Electrostatics / ﬂ—

SOLUTIONS OF ELECTROSTATICS

EXERCISE-1
PART - |
SECTION (A)

Al F= %% - 5400 N, attractive.
X

F= %% - 5400,
X

A-2.  (a) Distance between the two charges = x = \[[3—(—1)]2 +(1=1%+(-2-17 =5m

N 9 6 6
Force, |E = ka, 2q2 _ 9x10 ><20><1(2 x25x10° _ 018 N
X (5)
=
qz@/v
q, 0 (3,1,-2)
) 1L11)

Unit vector in direction of Fis oy Tl

5 5
A-3.

q0=1C 9 g, 9 9 95 G
E‘» 0 1m 2m 3m 4m 5m 6m X...
g1=1x10°C, q2=8x107°C, g3 =27 x 10°°C, ...c.0ecveeverrrrnnee. g20=20°x10°C
Enel = E1 4F Ez P& ... + Ezo

kngl + kq02q2 + + kq°2q2°
rl r‘2 r20
=kq Q_21 + q_22 e + q—go
1 r2 r20
-6 —6 3 -6
Cowpgpaq 100 X100 20°x10°
@ (2) (20)

= 0000 [L+2+ 3+ oo, +20]
= 1890000 = 1.89 x 10° N

4 x10°C T 4x10°C

< > < > 9 —6 \2

A4 () F o r=1m For=p= Kl o 9x10 x@x107) _ 5144y
r @
-3
(i) a= F 144X10_3 m/s? = 6 m/s?
m 24x10
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Electrostatics / ﬂ—

A-5.

A-7.

(i) Let charges on the spheres are + g1 and — qz. Initially

Force Fi= <4% —o108N ... Q)
(0.5)

(i) After connecting with conducting wire charge on each sphere becomes: quz

2
k(qlngj
=—————< =0.036 N

F, =
*T T (05)
(iii) on solving (i) and (i) ; g1 and gz are +1 x 108 C and F 3 x 105 C.

mg
From the given diagram,
_ kg® 9x10°x107"® At
tan 6= ———= = wy — -
r‘'mg (0.1x107°)x10x9x10 100
0 =tan 2 s 0.6°
100
- g »
A p
----- O---------0----0-----
I 4e 11 q € 1

— X———————— ¢ (—x —
The charge 'q' cannot be placed in the region | and Ill for it to be in equilibrium [whether it is positive or
negative]
Only region is Il, where equilibrium can be attained.
Let charge q is placed at distance X' from 4e.
Equating the forces, we get.

kq(4e) _ kq(e)

X2 (L=x)
x Y X
or 4=| —— or =2
=X (f—x)
X=20—-2X or x:%

Charge g has to be placed at distance - from 4e

If q is +ve, then on displacing slightly from point P the charge will return back to P
Stable equilibrium

If g is negative, then on displacing slightly from P, charge will be attracted towards the charge towards
which it is displaced.

Unstable equilibrium

AN
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Electrostatics /
A-8.

N

F,

~C 300
\O%. 2F cos30°
i

Equating the forces on charge q placed at point ‘C’ we see,

Fi=

2F1

kag kg
2 a

cos 30° =2 x

ko V3 _ 3 ke?
2 a 2

a

£, = KO _3kg’

&

-+ F2is stronger than 2F1 cos 30°, so charge 'q' at C is attracted towards 'O

Ans.

All 3 charges move towards centre 'O'.

(b) The charge 'Q' at centre 'O' is already in equilibrium

Now, for each charge to be in equilibrium let us consider equilibriun (rest) for charge 'q' at 'C'
Equating forces: 2F1 cos 30° = F»

y

RELC L)

a

&)

J3kg?  3kQq
a2  a’

value of Q should be —ve for F2 to be attractive

-9
B
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Q=- L Ans.
Ne]
A-9.
2Fcos6
A
F F
"% v
X4
e

0/0 6 6 \‘5
Q.:'::: ......... P ............ :’.’ R Q
A d/2 d/2 B

2kQq X X
Fmax =2 Fcos 0 = - = = 2kQq TE
, . d° 2
X5+ — X"+ X"+
4 4 4
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Electrostatics / ﬂ—

for Fret to be max. e _ 0 or 2kQq a4 ;3/2 =0
dx dx d?
X%+
4
2 3/2 2 1/2
[xz +d] [1]—x%. {xz +} [2x]
or 7 3 =0
)
4
2 2
or x2+d——3x2:0 or 2x2:d— x=i
4 242
d
Ans: x=——
2|2
Value of Fmax = (Fret)max = 2kQq ;3/2 Put the value of x
x? +d—2
4
d d
— 2kQgq.— =
_ 22 R%,% _2kQq 1 _16 k Qq
(Fret)max = 2kqQ 5 — . TN T >
@ o 3d? 33 [d ] 33 d
7_1’_7 - -
8 4 8 8
_ _4Qq
(Fnet)max— m
Section (B)
-3
B-1. By definition; E = F - % =5x 108 N/C
q 5x10
B-2. Letfinal velocity is fo+Vy]
thend@ Vx=vo.anda t= /Ivo.
Vy=ayt= EE ; where (ay = ﬁ)
mv, m

vV -19 -
tan 0= ¥ _ eEf _ 1.6 x10 _3>1<91><10 6><1 -1 N 0 = 450
VvV, mvg 9.1x10™" x16 x10

B-3.
X
P A 90cm B
----- O===sscsceeQemmrsrcaamaeeQumnnammennnmns
| 4x10°C I —64x10°C Il

The electric field cannot be zero in regions Il and 11l

It can be zero only in regions 'I'.

(i) Let electric field is zero at point 'P' in | at distance 'x' from point A.
Equating electric fields at point P, due to both charges [x in cm]
k(4x107°) k(64x107°)

x? (90 + x)?
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Electrostatics /

2
{90+x} 16
X

90 + x
X

=4 orx=30cm

At distance x = 30 cm from A along BA.

B-4.
A
q B q
a2
2 a
kg
a
> —=F
g C D‘; 32 :
kq =V ﬂ =
=5 E, 2a°
Let E1, E2 and Ez be the electric fields at point D due to charges at points A, C and B respectively
. _ ka2 kg 1]kq
Enet = g‘i‘ a2 =|:\E+E:|¥
along the line BD
B-5.
B
_® (0,3,-1)
o _. 2.5uC=q,
A’b\)c: """"" i,
ol :
(1.1.2) R aa S (3,3,3)
! ¥ —
C E,
_’
E,

n=yJ@-1?+@3-1%+3-2)%=y22+22+1* =3

r2= \(3-0)* +(3—-3)* +[3—(-1]? = J9+0+16 =5

- - 9 6 ~ ~ ~
£, = Xhy o 9x10x3x107 39374 (3-1)] +@-2)k
N (3)
=103 27 +2] + K]

£ o ko 7 _ 9x10°x25x10°
= =

P}

B-0)i +(3-3)] +{(3-(-1)}k
% ) [(B-0)i +(3-3)j +{B-(-1)}k]
= 9X25, 10331 + 0] + 4K]

125
=9 x 1000 [ 3] +4K]=180[3] + 4K]

Eﬁnet:Eﬁl-'-Eﬁz

=[20001i + 2000 j + 1000k ] + [540i + 720k ] = [2540i + 2000} + 1720k ] N/C.
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Electrostatics / ﬂ—
B-6.

Small part 'AB' of hollow sphere of area 'dA' is cut off. Now, electric field at centre 'O of system will only
be due to part CD of area 'dA' directly in front of it. [rest is cancelled out]
Let charge on CD = dQ

Q
dQ = . (dA
Q (4ma?) (@A)
Eo = Electric field at O = k(sz) § 1 Q > dA. iz
(@) 4ng, 4na a
Eo= %Ans.
167°¢,a
B-7.
0]
E..=2E sin 6/2
A
As shown in figure
Enet = 2E Sin 6/2 = 2 {z—kk}i = Ak along the line OP.
r|x X

(ii)

As shown in figure
Enet = 2 E cos 6/2
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Electrostatics /

B-8.

B-9.

B-10.

2t

4k

= KT ot
r X

40,
X

= ﬂ sin 6/2 . cot 6/2
r

cot 6/2 ; perpendicular to OP as shown.

(1) Time period in the absence of field

T=2n £=@
g 30

(2) When electric field is switched on;

qE _

Qet =g— —=10—
m

(3) .. New time period T' =

2t |—

6x107° x5x10*
60x107°

¢ 5J10 _5\2

=5 m/s?

5 35 3

(4) Let time taken to complete 60 oscillations is to.

=l 52

60 3
or to=T' x 60 = 1002 ~ 141s
LYAN
O
B
2c
—4c e
oD
Ea= O js20j_ 405 B -_97,205 403
260 ° 2g, 2¢g, g 28 2%,
Be=—-Ljo28j 45; £ p __©; 20; 407
20 ° 2g,  2g, 280 °  2g,  2¢,
— A — 30 - — -7 — -~
Ea =——] ; Es =———j; Ec=—-—; Eo=_—]
2¢, 2¢, 2g, 2¢,
()

Gaussian surface

Sphere

Let us construct a Gaussian surface at distance r from surface of sphere inside it (as shown dotted in

figure)
r=R-x or X=R-r
- - g p.ﬂrc x3
Using Gauss law §E.dA =0 ;. E.4nx2= —3
€p €
E=PX or g=PR=D
3e, 3g,
®
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Electrostatics /
(if)

Using Gauss law,

o _ p.iTcR3
jTE.dA _9n . E4r(R+rp= 3 .
€0 €9

9
E:Lz
3ey(R+T)

B-11.
Hollow sphere
Gaussian surface
Complete charge is on the surface of sphere and no charge is present inside it. So by Gauss's
law.
E. 4n(R-12= Jon =9
S
E=0
(ii)
Note : Solution is same as that of Question B - 10 part (ii)
B-12.

1
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Electrostatics /
here El = field due to wire 1 (Infinitely long)
Ez = field due to wire 2

E3: field due to wire 3
So, Net Electric field :

— — — —
Enet = E1 + E2+ E3

El = - Ez
R R Zk(MZstmTE \/EX
Enet = E3 = =
TR2 4ne R
2

Also here,
Ei= Electric field due to wire 1.
Ez = Electric field due to wire 2.
Ea = Electric field due to wire 3 (Ring).
Enet = El + Ez + Ea
In X axis : E1cos 45° - E2cos 45° =0 {E1 = E3}
InY axis : Elsin45°+Ezsin45°—%=k—}”+k—x—%=0
R R R
= Electric field at centre = 0
Section (C)
C-1. (speed) v = const
w () (@) P
V=0 Vp = 1000 V

() Wex =q (VP — V) =20 x 10 x 1000 =20 mJ
(i) Wetec = q (Voo — Vp) = =20 mJ = — AU
(i) Wext = AU + Ak = gAV + AK =20+ 10 =30mJ
(iV) Welee = q (Vo — VpP) =—20mJ =- AU
(V) P (q)V=0 e (q)V=®E=?
Ve = 1000 V o
Welec = AK since no external force.

o Wetee. ==AU =—=gAV =—q (Voo —Vp) =—=30 x 10° (0—1000)=30mJ = AK=K, -0

Ko =30mJ

AN Resonance”®
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Electrostatics / ﬂ—
C-2.

®

-8x10°C

AtPL(1): XOa, K or[i— 8 =0]
X, 0.6+Xx,

- X1=0.6 m to the left of A.

At pt (2): I(&+kA or —=
X, 06-x, X, 0.6-—x,

0.6 —x2=2x2 or X2 = 0.2 m to the right of A.

C-3
Qo } 9
. 6k 6k
(i) Wext = AV = q (Vo — Vo) = q {i—o} 2KAG
a a
(ii)
Wext = qAV = q (Vp—VOO): q &_0 :%
Ja® +3a° a

(i) No, since work is done against conservative force without change in kinectic energy, so work is path

independent.
C-4. Wext = Us — Ua

20=q (Ve —Va)
Ve—Va = ﬂ =400V
0.05

C-5. Work is path independent, so no use of point C.

o W =Us—-Ua

_ kg, kq, ). . . .-

=q it where, ra & rs are positions of point A & B w.r.t origin.

B A
ra=0.03 m, rs =0.04m
=kq qo 1 1 =-9x109%x2x10°x8x 1073, ST =121
o 0.04 0.0 3
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Electrostatics
— - o 9 -6 -~ ~
C-6. () E=—Q_ (r-rq)= 2I0X80x107 57 g5
?_: ( 62+82)3
0
. E=450 (61-8))V/m  or |E| = 4500 V/m = 4.5 kV/m

(b) Wext = Ur—Ui :kq_Q_kq_Q (where r1 and rz distances of (8, 6) & (4, 3) from charge Q)
r2 r1
5 {1 1 } = 1.579 J (approx)

2 i

Wex = 9 x 10° x 10 x 10-° x 50 x 106 | £— 1 |=
2 a5

C-7. (i) Potential at the point O = 2 % -2 % =0V
) (2

(i) — Electric field at point O :

(D)9 l|: —q(C)

Enet

As shown from figure. Enet (at O) = Eo = 4 E cos 45° (where, E = Electric field due to individual charge at
point O)

Eo= qui = &L@q (in shown direction)

& "
2

(i) Ve =0 (from diagram symmetry)

q q

al \d5ai2 a

—Gal2 F a2 9

2kq 2kq _ 4kq {1 1}

Wex (O >E)=Q (Ve—V0)=Q (0-0)=01J

Wext(o—)F):Q(VF—VO):Q{%(%—'I]—O}J
_ 4kgQ| 1
Rtk
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Electrostatics / ﬂ—
C-8.
Q-q

G,

>

(i) Let the charge on inner sphere = q
Charge on outer sphere = Q —q

; qg Q-gqg
) .. = = —
W) o1 =02 an®  4nR?
qg_Q-q _ _ QR?
or S4=-=1 = = , —g=
r? R? - R2 +r2 Q-q R? +r2
Potential at centre O = Vo:k—q+@
r
r|9,9229) - er2+ ?RZ =R (R+r1)
r R R?+r* R +r (R2+r2)
c-9
2uC =q,
f R "
Vo=9000V - K% K% _ 9000 v or K M+ 2uc]= 9000
3R 3R 3R
9 —6
9x10° (3x107) _ 409 or R=1m
3R
C-10.
—_—- - e----9
_S A B
Eo
b "
_ _ . . _ c _ Qoo
Wext = qo (Ve — Va) = qo(~E (b — @)); - Wex=@o | —— (b—a)| = =2 (a—b)
2¢, 2¢,
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Electrostatics /

C-11.

C-12.

C-13.

‘y
0,4
E <« © 04
)

5cm

A

B——— A
D) (q)
K,=45x10°J K,=0

(a) Welec = AK = 4,5 x 1075 J.
(b) Welec = qEr =4.5x 10°°
4.5%x107°

’,L » X
T(0,0
E < |
(@) .. Elr . A and B at same potential Ve—Va=0
(b)
B (23
E=20N/C §
2, 1) 5 i
B ( )A /=2m
E
E‘
Against the field potential rises Ve—Va=El=20%x2=40V
A
// [
¢ |
—> : E=2N/C
|
|
x=0 ; /’_
LoX=X
(&) Vixy.z) — V(0,000 = — Ex V—-0=-8x
(b) 160 = — 8x . x=-20
This equation represents a plane & all points on this plane have potential of 160 V
(c)V-80=-8x V =80 — 8x
(d) Voo — Vo =—8x, (where X = «) 0-Vo=—8 () = Vo =

"~ 3x10° x5x1072

() Va—Vs =Er =3.0x 10°

=3x10°N/C

x 0.05 =1.5x10*V

AN
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Electrostatics / ﬂ—

C-14.
Fex‘ —
- I:elec
e n
h ——
P r=5cm
(a) Wext + Welec = AK, 9 x 10_5 + Welec = 4.5 x 10_5 o Welee = — 4.5 x 10_5 J
-5
(b) [Wetec| = GEr = 4.5 x 105 J = 4'2”0 — =3x105N/C
3x107 x5x10
() Ve—Va=—Er=-3x10°x5x102=-15x10*V
SECTION (D)
D-1. P.E.=qV=2ex5V=10¢eV.
D-2. P.E=qV=gqox 9= 6kd G
a a
D-3. (1) Let velocity at the surface of sphere is vs. so, by conservation of mechanical energy between point P
&S:
Up + Kp = Us + Ks
R
C s __P
I ‘""“'4'—'R':>
= _@ +0:-@+£mv§
2R R 2
or Emv§ _1 kQ_q; Vs = KQ4 sec
2 2 R mR

D-4.

(2) Let velocity at the centre of sphire is ve. So, by conservation of mech. energy between P & C.
Up + Kp = Kc + Uc

_k(g_q_|_o —lmvz_ 3—k(gq

2R 2 2R
or lmv§ _kQq Ve = ‘/M :
2 R mR
m=9x10"kg
gq=—10uC
5cm P 5cm
3cm

A C B
9,=5uC  4cm vV 4om  q,=5uC

By C.O.M.E., Up + Kp =Ke + Uc

= q kq°_2><2 +0:£mv2+q LOQXZ
5x10 2 4x10

AN
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Electrostatics / ﬂ—

or lmv2:2quq 100 _100
2 5 4

%xQxlOJa xv2 =2 x9x10%x 5 x 10 x 10 x 106 x 5.

or vZ =4 x 25 x 10%
: v = 1000 m/sec.

D-5. (a) Let minimum distance is ro by

e (K)
@ -mmmmmmmn @ mm e e e e s e e ———— ® o0
Q P q
by cons. of ME between « and point P :
Us + Ko = Up + Kp or 0+K:@+0 ro:ﬂ ......... 0]
ry 4ng K

(b) As shown in diagram, Let particle approach closest distance point S from < at speed v.
By C.O.M.E. between « & S.

Uz + Koo = Us + Ks oro+K=%+%mv2 ............ (i)

fo

Putting ro from (i) in (ii)

K:5+1mv2 v=\/K
2 2 m

E-1. By energy conservation between initial and final state of the system
W + (K.E)1 + (P.E)1 = (K.E)2 + (P.E)2

W0+ KO _ o, k&g,

r1 r2
or, W = kq102 F = l}
rl r2

W=9x10°%x15%x10°x 10 x 10 i_i
15 .30

W = 4.5 Joule

E-2.  The electrostatic potential energy of the system
U= K@) (29) k(2q) (-4q) k(q) (-4q)

0.1 0.1 0.1
2
or U= LC [-10]
0.1
N U:9><109x(10—‘7)2><(—10)
(0.1

U=-9.0x% 1072 Joule
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Electrostatics /
E-3.
9 «—a—» q
ar——T;
"49‘---- - q
9 q

Electrostatic potential energy of charge system
U, +U, + Uz +U, +Ug +Ug + U, +Ug
2
and by symmetry Ui = Uz =U3z = U4 = Us = Us = U7 = Ug
SO Unet = 4 Us.

Unet =

(i) inital potential energy = 4 {3kq Skq" kg }

a  (J2a) (3a)

4kq?

| [ &z J’}

(ii) Potential energy of system when all sides of cube increase from a to 2a

Ut = 4 3kq2 3kq? qu
nal —
2a 2\/_ 2a 2\/_ 3a

Uf'l_2I<qz 3+3+1
nal — — = T =
a T ZB

Work done by external agent against electrostatic forces :

2k 3
Wext = Ufinal — Uinitial = — «a {3 }

Z' 5

work done by electrostatic forces

G

(i) By applying energy conservation between initial and final positions:
(K.E)initiat + (P-E)initiat = (K.E)final + (P.E)final

4ka? 3 1 {1 2} 2kqg? 3 1
0+ 3+ ——=+—=|=8 | —mv° |+ 3+—+—
a { 2 @} 2 a 2 B

)

(iv) .. Atinfinity P.E. of charge A = 0}
. By conservation of mechanical energy A & «
UA + KA = Uoo + Koo

2k 3
Wele. = Uinitial — Ufinal : Wele. = 9 |: —=-r —:| = —Wext

2
ka’ {3 3 }+0:0+1mv2 or v= |29 (3+
%z B 2 a

(v) By energy conservation
(K.E)initiat + (P-E)initiat = (K.E)finat + (P.E)final

)

1
B

0+4kaq2 [3 j_ \/_}_ [1mv} 0 v= \/% {3+f+%}m/sec

AN
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Electrostatics / ﬂ—
SECTION (F)

F-1.

S

Self energy of a shell =

QZ

8ne, R

Now total energy of system
= (self energy)r1 + (self energy)rz + (potential energy)rir2

_kQf L kQi . kQQ, _ kQ/, kQi , kQQ,
2R, 2R, (R =R,) 2R, 2R, R,

external

F-2 Work done by electric force = — [change in potential energy of the system]
= Wee = —AP.E = — [(P.E)final - (P.E)initial]
2 2
Wee = — |[K9% | ko | (kaq, kg~
2R 2(2R) R 2R
Wee= Ka (@ +a/2) Wee = 3 (@ +0/2)
2R 8me, R
(i) Work done by external agent against electric forces = AP.E
Wext = — Wele
o Weee. @ (@ +a/2)
8mne, R
F-3. By energy conservation :
K.Einitial + (P.E)initial = (K.E)final + (P.E)final
2 2
0+kQQ=2(K.E)+O; K.E= KQ = Q
d 2d  8ng,d
2
F-4. Eneryg stored out side the sphere = kziR = Uo ; Total self energy of solid uniformly charged sphere
_ 3kg’
5R
Self energy = % [2Uo] = )
SECTION (G)
G-1. Given E = 2yf+ 2x]

&  dv=-E.dr

s dV:—(2yT+2x]).(dxf+dy]+dz|2)

or dVv =—(2y dx + 2x dy)

: [dv ==2](ydx +xdy) =-2[d(xy)
V=-2xy+C

AN
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Electrostatics /

G-2.

G-3.

G-4.

G-5.

G-6.

G-7.

= 0 ~ 0 2 0 ~
E(X=Y=Z)=—&(V) I_E(V)J_E(V)k
E(x, y,z) = =2xyi — (x* + 2yz)j — y°k
— - — a .
E(r)=-VV or E(r)=——(V)

or
E(r) = —%(Zrz)l: - E(r)=—4rf = —4f

()Given r=i—2k  So,  E(r)=—4(i—2k)

(i) E(r = 2) = —4.2F or E(r = 2) = —8F

-

%—wziém

(33) N . b n ~
o0 =— | (10i+20]).(dxi +dyj +dzk)

(0,0)

V

(33)

Vi

8] 3
or Vg = —j10dx —jzody =-30-60
0 0

V3,3 = — 90 volt

-

b -
Vo—Va =— [E.dr
(0,0) R A I R
Voo -Vea= [ (20xi).(dxi+ dyj+ dzk)
(2,4)

V,0 = — ]ZZOX dx = [—1 0x? JZ
2

V(o, 0) = 40 Volt

V(1) = - [E.dr
or V(r) = - _"Zrzdr
2r?
V(ir)=- —+C
(n 3 "
V(X,y,2)=- jEJr
V(X,Y,z)= —J.(szf—Sij).(dxhdy] +dzK)

or V(x, y, z) = — j2x2dx + _[Syzdy

3
V(x,y,z):—%+y3+c

AN
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Electrostatics / ﬂ—
SECTION (H)
H-1. (i) Given diagram is:

where, 5 = dipole moment of single dipole
So, net dipole moment is : P, = \/PZ +P2+2PP cos60° or Pret= +/3P =/3Qa

and direction is along the bisector of the angle at —2Q, towards the triangle

H-2.

-Q +Q +Q

a >> d so we can treat charge A and C as a dipole. So net electric filed at point P : Enet = Es+Eac

2 2
or Enet| = \/(k—?J +(k(|:)j {dipole moment P = (2d) Q}
a a
or Enet| = 1 Q%a® +p°
4me @’

H-3.  Work done by external agent = g [Vfinal — Vinitial]

Wer = g kpcos45° kpcos135°| _  gp 1 1
- _ _ |- =
¢ r2 r2 e, r? |2 2
Wext = \/Equ

Ame,r
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Electrostatics /
H-4.

Given :(P=i + /3j)
- 3

2

Electric field at point M : —

Fl-
_9x10°x2
@

e 2 x 109 x 1+3/4

Potential at point M :
V. = kPcos6 _

J1+3cos? 0
~f1+ 3(cos?® 60)

J_k

m~ 2

(ii)

kx2x1/2 K
=_s
(2y 4

« (448 (i 3 j+0k)
(\/( 12 + (JB)? +<0))

_(i+48 ) (=i /3 j+0k) _

E=— \f3COS 0+

Dipole moment of molecule of substance = 10-2° C-m

H-5.
‘E‘ applied = 10 Vm!

=1
2x2 2
_ K2,

+

Change of angle of electric field = 60°

No of molecules in one
Amount of heat

mole = n = 6.023 x 1023
released in aligning the dipoles along new direction

=+ AU =AW,

6.023

=+ [U; - U]
=n [-PE cos60° — (—PE)]
=n E +PE PE
2 2
_ 6.023x10° x107%° x 10°
2

_ 6.023

=3.0115J

— =3.0115 J (approx)

AN
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Electrostatics ﬂ—
SECTION (1)
I-l. ¢=E.A

= (2i —10j+ 5k). (10k) = 50 N m?/c

I-2.
» E
a a,
< -
— >
«— | - -
<  —
-+ Through the given volume : flux entering = flux coming out
e ¢in = out
¢net = ¢out - ¢in =0
I-3.
M
q
k—2R —>
-8
Electric flux due to charge g at O = 4 = %10_12
g, 8.85x10
_ 2
— 10 N-m
Electric flux due to charge gat M = 0
(- flux centering = flux coming out)
(for spherical surface)
I-4.

,,,,,

Let us complete the sphere by drawing remaining hemisphere dotted as shown in
Then total electric flux through complete sphere.
=g/leo=1¢

q ¢

Hence flux through lower hemisphere = ==
2¢, 2

I-5. Since : ¢y, = 2 ¢y,

Pnet = Pout = + V€
i.e net flux is coming out (+ve) from the surface.
There is net + ve charge inside closed surface
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Electrostatics / H—

SECTION (J)
J-1. The charge distribution on the surface of two plates can be shown as
Q
A A
Pl{Q R|S
Qe _qla
.22 |2,
1 2 3
X y

From the given diagram :

Q

(a) surface charge density on inner part of plate x = EYN

(b) electric field at point 1 :

1 1
Q/4A€, (P) < » Q/4Ae, (R) = Q/2A¢g,
+—Q/4Ae, (Q) QI2A¢,, (towards left)

+«——Q/4As, (S)

(c) electric field at point 2 : -

2, QMAe, (P)

— » Q/4AA€,(Q)
— Ql4A<, (R) QI2A¢, (towards right)

«— Ql4A<, (S)
(d) electric field at point 3 : -

S QA (P)
., QlAS,(Q)
— Q/4Ae, (R) Q/2A€, (towards right)

«— Ql4A&, (S)

2, QPAe,

_,  —— QR2Ac,

J-2. Let the charge distribution on the plates is as shown in the figure
Equating electric field at point P inside the right most plate :

- +0+ F: = (Zq—x)
Ae, Ae, Ae,

—q+x=2g—-xor x=7

-9 2q
ATlA ATTA ATTA

9+x)| [x x| [|x x[:]a=x)

Charge on outer surface of leftmost plate is

3a_4d

—q+
q22
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Electrostatics / ﬂ—

J-3. Let charge distribution on each surface at plates are shown in figure (after applying the electric field)

E
>
(o—x) A < A “xA (x—2c)A
P
Now, at point P :
(c=x) _(X=20) _¢ —2x+36=E 20 . x= S9t2%E
2¢, 2¢, 2
J-4.

Q, =20 pc

Q,=10 uc
2cm
Q/ 3cm Q,

As shown, 10 uC and 20 uC are charge on two spheres before connecting with conducting wire.
Let after connecting with conducting wire, the charges on two spheres = Q,'& Q,’

(i) After connection
Potentials of both spheres are equal

Vl = V2
kKQ  kQ
or — = —23Q,/=2Q,
2cm  3cm Q'=2Q
Q' _2
Q, 3

(i) % :g (i) & Q,"+Q,’ (i) =30 uC — charge conservation
2

from (i) & (ii)
2Q,
'+ =30
Q, 3
or °Q; _ 30
3
or Qz':% puc =18 pc
2 2
& Ql':ng’:§><18uc—12uc
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Electrostatics
Giy O = QMAmi QT
62' Qz’ Qz’ r12
47tr22
2_9_3
= —X —= —
3 4 2
(iv) Heat produced during the process =

initial energy of system — final energy of system

= U -V

1 1 1
= {Eclvf +EC2V§} - {Ecequ}

Where; C, = 4ne, 1,
C,=4ne,r,
le . V.

V,= ;
h

2

9

& V —_ Clvl + C2V2 .
r, C,+C, '

2
Hem::{%cyf+lcg@}-i{gﬁiigiﬁj(c1+c9

2

2 C+C,

= GV, + C2V22 _ (CM+GV, )2

2

2(C, +C,)

2

CC, (V. -V, )2 =

2(C, +C,)
L

(r +1,)

Heat =

1 2x3x107*
X

:1{@W+Q@%+QQW+@%—@W—@@—%@M%

(€, +Cy)

1+2

L r
=0 [fl l’2 J NE _V2)2

2ne, (Vq-V,)?

2x9x10° 5x107°

3

= % Joules Ans

()

">

J-5.

(initial)

Before connecting spheres charges are Q, & Q, on inner & outer sphere

After closing switch S :

2x102%  3x1072

2 2
Z x102x 9x 109 5x10*‘—§x104‘ = 2L, 107 _—5x1041
5 3 5 3

Potentials of both becomes equal
Let charges on two spheres after connection are Q,' & Q,' as shown

-6 -6 2
k9X1ogyx{10x10 _20x10 } ]

Ceq=(C +Cy)

:2 xé x10-1
5 9
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Electrostatics / H—

Q,’
(final)
Q) +Q,/=Q,+Q, Q)
V=V,
KQ, , KQ, _ KQ, , KQ,
a b b b
i /=0 (2
Putting (2) in (1)
0+Qy=Q, + Q
Q) =0Q,+Q, Ans.
i.e total charge is transferred to outer shell
(i) Heat produced during the process = Initial energy of system — final energy of system

= Heat =V,-V;
{KQi K +KQaQb} _ {KQE}: KQ: , KQE , KQ.Q, _ K
2

b (Q, +Qp)°n

2a 2b b 2b 2a 2b b
_ KQ; . KQ; . KQ.Q, _ KQ: KQi KQ,Q, _ KQ: [1 1
2a 2b b 2b 2b b 2 la b
J-6.

(initially) (finally)

Let charge g’ appears on the inner shell after grounding
(i) potential of inner shell = 0 (grounded)

ﬂ _ﬂ + —k(q+Q) =0

r1 r2 r2
! —
or 1 = _q
r r
—-qn
q'=
r2
charge on inner surface of outer shell = —q'’
r
or—g'= 9% Ans.
r2

(i) Final charges on spheres :
—qn

2

inner sphere —» q' =

outer sphere —
(iii) initial charges on inner sphere =0
final charges on inner sphere = g’

or charge flown from inner sphere to earth =>-0q=-—
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Electrostatics /
J-7.

N/

Initially charge on r1 = g, then ka_ Vi q= %
rl

Now, if both shells are connected to each other, total charge goes to outer shell so, how potential at 2"

shell: Vo= K9 =y,

r2 r2
PART - Il
SECTION (A)
AL
— 0.0,0) B .(2,-1,3)
F q2 r q1

(By definition)

T

k =
=k (1)

1 qq,[(0—2)i +{0— (=1} +(0—3)K]

F= 3
ey N(O- 2F +{0— ()P +(0— 3)2J

G0, (=2i+j—3K) _ ,0,(-2i +j—3K)

dne, (J4+1+9)° - 56147,

A-2
+4q Q F, q
A J4 B 4 C F,
2 2

Charges are placed as shown on line AC.
For net force on g to be zero, Q must be of —ve sign. If F, is force on q due to 4q & F, due to Q

Then, F,=F, (magnitudewise)
or k4q2 q _ qu2
o
2
. 49 =4Q
or Q=q (in magnitude)
: Q=— (with sign)

40-20 uC = 10uC (each) [Distibution by conducting]

A-3.  Final charge on both spheres =

F _(99,)  _800 _

"R (aG,), 100
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Electrostatics / ﬂ—

. k
A-4. Initially, F = % (1)
Finally, 4F = <%:% (2
16R?
ka0, _ 2k, or R= '
r 16R 8
SECTION (B)
B-1.  Time period of simple pendulum is given as
1 ( 2.2 2E2 2
T=2n|— ; where:gefr:—mg qE g+[£j
geff m m
T=
B-2.
v i
v
—Q .~ { ™ 120
i ATl B iii
The electric field due to a point charge ‘q’ at distance ‘r’ from it is given as :
E= k—? ; more is g, more is r for E to have same magnitude
r
By this mathematical analogy, electric field cannot be zero in the region iii
In region ii, electric field due to both charges is added & net electric field is towards left
Along L bhisector line IV electric field due to both charges will be added vectorially & can't be
zero
E.F (net) can be zero in region | only (by mathematical analogy explained)
. . _ kagx
B-3. At point P on axis, E = W
AN VR + X
IS e
VER D
FormaxE,d—E:O = or x:i
2
. o _ 2kq
Putting x in (i) Emax = 3ﬁR2
. - _ _gE
B-4.  Force on charge gin electricfieldE = F=qgE =D a=—
m
Distance travelled = x = 1 at? _1f9E t?
2 2{m

o B . . B 1(gE)., E%jt?
Also, kinetic energy K.E = Work done by electric field E is We = gE. Sl t° = om
m m

AN
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Electrostatics /

B-5.

B-6.  Given diagram shows :
The direction of Enet is along OC.
B-7. T=2n ’L : where, geff = mg-qE
geﬁ m
= : o
=g- — Time period increases.
m
B-8.
G: _ G
\'% E= 2g,
_— o ——
g,m
d—
E= O - o4
2¢, 2¢,
= ; v2=U?+2as ; 02=v2—2(
25M
B-9. W=Frcos6 = .. 4=(0.2) E (2) cos 60°
SECTION (C)
C-1. : V = Er, r =V/E = 6m.
C-2 Apply the formula V = kQ
r
C-3.

By M.E. conservation between initial & final point :
Ui + Ki = U + Ks

QR B
(midpoint)

=

Let the two charges at A & B are separated by distance 2r.

Let us consider a general point ‘M’ at distance
‘x’ from point ‘A’ in figure.

V_ = Potential at M = k—Q + kQ
" X (2r—x)
_ 1 1 _ (2
Vm = {;Jr (2r—x)}kQ B kQ{x(Zr—x)}

For V,, to be max. or min :

oq j \
2e;m

oqd
g,m

or V=

. E=20 N/C.
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Electrostatics /

dv., -0
dx

d 2r
™ {kQ x(2r—x)}=0

X(2r—x)(0)—kQ (2r)[2r—2x] _ 0

[x(2r — x)J?
X=r
2
& At X=T, ddvz”‘ >0 X =ris min.
X

Hence potential continuously decreases from A to P and then increases

9 -9
C-4 ve= Q ve= 240150 57y
r (0.5)
C-5 E =L E= 2090 _ 1000 N/C.
q
& av=Ed= 19901 _ 4oy,
100
C-6. E:E E:wzmo N/C
q 5
Potential difference, AV = E. d =400 ><i =8V.
100
C-8. Since B and C are at same potential (lying on a line L to electric field i.e. equipotential surface)
AVag = AVac = Eb.
C-9. Property of equipotential surface
C-10. K.E.=VQ and momentum = \/2n(KE) =,2mVQ
. v, _ kg
C-11. Potential at 5¢cm. = 5cm =V =
(10cm)
(- point lying inside the sphere)
Pontential at 15cm V' = kg = 2 Y
15cm 3
c-12. _ka_kq v = 2ka
r 3r 3r
R . : _ kg _V
Field intensity at distance 3r from centre = —- = o
r r
C-13. The whole volume of a uniformly charged spherical shell is equipotential.
C-14. Potential at origin will be given by

V = 9 11 +i—£xo+ ...... =49 LP
dne, | X 2X, 3%, 4 dne, X,

T e
} An e, X,

In(2)
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Electrostatics / ﬂ—

SECTION (D)
D-1. PE =(q (Viina — Vinitiar)
PE = gAV PE decreases if g is +ve increases if g is —ve.

D-2. By conservation of machenical energy

Emvz — k qqu _ k qlqz l(2X10—3) V2 = 9 x 109 x 10_6 x 10_3 [}_ij
2 f r 2 1 10
or vZ =9 x 103 x % or v = 90 m/sec

SECTION (E)

E-1.

(i) E.P.E. of charge +q at point A can be given as :

_ 2 _ 2 2
Ea= 2kq + kg _ ka' & E.P.E. of system
a J3a  2a
—  Es= atEe BB B v B e En=Es= Ec= Ep=Ee= Er

2
Es=3 Ea

2 2 2 2
Es=6 _ki +6 kq +3 _ki = q ﬁ_E
a a3 2a ne, al 2 8

2

2 Ko 4 2xkq® . xkq

E-2. P.E. of system = =0 where ais distance between charges.

a a

2

or 2+3x=0 X=——=

3
SECTION (F)
F-1.  E = Field near sphere = v 80092 =8 x10°V/m -

R 1x10
10
Energy density = EsOE2 _ Amgy E2= &Xlog _80 2.83 J/m3.
2 8n 8ntx9x10 9n

F-2. Let q is charge and a is radius of single drop.
3kg?

Usingle drop =

Now, charge on big drop = ng. & let Radius of big drop is R.
By conservation of volume
4

=N —nR® = n.inaP’ = R = an'3.
3 3

. 3k(gn)> 3 ko’n’ 2
P.E. of big drop = — =— =Un3
g drop 5 R 5 an'?®
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Electrostatics / ﬂ—
SECTION (G)

G-1. (i) E= —Z—V = —(slope of curve)
r

Atr=5 cm slope = — % Viem.

=—-2.5V/cm
E(at sin) = 2.5V/cm

G-2. At origin, E= —c;—v =—2.5V/cm =-250 VIm
r

F=forceon 2C=qE =2 x (— 250) N =—-500 N.
G-3. E=- —=-10x-10
Ex=1my=—-10 (1) —10=-20 V/m

G-4. AV = — EAX = Vx—0 = — EoX. or Vx = — Eox.
Vv r r2

G-6. Ear = [dVafrdr = Va(—E) = Var
0 0

(=0
G-7. - I E-d¢ will be equal to potential at ¢/ = 0 i.e. (at centre) and potential at the centre of the ring is

(—0

thotal — (9 x10° )X (111>( 107° )

= +2 Volt. (Approx
5 0.5) (Approx)

Veentre =

SECTION (H)
H-1. Since P & Q are axial & equatorial points, so electric fields are parallel to axis at both points.

H-2.

In shown diagram, E = Net electric field vector due to dipole. (by derivation) & tan o = 1/2 tan6
angle made by E with x-axis is (0 + «)
H-3. tmax=pPEsSin90°=10%x2x102x1x10°N-m=2x 10" N-m
H-4. max PE = position of unstable equilibrium = O=m.

H-5. Toax =PE =4 x 108 x2x 10 x 4 x 108
=32 x 10~ N-m.
Work done W = (P.E.)i— (P.E.)i = PE — (—PE)
=2PE =64 x 10™* N-m
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Electrostatics /
H-6.

At a point 'P' on axis of dipole electric field E =

kp

r2

2kp

5~ and electric potential V =
r

both nonzero and electric field along dipole on the axis.

H-7 Force on one dipole due to another
=P [((jj_Ej where E is field due to second dipole at first dipole.
r
Ea 13 d—Eoci4 Force a%
r dr r r
H-8.  Given system is equivalent to :
3
) [+ (A
-> >
4 W
|E|=0, Center |E|=@ Center
R3
Ans: ZRLg
SECTION (I)
I-1.
hy
A
& | E=Exk
EESEN I § ¥
— dx<+ (3,0)
flux through differential element d¢ = Eo x a dx.
Net flux
a 3
= ¢:anjx.dx - Eoa
0
I-3. Density of electric field lines at a point i.e. no. of lines per unit area shows magnitude of electric field at
that point.
5.  Netflux =gz — ¢o = I Gin = £0 (¢2 — du)
0
I-6. Since, dipole has net charge zero, so flux through sphere is zero with non-zero electric field at each

point of sphere.
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Electrostatics / H—

I-7.

I-8.

I-9.

I-10.

I-11.

I-12.
I-13.
I-14.

2L
L stage 1 L stage 2 stage 3 L stage 4 L
From stage 1 to stage 2 = enclosed charge is increasing means flux is increasing
From stage 2 to stage 3 = enclosed charge is constant means flux is constant
From stage 3 to stage 4 = enclosed charge is decreasing means flux is decreasing

Since same no of field lines are passing through both spherical surfaces, so flux has same value for
both.

Each charge has its 1/8™" part of electric field lines inside cube since there are 8 charges.
Net enclosed charge = gx 8=q
Netflux = Jn - 9|
€& &

Fflux through one surface =%>< F _ .

g, bg,

)

+ A
Gaussian surface

i

@

Using Gauss's law for Gaussian surface shown in figure.

j‘ 2 J) Qin
E.dA ="

%o . E2me=2L . E=_*

&g 2mer
For circular motion.
2
ge= MV___at L e i
r 2me r 2mgsm

For the closed surface made by disc and hemisphere

gn=0 dnet = 0
ddisc + oH.s =0
(|)HS:—¢disc:—(|)

By definition

Electric lines of force never form a closed loop. Therefore, options (A), (C) and (D) are wrong.
Consider a Gaussian surface

6 = (800 — 400)A = In

€9

gin = 400g0A
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Electrostatics / ﬂ—
SECTION (J) :

J-1.

J-2.

J-3.

J-4.

J-5.

J-6.

J-7.

Electric field lines never enter a metallic conducter (-~ E = 0 inside a conductor) & they fall normally on

the surface of a metallic conductor (Because whole surface is at same potential so lines are
perpendicular to equipotenial surface).

/ + vely charged

B
metal A
plate

The given diagram shows induction on sphere (metallic) due to metal plate.
Since distance between plate and —ve charge is less than that between plate and +ve charge. electric
force acts on object towards plate.

Induction takes place on outer surface of sphere producing non-uniform charge distribution & since
external electric field can not enter the sphere, so interior remains charge free.

by induction

by conservation of charge

Given diagram shows the charge distribution on shells due to induction & conservation of charge.

—» plastic plate _

Copper (metallic) plate
Q o2 pper ( ) p
q/2
q
=—=50V/m —>
_>P Er 2A¢, p

Ep = q/2 N q/2  q

= = =50V/m
2Ag, 2Ag, 2Ag,

Due to outer charge, since there is no charge induced inside the sphere, so no electric field is present
inside the sphere.

Since field lines are always perpendicular to conductor surface field lines can't enter into conductor so
only option C is correct.
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Electrostatics / ﬂ—

J-8.

J-9.

J-10.

J-11.
J-12.

J-13.

Since A, B and C are at same potantial electric field inside C must be zero. For this final charge on A
and B must be zero and final charge on C = Q + g1 + gz. (By conservation of charge)

All charge comes out to the surface of C.

Car (A conductor) behaves as electric field shield in which a person remains free from shock.
Potential of B = Potintial at the centre of B
= Potential due to induced charges + potential due to A.

=0+ (+ve) Potential of B is +ve.

Since electric field produced by charge is conservative, so work done in closed zero path is zero.

‘ P
g +ve
closed suface
cwlrg
enclosed charge = +ve = flux through closed suface = +ve.

Since distance between g and A is less then distance between g and B.
OA > GB. & Ea > Es.
but, Va = Vs because surface of conductor is equipotential.

PART - Il

In situation A, B and C, shells I and II are not at same potential. Hence charge shall flow from sphere 1
to sphere 1II till both acquire same potential.
If charge flows, the potential energy of system decreases and heat is produced.
In situations A and B charges shall divide in some fixed ratio, but in situation C complete charge shall
be transferred to shell Il for potential of shell I and II to be same.

(A)—>p.q, B —>pqg, (C)—>pas
In situation D, both the shells are at same potential, hence no charge flows through connecting wire.

(D) —>r,s

The resultant dipole moment has magnitude Nf(\/g P)? +P?> = 2P at an angle 6 = tan™* @ =60°

with positive x direction.

Diameter AB is along net dipole moment and diameter CD is normal to net dipole moment.
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Electrostatics / ﬂ—
3R
2

Potential at A (g ,

Potential is zero at C (@ —%J and D (—_‘/?:2 R ,_]

J IS maximum

2

Magnitude of electric field is 1 4p atA (g , @J and B (—g , —@J

4rne, R® 2

Magnitude of electric field is 1 2—EatC @ _R and D —@,E
4dneg, R 2 2 2 2

EXERCISE-2
PART - |

Let the two charges are q & (20 — g) pC
.= K@(20-q)

r2

Fe will be max, when dF, =0
dq

or dE:EZ(ZO—Zq):O
dg r

q =10 pC.

The given figure shows force diagram for charge at O due to all other charges with r = 10 cm

NE)
: Fnet = 2F + 4F cos 60° = 4F
_ 4k(2uc)(2uc)  4x9x 10° x 2x 2x 107

G

3. Attraction is possible between a charged and a neutral object.

=36 x 4 x 300 x 103 N = 43.2 N. (Towards E)

4, There is no point near electric dipole having E = 0.
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Electrostatics /
5.

+—Xx—>
2
kiz = Tsin9
mg = Tcos — q° = mox
2k(
2 3 a1 !
quztang qzmz 2 q3:m ° 2
mgx 2 2k¢ 2k¢
2 2
2kq - X N < 2k(q
mgx { mg
(const)(€)2 /5 5
v=-—-—5""— = X = (const)qg?®
E (const)q
1 4
2v=2v=(const)x 2 = ox 5 (const)gq 3
dt 3
6. a & b can't be both +ve or both — ve otherwise field would have been zero at their mid point.

b can't be positive even, otherwise the field would have been in —ve direction to the right of mid point

answer is (A)

7. Lets take a small spherical element of thickness dr.
Electric field at point P due to this element:

Kd

X2

*. Total electric field :
_ Kdg
E= j 2

dE =

E= J-K (density) (volume of the element)

X2

_ " K(por?)  (4mridr)
E= j o /2

X

r=oo

E = Kp,

5

. (EJ =% .. (Exxd
X
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Electrostatics / ﬂ—

8. B & C are equipotential and field is conservative, therefore :
WCA=WBA.=—I A gdr.= g n 2.
3o 2TENN 2me,
9. Comparison can be shown as :
V-2V
= k — 4k
= PEmax > 4PEmax
= r—rl4
10. Potential energy = — p, - E ; where, E = Electric field due to dipole p,.
U2 = — (py) (E2)
2Kp, cos6
o= (22:522)
11. Total flux through closed cubical vessel = a .
€y
1f g
& Flux through one face = = —
6\ &
So, total flux passing through given cubical vessel is = 5[iJ ; (as vessel has 5 faces)
€o
12. E= 2i due to non-conducting sheet.
€
c' . ._ ©
AE'=— due to conducting sheet, but ¢ = 2
€
Result is samei.e. E'=E
13. Electric field at given location is only due to inner solid metalic sphere.
14. Inside the given sphere, there will not be any effect of external electric field. So net electric field will only
be due to point charge 'q' at centre.
Graph is (A)
15. In the above question, if Q' is removed then which option is correct:
On removing Q', no effect is there in previous situation as Q ' does not affect the electric field at inside
point.
16. In a conductor, potential is same everywhere
Potential at A = potential at centre = Vduetop + Vdue to induced charges
__ ko _ kpcos® ¢
(rsec o)’ r?
17. By definition
18. Distribution of charge in the volume of sphere depends on uniformity of material of sphere.
19. Since, no external electric field can enter into a conductor so force experienced by Q =0
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Electrostatics / ﬂ—

20.

21,

TV
2/,

Let surface charge density on inner shell is o1

. . 1 . . 2
Due to inner sphere, field at A = xS &, and electrostatic pressure at point A. = S o0
4 g Ag, 2g, 4g,

2
Net force one hemisphere = {G—-f' Glcj mR* =0

g, 4g,
= 02+i20:0, orc1=-2c
1 g:v
4ne, T
(4 3j 2 a’
nf—mnr- |=—mna = n:—3
3 2r
3
V1= 1 m:Vra._al
dne, a 2r° a

PART - I

As the charge on one of the balls is removed so electrostatic force between the balls is zero.

The balls will first go down and due to contact with each other, charge on one ball is equally distributed
on both balls and then the balls get separated due to electrostatic repulsion.

At equilibrium :

2
Here F = Force (electrostatic) between two balls = kiz
By force balance, T sind = F and T cosb = mg
= mgtan6=F ... Q) [for small angle tan6 ~ sinb = a ]
2L
kg? mga®
= mgtan0= — = or kg’= ——
9 a’ g 2L
Now the balls are discharged and charge on each ball = % & the distance between two ball = b.
. ko? b ko’
By equation (1), mg tanb = F1 = & mg — =
yed @) g " p? 9oL "
. a® _ 4b® a
By putting value of kg? , — = — = b =
Y PUting a 2L 2L (4y"
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Electrostatics /

2.
3.
lE
.
T
? T O m, QleZE
m,,Q
e Q m,g
J:
mig
Force on m1 and m2 due to electric field = QiE and Qz:E downward Let acceleration of both masses is
‘a’ as shown in figure:
y
a
.. By F.B.D of mz: m.g + Q.E mzg + Q2E—T =m2a ..(1)
T Ta
By F.B.D of m1 : MI*+*QET _mig— QE =mia (2)
By both equations : a= (M ~M)O+(Q, ~QE
m, +m,
and by putting mz1 = 2m, mz = 3m and Q1 = Q2 we get a = 2m/sec?
4,

»
>

X

»
' o

&
<

W| re 1 W!ire 2

Figure shows two like charged infinitely long wires with A = 3 x 10 cm
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Electrostatics / ﬂ—

Now, electric field due to wire 1 on long wire 2 = Z—MT
r

Now, force on unit length of wire (2) = Charge on unit length x 2k
r

o 2Kh _ 2kn? _ 2x9x10°x9x107™

= = 8.1 N/m
r r 2x1072
. 2k
Now work done to bring them dr cm closer = dW = dr
r

£ 2k)2

=N —de: —j dr = 2kA2In2 = 0.1129 J/m
r

2

_ 11.29 Im
100

ox=11

Let a rod of length ¢ and charge g and a point A are as shown in figure (at distance = b). Charge per

q

unit length = — . Let a small component dy along the rod at distance y from centre of rod is considered.
A Y axis
N '
dy H
y
0 .
> X axis
+|(0,0) A
<———b—>
dE
v |
Charge on the element dy = %dy
o
Electric field at point A due to this charge = dE =2—b2
y©+
Now, x component of dE = dE cos 6 = ey . 2
(0] 7 P
and y component of dE = —dE sin6 = — Kady y

C<y2 +b2)'\jy2 +b?

%
Now, electric field due to total length of rod = jdEX = j Kadyb _ Kb 1

3/~ 2
_yzﬁ(y2+b2)/2 b Ji-‘rbz

7
- (along x axis) and j dE, =- Kaydy  _ 0

_ _ q _
b2+ a2 2nme o7 + 40 15 ((y* +b° )2

o . . q
So, net electric field is along x—axis and is equal t0 ——FX—M—
2n80b\/62 +4b?
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Electrostatics /
6.

2k

Electric field due to infinitely long charged wire at distance r from it= ——

r

Now, we take small element dr on wire (2) which is having distance r from wire (1)
|

Now, force on this element = (A2 dr).

or dF

r

Ay
A,
. 1l ®
° ! °
< r » dr
«— 1, —>
< > r+ (

2Kk,

2k, dr
r

o 0

To+! ! .
Total force = de = I Mdr = 2kMid2 4n (r": ] = Zlﬁ /n(4) (since ¢ = ro)
; e

Electric field inside the cavity =

= -
P& | Here a =along line joining
€ | centers of sphere and cavity

Force on the e~ inside cavity = ?i)_a (e)

€

(€)

e

Cavity ——

Now for distance

acceleration of electron ae=

Cavity ——

by S=ut+1/2 at?, 2

1/2
= (G\Emrsoj

eap

pae
3 m.

(o]

P.D.:IE.dr and E between spheres does not depend on charge on outer sphere.
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Electrostatics /
9.

Gauss
surface

Applying Gauss's law on Gal

r

ussian surface shown in figure :

j pAnx?dx . s
E4Tl',l’2: a - p4TC(r _a) E = p(r _a;)
=N 3e, 3e,r
Now using J'dV = —J'E.dF
B b 8 _ a8 b b 3
= Va-Ve= [Edi = [RUZR) [P g [P 2 g
A ° 3er 23 €, "3, I
| p b2 _ a2 B pa3 1 _ 1
3¢g, 2 3g,la b
_ p |b*-@ —a? 4 i
3¢, 2 b
3
=P | oaro2a2+
6 <, b
L e
6 <, b
Put b =2a
2
Va—Ve = pa
3¢,
ALTERNATIVE:
k kp 4
Va can be found by taking a shell of radius r and calculate potential at ‘A’ due to that shell and
integrating
b 2
kp4nr-dr Kp4
Va= [ PEE= = P2 —a?)
a r 2
3
Ve — Va = 27K {2&32 - 2% ~30? + 3a2}
3
Ve—Va = p 3a2—b2—zi
6 <, b
3
Va— V= — —3&12+b2+Zi Ans
6 <, b
Put b = 2a
2
Va—Ve = pa
3e,
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Electrostatics / ﬂ—

10.

11.

12.

_(Rest) V. .mQ
m, Q
Vv, \A
b. b.
< r > m! Q
m, Q

The particle is projected from infinity towards other particle. As the 2" particle gets closer to
1%t particle, force of repulsion is acting on both of them, which decreases one’s speed and increases
other's speed. At minimum separation, both particles have same velocity (vi). Let closest distance of
approach =r

So, by energy conservation:

2 2
O+ L 21mV12+ imV12+ kizki: 1mvz—mvl2 ....... (1)
2 2 2 r r 2
. Y
Also, by momentum conservation : mv = mvi + mvi = V1= >
2 2 2
So by eq (1) I(—=1mv2—1mv2 - 3 mv? = r=4qu = q .
r 2 4 4 mv T e, MV
T 2
Ve
-
Required centripetal force is acquired from electric force between two charges in situation (1)
2
or mvy - _kq:qo = mvi? = kag,
r r r
2
In situation (2), mv, — qug = mv2 = X9%
2r (2r) 2r
If additional energy E is added to situation (1) to change it to situation (2) then by energy conservation:
1 mvi? — kaq, +E= 1 mvz2? — kag,
r 2 2r
or E=LmuR-vd)+ K% _Kkag, . g - —Kad . kqq, _ kag, _ _ qq,
2 r 2r 4r 2r 4r 16 e, r

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.t. +Q.
Now by conservation of energy :

o

AN
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Electrostatics / ﬂ—

13.

14.

Emu2+0: Emv2+@ ...... (1)
2 2 rmin

Torque on g about Q is zero, hence angular momentum about Q will be conserved

= mvfmn=mud L )
2
By putting (2) in (1) = % mu? = %m (ﬂj + KQq
I

min

2 2
= %mu2 {1—d—j: mu’d {- KQq = mu?d (given) }

r? r
2 2
2di«/4§ w4k _ 047,

min min

= I'zmin — 2rmin d — d2 =0 = I'min =
Distance cannot be negative
fmin =d(1 + \/5) =1 m Ans.

When 1%t ball is released, its potential energy due to the rest of the system will be converted into kinetic

energy :
i=2019

KEi= > (P.E),,

i=2
[Here (P.E.)1i = Potential energy between 15t ball and i" ball]
i=2019

KEi=(P.Ej2+ > (P.E)y oo (1)

=8
Now, when 2" ball is released, it also takes its self potential energy from system :
i=2019

So, kinetic energy of 2" ball : K.E.2= Z (P.E),;
i=3
i=2019 i=2019
Now (K. E)i=(K.E)2 = (P.E)i.2+ > (P.E), — > (P.E),
i=3 i=3

(K.E)1— (K.E)2 =(P. E)1,2
Given: (K. E):1— (K. E)2=K and (P. E)1 2

2 2
=_4d :>q=,f47teoKa

= ; K= q
dre, A

At e, a

Given, V = 3x + 4y

So, E=— Qhﬂﬂﬂﬁ or E=— (Bi +4])
ox oy oz

So,  force on particle = gE =— (31 +4j)x 1N

and acceleration of particle = —Bi+4j) m/s?
Now, ax = - 0.3 m/s? and ay = — 0.4 m/s?

At X - axis y=0 So by (s=ut + % at? ) in y direction :

-32=- 1,4 xt? = t=4sec.
2 10
. -3 -4
Now, velocity at 4 sec.= vx= i) x 4 =—-1.2m/sec = vy = i) x4 =-1.6 m/sec

So, velocity vector =— 1.2i —1.6 J

AN
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Electrostatics / ﬂ—

. ~ ~ 4
15.  Given E=Eyxi So flux = Joni.ds

y axis E
—_—
(y=a)
H G
E F
X-axis
A B (x=a)
D
(z=a) C
Z axis

Now total flux = sum of flux through each face
Totalfux= [ E.ds + [E.ds+ [ E.ds + [ Eds + [ Eds+ [E.ds

ABCD EFGH ABGH CDEF ADEH BCFG

first four terms are = 0, because angle between E and dsis90° so E ds=¢

Total flux = jE.d§+ jE.dZ

ADEH BCFG
For ADEH: E=Eoi = Eoj (0) =0 [ x = 0]
for BCFG: E= EoX | = Eoai

So, total flux = 0 + .[an i.dsi

= Eoa .fds = AEoa = Eoa®

8.85x107"*x4x10° x8x107°
2x107?

= .. On = g Epa® = { }: 1.416 x 10711 C

16. Net flux through the cube, ¢net = G
€
To find g, let's divide the cube into small elements, and consider a small element of width dx as
shown.

Charge on the small element = (p) (A.dx)

Total charge = J. pAdx X " dx
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Electrostatics /
= AJ.de

= (A) (Area of p—x graph)

-y [%[u %j(po )j 12

density

3
= —pox 12,
4"
~ On _ 9P _ — 12
= Net flux gnet = =+ = — =9V.m (as po = 8.85 x 1079)
€o €9
17.
R
______ 7\’ ®
—®© 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

—0 A

So, the Electric field = k—k
r

Now we take a ring element of radius r and thickness dr.

Let dS = Area vector of this ring element

—00

y axis

X axis

Now electric flux due to this element :

ks

- —|d§+jkljd§
r

r

RA

So

R
:jkl.znrdr +0=2nkAR=
OI’

ko
o;) kA M y axis
P T
X axis
~ kA -
i+ — ]
r
ds = 2nrdr i
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Electrostatics
18. Given E = 2rf So, at radius a = E: =2ar
9
‘e aﬁ Ea
qi E e -
- = |Eads =—"=Ea|ds
GO j GO J.
90 - E,. 4na® = 28%.4n S Qn=4ne, 2a°
e0
i 4nk
19. Total charge Q = J.pdV = J' (Kr?) (4nrldr) = —— (R®*3)
2o a+3
r=R/2 a+3
4nk (R
and "= |pd V= Kr?) (4nrdr) = =
Q= p j( ) (4nr*dr) a+3(2j
According to question
1 @ _ 110
4neg, (R/2) 8\ 4ne, R?
(2)2+3=32
Putting the value of Q and Q" get
a=2 Ans. 2
20. (A) Surface charge density = ¢

Toll Free : 1800 258 5555 | CIN : U80302RJ2007PLC024029

Q,=4nR% Q,=4n(2R)c
Charge on bigger sphere Q2" = Q+Q, . C2
C,+C,
47R? 47(2R)? 2
Qr'= R0+ 4n(2R) o ><47560><2R:40RR6
dne, R+4n e, 2R 3
. . 40nR%c 5
Surface charge density on bigger sphere 6" = ——— = —o¢.
g Y 99 P 3x16nR? 6
Put o =12 uC/m?
Ans. 10
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Electrostatics / ﬂ—
21.

Sphere is cut along the plane shown by dotted part.
P = Electrostatic pressure exerted on each point of sphere due to charge sphere due to charge on it
force required to hold both pieces together F = P x A (Where A = Area of shaded portion)

2 2
F= 2 xA [Where ° -p= (electrosatic pressure on sphere)
2¢, 2¢,
Q Tl ( o )2
5 R“—h
{%R2 2¢, | "
2 2 2 2
:% x 1 (R? — h2) F:Q(R—_h4)
167°R 2¢, 32n¢, R
Put h=R/2
2
= 3k_Q Ans
32R?
PART - llI
1. (A) Charging by conduction has charge distribution depending on size of bodies.

(B) Charge is invariant with velocity.

(C) Charge requires mass for existence

(D) Repulsion shows charge of both bodies because attraction can be there between charged and
uncharged body.

(0,a)

—q \F\\
0 (28,0)
(0] X ) Q
(0,0,0) /

(0,-a)
() From diagram, force on Q at general position X, is given by
Fret=—2F cos 0 =— (azkig% (Towards origin)

(i) When charge moves from (2a, 0) to origin O, force keeps on acting on Q and becomes zero at O.
.. Velocity of Q is max. at O.
. Velocity of Q is max. at O.

(i) Motion is SHM for very small displacements. & 2a is not very small os motion is periodic but not
SHM.

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ I Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 49
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : U80302RJ2007PLC024029 ADVES -



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Electrostatics / ﬂ—

3.
F

air

mQQ = - 9.6 x 10-19clv

mg (nitially) .- mg = fai
QE

m Q=—velE TV

I:air

@iy M9 (finelly) QE = mg + far= 2mg
charge is —ve, so electric field 'E' is directed downwards.

& QE=2mg

& QE=2mg

—18
E= 2mg _ 2x1.6x10 _19><10 :ixlozNC‘l
Q 9.6x10 3
. . . . . kQr
4, (i) At any point P inside the sphere, electric field = Er = —-.

Ep increases as r increases.

(i) At any point M outside the sphere, Em = k—?
r
Ewm decreases as r increases.
5. As velocity along y-axis remains unchanged, so there should not be any electric field along y axis.
vV, =V
\y l
_e Vx
B(2a, d)
u,=v, ’
_%—> u, =0
> X
(0,0) A(a, 0)

As velocity along x axis is increasing, so force on the electron must be along +x direction, so electric
field must be towards —x direction.

So force on the electron is :

F=qE=eE

. eE . .
acceleration, a=— towards +x direction
m

From A —> B
Sy:Uyt
d
or d=vt = tanp= —
\Y,

From: A—> B
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Electrostatics /

(A)

(D)

(B)

(©

1
Sx=uxt+ Eaxt2

1 [eEMdJZ
or a=0+=|—||=
2\l m Vv

2amV?

= E= 7

toward-x direction ....(1)

Velocity along x axis at B :
From A —>B
Vx = Ux + axt

or Vx:0+[§j [E) = X:e_Ed
m V

2amv? i 2aVv
- = ooV,
ed d
Net velocity vector at B
V, = V,i+V,]

where, E =

Rate of work done at B = Power = F-V,

= (eEi) .(%hv}j

2
=eE ﬂ ; where, E = 22l
d ed?
2y /3
- e %
Rate of work done at A :
Pa =|E~VA

- (e€7)(vi) =0

By definition of electric field

At point (2cm, 0), field is along x-axis. It is possible only when the particle is situated on
x-axis. Its position is located by extending electric field direction from point (3cm, 3cm). The point at
which this extension intersects x-axis, is the location of the charge. That is (-1cm, 0)

E
y-axis 37°
< {EK)
s G
178
S37°

— <« .
1.9 e 3em x-axis

For point (2cm, 0), r =3 cm, E =100 N/C
Using, E = k—? =Q=10x10*C
r
Potential at origin = kQ
r
where, r=1cm, Q=10x10*?C
V=9V
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Electrostatics / ﬂ—

_kQ 100V & _kQ 75V
(r +5cm) (r +10cm)

Q= %xlO’S’C, r=10cm

Vsurface = k—Q =150V Esurface:k—? = 1500 V/m
r r

Veentre = % Vsurface = % x 150 =225V

10. from given data Ex = ? V/em =40 V/ecm

but E = ,}Ei +E;+E2 = E may be equal or greater than 40 V/cm ie.
E

Y

180 V 20V

T > E,
—2y/0 2cm
E

z

As shown, there can be electric fields | to x axis, which will not affect the electric potential difference
but can increase net field.

11.
___ff___./vKuipotentiaI surface
X ol
NDipoIe
v

In all orientations, dipole experiences force, but does not experience torque if dipole has its dipole

moment along or opposite to ELOF.

Dipole can never be in stable equilibrium & work done in moving dipole along an EPS of point charge Q

will be zero.
12. We know that electric field and potential due to dipole is

E, = 2kpcos 0 & Ve = kpcos©

r3

Now four dipoles are shown in figure.

2

r3
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Electrostatics /
P a
o 9=45" i
‘\® ,«"@a Vv p
r\ 745
e a
° SO
45 .~ Sy AD
R 45' .,
p a
andr = a . E = 2kpco§45 _ 4k3p - o . Eg= kpsm345 _ 2k3p “E
BTy E
2 2
45°
. Electric field due to 1 dipole E=E E~2E
E,=E
Electric field due to 2™ dipole >
E=2E
E=2E
Electric field due to 3 dipole >
E, =E
E=2F
Electric field to 4" dipole
DN
Q>
2E
So, Net electric field at point O is : 45°
45°
2E
So, resultant = 2v2E = Zﬁfkp = \Ep3
a Te, a
& Potential at point O = 4 x kpcos 45 V= \/fp

5
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Electrostatics /

/\

13. If charge is at A or D, its all field lines cut the given surface twice which means that net flux due to this

charge remains zero and flux through given surface remains unchanged.

14. Case (i) x<R

Let a Gaussian surface is a cylinder of radius r and length equal to given cylinder

/'——:x
N SN— 1

< r >

L 1

/——_\
e v

9
E
—

-+ Eand 05 are parallel to each other, so : 9n = jE.dg = J'E ds
EO

2

:M:Ejds:E.anL —g=

g, 2¢,
(i) x>R: Againbyq—m=jE.ds= E_[ds

eO
2 2
- PERL e onpL = E= PR
€ 2¢, X
15. Since, no. of electrons entering = no of electrons leaving.

= Net enclosed charge is constant
= Flux is constant

16.

(i) Due to earthing
Let total charge on B is q.

Ve=0 kg + kQ =0 or
b b
(i) All chargeq=-Q

appears on inner surface of B due to induction
Charge on outer surface of B=0

Field between A and B dueto B=0

Field between A and B dueto A 0

Net field between A and B 0.

=
=

®
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Electrostatics / ﬂ—
17.

18.

4,

(i) Figure after induction is :

—— > E_ (unit force)

O, _O,

A B

+++++ +=

(i) Field due to M is uniform Force between M and A = 0.
Also, force between M and B=0
& A and B attract each other due to induction.

Due to induction, —q charge will induce at the inner surfac, and +q charge will appear on the outer
surface. Due to the inner charges, there is no effect at outer points.
Internal disturbance is balance by internal charge and no effect found outside

PART - IV
For 30 C charge, angle € (5°, 9°) =7°

In (iii) most of the positive charge with run away to the metal knob. So due to less charge on the leaves,
the leaves will come closer than before.

2
(2% sin 9) //
2

Applying torque balance about hinge point O.

2
_ ko > (£ cos 9)=mg £ sin 9
[ ) ej 2 2 2
2(sin—
2
2
for small 0, sin 9 - 9 cos 9 -1 0= 4kq2
2 2 2 mg/
Electricfieldatr=R
p(r) 1
d

a R r

AN
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Electrostatics
KQ -
=— where Q = Total charge within the nucleus = Ze
R
SoE= KRZf
So electric field is independent of a
5. Q= jpr4m’2dl’
fora=0 E = L
R R-r
. (R-r) or Q:T E(R—r)4nr2dr
pr R ' I R
R R 4 4 3
:4_Tl:d RJ.I'Z dr_J‘r3 dr :4_Tl:dR__R_ = ndR
R | ¢ 3 R|3 4 3
ndR® 3Ze
=Ze= or d=
Q 3 nR®
6. From the formula of uniformly (volume) charged solid sphere

10.

pr
3 e,

E=

>r

a=R
For E o« r, p should be constant throughout the volume of nucleus
This will be possible only when a = R.

So

. =2%x10°x8.85%x 1012 C=1.77 uC

6
(1.77><10 +QA):—4X105 = QA:—5,31X10_6C

So

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.

The inner sphere is grounded, hence its potential is zero. The net charge on isolated outer sphere is

zero. Let the charge on inner sphere be q'.
90+ 1 9

.. Potential at centre of inner sphere is =

o)
I
|
Ny e)

4me, a 4me, 4a
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Electrostatics ﬂ—

11. The region in between conducting sphere and shell is shielded from charges on and outside the outer
surface of shell. Hence, charge distribution on surface of sphere and inner surface of shell is uniform.
The distribution of induced charge on outer surface of shell depends only on point charge g, hence is
nonuniform. The charge distribution on all surfaces, is as shown.

+%(u\niform)

A
X
_%(unifom:)\

_%(non uniform)

12. The electric field at B is = 7 1 iz towards left.
TE

(o]

VC:VC_VA:_I 1 q2 dx :Lg
5. 4ne, 4X 32ne, a

EXERCISE-3
PART -1

From the diagram, it can be observed that Q: is positive and Q2 is negative.
No. of lines on Q1 is greater and number of lines is directly proportional to magnitude of charge.

So,  |Quf>|Qq

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

Electrostatics repulsive force ;

2
Fele = {G—J nR? )
2g,

2 2
o°mR

€o

F=Feae=
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Electrostatics /
3. In equilibrium,

mg =qE

In absence of electric field,
mg = 6mnrv

= gE = 6nqrv
m= 2. = 9E

g

4 EY E
3 6mnv g

After substituting value we get,
q=8x10"°C Ans.

(a, 0, a)

(a, a,a)

(0,0, 0)

flux = (Eo cos 45°) x area) =

+Q

------
|

Qa+Qe=2Q
KQ, _KQg

RA _RB

(0, a, 0)
= - 2
—xax\/za— Eoa

2

+Q

()

.(ii)

R

(i) and (i) = Qa=Qs (—A]

RB

&

B

on= 2R
R, +Rg
o, Q,/4nR%
o5 Qq/4nR2
On

So

Ea=

Qs [1+%j =2Q = Qs = (

& Es

2Q
Ry

_ 2QR;
j R, +Ry

1+

B

=

Qa>Qs

Rg
R.

using (ii)

G
= — ' oA< OB
So

= Ea < EB (atsurface)

The frequency will be same f = i\/z
2n\m

but due to the constant gE force, the equilibrium position gets shifted by

Ans. will be (A)

9E

in forward direction. So
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Electrostatics / H—

Wext = Q(VB - VA)
Comment : (D) is not crrect answer because it is not given that charge is moving slowly.

8.
9.

Eo = 6 K (along OD)

Vo=0

Potential on line PR is zero
10.

At point P
If resultant electric field is zero
then KQ; = KQ;
4R 8R
& =4
P2
At point Q
If resultant electric field is zero
K
then Q21 + KQ22 =0
4R“ 25R
P1

= 32 (p1 must be negative)
8} 25
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Electrostatics / ﬂ—
11.

AT

For electrostatic field,
E, —E,+E,

- L cp+iPlcp
3e, 3g,

p — —_—
—(C,P+PC,)
3g,
= P ~c
E.=—C.C
P 380 12
For electrostatic potential, since electric field is non zero so it is not equipotential.

12. Ei= KQ

1= —

RZ
k(2 2k

( ? = Ezx= ?

R R
Es =—k(4Q) 3 R = Es= sz

(2R) 2R
Es<Ei1<E2
Q A c

4r e, ro2 2ne, r, 2,

E2=

13.

— 2 o
Q =2not, A incorrect

A .
fo=— B incorrect

= 2E2(ro) = C correct

3)
Es (%j = Es(ro) = E2 (ro) D incorrect
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Electrostatics /

14, (P)
+(j +é +b ;Q
Component of forces along x-axis will vanish. Net force along +ve y-axis
Q)
+Q  +Q Q@ -Q
Component of forces along y-axis will vanish. Net force along +ve x-axis
(R)
F, F
+Q  -Q Q@ +Q
Component of forces along x-axis will vanish. Net force along -ve y-axis.
S
Q-0 *Q  -Q
Component of forces along y-axis will vanish. Net force along -ve x-axis.
Ans. (A) P—3,Q—1,R—4, S—2
15. Flux from total cylindrical surface (angle = 2r)
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Electrostatics / ﬂ—

- Qin
€o
Flux from cylindrical surface AB = flux from the given surface
= & :ﬁ: n==6
6g, 6¢g,
16. As +q is displaced towards right, the repulsion of right side wire will dominate and the net force on +q
will be towards left, and vice versa
Frestorng = G 2kh  2kh
restoring — ——
s d-x d+x
- 2k(2x)q _(4kng
restoring = d2 — x2 = d2 X
Hence SHM

For —q, as it is displaced towards right the attraction of right side wire will dominate, which forces the —q
charge to move in the same direction of displacement similarity for other side
Hence it is not SHM.

17. Electric field in cavity

E:pOP

3¢
OP=R1—-R2

18.

(A) ¢ total due to charge Q is = Q/eo

so ¢ through the curved and flat surface will be less than Q/eo

(B) The component of the electric field perpendicular to the flat surface will decrease so we move away
from the centre as the distance increases (magnitude of electric field decreases) as well as the angle
between the normal and electric field will increase.

Hence the component of the electric field normal to the flat surface is not constant.

Aliter :
R
coso
_ KQ KQcos?6
==
X R v E
3 EL =Ecosf
El = KQcos® 6

RZ
As we move away from centre 07 cosJ so EL{
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Electrostatics / ﬂ—

(C) Since the circumference is equidistant from 'Q" it will be equipotential V = \7_—Q
2R
(D) Q = 2xn(1 — cos0); 6 = 45°
0 _ 2n(l-cos®)Q _ Q 1
p=———x— = = == |1
47 €p 47 € 280 '\/E
19. Qenc =i \/§ R
(I): Qenc _ \/ng
So - So
20. E = gEo sinet = md—v
dt
v nl®
Idv: 9E, j sinmtdt
0 m 0
v=395 (—coswt)y®
®om
-_95 ((—cosr) — (—cos0)) = 29E, =2m/s
mo mo
21. (1) in case of point charge E = Z—?
(2) In case of dipole E = %
(3) For an infinite long line charge E = 2K4
(4)
20
r
20
\\ r
\
\
\
\
\
\
A L N
+A /¢ —A
_ K kn 14 Ak 2kl
E=—cosb= = =~ —
JE+2 R +2 (A +07) d
(¢
5)E= —
®) 2¢,
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Electrostatics /
22.

Given V at surface
VO = @

VatC

c= Q—@:VO (1_a)

R R
V atB
_KQ _K(aQ)
R R/2
Ve l-a
"V, 1-20
EatA

£.- KQ KoQ _

:Vo(l_

KQ

20)

oVy

" (2R2 R?  4R?
So reduced by %VO

EatC

R? R

So increased by a?vo

23. (1) forh=2R

N—

R

Ans. (1)

Shaded charge = 2r (1 — c0s53°) x e
T

Cenclosed = —
2

o= 22
€o

forh>2Rr:§

2Q

5¢q

(I):

AN Resonance”®
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Electrostatics / ﬂ—

(2)forh=2R r=

N—

Shaded charge = 2rn (1 — cos37°) x Qe_Q
4n 10

Cenclosed = —
5

Q

560

4):

forh>2Rr:3?R _-_¢:&

(3) suppose h = % r= 2=

3R/5

S

4R/5

L

N———

¢=0
soforh<§ $=0

4 h>2R r>R

r
P

—
—

Q

—
"~

Q

¢ =— Clearly from Gauss' Law
€0
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Electrostatics /

24,

R > dipole size
circle is equipotential

1/3
So, Enet Should be L to surface so k%o =Eo=>r= [ﬁ)
r

At point B net electric field will be zero.
Ee=0

2
(Ea)Net = k[go + Eo = 3Eo
r

Electric field at point A s

(EB)net =0
PART - Il
E- (%j &) = E=2t ()
r 2me,r
=2 =  E=-—p ()
r 2ngr

Consider a spherical shell of radius x and thickness dx.
Charge on it dg
dg = p x 4nx? . dx

dg = po (%—ij X 4mx? dx

3x4 4R
3 4
E= k_g = 12 X Po o _I’_
r 47r 3x4 4R
o (5_ 1
4p, \3 R
At equilibrium
2
tan 6/2 = _ £ .q z.i 0
mg 4ne, [¢ sin(6/2)]° mg l
When suspended in liquid T
tan L o 1
2 4ne, K[¢ sin(@/2) (mg-F,)
_ 1 q2 1 Fe 0/2
" 4ne, K[ sin(®/2F ma— M «0.8
(mg—-¢x0.8 9) mg

on comparing the two equation we get

K(‘I—%j:1 = K=2.
1.6

AN
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Electrostatics / ﬂ—
4.

p=ar’+b
=— % =-—2ar
dt
Eds=34
€9
—2ar . 4nr2=3
€0
g = — 8 goanr®
p= 2
—nr®
p = —6aso Ans.
5. Potential at point A,
2Kgq 2Kq
a ay5

Potential at point B,

> q
q : A
2a '
B

Ve=0
Using work energy theroem,
WAB)eIectric = Q(VA - VB)

S
E
| TL
(D) L
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Electrostatics
7. Uc = E@q
2 R
KQ P
Us= —
S R g
AU = @q
2R
_ 1 1 47R? _ pR?q
4ns, 2R' 3 be,
8.
y
A
—q/2
Fe S0 F
........ ;r( Fsind » Fsin0
= 2Fcos6
= Fnet = 2Fcos6
q
2kq| =
- q(ZJ y
Fret = R
(«fy2+a2) Wy +a
2q| 2y 2
Fret = 2 ka'y Ans. (1
net—m Da—s oy ns. (1)
2L L L
] x 5 C N |
A _ dx B
ER (E)dx g X i
= j = m(2) Ans. (4)
1 4ne, X Anegl
A
10.  Va-Vo= —[ Edx
Va Vo = [ 30x%dx
3
=-30 Z__ 80V
3
11. (2) and (3) is not possible since field lines should originate from positive and terminate to negative
charge.

(4) is not possible since field lines must be smooth.
(1) satisfies all required condition.
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Electrostatics / ﬂ—
12. Vo = @
R

KQ

r

Vi>r) =

KQ
Ve<r) = — (BR2-1r?
r R3 ( )

Vo - 3KQ_3V
t _————— = —
Cenrew 2 R 2
VatR: (Re®R V)= 200 _ KQ 52 gy
4 2R3
2
= Ez _Ry = R2= R

23R N
VatRs (ReV)= 0 _KQ _ p - 4g
4 R, 3

V at Rs (RaV) = %:k—Q — Re=4R
4

R4—R3=4R—£R = SR > Re
3 3

r
Q+J.?4nr2dr /A/R

13. (E)@n)= —=2a 7
€ v
Q+ A2 - a2) e
=  (E)4nr= 2
€
= E= Q 2+L2(r2—a2)
Amegl®  go2r
Q A Aa®
= 2 P o T 2
dreggr® 285 2gyr
Q A&
dnegy 28
A= -
2na
14.
P
£ X
/ 2

PEsing = P(\/§E) sin(90° — 0)
tand= 3 ; 6=60°
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Electrostatics / ﬂ—
15.

Ve =
4ne, b 4ng, b 4ng, C €

1 4na’c 1 4nb’c 1 4nc’c _ o (az -b? ]
— + = — +C
b
16. AKE + AU =0
(%mv2 —0)+ q(v; —v;) =0

L +0 - 2kAiln R

L2 2krg/n R
2 R,

4K R 1
v=| 2 N
|: m [ROH

17. () Electric field outside sphere does not depends on inside charge, it depends on only outer charge.
(ii) Surface charge density on inner surface is non-uniform.
(iii) Surface charge density on inner surface is hon-uniform.

0

(iv) Surface charge density on outer surface does not depend on ‘ﬁ‘

R
18. jkr 4nrdr = 2Q
0

knR*=2Q (1)
KO? Ikr4nr2dr

Q2 - KQO >
4a a
KQ? a’

= Q Kk4rn =

4a* Q Kz 4
KQ? _ 2Q
P
R = a8¥4

19 E:icos60°(—>‘<)+{i—isineo"}(y)

€y 28y  2¢gg
B} ( V.1,
E= i 1-— ﬁ y— E X
2¢, 2 ) 2
20. Magnitude of electric field is constant & the surface is equipotential
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Electrostatics /
21.

22,

23.

Since p.r=0

E must be antiparallel to p

So, E =-A(p)

where A is a arbitrary positive constant

Now A= af+b]+cl§

A|lE
a_b_c _
L 3L —2)%

so A = k(i +3j—2k)

For a solid sphere

Electric field at point B = Eg = E1a + E2a

E1a = Electric Field Due to solid sphere of radius R at point B =

E2a = Electric Field Due to solid sphere of radius R/2 (which having charge density —p)

__KkQx4 _ pR

9R? 54¢,
Eg = Eia+ E2a = ﬁ - i = 17pR

3eg  5S4g 54¢,
[Eal_ 9
[Es| 17
Flux via ABCD
o = J'E.dl\ -0
Flux via BCEF
b, =EA= (4xi—(y? +1)))- 4i
=16x,x=3
N-m? N—m?

¢, =48 C ;61— ¢, =-48 C
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Electrostatics /

HIGH LEVEL PROBLEMS (HLP)

The electrostatic force exerted by charge at B on charge at A is

RO

2
q
(ZJ _ 1 q

e = > =
4n e, (AB) 47e, [

20sin—=
2

a2

The rod AQO is in equilibrium, hence net torque on rod about point O is

N ) . Y4
Fe /sinf ——— | —mg (sin — =0
° [2 2) g(sina) 5

2 g _ . .

= Cos a/2 = mg sin a = solving, we get

6411: EO »€2 S|n2 g

2
q=4/  |4n €, mgsin % sin & Ans.
2 2
The sheet produces a uniform electric field E = °_ towards right. The part AC and CB will experience
So

electric force F as shown. They can be considered to be acting at the mid points of those parts
respectively. The rod will experience torque about the point ‘c’ in the anticlockwise direction
I

/ 14
Whose magnitude is t=F é sin 0 :% 0 ; ButF=A\. g . =

2
= Mo 0
8¢,

| O

c Mo

2¢, 4e,

Now, since t is towards the mean position & t o« 0
it will perfform SHM — Hence proved

YA
8¢,

& t=1a

(@)

2m e,

0=

,_ 3\c _ (275

me> Ao _ | 3ioc
o= oro= 0
12 8 ¢, 2m e,
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Electrostatics / ﬂ—

3.

(i)

F = F1c0s30° + F2 cos30°
= 2F1 cos30°

F :F1\/3_’

2
or F= 3kg,
a

>— ,away from the charges along perpendicular bisector of line joining remaining two

charges.

(ii)

F = F1c0s30° + F2 c0s30° = 2F; cos30° = F1 /3

2
= @towards the charges along perpendicular bisector of line joining remaining two charges.

(i)

_ k(20,)* _ 16kaq;
2_ —

S

F = F1c0s30° + F2 cos30°
= 2F1c0s30°

=F \/§
V3k(2q, )’

)

_ 164/3kq,’
a2

away from the charges along angle bisector.

AN
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Electrostatics / ﬂ—

4,

Assume ‘p’ and ‘—p’ in the cavity then

3K ( 4
vo= S K[ 4R
P 2R[p'37c ]

nKpR? _ 5rnKpR?

Ve=V,+V,=2ntKpR%Z -
c p P P 3 3

2
Vo= 5pR
12 ¢,

Ans.

In the remaining three quadrants, put three more quarter sheets to convert this given arrangement to
that of infinite sheet. Now contribution from all the four quarters to the z - component will be same.
Hence due to a quarter component of E.F. along z axis at point (0, 0, z) will be,

E =19 |2-_9°
4 2¢ )z 8¢,

Hence potential difference between points (0, 0, d) and (0, 0, 2d) will be,

2d _ 3 . N 2 .
V2d—Vd=—I E.de¢ ; Where,d€=dzk;EZ:iu=ik
1 8¢, 2z 8 g,
2d = . . s 2d
Vag—Va = - | k .dzk = - [ dz ; Va—Vaa= ld|
v 8¢ 8¢ =h
Ans. ° % |d
8¢, 8¢,

Let the closest distance of approach be r
Consider an element of length 'dx' on rod at a distance x from end ‘A’ of rod.

r dx
—— | |-
B- Al
X
Potential at point B due to the element = LG .
r+ X

L
Potential at B, due to the rod = Ikkdx =K\ /n (i)
S r+x r

Now applying conservation of energy

2ney mv?

0+ % mv? = q{kwn(ﬂj} 0= r+l e
r r

L

27[eomv2
e M -1

= r=

AN
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Electrostatics / H—
7.
L

Initial situation 2To cos45° = mg To= M9
NA
| .
2T, 35°1 459 2T,
(e}
@ kQ’ kQ?
Final FBD 4To cos45° = mg + o = 2\/_To mg + e
kQ? mg
mg = or =d,—
97 Q k
—4
42 %102 J5.88x10 x9.8
9x10°
=3.36x10°C
Now, To= Md - 5:88x107x98 _, 075 102y

TT

2To=8.15x 103N

8.
9 ds o, E
0 x=3 x=6 x=8
Electric field, E = 20.25 = k[q—°+—2+q—§j
5 2
-9 -9
2025=9x100[ 1210, & 12x10
64 25 4
9
20.25=2.25 + 210 o 4 o7
g1=-25%x10"°C
9. . d=ut+ Eat2
2
d= lat2
2
or d= 1 e & E=Z
2 m €
d:EEEtZ _ 2me,d
2 m g, et’
_ 2x9.1x10°'x8.85x 10 x 2x 10% _ 2x9.1x8.85x2x10™"
1.6x10"° x4x10*? 1.6x4
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Electrostatics / ﬂ—

= 0503 x 1072 =
m

charge density on outer surfaces of plates is equal in magnitude as well as in sign. So there is no
contribution in electric field between the plates by charges on outer surfaces. So we cannot find out
charge density on the outer surfaces.

10.
- RN
// \\
( Ora |
\\1 mL /
~Plu_”
g m
Here,q=3x10°C
r=1m
u = initial horizontal velocity of ball.
At highest point S tension in the string becomes zero.
& let velocity at this point = v
mv’
{ g
VvV SQg, m
s RN
I// 2 ¥
=
\\r /
~_ ’//
5
2 2
mg + ki2= Y A Q)
r r
From conservation of energy between P & S
T .1 ., .
Emu = Emv +2mgr L (i)
) u? = v2+ 4gr
From (i)
u?=gr+ ol + 4gr=5gr + faf =5x10x 1+ 9X109X9_X210 -
mr rm 1x10
or u?=50+8.1
u=7.62 m/sec.
11. The system of the ring charge and line charge may be represented as shown in the figure. Here, the
electric field intensity due to the ring charge +q at a point distant x on the axis is given by :

_ 1 gx
4ng, (R®+x°)%?

.............. (along the axis of ring i.e. along wire)
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Electrostatics ﬂ—
The force due to electric field of ring charge on a small charge element dg concentrated in small length
dx of the line charge is given by
dF =Edq

o, dF = 1 X quz 57 M dx

47e, (R* +x9)
Here, A = linear charge density of the thread.
1 9 gAxdx

S0, dF =
4rng,  (R*+x?)%?

S0, F= o I 2 dez 3/2

4ng, 3 (R°+X%)
let (RZ+x?2 =t
S0, 2x dx = dt
S0, x dx = ﬁ

2
t=o

S0, L I S,tz

8ne, (I, t

g {31241 f=c
or, = 0| ——
8rne, {—3/2+1}

t=R

t =00

_ (o) 1

or, == —
4Tl',80 |:'\/t_i|t—R

[because, t = R? + x?]

SO F=- a2 . A
' 4re, ,fOOZ A/RZ
or = G4
4ne R
12. (a) Lets take a small element at an angle ¢ subtending angle do at the center. Charge on this element

will be dg = A (Rde) = Ao cos @(Rdo)

A = A,C080

Due to this element, electric field at center will be
kdg
RZ
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Electrostatics / H—
The y component dE sin ¢ will be cancelled by the opposite element of lower half and the x component
dE cos ¢ will be added up

So Enet = IdECOS(p

¢=2n
oo J- KA, COS;p) Rdo coso =
020 R 4gR
(b) Let the ring plane coincides with y-z plane shown in fig. We consider a small element AB (of length
dl) on ring.
Here dl = Rd6 where R is the radius of ring.
Also, fromfig. y=Rsin®andz=R cos 6
The electric charge on the considered element is dq = Adl
= o cosO (Rd6) = Ao R cos 6d6
The axis of the ring is X-axis.
The electric field at point P due to considered element is
dE = da(, -r) or dE = (,Rcos 0d0)(xi — yj — zK)

3 3

47, a - a 47e, xi — yj — zk

4E - M Rcos6do (xi—Rsin6]—Rcos k)

or

4ne, (X2 +y? +2°)%?
y
Z 4
yl
_ 2,Rcos0dd  (xi—Rsin6j—Rcos6k)
4ng, (x> +R?sin” 6 + R? cos? 6)*'*

_ A,Rcosbdd (xi—Rsin6j—Rcos6k)

4ne, (x? +R?)%?

CTE' KOR s . o 2 ~
—————;; (Xxcos0dOi —Rsinb cosd j —R cos®0dok)
4ne,(R° +X7)

Ao Rxcos6do
dEx= ——— =
4ne,(R° +X°)
_ —A,R?sin0cos0do
dEy = 2 213/2
4re, (R +X°)
_ 2 2
and dEz= —AR cos 6do. SOS 26(3,62
4me, (R° +X°)
Ex= jdEx —¢j§ cos0do

 4me, (R? + x2)*'?

After integrating, Ex = 0 and
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—1,R? Izn sin20

do

- 4me (R +x%)%?

0 2

Electrostatics /
Ey = J‘dEy =
_ —,R?
8ne, (R® +x°)*?
Ey =0
similarly,
E:= IdEz =

2R
4ne,(R* +x7)%?

27
{—00326} o
2 0

—2oR®

2n 2
cos’0do = — %
-[0 4g,(R* +x?)*?

E:Ex’i\'i'Ey’j +Ez|2

|EE=EK|
| AR?
4g,(R* + x*)*?

Forx >>R, R? + x? = x?

MR P

( Ex =0, Ey = 0)

Where P = Ao nR?

13.

3 3
4g X 4AmeyX

Electric field at distance y on the circle due to both charges is

E=2X$xcose=

2kq 4

X
2 +y? \/ZZ +y?

flax through the width dy of circle d¢ = E (2ny. dy) (Angle = 0°)

[do=2r (2 kao) T ydy

: [(,2 +y2]3/2

Let /2 +y?=x
2ydy = dx
B q_( 12 4+R? dX
eo 2 2(X)3/2

2 4R?
_—34-1
_ g | x?
2¢, ;3+1
2 12
% N PR
S RN

/A\Qesonancé@
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Electrostatics / H—
14. To calculate the electric field due to the charged sphere and the space surrounding the sphere, a shell
of radius x and thickness dx whose centre is the centre of the sphere is taken and electric field due to
this shell and charged sphere at a distance r from O is obtained as given below
=1 ﬂz + j ! (4nx22pr) [where, q
4ng, 1 4me, r

= charge considered on the ball]
R

Where, first term is the field strength of spherical charge g and second integral term is the field strength
of space surrounding the charged sphere.

S0,
or, {
q a [P R?
or, = xz8 @00
A r g2 2
q ar’ aR?
Or' 3 2 + 2 + 2
Ayl 2¢,r 2¢,r
2
SO E= CEESE i

4me,r? 2e,  2g,1°
Now, for E to be independent of r, sum of the first and third terms must be zero.
_a__oR

so,
Aner®  2g,r’
or, g = 2rnaR?
So, resultant field, independent of r, is given as
E= 1 &
2 g,
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Electrostatics / H—
15.
surface charge density = o

Rdo

Electric potential at centre :
If we assume an imaginary identical hemisphere of same charge distribution to complete the sphere,

. k . .
then potential at centre = % So, due to symmetry, potential at centre due to left half is equal to
. q . k k 2Q mi r
Right half. So, potential due to a hemisphere at centre = Quow _ ( ERsphee )
k(27R*.c
:k_Q = —( ) or V = —GR
R R 2¢,

Alternative : -
Each charge is at same distance of R from centre

k(27R%.c
So, Potential = Q- ( ) ;o V= SR
R 2¢,
Electric Field
To calculate the electric field strength at centre, we take a ring element which makes angle 6 on the
centre and having width of R d6. Due to this ring, electric field strength at centre :
- dE - k.dg.x e
2 2 3/2
(x*+r%)
{here dg = charge on Ring ; r = radius of ring, x = distance b/w centre of ring and hemisphere}
By figure, x=R cos® and dg=c.2n R sind (Rdo)
2 k. [02rRsin 6] Rd6 .R cos®

- dE = =
dE = 1k 5 [sin26 do]
> 2 s —cos 207" - .
jdE: o jsinZOdei = PE— [Fcosmt+cosO0] i
de, g 4e, 2 0 4e, x2
E- % A _ 9
4e, 2 4e,
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Electrostatics /

Potential at a height H on the axis of the disc ie. V(P) : —»
The charge dq contained in the ring shown in figure
P(q,m)

dg = (2nrdr)c
Potential at P due to this ring,

dv = = %;Where,x: VH? 412

dne, X

1 (mdr)c _ o

dv =

.. Potential due to the complete disc,

_47560 \/HZ-H‘2 - 260 \/HZ-H‘2

i c 'f rdr
V.= |dV =
’ r;[o 2 & rl[o\W
or, Vo= 2 [JH+a% —H|
2¢,
Potential at centre, (O) will be
Vo= 22 . (H=0)
2¢,
() Particle is released from P and it just reaches point O. Therefore, from conservation of

mechanical energy :

Decrease in gravitational potential energy = Increase in electrostatic potential energy
(AKE = 0 because Ki=Ki=0)

mgH =g [ Vo— Vp]

o gH= (%][20 j[a_W+H]

So

ﬂ:4eog . o _

Also, o
m c 2¢,m

Substituting in (1), we get

gH=2g[a+H - a® +H’]
or =(a+H) - Ja?+H?

2

or a2+H2:a2+HT+aH
3H
or a= —
4
H =( 4/3)a Ans.

29

or

or
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Electrostatics /

17.

/\

(if) Potential energy of the particle at height H = Electrostatic potential energy + gravitational potential

energy
s U=qV+mgH
Here V = Potential at height H

U=z 29 [JaZ1H —H] +mgH ...(2)

2,
At equilibrium position,
F= _d_U =0
dH

Differentiating (2) w.r.t. H :

oq 1 1
or mg + = |(2H)—-1| =0
J 2¢&, KZJ( )\/az +H? :|

mg + 2mg L—1 =0
JaZ +H
or 1+i -2=0 or 2H =1
Ja? +H? a® +H
2
or 2H > _1 or 3H? = a2 or =2 Ans.
a2+H 4 B
From equation (2), we can write :
U-H equation as
U=mg (2ya® +H> —H)
U=2mgaatH=0and
U = Umin = \/5 mga at H = %
Therefore U-H graph will be as shown.
Note that at H = % , U is minimum.
Therefore, H = % is stable equilibrium position.
] /
Figure shows two parallel plates electric field between plates E = V/d = E= art

eat
force on electron = gE = -

. eat
So acceleration of e~ = —
mL

By acceleration = c;—\t/ ; (v = velocity)

AN
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Electrostatics / H—
\% t 2
d_vze_at :>dv=e—atdt = jdv=jeatdt = V:eat
dt mL mL : > mL 2mL
2 L t 2 3
Again,v=3X =8 4y fox=[2d - &
d  2mL . ° 2mL 6mL
1
‘o emL* |3
ea
putting in egn. (1)
2 1 1
y= e 6mL* )3 _ ea (36m7L* )3, v = [9eaLl 3
2mL | ea 2mL | e%a® |’ 2m
18.
y
+J272m B++Q
+ m =+ -
3/2 Ac\) q ‘ v, m R
X P < qo 7z
32 m CT1 4
“272m DT++Q
In the figureq=1pC=10°%C @o=0.1uC=107Cand m=6x 10 *Kg
and Q=8uC =8x10°C
Let P be any point at a distance x from origin O.Then
AP =CP = §+ X2
2
and BP = DP = J%erz
Electric potential at point P will be—
Vp=&—&;where,K= =9 x 10° Nm? /C?
BP AP g,
-6 -6
Ve=2xgxioe | 210 10
27 \/3 )
—+X —+X
2 2
or V=18x10* 8 N 1)
27 ., \/3 2
4 X ~+X
2 2
Electric field at P is—
dv 1)( 27 o 1)(3 o2
Ep=— —=18x10* |(8)] -= || = +x* —D] -= || =+x? 2X
"X {()( 2)(2 ] ()( 2j[2 ] 9
E =0 on axis where - x=0 or
8 _ 1 (4)** _ 1
3/2 3z = 3/2 3/2
27 2 3 2 27 2 3 2
——+X —+X ——+X + X
2 2 2 2
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Electrostatics /

27 3
—+x?) =4 (= +x?
(- *x) =4(5 +x)

This equation gives, x = i\/g m

The least value of kinetic energy of the particle at infinity should be enough to take the particle upto

5
X=+ > m because

atx = \/§+ m, E =0 = Electrostatic force on charge q is zero or Fe = 0.
For x > \/g m E is repulsive (towards positive x—axis)
and For x < \E m , Eis attractive (towards negative x—axis)

Now, from equation (1), potential at x = \/g m

8 1

27 5_\/3 5
2 2 \272

Vp=18x10%

Applying energy conservation at x = o and X = \Em

% mvo’=qgov (2)

Vo=, /_Zqov
m

Substituting the values
e \/2><107 x2.7x10*
Vo =

6x10™
or Vo =3 m/s

. Minimum value of vo is 3 m/s.
From equation (1), potential at origin (x = 0) is

8 1
e

2 2

~2.45x 104V
Let K be the kinetic energy of the particle at origin.
Applying energy conservation atx = 0 and at X = o«
K + goVo = 1/2 mve?

But, 1/2mvo’=qoV from equation (2)
K =qo (V- Vo)
or K =(107) (2.7 x 10* — 2.45 x 10% ~ 2.5 x 10™* JAns (ii)

Vo=1.8x 10*

Ans. (i)

— Note: E=0orFeonqoiszeroatx=0andx = i\/g m of these, x = 0 is stable equilibrium position

and x = t\/g is unstable equilibrium position.
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Electrostatics / ﬂ—

19.

20.

Given, g=1uc=10°C

&m=2x10"% Kg and

¢=0.8m

Let u be the speed of the particle at its lowest point and v its speed at highest point.
At highest point, three forces are acting on the particle.

(i) Electrostatic repulsion

1

e = S outwards
4ng, (? ( )
(9,m)
(i) Weight W = mg (inwards), and
(iii) Tension T (inwards)
T = 0, if the particle has just to complete the circle and the necessary centripetal force is provided by
2
W-Feie, Y -wW-F
2
or V2 = £ mg — 1 q_2
m Ang, (
9 —6\2
V2= 0.8 : 2X10_3X10_9.0><10 ><(210 ) m2 /<2
2x10" (0.8)
or vi=24m?/s> . (@)

Now the electrostatic potential energy at the lowest and highest points are equal. Hence from
conservation of mechanical energy
Increase in gravitational potential energy = Decrease in kinetic energy

or mg(2l) = % m (u? —v?)

or u?>=v2+4gl
Substituting the values of v from equation (1) we get
u?=2.4+4 (10) (0.8) = 34.4 m?/ s2.
u=5.86 m/s Ans(2)
Therefore, minimum horizontal velocity imparted to the lower ball, so that it can make compete
revolution,is 5.86 m/s.

For potential energy of this system to be minimum, point charges 2Q & 8Q must be placed at the end

positions of straight line. So that the metual energy should be minizied
2Q Q 8Q

<—>-<—>
X 10—x

2KQ? . 8KQ? + 16KQ?
X 10-x 10
For minimum PE of system
d(PE) _ 0
dx

2 2
= - ZK? +_%KQ ~=0 = (10 —x)? = 4x?
X (10-x)

PE =

=10 -x=%2X = X = % cm (from 2q charge)

AN
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Electrostatics / ﬂ—
21.

-

7 H N

’ i

P ‘/\'q
! M C o
|

. o F
\ Ve

N -

mv?

Centripetal force F =
r

2

kQq _ mv
r? r
- kQq _ e
mr
& T= ﬂ
v
T2 ArPr2 _ 4n*r? (mr)
v2 kQq
T2 ar®. Hence proved
22. Given that field potential is variable only in x direction. so for Given value of x (also we can conclude

that electric field is parallel to x-axis) Potential is constant in Y and Z direction. Now, by taking a small
volume in space at distance x. Cross section area of this element is A and width is dx [Given ¢ = ax® +

b]
Electricfield E =— i = -sad

Now electric field is constant for a particular value of x and it is parallel to area vector of this small
elemental volume.
By Guess theorem :

y axis A
i £
dq
i . I D R X axis
’ —>
’ <>
. dx
"z axis
[EdA -
€
EfdA = o
€
EA = & = A dE = dqin
€ €
A. Baxdx - pAxA = p =6ag,X
€
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Electrostatics / ﬂ—

23. Capacities of conducting spheres are in the ratio of their radii. Let C1 and C:z be the capacities of S1 and
Sz, then
¢ _R
C, r

(a) Charges are distributed in the ratio of their capacities. Let in the first contact, charge acquired by S2
is qi. Therefore, charge on S1 will be Q — q:. Say itis qr’

&% _ & _GC,_R

It implies that Q charge is to be distributed in Sz and S: in the ratio of R/r.
R
=Q| — 1
0 Q(R+rj @
In the second contact, S1 again acquires the same charge Q.

Therefore, total charge in S: and Sz will be Q + g1 = Q(1+ Rij
+r

This charge is again distributed in the same ratio. Therefore, charge on Sz in second contact,

_ R R)Y_.| R R Y
' qZ_Q(1+R+rj (R+r] _Q{RHJ{RHJ}
Similarly, qs:Q{Rir-{Rir) J{Rir}}

and Qn=Q|:—+( J

or gn=Q ?{FKE]} .......... (@)

|:Sn _ a(l—r”)}
(1-r)

Therefore, electrostatic energy of Sz after n such contacts

2 2 2
Un = =Lor Un =% Ans.
2C  2(4n ¢ R) 8t e, R
where gn can be written from equation (1).
n-1
b)  gn=- g R R
(R+r) R+r R+r
asn—ow
QR 1 _[QR
“ R+r 1 R r
R+r
2 2p2 2 2
Um:—x:QR/r U, = QR2
2c 8m g R 8n g, 1
24 Given, E= a(>§| +);J)
X" Xy
Let ds = W ds ; where ds = magnitude of small area considered on surface of sphere.
and Xityi+zk _ unit vector along the radius
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Electrostatics / H—

So JE+y?+2° =R Now flux of E = IE ds

_ a(xf+y]) _(x7+y]+zIA<) a(x? +y)
¢_J‘{ X2 +y? J R ds b= -[R(x +y) R .fds
0 =4 nR2 %:4nRa and = 2 Q=¢ co=4nRa <o
e()

25, Given, p =p,r
(a) Let a spherical element of thickness dr and radius r (r < R) is considered

)

Charge inside this sphere gin = J'po r.4nr’dr =nmp,r

Kb » _ Ko o _ por®
o0t = r=

Electric field at r = . f
r 4dg,

For potential : ——

V due to inner shell (or charge) = KAy
r
R
and V due to outer charge = J'@
r

.. Total potential =

LS de_q _ 1 (mpyrt) T(4nr2dr)po
r 4me, I 4me,r

:p0r3 P |:R_3 r3}: p0[4R3_r3:|
o €9

4e 3 3 12¢,
4
(b) When r> R, Electric fleld—kq—z'n = ﬂh poR r
r 4me,r? 4g,r?
4 4
and Potential = kG, o _1 . PR _ PoR
4re, r 4e,r
26. Let charge g and —2q are placed in x — y plane and at x — axis ; Co-ordinate of q and -2q are
respectively (=3, 0) and (3, 0). Let a point (x, y) is in the plane at which net potential is equal to zero
axis
oY)
(3,0) " . (3.0)
a 2q X axis
9, K2 o g ey = (- 32+
\/’(x +3) +y? \/(x -3 +y?
= 4% + 24x + 36 + 4y? = X% + 9 — 6X + y?
3x?2+ 3y?+30x+27=0 X2+y2+10x+9=0

or (x+5)2+(y—-02=16
This is eq" of circle of radius 4m and centre at (-5, 0)
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Electrostatics /
27.
R, < X >R,
(O i il ®
Q—q

Let total charge is Q and charge on ball (1) is g so charge on 2" ball =Q —q
Now x >>>R; and Rz so we can neglect potential energy of interaction,

¢ , Q-9 _.

So, total energy =

8ne, R, 8ne R,
For E to be minimum : d—EZO = 1 @+2q—ZQ =0 -~ 49 - Q-q
dq 8rne, | R, R, R, R,
= q:—RlQ and Q—q:—QRZ
Rl +R2 Rl +R2
So ratio of charge = DN dER
Q2 Q_q Rz

28. (i) E at a point inside the ball (r <R):
Consider an elemental shell of radius x and thickness dx. Electric field due to this small element at a
distance r from centre:

Kdq

dE = ——, where dq = p dV [dV = Volume of elemental shell]
r

dq = po (1— %) (4nx2 dx)

o Kpy(l— %) (4nx2dx) : 9
Enet = j ) = > X2 = dx

x=0 r
Pol (430
3e, 4R
E outside the ball r >R) —
X=R

Kd
Enet = J- r2

x=0

Solving we get, Ein =

- Kpo(l—%)(4nx2dx)

Enet =
net X'IO 2
R3
Enet = P 2
12¢,r

(i) E will be maximum at inside point when ((jj—E =0
r
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Electrostatics /
L(l_ﬂjzo =R
3, | 4R 3

20.

30.

Emax = (Ein) 2R

3

OIS

= PR
3g, 4R 9¢,
a
2KQq( - 6]
(@) F= 3 ___KQq

2 3/2 2a 2
a
a2 — -3 ( ar 8}
[ +(~E U 3
Here K = 1/4meo and direction is upward (towards A)

N33
16 a’
oscillate simple harmonically about O when released.

(b) Using binomial approximation, IE:KQq (upward) which is linear in 8. Hence charge will

(c) IED = % (downward)

(d) For small & force on the test charge is upwards while for large & (eg. at D) force is downwards. So
there is a neutral point between O and D. By symmetry there will be neutral points on other medians
also. In figure x. Below all possible (4) neutral points are shown by e.

(e) Let the distance along P be x and O to be at (0, 0). Electric potential of a test charge along OP can
be written as

)= LA KQ + KQ ~ KQ 3(3+3x2j

W H(413)  Jx+12+(@/3)  (x-1? +(1/3) 4\ 16

We can see that V(x) o« x?, hence it is a stable equilibrium.
() Equilibrium points are indicated by e.

V(X

A B
~ v -
i
i
x‘ * »"
16
Ji
----- - e~
AN
O' H ’5
; .
s i x
c D

() N+1

flux leaving g: is equal to flux entering —q2.

a- COSa)& = (1-cosp)—=
€y €
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Electrostatics /

31.

32.

By considering Gaussian surface as shown in figure, and applying Gauss law

conductor

ol o o
""" C
B
We have EA = A
So
E = 2
So
. o2 = eoE
Also, o©3=-—02=- eoE.
We can not find o1 and oa.
EatP=0
= 01 = O4
01=04 ...... Ans.
ALTERNATIVE :
S, S, S, Sy
¢
In conductor Ep =0
c1A=c2A+03A+ocsA
= c1=02+t03+ 04 ..(1)
and Eqg=0
= csA=c3A+oc2A+o1 A ...(2)
By (1) and (2)
c4=03+t02+ 02+ 03+ 04 = G2 =—03 ...(3)
Using (3) in (1)
o1 =04 ....Ans.
2
Now: Eo= —2 -2 <% _%2 _g
2¢, 2¢, 2¢, €,
c2=coE ....Ans.
oc3=—eoE ....Ans.
01 = 04, 02 = GoE, c3=—¢eoE ...Ans.

The net force on point charge Q at A is zero in the cavity due to external electric field and external
induced chages on body of conductor.
Hence force on point Q due to induced chages is 35 N towards left.

By action reaction principle, force on sphere due to point charge Q is 35 N rightward.
— > E=20N/C

F1 = Force on Q due to induced charge on S1 = 15N,
Fi'=Forceon SiduetoQ=15N
F2 = Force on Q due to induced charge on S2=20 N
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Electrostatics / H—

33.

34.

35.

F2'=Force on Sz dueto Q=20 N
Fs = Force on Q due to electric field E
F1,F1" and F2, F2' are action reaction force.

Let g1 and g2 are charges on A and B respectively
From given conditions: Charge on A & C after connection with wire are g1 and Q — g1 on B, charge is 2
Q —q,

Va=Vcand Ve =0
Vs :—K(Q_ql) +&+& =

-
3a 2a 2a

= 2Q+qi+3g2=0 (1)
Using Vc = Va
KQ-a) ,Ka, Ka, _Kg KQ-q) Kdg,

3a 3a 3a a 3a 2a

__ 9

— = — 2 ...(2

ei} i (2)

. 8
Using it in (1), =——
g (1), a2 11Q

_)
Work done by external agent :
Wext = Ur — Ui
2 2 2 2
Woe KO K KGa) () K(-a) (+a)  K(a) (+a)|_ _ Ka® Kg®
2a  2b (a) b b 2b  2a

The charged sphere will polarize the neutral one, which acquires a dipole moment p proportional to the
electric field created by the charged sphere

q
poxEax ?
The force between the dipole and the charged sphere is given by the product of the dipole moment and
the gradient of the electric field at the dipole.
2

Pq g
q =4V2g
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Electrostatics / ﬂ—

36.

37.

We are going to prove that the electric field strength is zero at the socalled incentre, the centre of the
triangle’s inscribed circle (which has radius r in the figure)

Let us consider a small length of rod at position P on one of the sides of the triangle; let it subtend an
angle Ag at the incentre (see figure). Its distance from the incentre is r/cos ¢. Its small length Ax can be
found by noting that P is a distance x = r tan ¢ along the rod from the fixed point Q and so
AX = (r Ag) / (cos? ¢). Consequently the charge it carries is

ArAQ

AQ = >
Cos” ¢

where L is the linear charge density on the rods. The magnitude of the elementary contribution of this
small piece to the electric field at the incentre is

1 Aqcos’e 1 g

2 2

AE = =
dngy v dmey

It can be seen from this result that the same electric field (in both magnitude and direction) would be
produced by an arc of the inscribed circle that subtends A¢ at the circle’s centre and carries the same
linear charge density A as the rod.

Summing up the contributions of the small arc pieces correspondingto all threesides of the triangle,
we will, because of the circular symmetry, obtain zero net field. It follows that the electric field strength
produced by the charged sides of the triangle is also zero at the incentre.

According to Newton’s third law, the insulating plate acts on the point charge with a force of the same
magnitude (but opposite direction) as the point charge does on the plate. We calculate the magnitude of
this latter force.

Divide the plate (notionally) into small pieces, and denote the area of the i" piece by AA. Because of
the uniform charge distribution, the charge on this small piece is

AQi= d%AAi
and so the electric force acting on it is Fi = Ei_Qi, where Ei is the magnitude of the electric field
produced by the point charge q at the position of the small piece.
The force acting on the insulating plate, as a whole, can be calculated as the vector sum of the forces
acting on the individual pieces of the plate. Because of the axial symmetry, the net force is erpendicular
to the plate, and so it is sufficient to sum the perpendicular components of the forces :

F= Z':i coso, = ZEid%AAi cos6; :d%inAAiCOSGi
i i i

where 6i is the angle between the normal to the plate and the line that connects the point charge to the
ith piece of it.

The sum in the given expression is nothing other than the electric flux through the square sheet
produced by the point charge q :

Y= Z:EiAAi cosb,
i

and can be evaluated as follows.
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Electrostatics /

/\

Let us imagine that a cube of edge d is constructed symmetrically around the point charge (see figure).
Then, the distance of the point charge from each side of the cube is just d/2. According to Gauss’s law,
the total electric flux passing through the six sides of the cube is g/eo and so the flux through a single

side is one-sixth of this :

-9
M 6g,

A

q
L
4 ¢

Ei

d

Using this and our previous observations, we calculate the magnitude of the force acting on the point

charge due to the presence of the charged insulating plate as

F=_Qa
6e,d?

38.

1
1

. 14
1

TTTTTTITTTTTTTT771
|

4
1
+q" ““““““ ¢-q
Using image metod :
-q 20
459
20
*q 20
E, = q __ 19
47t80(2\/5€)2 32, (2
E= q q

- Amgy(20)? - 16mey(?

net field at charge q : Enet = E1 — 2Ec0s45°

- q 29 1 q

- 32ngyl? _167580(2 E - 32ngyl?

Fret = 3L(1— 2/2)

2ngyl?

(Attractive nature)

=

|

®
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Electrostatics /
39.

40.

P

L

[ES T A

Enet at point P :
Enet = 2EqCc0S6

q

2

Enet =

Amey(r? + 0?)

29/

V4
]\/rz +02

47’[80(r2 +£2)3/2

At point P field due to conducting sheet charge will he half of above calculated Enet :

- 2
269 2 Amegy(r® +07)%?
y 22q£2 312
An(re +07)
_qé

C=——7"7—"7"-7+
2n(r? + ¢2)3/2
Calculation of charge induced on sheet :

dgin = 627trdr
Qin =
Qin = —q

(@)

—(j) 2n(r? + ¢2)3/2

2nr.dr

Using image method :
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Electrostatics /

Calculation of field at point O due to charge of image.

®)

dx

B

dE = —(Adx) __—r dx
Anggx?  Ameg x?
[dE= —B d—’z(
Amey 4 X
_ A
4negl

Since charge density at O is o then.

° __& )
2gy  4dmegl 2l
A
Ex
(b) >

Field at point P is only along y-axis because field in the x-driection will be cancelled.

Hence field due to plane =

Ey = — [cos90° - cosH] =
Ameyr
_ A _ o©
By=— =2
AnggNr?+ 0> 280
A
o=

2megVr? + (2

field dut to (—A) image charge in y direction
AcosO Ar
Amegrr? + 2

Amegr
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