE MAIN & ADVANCED

2.

[A]

Electric field due to metallic plates remains same and
constant at near by points.

Foro,+0,=0=0,=-0,

.. Electric field at a point is equal & opposite in
direction.

6,t0,=0= o,=-0,
c,+0,>0= 0 ,&o,[densities]
either both positive or opposite but positive has a

greater magnitude. So the net electric field will be away
from the plates in region I & I11.

Same explanation according to [B]

7 Electric field due to an electric dipole at a point on
equatorial line of dipole makes either 0° or 180° with the
dipole moment of another dipole.

.. Torque on dipole {: = f’ X ]15 becomes zero

(7 6=00r 6=180°) Hence in column II,

[P] option is suit for every queries for column 1.
Electrostatic potential energy (U) = PE cos0

0 = Angle between moment & electric field.

[A] Here6=180° .. U=-PEcos 180°=PE (+ve)

[B] Here 6=0° .. U=-PE cos 6 =—PE (-ve)

[C] &[D]:6<90° . U=-ve

(A) Initially, the potential difference exist between both
shells, so positive charge is flow from high to low
potential.

Every system wants to acquire minimum potential
energy if possible for stability. So charge flown to
achieve it.

(B) As explained in [A], charge flow does not depend
on the size of sphere.

(C) Charge flow through wire until the potential becomes
same for both shells.

(D) Potential is same everywhere inside a conducting
shell. So no charge is flow through connecting wire,
so no heat is produced.

(A) Electric field at a point is the vector sum of all
individual fields at that point

I I
(B) Electric flux E-dS = de
S

I I
(O) Electric flux F]E .dS = Jenclosed
=

6. Electrostatic potential energy
= self energy + interaction energy
(A) Self energy of uniformly charged thin shell

2

- di
7a (radius a)
2
(B) Selfenergy = &
S5a
2 xX—
2
2
Interaction energy = Sa
. 2 . KQ’
(C) Self energy of solid sphere of radius 'a'= sa

Part # II : Comprehension

Comprehention# 1

1. > Gravity is absent and path of the particle is
parabola i.e. a downward (qE) force is necessary.

2. Acceleration of the particle is given by

E
Ll ML)
m m

1 2
100 x100 x(—j

, L -125
T ixto M
2 x
1
2 .2
4. azﬁ:mT:ai: h:LmE9
m 2XL
m

m .
= h o« —[tanu, 0 & E is constant]

Comprehention# 2

1. Velocity of B, when it strikes 'A' is

VB:4/2><1><110><1.8 =6 m/s

From COLM between'A' & 'B'is
0+1x6=(1+1)x v=3m/s[left]

2. Equilibrium position=3XF, =0

1x10 Kx

Kx=10=x= o_s (Left from x = 0)
18 9
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ELECTROSTATICS

3. At equilibrium position the spring is compressed by
x =5/9. Let the amplitude of oscillation be 'A’

I - L
K 81 18 9
Comprehention# 3
I 4A
2x10%e o «10 %
Cc
) 12A !
For first particle
2 103 2
a:L:(—L):2.5X1015W52
r 4x10

2. Acceleration of second particle

v (@x100) 4o 15
T Tgao g0 TN I0NmSs

3. Velocity of centre of mass

107" x2x10° 2
T 2x10°" 4107 :§X103m/ ®

4. Both particles move in a circular orbit about their centre
of mass.

5. Angular velocity

A
v
0= —
r E
Q) 10° 2.5 x 10%rad/
= = X
41070 . rad/s
Comprehention# 4
1. \
q,=2x10°C
4m
q=4x10"
F—3m—p

From energy conservation

Kq,q,

N4? +37

V_\/9><109><2><105 x4x10"  3x22

1
+0+0=2 XEsz-i-O

=3.1m/s

2
2. Ka,9, = lmv2 =Sv=—F7
502 J5
Comprehention# 5
1. Letthe potential will be zero at x distance from—2q.
X J
( 3a,0) (3a,0)
——————»
6a-x
Kx-2q Kq
. + = 0 . =
X (63. _ X) S.Xx =4a
Kx-2 K
1, = = x=—12
X 6a+x
OR
PYTT 2q q
(33,0 (3a,0)
————r———»

6a

2. Atx=-3a & x =3a, the potential becomes — © & + ©
respectively and from the above question potential
becomes zero at (a, 0) and (9a, 0)

Comprehention# 6
1 1
1. PE.= Q. and KE= —mv’
dne T 2
Hence total energy is greater than cQ
dn e r

2. After long time sphere gets positive charge so the
trajectory of the proton is (4) due to repulsion.

3. From the angular momentum conservation

R \A
IIIVO>< ?:mva = V:7

4. Limiting electric potential = change in AKE

)= Lnvi k) L ()
U ) 2

2

mv,

.. Electric potential =

5. From previous questions we can see that the final
potential energy of the sphere is equal to the 3/4 of
initial kinetic energy

= %x2.56 =1.92kV

3
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Comprehention# 7

KQ Er?
. E=— = Q=—=13uC
" Q X p

Comprehention# 8
1. Q,=cx4nR? \
Q,=-0x4m (2R)*=4Q, °
Potential at outer shell
_K[0,-0.]_K[0,~40,]
2R 2R

2R

_ -1 X3><(5><4TCR:_1£
4n g, x 2R 2 g,

x R

2. Electric field (r > 2R) before connecting the shells

E:1 x 6 x 47R? +1(—cs)x4nR2 x 4

' dn g xr’ 4n g xr’
g{&z_ﬁ}
gL’ 1

After connecting :

o[ ofw s

2 2

B 4r g, r €,
~E//E,=1

3R
3. Electric fieldatr= > [Before connecting]

1 c47R?
E = X ~+0
EEINEY
2

After connecting E, = 0.

Hence & =0
E

1

Comprehention# 9
1. As given in paragraph, it is treated as +q and —q point
charge at a distance 2a

o 1 (g
4n & (2d)

r r
2. Potential energy =— J F.dr

d q2 1 q2
i —L gL
w47‘[€0(2r) 47 SN 4d

1 q

L - g #——
Note : Here potential energy dne, 2d because
it is not an electrostatic field.

3. Work done by external force is change in potential energy

Comprehention# 10

g4V o _-30
Cdr T g 0.3

6=8.85x10"2x10%=8.85x10"C/m?

2. Positive charge has a tendency to move from higher
potential to lower potential hence it will move from
B (-20V)to A(-30V).

3. Here V=V -V =20-(-20)=40V
Work done =qV
=—1x10°x40
=—4x107]J

24
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ELECTROSTATICS

EXERCISE - 4 3. We consider an element of thickness dx at a distance x
Subjective Type fromq
93 . L Y
r r r < >< "
Lo (Fow™ |FQq +Foq + FqQ| qe C ]
< X R dx
Q q
1 dQ.
Forceonq = ) X Q2 d
47 S X
Q
q >F,
d+L
F K dx K
e O Where dQ = gdx then ,F = KQq j == Qq
O:2Fqcos45°+FQ q L L)X _d(d+L)
1 K KO?
0-2x o= x =20 KQ° 4 e ~ . .
2 a 2a 0 s . o

q,=+10pC=q;=q;
q,=9,=q,=—10pC
r,=Im
r,=3m

r,=9m=3’m

A Kq, Kq, +Kq3 _Kq, 4

1 1 1 1
:Kq |:1—2—3—2+3—4—3—6+....:|
__Kg 9, .2 5 »
2K B \/3_qu = I —qu78X9><10 x1x10
Fy;=2Fcos30°= —5—X—— = 3 1-—
a 2 a 3
For Charge at B : 2r cos 30° =a 81
= —x10'N/C
8
5. We consider an element subtending angle dO at the
centre
Tcos%
T
a Tsin%
= —
3 o
2
TsinO=F,
T cos6 =mg F = electrostatic force on element
. (R
= Za= —= xRdO
tan 6 mg _ KdQ.q _ \2xR _ KQq
e ok 9T ®
sind _ 99x107  V3x9x10"xq® 1
i 2 -2 -3
c0s6 3 x10 (3x102)2 107 x10 2ein 49 o7, 0 _KQudd o Qq
—q=3.17x10°C 2 2 2nR 8n” g 1
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6. E.=E,+2E, cos30°+2E, cos 60°= (2 ++/3 ) E,

1

E
E =E: tanf= —* = x 2-4f3; 0=15°
v 0 E, 2443

X

The hour hand will point towards 9 : 30

do

dE

2dEsing
dE

/2

E,, =2 [ dEsin0
0

~Ka | rae

(nR / 2) .

—2XS]1‘19= 2
R TR

/2
:>2j

0

r n
SE= (4qu ()N/C
R

2

cA +20A —cA 3

8. Charge on outer plates = 2

Charge distribution

Y
(]

FieldatA:E,=0

FieldatB:

>e
o

_20 E
’ 80 “EB

B S I IR I T
+H ottt t
.

+
N
a

9. The charge at 'P'is in equilibrium.

HenceE,=0; E, =E,, +E,, =0

cA

ok E ko

+

—26.46

10' U :U12+U13+U14+U23+U24+U34

total

Kq® Kq® Kq® Kq* Kq® Kg
_Kd® Kq° Kg° Kg° Kq' Kq

Uinitial - a a \/E a a \/5 a a

Kq® Kq° Kq* Kq*° Kq° Kq*

U. = e + + + +
final \/Ea \/Ea 2a \/Ea 2a \/za

Kq’

AU=U-U=-(3-+2) ;

11.

+A

Al c
Net force on upper half = | — || ——

2/\2 ¢,
T. half = [E) S L
orque on upper ha S )T %3

0

1
[Z = distance from hinge point for centre of mass]

Total torque on rod

2
:Exixl—x2zla:ml oc
2 2¢
_ 3ho
2m g,
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ELECTROSTATICS

12.

14.

15.

+6q 3q +3qg/2 3q/2
+3q/2 0 +3q/4 +3q/4

2KQ?
AUZTQ:1.8X108J:P o

1.8x10°

TE sec=1.8 x 10°sec

V‘_m,@cz
0O 0

—d —

©

m,Q

N<

Conservation of momentum (COM)

A\
0+mV=mtm)V,V.= >
1 1 (VY 1 (V) KQ?
COME: —mV’ :—m(—) +—m[—j +
2 2 2 2 2 d
2
= —2
m g, v
COME K, +U,=K, +U,
0+0_1_mV2_K_Qz:> V= &
2 R mR

16. For minimum potential energy of the system, q should

be placed in the middle
2q q 8q

——x—e—(9X)—>

_ K2qxgq Kq8q

X (9 -x)

+[—szgxgq)x100

system

—=Kq2 x100 | =+

dx 2

dU {—2 8
X (9 - X

Electric field at the position of

_ Kx2q

q _ Kx8q _
(0.03)" (0.06)

2

17. From work energy theorem (WET)

- \ms.m
-
i .
+ ‘s
T .
+ .
M .
M _4'
M 25, 4
+
- v Mg
W, +W_=AKE
g
q, % x Lsin® —mgL

S (1-cos0)=0

Qo XLXLXZSMQCOSQ
2 ¢ 2 2

:mgLXZSinzﬁ; tangzixq—o
2 2 2¢ mg

18. y _KQ_KQ

KZQ K3Q Vam Ve =Z(K2_Q_gj
YIS

2
=9x10°x10° (1 —g) =3000 volt

x100 + ————=x100

3

—)2+0} = x=3cm

3
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19.

A?+q [B]V, . = KQ _2KQ forx >3a
o ® x-3a x+3a
P 6 KQ 2K
. = — for x <
Bé+q (Ga—x) 3a+x orx<3a

K. +U_=K_+
COME: K +Uc =Ky + Uy [C] A positive charge when released will move from high

Ka x (- Ka x =2 potential to low potential
4+2 [%} =0+ ( d )

r COME:K +U =K,+U,
2%x9x10° x25x107" KQ 2K Q
4- kQ _ Q}Al . _ -4
+ =—mv*+ =
> 0 q[Za 8a 2mv0:>V &n g ma
2x9x10” x25x107"" 9
= » ;1=9m . ' r KP -
22. Electric field due to dipole P = T xk
OD= 2 _0OA2 =492 _32 =848
JAD? —0A” =9> =3 m . P
P 2K x—
2 Electric field due to dipole — =+ 3 2k
20. Force atA 1 _100 2 2
2n et
) A *A Resultant electric field = —%KPIA(
Y r
—— 100 [dv=—[Edr
21 g, x0.2 " <
I ° B 2’; P _K(P COS450)A “y
S tdr oo 3. B, =——— ]
V-V, = - Inz i Y
2neg it 2me 1 :
' . P(0.y)
r _2x(Psin45°)
Ao B, = S
V,—V,= In2= In2 y — Pcos45°
2re, 1, 2meE, > X
r KP [ A A.] .
COME: K,+U,=K,+U, E, :\/_2_}’3 —-i-2j Psin45°
AQ L, ! "
0+ 2nlle, In2 = 2 N 2 501~ ¥ 24. Eight cubes encloses a charge. For a cube, the three
surfaces meeting the charge contribute to zero flux.
V=20 1n2 Hence the rest three surfaces including the shaded
surface have equal flux passing through them and are
21.
S(X’y,) """" equal to 1
i 4 =
P 1/ Q@
(320)| | (+3a0) © 25. Vo] =[E,|
"""" —KPCZOSG :E; 1 +3cos® 0 ;cos0 =
r r r’ =3
[A]V,=0= KQ ___ 2KQ P3>1;r22
\/(x—3a)2+y2 \/(x+3a)2+y2
5a) +v2 = (4a)? Now cos0 = ! (r:\/S_):L
= (x-5a)' +y'= (4a) = 75
o C= (5 a,O) and radius =4a then9:45°, 13507 2250, 315°
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1 -
2. Flux = 9 = 4 (L=cos0)
4e g 2

where 0 is the semi—vertex angle
R

1— —_—

a
= c0s0= —=——=;a=
2 Ja’+R’ V3

28.

Q

2 g,

Minimum flux through cube =

29.

. 1 4na’c 4nb’c  4nc’o
@ v, - +

:4neo a b c

-2 (a—b+c)
So

v
b b c

B

1 {47:2120 47T,b2('5+475020:|
4n g,

1 [c547ta2 B o4 b’ N G4TCCZ:|

< c c c

:471360

c [a> b’
S
g \c ¢

. c c |a® b
(i) V,=V, — (abtc)— — | ———+c|;c=(atb)
c c

30.

31.

32.

33.

S S

q,+9,=Q

o4nr’ + c4nR? =

Q

6=————
4n(r* +R?)

1 |:G4 n?  o4nR? }
= +

centre - 4 T 60 T R

__ Qr+R)
47 e, (r* +R?)

()
(Uself)initial_ 47 =) 2R

- (9
(Uself)fmali 47'C eo 4R

Workdone against electric forces = AU

1 Q8 'R’
4mt g 4R g,

From mass conservation

4
27 x (inr3) = —nR’;R=3r
3 3

K
Giventhat V = 24 then V

r bigdrop

_ Kx(27q) _ K(27q) _ 9Kq

_ = =9V
R 3r r ’
‘ Kq KQ
After earthlng Vinner shell = O’ ? * K 0
q= _T (charge on inner shell)

+91-9350679141
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34, 1 , Knkx2nRq K xA2mRq
+«—Im—> Emv + == + R
A F02C B Cc \/(R2 +\3R)
- ® Pe—»
< 1m > EAB T
T e
l 2 m 47 g,
D m \ m \
37. Momentum of st ball a—’- -------- a—P
1 2
r 'Y Kdx 2 by . v . "
E s ZO_L 2 _m[g—z}_ ne P, = mvi; Pf:mg (c0560°1+s1n601)
05m change in momentum
From the wire CD s B _ 3vs N3va
—lmM—r——X%—» AP=P —P=——i +—4
Momentum of IInd ball :
KA
E= T(COS 0, —cos 91) and P = mvi P = mvj

Ch ; t _ S
{92 ~0,0, =tan"> & E, = % [sin0, + sin®, ] ange in momentum =mv [ j—1]

38. From the energy conservation
35. Time to fall first ball

2 clR_isz e = 1—mvz_
eV 2¢g 2¢ 2

S h=—xgx— _cReJrGRe:lsz ceR
2 2 & 2 m e,
39.
\Y
ra
+q
X
1 2 2 l 2
pr:h2+ Egv_z_gv_z;h2+hl_g(V_2) +q
z
v +q
36. y .
P.E. of outer ring charges does not change
2 2 2 K 2
: R, B, SR By
= R 3R 3R J5R
z Hence (VE$) W, .,=—AU
V3R,0,0 K[ 4 8
( ) Welectron: - (Vf_ Vl) == 1:1 |:T - g
K.E. at 'P' must be sufficient to reach the charge particle 5
at the centre of the ring. ,
Kqg' |8 4

ME), = (ME . = °o_ =
( )p ( )ccmrc of ring R |:3 \/§:|

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
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40.

42.

44.

. q:eojlri-dgzeoj

2(ARd6) x E,Rcos® =F xR

ct—a

T

2

2)R’E, [ cos0d0 =22R’E, = FR
0

=F=2)\RE,

(i) r<a= Pointinside = E=0
(ii) a <r<b = Point outside the inner and inside the
outer so field due to only inner cylinder
2 XA

r
(iii) r>b = pointoutside fromboth cylinders so the
chargeperunitlength (1) is zero for point (r>b)

. E=0

hence E =

E x»
o

1
E,x’ T
21 o

Put given values = 2.2 x 1012C

(dxi + dyj+ dzk) = & X[

The direction of electric field inside the cavity

. S . a
in —ve x direction and of constant magnitude 3p_ .

2r cos45°

For touch the sphere again, electron must move 2r
cos45° (as shown) distance

l{ﬁxi}tz _ o

2|3 m

. 6\/5mre0
epa

45.

(i)

46.

47.

48.

£ or x 4R*
(i) q= qu :J.pOEx4nr2dr P XATR mp,R’
0
KQ' K  KQr’
E= ?:r—zxpog = }Sf where
r
_ pymr’

Q’ZIp0£X4EX2dX:p—Ox4nxr4 =
R 4R

From the energy conservation

KQq 1 ., 11KQq .
r 2 8 R

_ /ZKQq[Q_E}
v mR [ 8 r

Electrostatic energy = Interaction + Self Energy

of system

(Let the total charge of balls be Q)

Energy

2 K _ 2
0s KQi  K(Q-Q)
2R, 2R,

U=

. .. dU
Here for it's minimum value —— =0
1

_K|:2Q1 +2(Q_Ql)(0_l):| =0
2R, 2R,

Q_Q
R

Q_R

=0 [QQ-Q,=Q,] =

= =
1 1{2 QZ

=

2

Solid angle =27 (1—cosa)

D (1 —cosa) =-2L2(1 —cosb)
2 €, 2 g,
sin® o sin’ 0
ql 2 = 2 2

3
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0o o EXERCISE - 5
M g, M2 Part # I : AIEEE/JEE-MAIN

0=2sin"! / D on & 1. At P, potential due to shell :
qz 2 P
__ 9
Vv, = R2
4ne R
49. Let n™ number last drop that can entre R a B
, ( ) At P, potential due to Q :
4 h-R)R
K xn=mg((h-R) ..n= TS ng Q
Q V,= R .. Net potential at P
dme, —
2
2
V = Vl + V2 = q + —Q
4ne, R 4ne, R
=d A - ~
2. Fow = q1q22 (1) = Fi3x) =_q1q32 (—sin 01)
4myb 4meg,a

r ~ ki A
o Net F_= KC;IZqZ (-1)+ q12q3 sin O(—1)
a

. 9@, 9
or F, =-Kq, [b—2+a—zsm6}

92, 93
F ¢ ==+ —=-sin6
272
q q
3. Ap=— = ¢, 0,=—
€0 €o

So, the electric charge inside the surface will be
= q= ((I)z_ (I)l)so

2

. k
4. Initially :
r

>~ =F = Finally: Charge on B=Q/2

3
and Charge on C = TQ (By conduction)

_k(Q/2)3Q/4) _ 3kQ® _ 3F

F r? 8r? ?

5. By energy conservation :

. 1 5, kQgq
Initially : 0 + —mv™ = ——
nitially > .
1 k
Finally : 5 m(2V)2 = &
4kQq _ kQq LT
So, —— =—— or r=—
r r 4
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ELECTROSTATICS

6.

Charge q at O is in equilibrium.

For —Q to be in equilibrium, we see charge at C.
-Q a -Q
AT B

<.
(@oX¥e]
’ ~~
/ )
.
.
J

* F,on-Q(atC)=0

kQ? +J5kQ2_ kQa _,
T W2 At (@/2)?

. q= %(HZ\/E)

In steady state,

TF=qE

electric force on drop = weight of drop

qE=mg
mg

9.9x107 5 x10
= q=2_22X0 XU _334q01C

E 3x10%

Electric field due to a charged conducting sheet of

surface charge density o is given by E =
2g4€,

Where, g = permittivity in vacuum and ¢ = relative
permittivity of medium.
Here, electrostatic force on B

Qe- -2

2¢g48,

where, T cos 6 =mg

Qo

2¢g,€

and Tsin 0 =

+
+
+
+
+
+
+
+
+
..

r

Qo
2g,e,mg
tan® oc 6 or © oc tan®

Thus, tan 6 =

Suppose that at point B, where net electric field is
zero due to charges 8q and 2q.

_ 1 8q 1 -2q
Ly v = E,= 2 —_—
0 (L+a) w0 (a)

BO

L a
oe A® °B
8q -2q
According to condition B, +E_, =0
1 8 1 2 a+L
1 Ly
4negy (a+1L) dng,, (a) a
So, a=L

Thus, at distance 2L from origin, net electric field
will be zero.

10. V, = (potential due to charge +q onring A) + (potential
due to charge — q on ring B)

_ L fa aqaf. ,_
= _[E_d_J ;d, = R%*+d?
1

4re,,

-—— |4 )
e R |

Potential difference V A Vy

Il ¢ 1 qg 1 q 1 q
= _+ —_— —
dnegy R 4meg R dmey (JR2 142 478 \R? 442

a4
2ngg (R R24+¢2

11. The dipole will have some distance along the

electric field, so, option (1) is correct.

12. By work energy theorem:
Wall forces = AKE

Soq(AV)=KE._ -K

final EInitial
1
or 1.6x107"x(20)= B x9. 11 x 103 x v?

Sov=2.65x10°m/s

3
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1
13. After connecting with conducting wire, let the charges  19. Since, F_ on Q is zero, so :

on both spheres are q, & q.,. .
P kqQ kQ? k@ =
5 1< [\/E] +—==0 a 4 2a
.&:r_lzl E:q_l rL:21 a2 232 q =kqQ
Q@ 1 2 E, ¢ q N a
R o2
q Q q
14. Si V:9X109L:45 It
- Smee v, - 1 = vol, 20. Statement—1 : Correct as the field is conservative
{2+2}2 statement —2 : Correct Explanation
V =9x10° 107 volt,V, ~V, =0 21. C(.)nsider a spherical shell having radius r and
B 1 B thickness dr
{4+0}2
L . . dg= Q r X 4nridr
15. Ininitial case, E is along (1) whereas in final case E R4
is along (2). Potential at centre remains same. dar
4Q -
orq= —? jr3dr
A B A T(z) B R™%
q q —-q —-q
E 4
0 q= 20
R4
» E | (1) Electric field at a distance r, from the center (inside)
D l c D c’ or
__1 q _ L Rh
Initial Final B dme, " 2 = F R
r (2krA) ~ I A
16. v(x)= , 22. E=|—|(-)) = E= (-0
x? -4 r 2ng,r
dv d 20 20 r .
X dx (X2—4j (x> —4)? ®9 = h nr = F 2n280r2( D
Eatx=4 um, 20@x4) - 10 volt/pm 23. Consider a spherical shell of radius x and thickness dx.
144 9 Charge on it dq
Also as x increases, V decreases. dg=p x4nx?.dx

So, E is along + ve x -axis. 5
X
dq=p, (— _E) x 4nx? dx

17. Since, the electric field inside the shell is zero and 4
outside, the electric field is given as k—? , ' 5x2 3
r = q:41tp0J‘ ——— |dx
where r = distance from centre. 0 4 R
So, graph is as shown in option (4).
18 V-V b [T gk L,
. = — = —_— =— = o0
Wosg lexe ~4Vo=Ve) 7% |34 R P2 am? P
=—1.6x10"x100(-4-10)
=2.24x107] s ot gl b (5x
3x4 4R 4p0 \3 R
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24. Atequilibrium

27. aQ E
F 1 § 1
tanf2 = —= = ; 1 2 T
mg  4ne, [1sin(0/2)]° mg
, R r—
.
KQ
e 28. U= 24
mg U,=—>q
When suspended in liquid C AU= KQ 0
. g _ 1 qz 1 2R
2 4me, K[1sin(0/2)) (mg-—Fp) _ 1 1 4nR’  pR%q
4me, 2R p 3 1 62,
o1 9’ 1
= ' >
4ney, K [1sin(0/2)] (mgf%x 0.82) 29. y
on comparing the two equation we get
—q/2
0.8
K@]?J_lszl Fe TR E
d q: a 0 a f ’
25. ¢=ar+b = E=- P =Dar
dt
r ur q q
NE'dS = —= Dar.4mr’= — = Fsind « > Fsind
- €0 J
2Fcos6

q=-8¢gan’ = p= 4q

*TI:I'3

= F_,=2Fcos0

q
2kq| =
q(2j y

= p=-6ag, Ans.

26. Potential at point A,

2a F_ =
° q net 2 2 2
y _2Ka_2Kq k A (dy”+¥) vy ta
AT - :
a a5 2a :
Potential at point B, °B ka4
V. =0 B q y
_q _q net (y2 +a2)3/2
Using work energy theroem,
WAB)clcctric = Q(VA - VB) = kqj y o
_ 2KqQy, 1 f_1 ) 2Qq, 1 :
h a \/§ " l4n € a \/g
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30.
-------------------------- m |
O A _dx B
~ P>
q
d
v J»Lkdq _T 1 (Lj *
X 4me, X
L L
q
= In(2
4negyL @
31. None
32.
3V,/24]
Vo
r=R ~—
3V 5V, 3V Y
R, = 0>R2: 0;R3 0’R4:_0
2 4 4 4
r<R V:§§(3R2 r*)
:3V°,R =0 %:_KQ(Q, 2—R2)
1 4 2R 2
R
“R,=—= = r>R
P2
Vo _KQ | p _4KQ_KOxR R
4 R, 3V, 3xKQ 3
Vo _KQ R -3KQ _4KQ

== . R, xR = 4R
4 R, vV, KQ

On comparing we get

(1) or (2)

33. Tangent to the electrical field lines will give us the
direction at a given point.

34.

1 LA 2]
E)=— Iprzdr E()= A err: > — {r_}
=h € € | 2
a a a
E@)==— [P a7 ;
2¢,
A kQ
E= rr—-a))+ —
2 e, r? ( ) r?
2
E= A -2 +k—Q
2 € r? e
dE a’A
— =0 ; =kQ
dr 2¢,

_2kQe 2 Qg _ Q

- - 2
a® 7 4mg, a’ 2na

A

Part #II : IIT-JEE ADVANCED

1.

Electric field is zero everywhere inside a metal
(conductor). i.e., field lines do not enter into metal
Also, these are perpendicular to a metal surface
(equipotential surface).

For potential energy of the system of charges, total
number of charge pairs will be *C, or 28.
Of these 28 pairs, 12 unlike charges are at a separation

‘a’, 12 likes charges are at separation ,/2 a and 4

unlike charges are at separation JE a . Therefore,

the potential energy of the system :

v=_1 |12t (42)@(@ (D))
471280 a \/Ea \/ga

4Kq?
_ 4Kq [HLL}
a NG
The binding energy of this system is therefore
4K q? 1 3
Ul = 3+—=-——F=
v -2 [ -5

So, work done by external forces in disassembling,
this system of charges is :

4Kq? [3+ 1

3
== les.
a \/5 \/§:|J0ues

w=|U| =

24
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n

(a) Applying energy conservation principle, Increase
in kinetic energy of the dipole = Decrease in

electrostatic potential energy of the dipole.
kinetic energy of dipole at distance d from origin

=U-U,
or KE.=0- (—Qk—gj = kP;Q Ans.
d d?
(b) Electric field at origin due to the dipole.
I 2pr 1 T
E= =i &g, .. ™
471380 d3 ( axis p)
.. Force on charge Q :
r r A 2
F=QE=—PY = 2k13’Q | Ans.
2me,d d

According to option (A) the electric field due to P and S
and due to Q and T add to zero. While due to U and R
will be added up. Hence the correct option is (A).

The electric field at the surface will be due to all charges.
However, net flux coming out of the surface will be =

Yin.

— ql_ql =0
€ €g '

(pnet =

Electric field near a large metallic plate is given by
E = o/¢,. In between the plates the two fields will be in
opposite direction. Hence,

_0176,

E. = 2, :Eo(say)

Now, W = (Q) (potential difference)

_ 0 — 61-6; ~a
=Q(E,acos45°) =(Q) [—280 j (\Ej

_ (6,-0,)Qa
2\/580 '

Electric dipole moment=q x 2@=L!T'A!

M'LT?
AT

Electric flux = IE -ds =(F/q)ds = x L2
=M!'L3T3 A

F
Electric field= — =M!L!T3A™!

8.

10.

11.

12.

— 1] L]

«P
—2c G 20 [¢]
2¢e, 2¢, 2¢,
Electric field due

to various plates

. 20 G
Resultant electric field =
€ 2¢ 2¢g
4o 20 2 A
== V=20
2ey, € €

Let q be the charge on the bubble, then

Kq Va
) e

V= —(Here K =
a

4me, K

Let, after collapsing the radius of droplet becomes R,
then equating the volume, we have

(4na?) t= % R -~ R=(3a%)"

K
Now, potential of droplet will be V' = ?q

Substituting the values, we have
Va
(K)(Kj NG
——2 o V= V[—j
3t

N G a2t)1/3
This is the variation of potential of a hollow sphere with
the distance from the centre and the total charge within
the sphere will be q.

’

Asno electric field is doveloped within it, so electrostatic
energy forr < R is zero.

and the total charge resides over its surface and also at
r = R electric field is discontinuous, since it changes
abruptly.

When inner cylinder is charged (outer cylinder may
or maynot be charged) an electric field will be present
in the gap between the cylinders which will produce
a potential difference.

Sphere is electrically neutral and net charge never
changes due to induction. Therefore, net charge will
be zero.

3
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13.

14.

15.

1 1
Electric field at P = E due to full sphere — E
due to charge that would be present in cavity

It is uniform.

Both the points are at equitorial position of given
dipole. So, Potential is zero at both the points.

Net electric field due to both q/3 charges, will get
cancelled. Electric field due to (_Tij will be

directed in —ve axis

(3]
g4

E= = E=
R? 6me R?
: 2 2
(3] 35 <)
P.E. of system = + - +
2R 2Rsin60° 2R cos60°
q/3
B
C
-29/3 - {3
e
q/3A
P.E. of system # 0
Force between B and C
2
kl241 4 , )
3 )\3 4x2Kq~ 2q
(2R sin 60°)* 9x4x3R*  9x3x4mg,R?
1 2
(attractive) = — d 5
54ney R
339
Potential at O V = — = =0

16. Electric field atr=R

p(r)

where Q = Total charge within the nucleus = Ze
_ KZe
=

So electric field is independent of a

So E

17. Q= fpr4nr2dr
da_ b
fora=0, R R-r
Pr __(R_r)
td
or, Q= [ — R-r)dnrdr
o R
[ R R
_ 4md RJ‘rzdr—jfdr}
R
L o 0
_4nd[R* RY] mdR?
R |3 4 3
ndR’ 3Ze
Q=Ze = 3 or = _TCR3
18. From the formula of uniformly (volume) charged

solid sphere

pr
e

E=

: >
a=R

For E o« 1, p should be constant throughout the volume

of nucleus
This will be possible only when a =R.

24
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19. Statement-1 is true by information

Statement-2 is true by formula. But statement-2 is
not the explanation of 1 correct explanation is the
very large size of earth.

20. From Gauss's law

» _ (8C/4)-7C+(6C/2) _ 2C

€ € £,

21. The charge distribution on the surfaces of the shells are
given.

Q+Q+Q,
—a-q;

As per the given condition.

Q _ Q+Q, _Q+Q,+Qs
47R*  4n(2R)? 4n(3R)?
L9 O

1 3 5

22. Torque about Q of charge —q is zero, so angular
momentum of charge —q is constant, but distance
between charges is changing, so force is changing, so
speed and velocity are changing.

23. Total charge

- | 4V = [ (e (daran) = 2
Q= [pdV= | (Ke")(dnr'dr) = —=

r=0

(Ra+3) and

r=R/2

) Ak a+3
Q= jpdv rjo (Kr* ) (4nr?dr) = +3(2j

According to question

L @ 1yt Q
dney (R/2)* 8| 4megy R

Putting the value of Q and Q" get

2)3=32

a=2 Ans. 2
24.
P 4
y 1 of
% Q, »
4
. > »
> Q,
" AR J
p

From the diagram, it can be observed that Q, is positive,
Q, is negative.

No. of lines on Q, is greater and number of lines is
directly proportional to magnitude of charge.

So, |Q1| > |Q2|
Electric field will be zero to the right of Q, as it has small
magnitude & opposite sign to that of Q, .

25.

F F

Electrostatics repulsive force ;

2 D572
R
Fclc: G_ TCRz ;F:Fclczcn
2¢g, 2g,
26. Inequilibrium,
mg=qE
In absence of electric field,
mg=6mnrv = qE=6nqrv
3
E E
m= iﬂ:RI3d.: & :>£TC gk d -
3 g 3 6wy g
After substituting value we get,
q=8x10""C Ans.
(aO/a) / (a, a, a)
(0,0,0) (0,a,0)
flux = (E, cos 45°) x area) = —xax\/_a =E’
2
28.
+Q +Q
Q,+Q;=2Q ()
KQ, _ KQg .
R, - Ry ...(ii)
(i) and (ii)) = Q,=Q, ( ]
Ry
R 2QR
&Q,[1+=21=2Q = Q,= 20 __ QR
Ry [ R AJ R, +Ry
1+
B

3
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< _ 2QR, - 33. C
QA'RA+RB = Q> 34. C
35. A
/4nR% R
Oa QA—W§ =—£ using (ii) 2nk
og Qg/4mRy R, 20\ T
36. 360> — ; 60 > —L1—x60
o s r 360
_ 2A - B
E, = ., & E, < 7 o,<c, R_XZL
= E,<E, (at surface) 3r dme, x3r
n=6
1 [k Since angle is 60° hence total flux will be 1/6 of total
29. The frequency will be same f= —,|—
2t \'m flux.
but due to the constant qE force, the equilibrium
E 37.
position gets shifted by q? in forward direction. (1) (2) (1) (2)
A A A A
So Ans. will be (A) I BN
FiFR
2. SRR
d i2k\
30 ¢"IEKE::—J14nr2— ! d —q
€ +q
L — ®
—q +q P d
Wexl - q(VB 7VA) N
Comment : (D) is not crrect answer because it is Right = d l Right = d l

not given that charge is moving slowly. — force dueto (2) = force due to (2)

31. T & dueto(1)4 T whiledueto (1) 4.
Thus F_, is leftwards. This F__ is rightwards
.. SHM = No SHM

> eb

38.

_KaQ _
=R constant

_KQ
out ~ r

Vv

in

1

E is uniform & both its magnitud¢ & direction depends
I

on a due to the vector nature of E.

E,=6K (along OD)
V,=0
Potential on line PR is zero
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ELECTROSTATICS

MOCK TEST : BASIC MATHS

R=+/82 +82+2.8.8 cos120° =8N
We can consider all the charge inside the sphere to

be concentrated on the center of sphere
Consider an elementry shell of radius x and thickness

Kj4nx2dx (ax) d
0

rz r2

kdno | 2
—najx3dx =9

From the F.B.D. of charge, we have :

[Zkkj mv?

q|=—|=

r r

B ORI -y .

so v= i~ ow, T=—""==2nr 2kng
1

where, k=
g,

L1 L c ! 2
W .= qE.d where (E = 2—1 & d=(x;—x,)1)
€9

()

Wnct: q (Xl « XZ)

2¢,

2kA
Electric field between the two cylinders = 5

Force on charge q = 2krq

This force is centripetal force

7.

10.

2

2khq  mv
r r

ve M A
4n ey m 2me, m
V=V +V, +V,

(where V|, V, & V., are potentials due to the three
parts of ring)

T EY
4ng, R 4mgg \ R 4rneg, | R
_ ! (&): Q
4ne, \ R ) 2mgR

dv=— Bdb =— (<2x* x10°}).(dx i + dy j+dzk)
=2x3x103dx

v 1

= jdv :—j(2x3)x 10° dx
0 2

= V=75x10°V

Potential difference due to inner 10C charge

11
=K 10 (———j—9 x 1010 (5)
1 2

=45x1010=4,5x 10V
Potential difference due to outer charge

Kx20 Kx20

= - =0V
0.2 0.2

S Pd.=4.5x%x10V

V, -V, = work done by electric field on + 1 coul.
charge from Ato B=E RO

V,=V,-ERO=V-ERO
By argument of symmetry, it will be half of the
potential produced by the full sphere
7 Charge on hemisphere = Q,
so charge on sphere = 2Q

_, 1 KEQ_KQ
2 R R

_KQ _9x10°x5x10”’

v
R 15x1072

=300V

3
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1
11. Net potential of the sphere due to the induced charge  15. ¢E = m, ©?r (Balancing of forces on ¢-)

is zero. Therefore potential is due to the point charge

only, equal to 2R

Irdr
0

0 R
m.o
Also, Vg —Vp=— IE.dr :jE.dr ===

potential at the centre of the sphere. e

\
Q m,0?R> ©\0
So, V=
2e
> 22
1 1 gK K
16. u= — gE2= — = 4Q - vl
i) 2 2 2r T
12. The given point is at axis of 7 dipole and at equatorial .
1
line ofi) dipole so ESOKZ QT | e
total field at given point is. V_2 - Kz—er K Er_o
X 2

u 1 ..

because — € — 80 the correct option is B.
(1,0,2) \% r

—eel

P/2 b
| 17. q) =E- dS
since r<< R so we can consider electric field is constant
throughout the surface of smaller ring, hence

(1,0,0)

1
E=-

1 1 1
kP 2k(P/2 1 1 —7P
W % kP (_1 §j I

TE X
¢ocE o (R? +x2)?
13. Electric field at each point on the surface of ring )
So, the best represnted graph is C.
. . kp
due to dipole is E = 'Y 18. Let q be positive.
If it escapes then from energy conservation principle,

in direction opposite to the

. 1 KQq "
dipole moment. (figure below) - mv T+ —— = q
k
Hence net force onringis F=QE = l:;s’Q /—2KQq
Alternate solution
Electric field due to ring at point P on its axis at a {Note that Q is negative, therefore the quantity within
distance x from centre O of ring is the root is positive.}
B QX dE N kQ ooV oac \/a
E=k. (x2 + R2)¥2 "dx f o R3 When q is negative, escape velocity will be zero due to
Q electrostatic repulsion from negative Q.
i dE  k P
Force on dipole = — = Qp A X—
dx R3 6
14. After covering with a hemispherical shell ; ¢, +¢,..=0
(from Gauss law)
¢shcll ¢dlSC iy (I)

I I~ 1+ 1= ~
19. EZ—VV=+—21+—2J+—21( 1 J k
X Yy

» ~
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20.

21.

22.

24.

There exists a point P on the x-axis (other than the
origin), where net electric field is zero.Once the charge
Q reaches point P, attractive forces of the two —ve
charge will dominate

and automatically cause the charge Q to cross the
origin.

Now if Q is projected with just enough velocity to
reach P,

its K.E. at P is zero.

But while being attracted towards origin it acquires
K.E. & hence its net energy at the origin is positive.
(P.E. at origin = zero).

The electric field inside the inner shell is zero

So, the potential on inner shell and all the points
inside it will be constant.

K pr  9x10° x(2i—3j+4k).(21 +2j-k)
DI _

V=
22 + 22 + 122

_ 9x10”x(4-6-4)
27
V=-2x109 volts Ans.

. Interaction energy of system of charges is

( 2 2 1 j q {\/5 15]
=3¢’ |- —+—F=-—7— |= e~ —
a a3 2a neya | 2 8

The distribution of charge on the outer surface, depends
only on the charges outside, and it distributes itself such
that the net, electric field inside the outer surface due to
the charge on outer surface and all the outer charges is
zero. Similarly the distribution of charge on the inner
surface, depends only on the charges inside the inner
surface, and it distributes itself such that the net, electric
field outside the inner surface due to the charge on inner
surface and all the inner charges is zero.

Also the force on charge inside the cavity is due to the
charge on the inner surface. Hence answer is option

1
25.

26.

27.

28.

29.

Using the formula for electric field produced by large

sheet E = Q
2A €,
We get ;
4Q - 2Q = 4Q 2
E,= —) ; Ex= (1) ;E~= (+1
A 2A80() i 2A80() ¢ 2A80()

V,-V,=- jEx dx =—[Areaunder E_—x curve]

1
V= 10=-2.2.(-20)=20

V,=30V.
kq® 1 kq®
F=—i(k=——)= —=—1
r 4mg, r R¢
R, - mvzzr2 — R- 4TESOV22 rm
kq q

Speed will be maximum when acceleration becomes
zero. ie when Kx =EQ

_EQ
=x=

By work—energy theorem : w = AKE

1 1
= EQX- ZKX’= - mv’

Substituting x = EQ/K,

Vmax: QE/,‘ImK

Compression will be maximum when velocity becomes
Zero.
1 2EQ

W, =AKE = EQX— ZKX* =05 X, =~

OEH is an equipotential surface, the uniform E.F.
must be perpendicular to it pointing from higher to
lower potential as shown

. (i)
Hence, E=| —|.
[ﬁJ

Y
D[ .| .H
v=1w_| <L v=0
C ’/," V’\’E_/V:_
0 A BN <
E

3
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30.

g Ve=Ve) _0-(C2 _ 5y

EB 2

I ~ (i—}) 5o
E=E.E=v2-"2=(-j) Vim
75 ]

_ka, y _y _ka : _kqg kg
fo—'+Vin fVCfT s Vin*T—T
. The electric field intensity due to each uniformly

charged infinite plane is uniform. The electric field
intensity at points A, B, C and D due to plane 1,
plane 2 and both planes are given by E,, E, and E as
shown in figure 1. Hence the electric lines of forces
are as given in figure 2.

z
B o4 e E z4
|
BTéE2 E;TA A I ®
1 >X SN
CKEZ Ezm-rD ____NN KK____>X
N\ "
|
BT 2 "R I
(figure 1) (figure 2)
Aliter :

32.

Electric lines of forces originate from positively
charged plane and terminate at negatively charged
plane. Hence the correct representation of ELOF is
as shown figure 2.

The acceleration of centre of mass of system of particles
is

_ (9, +9,) E
cm 2m

.. x-coordinate of centre of mass at t = 2 second is

((h+(l2)EX22 _ 4t % g

1
—- — t2: —_
X e 2 2m m

cm 2
Let the x-coordinates of q, and g, at t = 2 sec be x,

and x, ; [x, =2aatt=2 sec.]

X tX,

cmi 2m 2

X

(qy +Q2)E _2a
m

or x2:2xcmfx1: 2

34.

The bowl exerts a normal force N on each bead,
directed along the radial line or at 60° above the
horizontal. Consider the free-body diagram of the
bead on the left with the electric force F_applied.

ZFy =Nsin60°-mg=0, = N=mg/sin60°
XF =-F_+Ncos60°=0,

Ka2
= qu =N cos 60°
__mg _mg

tan 60° /3

The potential at centre of sphere in which q charge is
uniformly distributed throughout the volume is -
1
¢ 4neq 2R

By symmetry the potential at centre due to half sphere
will be half of the complete sphere.

_ 1 3q/2 1

¢ 4mey 2R

3Q ., 4.
4me, 2R > 2 Ql

. Increasing the accelerating voltage means increasing

speed of the electron, thereby decreasing time spent
between the plates. It will reduce X.

Increasing deflecting voltage means increasing
electric field between the plates, making acceleration
of electron greater. Increasing distance once again
will change electric field between the plates.

2u 2x10
. Time of flight (t) = =~ = =~ =2 sec
g 10
2
10x1
oW _10x10 o
2¢  2x10
1 (qE
R—O+—(q—j e
2\{m
S E=10'NIC
10m/s
H
I~ R |
1 107°x10*
1 x10" x2x2 —lom
2 2

24
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37. Chargeona, =(r, 0) A
Charge ona,=(r, 0) A

. I
Ratio of charges = —-
)

K
E , Field produced by a, = Kl OM _ KQ

r12 1‘12
K
E,, Field produced by a, = ?2
)
2

So, &: K(Sl w2 _b

E, 5 KQ, 1

El KQ1 r22 I,
SO, —_—= —2>< —_—s = £

E, L KQ, 1
As 1,>r1,

Therefore E >E,
i.e. Net field at A is towards a,.

v o KGOR o,
il

V,= K@OL oy =V =V,
1)

38. 0<x<a:V = [—JExdx1+Vw) = 0(asE_=0)
0

x2a;V = —IExdx+V(a) = [—Igdx1+v(a)
a a 0

= -2 (x-a) ; (As,V.=0)
€o

X
x<0;V = —JEde+V(O) = _{_E.xj +V,
0 o

=2 X ;(As,V,=0)
€

39. Vatorigin#0
K.Q.r

(Rg + r2)3/2

1 22
=Kurq {_103/2 + 23/2_103/2} =0

K(-g)r
(Rlz + I'2 )3/2

E(r=2m) =

From origin tor =2, field is towards origin.

40. Charge is distributed over the surface of conductor

41.

42.

44.

45.

in such a way that net field due to this charge and
outside charge q is zero inside. Field due to only q is
non-zero.

Potential at a point is zero does not imply that electric
field at same point should be zero. For instance in the
equatorial plane of a dipole, potential at any point is
zero but electric field is not zero. Hence statement 1 is
false.

No electric field in space means , potential at all points in
space is same. Hence potential difference between any
two points is zero. Hence statement 2 is true.

Statement—1 is False, Statement-2 is True.

The electric field inside the cavity depends only on point
charge q. Hence V, -V remains constant even if point
charge Q is shifted. Here statement 2 is correct
explanation of statement 1.

. For a non-uniformly charged thin circular ring with

net zero charge, electric potential at each point on its
axis is zero. Hence electric field at each point on its
axis must be perpendicular to the axis. Therefore
statement 1 is false and statement 2 is true.

The electric field due to disc is superposition of
electric field due to its constituent ring as given in
statement-2. Statement-1 is True, Statement-2 is True;
Statement-2 is a correct explanation for Statement-1

From work energy theorem

Final K.E. = Initial K.E. + work done by non-uniform
electric field.

7 initial K.E. =0 and final K.E. cannot be negative.

. Work done by non-uniform electric field on a
charged particle starting from rest is non-negative.

Hence statement I is true.

Consider a situation in which two point charges +Q
are fixed some distance apart. At some distance left
of equilibrium point O, a charge +q is released from
rest. After the charge +q moving towards right
crosses O, it experiences a force towards left.

Hence statement II is false.

Q a0 Q
fixed fixed
charge charge

Statement-1 is True, Statement-2 is False.

46. ()

3
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47.

48.

49.

Vi =0
ball QR
KX KQ_,
N ©
Qr
= X=-——
R
Potential difference
V.-V, = K_Q + Kx =
R R

because potential difference depend only on charge on
inner surface after
electrostatic condition is reached after grounding.

V, -V, =K?Q{1—ﬂ

Let the speed of charges Aand B be V, and V, when
the separation between them is ® . Then from
conservation of momentum

-mV,+2mV_ =0 V, =2V,

Applying conservation of energy, as the separation
increases from ® t02@® .

or

Gain in K.E of system of charges = Loss in
electrostatic potential energy of the system of
charges.

2 2
_mVAZx +l2 V2 = 1 _zi__l Zi
2 4re, 1, 4me, 21,
2 2
1
or —mV§+l2m V—A :—1 q—
2 2 2 4me, l0

Solving we get the speed of charge A is
1 q2

Vi~ 3ng, ml, °

The work done by electrostatic force on charge A,
from work energy theorem, in the given duration is

= Final kinetic energy of charge A — Initial kinetic
1
energy of charge A = EmVﬁ -0

1 q , N
9 The sign of work done is positive
6me, 1,

. The net work done by electrostatic force on system

of two charged particle is equal to change in
electrostatic potential energy of the system

L 298 12° 1 g
dne, 1, 4me, 21, 4mg, 1,
The sign of work done is positive

51. (B), 52. (C), 53. (D))

54.

55.

Potentials at the centre

1 1
q. v, = q
4ne,

= b
4ne, r

vy

Potential energy in situation I is

q/4 q/4
q/4 a/4
q/3
situation A situation B
1 (q/3)? 1 ¢
! 4me, (\3R) 1243n¢g, R

When one charge is removed, the field

intensity at the centre is due to the
removed charge only.
1 q/3 1 q/4

4
- g-— 3% . 22
2 * 4me, 12 E, 3

1

dne, r

Consider two small elements of ring having charges
+dq and — dq symmetrically located about y-axis.

*
"++T, -

y
The potential due to this pair at any point on y-axis
is zero. The sum of potential due to all such possible
pairs is zero at all points on y-axis.

. R ..
Hence potential at P(0, B} ) is zero.

Since all charge lies in x-y plane, hence direction of
electric field at point P should be in x-y plane

Also y-axis is an equipotential (zero potential) line.
Hence direction of electric field at all point on y-axis
should be normal to y-axis.

.. The direction of electric field at P should be in x-y
plane and normal to y-axis. Hence direction of electric
field is along positive-x direction.

24
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56. Consider two small elements of ring having charge
+dq and —dq as shown in figure.

The pair constitutes a dipole of dipole moment.
dp =dq 2R =(ARd6) 2R
The net dipole moment of system is vector sum

of dipole moments of all such pairs of elementary
charges.

By symmetry, the resultant dipole moment is

along negative x-direction.

.. net dipole moment =

+7/2 . +7/2 .
[ (@pcost) i=— [ (2AR>cos0d0)i =_4R22 ]
-7/2 -7/2

57.
(A) Electrostatic potential energy
1 Q@
4ne, 2a 8n e a

(B) Electrostatic potential energy

L (Qx(Q, Q| 3 ¢
 4ne, 5a/2 2(52/2) | 20meqa
(C) Electrostatic potential energy
dne, Sa 20 ey a
(D) Electrostatic potential energy
_ 1 13Q7 Q| (Qx(-Q|__27Q°
4ne,| S5a  2(2a) 2a 80meja

58. In situation A, B and C, shells I and II are not at same
potential. Hence charge shall flow from sphere I to sphere
11 till both acquire same potential.

If charge flows, the potential energy of system decreases
and heat is produced.

59.

In situations A and B charges shall divide in some fixed
ratio , but in situation C complete charge shall be
transferred to shell I for potential of shell I and II to be
same.

(A)—=p.q, B)—=>p.q, (C)—>p.q.s

In situation D both the shells are at same potential, hence
no charge flows through connecting wire.

L (D)—>r,s

The path of the particle will be as shown in the figure. At
the point of minimum distance (D) the velocity of the
particle will be L to its position vector w.r. to +Q.

Now by conservation of energy :-

1 1 KQq
—m’+0=— mvit —— L. 1
2 mu 5 mv o a

. D
q q
Us——o
rmln
d

aQ T °

7 Torque on q about Q is zero hence angular
momentum about Q will be conserved

= mvr_ =mud ... ?2)
1 1 dY KQ
u
by (2)in (1) = —muz——m[—j 2
2 2 Linin Tinin

— —mu
d? 2
=4 o muid s KQq=mud (given) }
r .o Tiin
min
4 rzminizrmindidzzO
2d ++/4d? + 4d>
r,m R _das42)

7 distance cannot be negative

rmin=d(1 + \/E) Ans.

3
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60. Flux through ABCD.

11 22 " 2%
¢,=EA =(Xx"1+y]j).(-a"i)=0asx=0
z
D C

X

Flux through EFGH

0,=(x21+y]) (+a’1)=x2a>=a*=1.0 x 10 Nm¥/C

Flux through BCGF

0,=(x%i+yj) (a?j)=2a"=1.0x 10 Nm¥/C

Flux through EADH

¢4:(X21+y3).(—323):0 as y=0

Flux through ABFE

0= (x%i+y]j) (-a’k) =0

Flux through CDHG

¢,=0

Net flux=(1.0x 10*+ 1.0 x 107) N-m?/C
=11%x10*N-m¥C

61. Assume a solid sphere without cavity.

Potential at A due to this solid sphere

ﬂTchp 5
.3 1 3 pR
= V,/=—= =

A2 T 4ne, R C2e,

Electric field at 'C' due to this solid sphere = IIE’C

- P uu
3¢, AC

Now consider the cavity filled with negative charge

4 (RY
1 371(2) (—P):_pRz

VAH —
4n g, R 12 €,
2
1 . v
E{ = —2 BC

3 e
Now net values for the solid sphere with the cavity can
be given by superposition of the above two cases

2 2
Hence, V,=V,'+V, "= PR (l—LJ - 2pR

€y \2 12 12 g,
1 1 1 p W U P um
Ec.=E( + E{ = AC - BO)=
¢ ¢ € 3¢, ( ) 3e, AB
E .- P R)_pR
3ey \ 2 6 ¢
pR? pR
Ans. VA= ,EC
€ 6 €
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