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CHAPTER 1: ELECTROSTATICS

Test Your Concepts-I
(Based on Coulomb’s Law)
1492
1. EF,=—"
M dmeyr?
Let us now replace the slab of thickness t with an
equivalent amount of air such that two charges placed
in air at separation x will experience the same force if

the separation between them completely has a slab of
dielectric constant K between them. In such a case

W2 _ N
47r£0x2 4][80Kf2

= Equivalent separation in air = x = t/K

So, now the effective separation between the charges is
r=r—t+x=r-t+tJK

= r=r-t+tJK

So, F'= 12

' 471:8(,1"2
F = N4z R
4ﬁ£0(r—t+t\/f)

Now, as per the problem we have f = %
F = ; 1 92 -
g ror
LN <
(=5+5)

=

- = 1 4019
- 2

47{80 (1+\/E) rz
F _ 4

Fi (14K)

= 1+JK=3
= JK=2
= K=4

_4
9

2. 635g of Cu contains 6x10% Cu atoms
3

1gof Cu contains Cu atoms

x10%

10 g of Cu contains {6 xlO] Cu atoms

Since for every 1000 atoms, an electron is transferred,

6x10% x10

So, n=
63.5x1000

Now, one piece of Cu has positive charge and the
other has a negative charge, so both will attract each

h ha fi f -~
other with a force o
B 1 qz El
- dre, 1 Iﬂ-.
(9><10"‘)(@)2 §
127 16

- F= =20x10" N

U

1 2
(o)
= F=2x10"N

Consider an element of length dx, carrying a charge
dq atadistance x from O. Then, by definition

dg
- [ ]
dq= Adx 0 %
l— X —— e
x2 dx
= dq:lo[f]dx
Q A L
= qu:—ﬂj‘xzdx
L
0 0
=1
= =713
_ Al
= Q= 3

Each ball is in equilibrium under the following three
forces:

(i) tension (T)
(i) electric force (F)
(i) weight (W)

So, Lami’s theorem can be applied.

Tcos@=W (1)
Tsinf=F .(2)
T"cost =W’ (3
T'sinf=F" ..(4)



In vacuum In liquid

So, from (1), (2), (3) and (4), we get

’

=

w
F

’

]

F
where W =W -U=Vpg-Vog and P’=E

Vog Ypg-Vog
P
K
= K= L
p-0
Between Two Electrons:
2 2
F,= ! 8—2 and F, :Gm—zE
dmey £ 0y
E ¢ 1
= —_—= —2
F, m; dne,G
2
_ E _(1.6><10‘19] 9x10°
F, \91x107" ) 6.67x107

= §;4x1042

e

Between Two Protons:

1 ¢2 Gm
F = —6—2 and F, =
drey 1

b)
B
)

et 1

3
F,m, dne,G

|

E [1.6><10—19 )2 9x10°
= o= 27 1
F, \167x10% ) 6.67x10

= 5;1036
FS
q

Let the specific charge be — for which both the forces

become equal, then m

1 g _Gm

Ao 2 2

drey 1t v
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= i = 4 4EEDG

m
= L-g6x10™ Ckg™

m
13:1321_—%@2 F_FD)

ey |F -1

where 7 -7, = 61 - 8}

= |F-7|=10m

10°x2x10° 107, ~ 4
50x107° x2x10 ><9><O(61,_8j)
(10)°

= F=9x10"(6i-8]) N

= |E[=9x10*62 +(-8)

= |Fl=9x10° N

So, F=

Here, 7, =1+2j—4k and 7,=4i+6] - 16k

= fp—fn=-3i-4j+12k

= [fo-i|=V(3 (-4 + (12 =13 m

: = 1 qg . o
Since F = i, —‘ —) ‘3 (fr-15)

17 %102 x9x10°

o7 (-3i - 4] +12k)

U
apt!
1

17%x9%x107
169 %13

= F

(37 - 4j +12k)

170x90x 107
169x13

4
apt]
Il

(-31 - 4] +12k)

= F=(1)(7)(107)(-3i - 4] +12k)

In

= F=(-21i-28]+84k)x10° N
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8. Since A= &

2R

and the tension developed in the ring when a charge is
placed at its centre is given by

_ WA _ 90

= =—,—— (wehave done this already)
dregR - 8mgyR

Further, by Laws of Elasticity, we know that

(%)
_ Stress  \ A
* Strain ( AR ]
R
y= IR
AAR
_ TR _ Q
AY  8mlg,RAY

Putting 4,=10"° C,Q=7C,R=01m, A=10"° m?,
Y=2x10"" Nm™
we get AR=2.25mm

9. DO YOURSELF (same kind of illustration done before)
33x10” C

10. In equilibrium position, gravitational force is balanced
by Coulomb repulsive force

Y
" e

If charge g is displaced in positive y — direction, such
that y <« /£, from Newton’s Second Law,

Q9
drey (1 +y)

—mg = ma

—mg=ma

Equilibrium
position

K)é'—(j)—“‘

11.

Hints and Explanations H.5

2
d—y+27gy=0

ar’
Comparing with the standard equation of SHM
according to which we have
ii+oty=0
28

where we get @ = -

When the bead is displaced through x , then the sepa-
ration between the two charges becomes Vx*+I’

F
and at that instant let the Coulomb force of attraction %2
between the two charges be F. We observe that the [Tl
component of force Fcosf restores the charge g toits [l ua
mean position O. %
m o[ renn R
X —{()-q 2
e 20
I
I /" FFsing
| J Pl
O +Q

Initially Finally

From Newton's Second Law,
—Fcosf=ma

where the negative sign indicates that the component
of force has a restoring nature and restores the charge
—q to its mean position.

. _{ Qq ]( x ]=ma
drey (P +12) \ Y2 + 12

- e
dmegm (

3
2+

For a small linear displacement, x <« L , we can ignore
x> in comparison to I , 80 we get

oo 2
dmegmL

= ¥+ Q x=
Ameyml’

Comparing with the standard equation of SHM, which
is given by i+ ’x=0, we get

2
W= Q 3:—n=2mf
dgegml” T
3
= T=2n Amgyml
\
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12.

13.

ICON

Since the spring is metallic so the charge distributes
Q
2
on each block, due to which the blocks will repel each
other with a force given by

L%:k(k%)

Cdme, I

equally on both the blocks. Hence a charge — resides

Solving for Q

Q=2L,[4mek(L-Ly)

Let q; and g, be the initial charges on the spheres,
then according to Coulomb’s Law

0.108 =9x10° 112

= =3x107™% ..(1)
(0.5) i

After connection, the charge flows from one sphere to
another till both acquire the same potential (or in this
case equal charge). So, final charge on both is

h—T
2

(as initially they have opposite nature)

qr =

Now, again according to Coulomb’s Law, the repulsive
force is

2
(%_%)
0.036=9x10° 22
(0.5)
Lo 0036x025x4
= 9x10°
= -q=2x107 ..(2)

Solving (1) and (2), we get

-12
LS Ry ST

th

= g7 -2x10"g,-3x10% =0

2x10° +4x1072 +12x1072
- 2

= 0

_2x107°+4x107°
- 2

= 4,=3x10°C and ¢,=-1x10"° C

= 4

= ¢ =3uCandq,=-1uC

14. g +g,=50x10"°

15.

= +q=5%10" (1)
Also 1=9x10° 192
(2)
ﬁh‘ifw
= g, =444x107" -(2)

Put value of g, from (2) in (1), we get
. 444x107° _ 5105
T
= i -5x107q,+444x1070 =0
Solving the quadratic, we get
q;=3.8%x107 C=38 uC
OR ¢,=12x10" C=12uC

So, we conclude that charge on one sphere is 38 uC
and that on the other is 12 uC.

1 ¢

- dre, r?
£ 9x10x(16x10™ y
(053x107™ )"

F,=F

e

= F=82x10°N

This electrostatic force between the proton and elec-
tron, provides the necessary centripetal force to elec-
tron to revolve in a circle of radius (.53 A.

= mre’=F

»_F_82x107°

= 8 =10 =—=———
m  91x10

c
= a,=9x10% ms™

Further ro® =9x10%

,  9x10%2

T 053x10°1

= ©=41x10" rads™

Also, T = x
®

= T=15x10"%s



16.

17.

18.

19.
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_ Gm,m,
= (1)

where m,=mass of electron =9.1x10"" kg and

m, = mass of proton =1.67 x 107 kg

1 2
F=—o=" )
4?{80 r

= FE=36x10" N and F=282x10° N

So, we observe the gravitational force to be negligible
in comparison to the electrostatic force. (But this result
is not to be generalised to the solar system). So, this
result is true in case of subatomic particles and we can
also conclude here that gravitational forces are long
range forces having significant values for massive
bodies (like the sun-earth system).

2

Nsin60=mg and Ncosé0= 1 5

4H£0R
N sin 60
v 4
!
< 07y ¢’
NcosSO dre,R
mg
= tar160°=mi;g
q
47e,R*
2=4H£0ng2
J3
1
471'80ng2]5
= g=| ————
! [ 3
2
q
= um
dreyr? Hmg
9><109x(10"7)2_#( 5 )(10)
(10x102) 1000
= u=018
po 1 4(Q-9)
dme, 1
. . dF
For this to be minimum, we have d_=0
q
Q
= g=—
=5
= 1 - Q2 =1

Hints and Explanations H.7

Test Your Concepts-1|
(Based on Principle of Superposition)

1. Let us redraw the diagram to locate the coordinates of
all the points. Considering origin at 7, we get

Now, according to Principle of Superposition, net force
on 1is given by

K=hy+h3+hy+hs+Fg+ by + by

y
, 1@23)|50@0a =
3.5 2@a0)[6@0,0 24
0 ~71 3(0,a0)]7(0,0,0) 11
40=-——--07 | 4(0,2,2)(8(0,0,3 -
A T S o
I
e =
s &
z‘/%— 5 @)

From Coulomb’s Law in vector form, we have

F= 1 ng] (

47{80‘;'—1-‘

So, = 1Q()[Q2]JE

dre, dmega®
2
F13 = L(2—3(f“ +Hk)
7 ()

F —(i+k)

N 4:r£0a 22

. 1 Q% » )

F14=_Q_3(a1)= : 7 |
drmey a drmegn

I 2.
Fls_LQ_(“fF[ Q 2};’

dme, o Ameya
i
ﬁ 4:5; {2\/_( IE)}
-17:4;_80&((1;”%@)
Fir = 4::%; [3\/_(”}”)}
Fm:%%(\g—:f(ahaf)
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EB 455; [2\/_( A)}

2 A A A A A A
= ?1=4]§0a2[(f+f+k)+$(2f+2f+2k)"‘
1 /2~ + »
m(:ﬂﬂc)]
. Q? 1 o
= F1_4:r50a2|:1+\/§ 3\/_}(1+]+k)

= ‘F1|—

V3Q? [ 1
47r£0a J_ 33

The force on 1is equally inclined to x, ¥ and z-axis.

] MAGNITUDE

2. The force due to one charge on the charge at P is
shown here. When all the forces are taken into account,
then the sine components cancel each other. So,

Fcos®

E.= Fy =4F cos@

= F aQn

A
4n£0(h2+'—]
2

For equilibrium of m, this F, must balance the
weight of the particle mg (downwards).

4Qh

5 ————=m

2
47r60(h2+€)
2

(UPWARDS)

o | L

From the figure drawn, we see that on resolution of the
two identical forces, Fsin€ and Fsinf cancel. So, net
force equals

F. =2Fcos@
= Fea=F=2 Lz cos@
4][80(1’ +a*)
= F :%

dre, ( 2 +a )M

+ 2F cos 6
Fw gt o 7F !
Fsint%#ﬁsine J—»x
P .
’/’/ : \\\\
O~ b 9)

This force is directed radially outwards when g, is
positive in nature.

Fy will be MAXIMUM, when

d
E(Fy)z
Qg 4 r
2 e dr 7 =0
nEo dr | (2 +42)

= =
max 231'80 a2 32
it
2
= max qu 3(2)
2mg, 343a°
Qqo

Fmax == 2
33reya”
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2
P O )
dngy (2R)*  4me R?

E,. = VF2+ F2 + 2F2cos60

2q

. Y
\/

F

2
= Fnet=\/§P="/5 q 2

47f€0R

V3¢

= =
47T£0R

net

Assume, no charge at 6,

F0=?0]+F02+?03 +F04+?05

2 1
Ip_ _____ Q\
A
3Q 04 ©6
\\‘ a’,f \\a ’n‘t
oS,
4 2 5
- qz
= FO‘: 5 {from 0 to 3}
dreyn
(a) zero
(b) Assume, a to be the distance between ¢ and Q,
then
Fo 10
dreya

Let us first visualise the situation given in the problem
and draw it here. Now let us consider two diagonally
opposite charges having charge +q each. Each of the
charge will exert an attractive force F on —-(Q such
that the horizontal component of this force F cancels,
whereas vertical components add. Similarly for other
two diagonally opposite charges the horizontal com-
ponents cancel and the vertical components still stay
so as to make the resultant force as

Hints and Explanations H.9

Fp =—4Fcos0
1 Qq z
= F=-4| 4 2 2
o (ot e
2
4
L R o
22
4n€0(22+L—]
2

For z <« L, we may neglect z* term in the denomina-
tor so as to get

Fr=mzi= 4(2)2[ Qq]z

47r€0a3

3
+ 74(2)2 Qj z=0
dmeyma
Comparing with the standard equation of SHM given

by Z+0’z=0,we get

4220020 _

2y
47reoma3 T

If we place one more charge q at the 24th vertex, the
total force on the central charge will add up to zero. So
according to the principle of superposition we have

F= QQ

4:r€0a2

CHAPTER 1
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2

0

2
F?=F?+ F* + 2F% c0s120
1
= F=2F +2P2(E]

= F:=2F-F'=F

A
+
?,’o‘\\ (@=3m)
a/’, \\\a
C. Feg=F N
N G- 0
,/ B
Fon=F Fg
q2
= F.=F= i {parallel to AB)
dmeyn
2
9x10° x(100x10°%)
FC = 9

= F-=10N (parallel to AB)

Test Your Concepts-lll
(Based on Electric Field)

1. E=—1_
dmeyn

2. Letus assume that the small length is not cut from the

loop. In that case, at the centre, E jnpiete 1oop =0

(]}

= Edue to removed T Edue to the =

portion remaining wire

—

Edue to removed
portion of length x(<R)

Edue to the remaining
wire

Now, the removed portion is actually an arc having
charge 4= (%)x and subtending an angle 6 at the
n

centre. In that case, we know

0
E= sin( ] done alread
4r’e,RPT\2 ( y)

E=%Siﬂ(i]
dr ggR 2R
Since E<<1, S0
R
) ( X ] X
sinf — |=—
2R/} 2R

= k= 2Qx3
8m°gyR

Force on +2 uC=gE=(2x10)(10°) =02 N
(due North)

Force on 5 uC=(5x10)(10°)=05N (due South)

DO YOURSELF
Véq

47:50122

Consider the arm AB. Let us consider an element of
length dx charge dq ata distance x from XY . Then
torque on this element due to the field E is

dt = x(dqE)
= dT:x(ﬂdx]E
L

L
= T:_[dT: ijdx
L
0
gEL

= T=1=
2

EL EL
Ttotal :qT+(qE)L+qT:(2qE)L

= T=2qEL=(mg)§+(mg)L+mg(§]
= 1=29EL=2mgL
=28

q

Force on the particle at the centre of the ring is zero.

Let -Q be now displaced through x(<«R) along
axis of ring. Then a restoring force F will act on -Q,
where

F=_QEduet0 ring

at axis
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QA(27R)x
32

Foo SAETUX
4??80(R2+x2)

Since x <« R
_ QA(27R)x
4megR?
_QA(27R)x
4R

= 5&+( QA )x=0

2¢,mR*

F { (R?+22 )m = R3]

which can be compared to the standard equation of
SHM e,

i+0’x=0

where @ = iz
ZEOmR

2

o T=op R
AQ

(a) The charge Q, is negative and the charge Q, is
positive.

(b) Since the electric field is zero at a distance a from
the point 2, therefore

Ql _%=O
(L+a) @
Q| _(traY
Qz _[ a ]

(c) Forall points x>a,

A%

(1+x)

=

20,20

dE
Formax. E, —=0= 3

dx (1+x) «x

Thus, x=;=b

Q 173 p
&)

Consider an infinitesimal element subtending an angle
d@ at the centre and at angle 6 as shown in figure.

dF = ARABE,

Hints and Explanations H.11

A force of same magnitude but in opposite direction
acts on a corresponding element in the region of nega-
tive charge.

Net torque due to both types of charges is
dr = (ARAGE, )(2Rsin8)

x
2

= 1= ZARZEnjsin 646
0

= 1=2ARE,
Equation for pure rolling motion is

Tr=lo
= 2AR%E,- fR=mRx ..(1)
where f =ma ..(2)
and a=Ra (3)

Solving equations (1), (2) and (3), we get

f = ARE, along positive x-axis.

Qq Xo
(a) Fnet =F=2
arey (R? +x3) (R + 22
2
= AM {towards the centre}
4H£0(R2 +x§) "

(b) The motion of the bead is periodic between *x;
d*x 2Qqgx,

© m—g=-—"""5

d
T == : with—X:Oatxzﬂ0
dt 47:50(R2+x§) ! dt

and x=x, at t=0

2
(d) m%=m.’i=—[ 200 ]x

dme R

i+ 209 5 [x=0
dregmR

= i+w’x=0

3
2Qq 3 and T=2rm M
dreymR 2Qq

x=1xycos(@t) and v = —xyosin(ot)

where @ =

such that

(e) The velocity of bead will vanish for first time at

T
t=—
2

fo An’eymR’
V' 2Qq

CHAPTER 1
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10. Let us first calculate the effective dipol tof th 7 7 7 7
0. Letus first calculate the effective dipole moment of the E. =FE (As E, = -F,
arrangement.

dp = (Either charge) (Separation between the charges)

= dp:{(%](}(d@)}ﬂ(sinﬂ

2R
= dp=%si119d9 !
_V net Z'JEJTSDR

>

12. From figure we can write for equilibrium of ball

¥
- —»F
+ _
+ . .
+/\- Tsin@=qE
j‘ > X

TcosO=mg

\ Tcosé
T

6
n T :
= p=@".sin9d9=—@[cosﬂ } i e
y/a T 0 1 E
0 i g Tsiné qE
2qR -
p=-"=(cosm - cos0) :
T : mg mg
4R |
T = tan9=£

Jriog mg
m

R
T=2 =2
H\j(W)E "\ 4 o po_Md
T

I "3
Since, T =21 |—
z ImRJz

q ffz_dl

11. Here we can clearly see in the figure 13. Different forces acting on bob are shown in figure

] From the figure
E, (field due to wire 1) cancels out with Tsino = gEsin B (1)

E, (field due to wire 3) and Tcosa-+gEcosf=mg

E, (field due to wire 2) Tcosa = mg —gEcos B (2)

Thus net field is E,,, = F; +E, +E
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From equations (1) and (2), we have

tana=7qESinﬁ
mg —gEcos 8
= a=tanl(ﬂ] ...(3)
mg —qEcos B

The net acceleration on the bob due to mg and gE is

ol (] o

o e (Al

gE cos g 0

Time period of pendulum can be given as

T=2:r\/§
T=2n ' ¢
e (2] (e

9k

14. Here acceleration of block is a=
Time taken by block to reach wall
_ l( ﬁ )52
AR

2nd

Velocity at the time of impact is

v=+2ad

~ quEd
\Nm

When the block rebounds, time taken by block to come
to rest is given by

- ()

15.

16.

Hints and Explanations H.13

2qEd
o = m 2m
L qE
m

Thus time period of oscillations of block is

2md
T=4t=2 —
qE
Since the restoring force is independent of x, (the
displacement from mean position), hence this is not a
simple harmonic motion but periodic in nature.

Electric Field dueto 11is

E= A (cos45° + cos45°)i

2meyl
- (zf A]
" age, 4
Electric Field due to 2 is E, = 1 —@);
dre, (
Electric Field due to 3is E; = 1 @)1
dreg\
Electric Field due to 4is E; = —— 8@.)}
dme )\ 1
= Eyu= +E,+E,+E,
L i 2(1 4\/'/1] 1 (6\/§A+8\/§1Jc
47[80 [ 47[80 4 / J
= E= M2 (—2: +14])
4?T£0

The electric field strength due to the three rods AB,
BC and CA are as shown in figure

<

e

CHAPTER 1




ICON

H.14 JEE Advanced Physics: Electrostatics and Current Electricity

. 1 =22 . .

E,r =———=(25in60°)( cos@i + sinB;

AC 4”80(L] ( f)
3

- 1 21 - f
= KEO(T](2511r160°)(c056h' —sinﬂj)
J3

! i(25inf:30")}

Ege=—o
o 4x£0(_f]
V3

E .=E+E;p+Ep

net

- 3 )4
Enet = ( ]f
eyl

17. Again, Newton's Second Law
21—; = —Tsin6+gA=0 (1)
and ZP‘«’ =+Tcos@+gB-mg=0 (2)

(@) Substituting T = ﬁ , in equation (2), we get
sinf
qAcos@
sinf
M
" (Acot6+B)

+qB =mg

= 1

(b) Substituting this value in equation (1), we get
mgA
(Acos+ Bsin®)

18. (a) Each ion moves in a quarter circle. The electric
force causes the centripetal acceleration.

Zsza

2

muv
E=—
TR
g
gR

(b) For the x-motion, we have

U§=Mf+2ax(xf—xl)

= 0=02+2axR

2

_mo
T
Similarly for the y-motion, we have
2_
v°=0+2a,R
02 qu
= 0, =+—=—
Y2 m
_mo’
Y7 4R
The magnitude of the field Eis given by
_ [ g2
E= B +E2
o

- J24R
at an angle of 135° in the counterclockwise direction
from the x-axis.

19. From the free-body diagram shown,

= Tcos(15°)=196x107°N

= T=203x10"N.
Again for the equilibrium, we have

Y E=0

= gE=Tsin(15°)

T : (]
L oo Isin(15)
E
-2 . Q
_(203x10 121)8111_515 ) _525%10%C
1.00x10° NC

creates at P a field

20. One of the charges

1 1
E :_(Q) > atan angle 6 to the x-axis as
dreg\ n JR™+x

shown.
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When all the charges produce field, for n>1, the com-
ponents perpendicular to the x-axis add to zero.

The total field is

_ L (Qy L :
k= 4re, |:n( n )( R*+x% ]COSB:|I

B R
TE, 2
0 (R2+x2)2

This result is identical to the electric field due to a uni-
formly charged ring at a point lying at its axis.

SR P T

471'80 x2
E= 1 J Aﬂxgdx _ Ao J‘ i
dre, x dre,
Xo Xy

E= Agxp| 1 - _ Ay
dme,| 247 v ) 8MEXy
directed towards the negative x axis.

22. From figure, electric field due to small length element
dx at observation point at distance 7 .

Adx
dE = 5
dre,r
dE RC" 4 dE,
1
1
dE, )\\
b N
X \\ A
—

and dE, =dEcos@ and dE, = dEsin6
Put x=btané

dx = bsec’ 40

Also r= i =bsech
cosf

Absec” 6o
dE, =| ———5——— |cos®
! | dmegh® sec” 0

Test Your Concepts-1V
(Based on Dipoles and Dipole Moment)

Hints and Explanations H.15

by

2
Then E, = A Icos 6do = A directed upward
7 dmegb . megh
I
Ao p
Similarly E, = Isin@dﬂ = to left.
T Admeyb d dmeyb

If rod were infinite in both direction. The answer
A

ZJ'TEDb

would become E, =0, E, =

CHAPTER 1

0
pnet = Zp COSE

q; X qi %; Yi q:i Y Z q;Z;

2q 0 0 a 2qa a 2qa

Px=2‘?f i=0

Py =Z‘i‘i yi=2qa-qa

= p,=q

PfZ%— i=2qa+qa+qa

= p=dg
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Since, p=pi+p, ]+ p.k The time period of oscillation of dipole is
’ ~ Fx y z

I
= p= qa(j+4k) {in yoz plane} T=2K\/;E
= |p|=17g md? 4+ md? 4
T=2r|——
A1) : (ALA)E
atan angle tan 1 with the z axis.
md
3. Thus torque experienced by dipole has magnitude f=2n 2ALE
T=p g ]sinﬂ (b) Work done required to turn the dipole from initial
4ey angle 6, to 6; is
Y W = pE(cos®; - costy )
T
E4 \ _ ~ o
5‘@,\9 () For 6,20, 6;=7,
. W= (ALd)E[1-0]

W = ALdE

For small angular displacement, (ii) For 6;=0, 6; =7,

r=(4i]6=la W = ALAE(cos0 - cos )

% W = 2ALdE

- a= _( o ]9 5. (a) We consider two differential elements on the rod
el as shown in figure

On comparing the above expression with standard

expression for SHM
a=-00
we obtain &= |—>— = m
mel T
T-or dre,l
(9
Potential energy of dipole is U = —pEcosf These elements constitute an electric dipole
- whose dipole moment is
= U=—P[E]C039 |dp| = (ARdA)(2Rsinb)

Net dipole moment of the system is
20

7| = J.(ARdE))ZRsinG

4. (a) The figure shows a side view of the system, it
can be represented as an electric dipole of dipole

moment
15| =(AL)d 0
£ |B|=2AR?(1-cos26,)
[ b 2 2
" 7| = 4AR"sin" 6,
N Time period of oscillation of a dipole in a uniform
dip magnetic field is
-1 |
T'=2r |—

pE

Slide view



ICON

mR? } m

T=2n =7
42R?sin?6F "\ Asin6,F

(b) Work done required to rotate the dipole through
180° is W=pE(cos 8, —cos8 ¢ )=pE(cos0-cos180°)

W =2pE = 2(4AR?sin? 6, ) E = 8AR*Esin’ 6,

(a) Inthis case the resultant force on the dipole is zero
as shown in figure (a)

+q:

+q qE

q!
@

(b) The electric field at the position of negative charge
(-4),
B A
e 2mey (r—a)

The electric field at the position of positive charge
B A
2" 2mey(r+a)

Resultant force on the dipole is

F=qE —qE,
Fe ql[ 1 " 1 ]
2ngglr—a r+a
F=£ 24
271'50(127(12)
2aq)A
for r>>a,P=( aq) __Pt

Zfreﬂrz 2:z£0r2

Alternatively, the electric force on an electric
dipole in a non-uniform field is given by

F=p;

Hints and Explanations H.17

"7 e
dr\ 2me,r

pA
2meyr?
Ap

21r£0r2

= F=- {force is attractive}

(c) The magnitude of electric field at the position of
two charges is

A

2meyNr? +a?

and force on the charges is

‘El‘:‘EZ‘:

As shown in figure (c), resultant force on the
dipole is

Fg =2Fsing
2g4 a

) 2m€0\ir2 +a? \jrz +a°

For r>a and 2aq=p,

Fr

pA
E, =
R 2me,r?

Resultant force is parallel to dipole moment
. Ap

R =
2ir£0r2

Consider two differential charge elementsat A and B
as shown in figure. Dipole moment of this pair is

dp = (29 cos6)Rd6 | 2R cos6

= dp=2AyR*cos’ 9

CHAPTER 1
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So, the Dipole moment of the charge distribution is

b3
+Z
2

p =22k I cos’ 6d0 = TR A,

b4

2
8. (a) Applying Energy Conservation Principle,
Increase in decrease in
kinetic energy of |=| electrostatic potential
the dipole energy of the dipole

Kinetic energy of dipole at distance d from origin
=U;-U
1T

- KE=0—(—;3.E)=;§.E=(pf).[ﬁdizf?]

= KE=—T
dre,d*
(b) Electric field at origin due to the dipole,
1 2P "

Ane d_gf (Eaxfs TT F_;)

.. Force on charge g

E

Test Your Concepts-V
(Based on Flux)

L ¢total = (¢due to +4 )+ (¢due to —q )
Since, we have seen already that

q q ¢
=—(1- =—1-
0 250( cosat) 280( Fa ]

= —2p= (1! ]

¢mtal ¢ & ( \/W
(Do not expect the answer to come to be zero as one
charge is +q and other —q. If both had been +q or
—q then it would have been zero)

2. For this we consider an infinitesimal strip of width dx
on the surface of cylinder as shown. The area of this
strip is

dA =2rRdx

A F
[Z)
4\ {
9,6\ ic
o xpt e
i r';' '.\R
< L >

The electric field due to the point charge on the strip is

E=— 1
4??80(R2 +x2)

If d¢ is the electric flux through the strip, then
dp=EdAcos®

do= L%(MRM][ 2R )

-~ dmey (¥4 R? x*+R?

27gR* d
= dp=""1 L x)m:|

- dmey | (424 R2

Total flux through the lateral surface of cylinder is
given by integrating the above result for the complete
lateral surface. So

L
+=

R ¢ dx
280 L(XZ‘I'RZ)

2

5 4= i[#]

&\ V2 +4R?
Consider an infinitesimal area element on the surface
of the circle.

y
E==28
EJf’

Let this element have radius # and thickness dr. Then
dA = ZIrm'rf
Since,
E=Ei+E,(-])
A
dre,r

where E, =E, =

Since, dp=E-dA
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Hints and Explanations H.19

L doe 27rm'r[ ) Perpendicular component of area A = A, + A, + A,
dre,r Now A; = A,
R
-] )
= ¢=——/|dr Ay =| —— |sind
AR and A, =2HRcos@
= 0=—
2gy Total L component of area is
=¢=-1 - flux through the mouth 2
¢lateral surface (p & & AJ_ - [ ﬂ )sinB X2+ 2HRcos@
2 |
_4_1 h
= ¢—£—D—g[1— h2+R2] A, =2RHcosf+mR*sin@ E
q L Thus flux passing through cylinder is E
= ¢=—1
¢ 280( h2+R2] Q":EAJ_ §
. ¢_(1+ﬁ]i ¢=E(2RHcos0+ 7R’ sin6) J
2 )2¢,

7. Ingeneral, we have
E= ay? + bz} +oxk

Inthe xy plane, z=0 and so, E=ayi + cxk

y=0

The cross sectional area perpendicular to the electric

x=0
field is
A=(2R)H X:i// /d}—hdx
X

Thus electric flux crossing the cylinder is
¢=EA

By definition of flux, we have

= ¢=E(2RH)=2HRE L Ay
¢E=IE.dA=J(ayf+cxk)-MA

/“2,_(:? [ i
t [
2 2
he
= ¢E=ch.[xdx=chx— ==
H 2 x=0 2
x=0
8. (a) ®p=EAcosb
\"‘——_

—_ 3 o
Looking at the cylinder from - x-axis it appears as 0 =(35x10°) (03507 cos0

shown in figure. @ =858 Nm?C"™!

(b) 6=90°
A B = &=0

&

(©) ®;=(35%107)(0.35%0.7)cos60°
@ = 428.75 Nm?*C™
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9.

10.

11.

12.

ICON

®;=EAcosf=(2x10* NC™)(18 m?)cos60°=
180kNm?*C™

@, =EAcos6

Since A=7r? =7(0.4)* = 0.504 m?
= 504x10° = E(0.504)cos0°
= E=10°NC'=1MNC"

(@) A;=(10 cm)(30 cm)

A; =300 cm? =0.03 m?
¢, =EA; cosf

¢, = (7.8x10*)(0.03)cos 180°

¢, = -2.34 KkNm?C™

(b) ¢, =EAcosf=(78x10*)(A)cos60°
(G0cm) (2

cos60°

Now, A=(30cm)(#)

= Acos60=30x10
= ¢,=78x10"x30x10=+2.34 KkNm’C"

(c) The bottom and the two triangular sides all lie
parallel to E, so @ =0 for each of these. Thus,

Dp o =234 KNm’C™ +234 kN m* C™
+#0+0+0=0
®, =EAcos@ through the base

@ =(52)(36)cos180° = -1.87 kNm*C ™"

Note the same number of electric field lines pass
through the base as are passing through the surface of
the pyramid excluding the base.

Bm 6m

For the inclined surfaces, ® =+1.87 kNm?C™!

13.

14.

The flux entering the closed surface equals the flux
exiting the surface. The flux entering the left side of
the cone is given by

CDE:J.EQ‘A:ERh

This is the same flux that exits the right side of the
cone. Here we must observe that for a uniform field
only the cross sectional area matters, note the shape.

(a) With § being very small, all points on the hemi-
sphere are nearly at a distance R from the charge,
so the field everywhere on the curved surface is

Q

L = radially outward (normal to the surface).
dmey R

Therefore, the flux is this field strength times the
area of half a sphere or hemisphere

= (Dcurved = jEdA = ElocalAhemisphere

= DBred =(1Q](14ﬂ<2)

dmey, R\ 2
= (Dcurved = LQ(Z}T) = +g
dre, 2¢g,

|
R

(b) The closed surface encloses zero charge, so
according to Gauss’s Law we have

0] d+(Dﬂat:U

curve

Q

= (Dﬂat = _(Dcurved =4
2¢,

Test Your Concepts-VI
(Based on Gauss’s Law)

1

Net charge enclosed by the sphere is g, .=0.
Therefore, according to Gauss’s Law net flux passing
through the sphere is zero.

(a) According to Gauss's Law,
in _ i

¢’t0tal ===

& &
(b) The cube is a symmetrical body with 6 faces and
the point charge is at its centre, so electric flux

linked with each face will be,
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¢tota1 q
¢each face = 6 650
We can also do this by another method discussed
below :

Here the total solid angle subtended by cube sur-
face at the point charge ¢ is 47 . As ¢ is at centre
of cube, we can say the each face of cube subtend
equal solid angle at the centre, thus solid angle
subtended by each face at point charge is

ar
Q.. =— steradian
6

Thus electric flux through each face is

1
|
|
|
' q
1

¢face = a
If charge is not at the centre, the answer of part
(a) will remain same while that of part (b) will
change.

At any point P(x,y,z) on the sphere a unit vector
perpendicular to the sphere directed radially out-
wards is,

X 2 ~
1+ Y

= j+
\/x2+y2+zz Jr2+y2+zz

zZ ~

—k

Y42

¥s,2¢ vy 2, 2 _p2
= E1+Rj+ = {.x+y tz -R}
Let us find the electric flux passing through a small

area dA at point P on the sphere, then

-~ a:x2 Ocyz
do=E-ndA= dA
. {R(M)%(w)}

Hints and Explanations H.21

3>

Pixy.2)

z

Here, we note that d¢ is independent of the co-
ordinates x, y and z. Therefore, total flux passing
through the sphere

J.dqb_—.[dA ( ](4::1{)

= ¢=4moR

QEHC
£

From Gauss’s Law, ¢ =

= (4moR)= Hene
&

= o = 4 R

Attime t, length of rod inside the cube is / = vt

So, charge enclosed g, (t)= A/ = Aot

Ok
L
£
o PO\ _Av
& : £
l
I
| > {
0 a 2a
v v
1
= Flux = ¢, (1) = —[ fenc t)]-— {By Gauss's Law}
€

0
So, flux increases as a function of time
When the rod enters the cube completely, flux is

O = —(20)
&

CHAPTER 1
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and again when the rod starts leaving the cube it starts
decreasing as

A
¢, (£)==(a-ot)
&
and ultimately falls to zero as soon as rod is out of the
cube

Draw a Gaussian cylinder of length / and radius s.
For this surface, Gauss’s Law states

-1
@E dA= _Qenc
g
g 0
The enclosed charge is

chszdV=§on3

Now, symmetry dictates that E must point radially
outward, so for the curved portion of the Gaussian
cylinder we have

JEdA:j\ﬂdA:\E|ja‘A=|E"|2nx.€

while the two ends contribute nothing (here E is per-
pendicular to dA ). Thus,

‘ E |2ns.€ = l%:ﬁrkf?f
g3

= \ El=E= ikx2
3¢,
(@) One half of the total flux created by the charge g
goes through the plane. Thus,

_l a4
¢E, plane = 2 ¢E, total — 2( & ]_ 280
(b) The square looks like an infinite plane to a charge
very close to the surface. Hence,

q
B, square = 9, pane = 5=
E, square E, plane 280

(c) The plane and the square behave in the same
manner for the charge.

The total charge enclosed is Q.. =Q+(-6)=0Q—64.

The total outward flux from the cube is ¢ = Q- 6q’
&
of which one-sixth goes through each face so , flux
through each face is given by
_Q-69
(¢E )one face 680

For, the cube not to be associated with any flux, we

must have q= %

H.22 JEE Advanced Physics: Electrostatics and Current Electricity

10.

The charge density is determined by Q= %Jm?’p

p:ﬂ

47a®

(a) The flux is that created by the enclosed charge
within radius r .

0 _h_tlmap_ dxr’ ( 30 )_Q_i"3
E g 3¢ 3g, \ana® ) e’
(b) o= Eg . Note that the answers to parts (a) and (b)
0
agreeat r=a.
© o
A
Q
&
0 r
a
CASE-1
When R<d, the sphere encloses no charge and
qEI‘lC
= —= 0
O &
CASE-2

When R>d, the length of line falling within the
sphere is 24/R” —d” . So, according to Gauss’s Law

;  enc 2R - d?
E=— =

& &

gﬁﬁ'dﬁ = E(tl:frrz)=qei
£

(a) For r>R,wehave

5
qenc - J.pﬂrZ (41'”‘2 )d]" = 4;&?1{
0
5
PoR
= Enu ide
fsid 560?'2
(b) For r<R,wehave
0 dmp r°
Jenc = JPQTZ (47”'2 )df‘ = TD
0

_ PDT'3

= inside — 5 &



11. Consider the Gaussian surface, a Gaussian pill box as

shown

Gaussian
surface

——» X

xlb N

d

E —

(a) For x> 5
dq = pdV = pAdx = Apyx*dx

Since JE -dA= lqu
&

jidﬁ:— dq = pﬂAI 2y - Y

g £ 0 3g,
3
%ii for x>0
IS
= E= v .
fp'izﬁ' for x<0
3g
12. @E-dﬁzq‘ﬂ=lj‘&4nrzd1‘
£0 £0 r
amp, [ dmpr?
= E(4ﬂ'}‘2)= jTpﬂjm’r: "
£ 2¢,
0
E—&— . .
= = constant in ma gmtude

2¢,

13.

14.

ICON

Hints and Explanations H.23

(The direction is radially outward from the center for
positive p, and radially inward for negative p;)

(a) A point mass m creates a gravitational accelera-
.. Gm, ,
tion ¢ =-—-r atadistance r.
r
The flux of this field through a sphere is
@g d_=— (47r2) = ~4nGm

Since the flux is mdependent of r, sowe can visu-
alize the field as unbroken field lines. The same
flux would go through any other closed surface
around the mass. If there are several or no masses
inside a closed surface, each creates field to make
its own contribution to the net flux according to

Ef)g~dﬁ=4nczmm

(b) Take a spherical Gaussian surface of radius r.
The field is inward so

0= 4‘)3" dA= g(ﬁlmf2 )c03180° = —g(4nr2)

= 0= —g(4m‘2)

Now, we have
enc

m _Ei"ﬂ‘g
_3 ,D

So, according to Gauss’s Law, we have

<j>g~d21=4:rczmem

= —g(tlm’) —4:1'G( —Ir p)

= g=§JrGrp
But p= Mg = g=(%]r,inwards
4 R}

=7R3
3T

(a) Consider a cylindrical shaped Gaussian surface,
also called Gaussian Pill box, perpendicular to the
yz plane with one end in the yz plane and the
other end containing the point x.

CHAPTER 1
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Y 25
1 2
LA v(x) 5 \
Q P
Gaussian 4reqa
/ surface O-S
CQ;_"‘ 4-3-2-1012 34
L5 xla
s X
1 1
T ® V)= i %+4Jr£ %
0o h ()
. , _1(+Q  Q
According to Gauss’s Law, we have = y)= +
. 4]1'80Uy—a| |y +al
E. d;l _ lenc
Eﬁ £) = V(y)= Q r 1
1 . dmegal |y ¥
By symmetry, the electric field is zero in the yz P 1‘ g
plane and is perpendicular to dA over the wall of
the gaussian cylinder. Therefore, the only contri- - V(y) (ot 1
bution to the integral is over the end cap contain- Q Yy 1‘ Y
ing the point x: dne, a a
(ﬁEdﬁ:qﬂ o pa=2AY 10
£ £
! ’ vy 8
so that at distance x from the mid-line of the slab, Q 6
poPX 4repa ‘;
&
B4Ry S 2345
) (1=£=(E)E=(£]x o
m m mey -6
The acceleration of the electron is of the form -8

e 2 -10
a=-0"x with o= £z _= y/a
meg T

Thus, the motion is simple harmonic with period ~ 2+ In this problem,

Ton [m_g0 Iy=Tp=rp=r=1m
pe and rp=r, =17 +(1)’ =2 m

15. DO YOURSELF (Already Discussed o ou- 1[ W, Bl T, G,
o dmey| Hy Ty Py Ny
B Gafs m}
4 T3
Test Your Concepts-VII Substivtuting the proper values with sign in above
(Based on Electrostatic Potential and Energy) equation, we get
1)(2 2)(-
20 Q 2 u=(9><109)(10“”)(10"’*)[&;,()(_3)+
b Vs \/ﬁ= dreqa 2 1 1
dmeNP +at ATEg [5) 41 (3)(4)+(1)(4)+(2)(4)+(1)(3)}
V(x) 2 i
- ) U=(9x10’3 )[124-_:'
. V2

EIRDE
Ay a U=-762x107 ]
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The negative sign of U implies that positive work has
to be done by electrostatic forces in assembling these
charges at respective positions from infinity.

AV =-14V and

Q=-N,e=-(602x10%)(1.6x10™") = -9.63x10* C
Since AV = w
Q

= W=Qav=(-9.63x10" C)(-14]C)
= W=135x10°]=1.35M]J

The net electric potential at origin is,
1
V=—n— q_l + q_Z + q_3
dregln o 1

Substituting the values, we have
V=(9x109)[12+3)x10*”
123
= V=9x10°V

(@) Letus consider V=0 at0. Then at other points

V=-Ex and U, =QV =-Q(Ex)
Between the extreme points of the motion, we
have

(K+U+U, ) =(K+U+U,),

k QE
0000 — m | —>

x=0

= O+0+0=0+%erznax_QExmax

_E

xmax - I'C

(b) At equilibrium,

So the equilibrium position is at x = %

(c) The block’s equation of motion is
d’x

Zﬁ:—kx+QE=mF

Hints and Explanations H.25

2
= md X k[x—g)

This is the equation for simple harmonic motion

with @ = \/E
m

The period of the motion is then

]":2—11-:21*17\/E
0] k

(d) (K+Ug+U,) +AEyeq =(K+U+U,)

U

>

s

"
CHAPTER 1

f

= 0+0+0-pmgx

max

=0+ %kxfm ~QEx,, .

_ 2(QE-ymg)

xmax - k

The electric potential at point P, at distance r from
circumference is

V= Q
2meyr
where r=4(3)’+(4)’ =5m and
Q=10uC=10"C
9)(1n-5
V=(9.O><10 )(10 )=1.8><104v
(5.0)
z
A
AP
f’/” 4m
’,jr +H y
p g
+ + -
Do A Q
+ 3+
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7.

ICON

! . 1 5
For the entire motion, y oY=t ant

1
= 070=u}1,t+5ayt2

2u
_ y
= ay——T
Since, E Fy =ma,
2mu,
= -mg-qE=——-—

For the upward flight, we have

vf,,:u;+2ay(yffy1)

2u
= D=M; +2(_Ty](ymax_0)

1
= ymax=au‘yt
Y,
Jmax 21i ymax
Since AV =- -[ Edy:.q.ﬂ[_y_g)y
0 (AN 0
2u
= AV:E(_y_g][luut]
g\ t 4 -
5 AV=—2 4)(2(20'1)—9.8}[3(20.1)(4.1)]:4{&\/
5%10 4.1 4

Initially, the potential energy of Q is

1 [Qq Qq]
1= |t
dreyl @ a
_ 1 Xy
1_4Jr£0 a

When (Q is displaced by a small amount x to the
right, the potential energy of Q becomes

—_———— e e A — — — — — —

5=

1[Qq+Qq]_1 2Qqa
(

_47r£0 a+x) (a-x) _47560(32_3(2)
1 20 x? -
U2 =——q(1__2J
dmey a a

Expanding binomially and neglecting higher powers
2

X
of—2 as x<a

a
2
uz_i@(m_]

dmey a a?

x? ! X
v 1-= 51+—2f0rx2<<:;12
a a

So, the change in electrostatic potential energy of the
system,

1 2Qqx°
du=u,-u, =2
drey a a
2
= dlu= ! 2QZI
drey a

Arbitrarily take V =0 at the initial point. Then at dis-
tance d downfield, where L is the rod length,

V =-Ed and U, =-ALEd

(K+U); =(K+U);

= 0+O=%uLv2—/‘LLEd

~ [2(40%10° Cm™)(100NC™)(2m)

’ _\/ (01kgm™)

=04 ms™

. (a) The work that must be done on g; by an external

force is equal to the difference of potential energy
U when the charge is at x=2m and the poten-
tial energy when it is at infinity.

-1uC +1uC +1uC
1 2 3

\ v > X
x=0 x=1m x=2m

Wext=uf—U,-=Uf—uw

_ _ I T
Vy=Vi3+Vy, = Ao s +—4
e TEY;
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Now W.._,; =4;V;
__L [asm, 05
drmey| 13 13

Substituting the values, we have

= w:(9x109)(10‘u)[w+w}
(1) (2)

= W=45x107]

(b) The total potential energy of the three charges is

given by,
_ L (0%, BN, B0
dreg\ 13 13 1
= U=(9%10°)

(D) (W1 -0
{(1) T T ](10 )

= U=-45x107]

Since U<0, the system of three charges has
lower potential energy then it would if the three
charges were infinitely far apart. An external
force would have to do negative work to bring the
three charges from infinity to assemble this entire
arrangement and would have to do positive work
to move the three charges back to infinity.

11. When an object is connected to earth (grounded), its
potential is reduced to zero. Let 4" be the charge on
A after it is earthed.

The charge 4 on A induces —4" on inner surface of
B and +q" on outer surface of B, in equilibrium the
charge distribution is as shown in figure.

Q+q
B
Potential potential potential
dueto |=| dueto [+| dueto
inner sphere | | chargeon A ) | charge on B
’ ’ + ’
. 7 + Q 7 VEarth =0

AT dmeyn - dmegh  Ameyb -

- o<l

Hints and Explanations H.27

a
This implies that a charge +Q(b) has been trans-

ferred to earth leaving negative charge on A.

12. (a) E=|L|2
dre,r

LY

dmeyr

r_m_ 3000V
|El 500 Vm™

(b) V=-3000V

= -3000= Q
4re, (6)

CHAPTER 1

3000x6

= =—
Q 9x10°

-2 uC

13. Let P be the point on the axis either to the left or to the
right of charge +q at a distance r where potential is
zero. Hence,

CASE-1:
P +q im -3q
*---» .
t——>
Casel
q 3q

V = — =
: dreyr  Amey(1+7)

Solving this, we get r=0.5m

CASE-2:
9 P —3q
p—f————r | ——
Case ll
q 3q

r

V, = — =
: dmeyr  Amey(1-7)
which gives r=0.25m

Thus, the potential will be zero at point P on the
axis which is either 0.5 m to the left or 0.25 m to
the right of charge +q.

14. The original electrical potential energy is

2
q q
U,=qV= =
=1 q( 4rregd] 4meyd

In the final configuration we have mechanical equi-
librium. The spring and electrostatic forces on each
charge are
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2

—k(2d) + —— =
4, (3d)
2
= k=
ame, (184°)
In the final configuration the total potential energy is
4V 1_q 2 +qg—L =
2 2 aze, (184°) 4rme, (3d)
47
9 4ned

The missing energy must have become internal energy,
as the system is isolated

2 2
4
So, (I +AE,,,
dreyd 9\ dmeyd

2
> AEim=§[ ! ]

4H€0d
1 Q 1 Q
15, AV=Vy-Vy= e
TEy \/R +(2R) TEy

AV=—+ ! Q(—— )=—O.553 Q

4mey, R\ A5 47e,R
16. Electrostatic force F on the test charge,
F=gq,E, {along positive y-direction}

—

A 4 HEO
Qoo

ko

Since, W;_,; = -AlU
= AU=-W_,;=—[qE(2a-a)]

= Au = _quﬂa

Here work done by electrostatic force is positive.

Hence the potential energy must be decreasing.

7. V=L j g
dre, r
all charge
R 3R
1 J‘ Adx J' Ads J Adx
= V=——rol | —+ — 4| —
dre, X R x
3R semicircle R

R 3R
+1{AKR+ilogex }
3R 471'80 R R

—/’Ll
= i, og, (x)

1
= V=——|log,3+Ar+l0g.3
mﬂ[ g g 3]

ooyt ——(m+2log, 3)

4]1'80

18. For an element of area which is a ring of radius r and

width dr, dv=—— %

Amey \r? + x*

dq=0dA = oyr(27rdr) and

R 2
Veo 2r j redr
"\ 4ne, )\ 4
0o 2,2, .2 x
= V= RyR +x"+x"log,| —F—
(4”80] [ [R+1/R2 +1° ]:|

19. (i) Potential at x=0 will be

1(q+q+q+q+ ]
Cdme \1 2 4 8

q[1+1+1+ ]
dre, 2 4

= V=

q9 q q q

x='0x=l1xI=2 x|=4 x;8

This is an infinite G.P. sum of < terms of G.P. is

po A Lo a1 20
Cdmey| L] dmg | 12 dre
)
Now electric field
N L+...m}

iz, | (17 (2 (47
q

= E=—-|1
4me,y

1 1 ]
tot—t—+ .0
64

{This is also an infinite G.P.}

I D N N
Cdmey | 1-14 | dne| 3/4

__ 49 _ q
dmey x 3 3mg,

(ii) When consecutive charges are negative then

1[@' 9,9.9,.49 i+,_,m]
41’1’80124816 32

V=L[E+ﬂ+i+... } [q+q+q+ oo]
dme, 11 416 2 8 32



g [E_E] L(z_‘i]
4:r£0 3 3] 4dng\ 3
Electric field at x=0 is

E:L[i— q + 9 q +

dmey | (17 (2)°
q [=4]
L. }

22,

1 1 ]
—4+—.
16 256

[11 1 ]
—t—t+—+..
4 64 1024
SN R K L . i
drg, [1_i] 4 1
16 16

7 [Mllé]_q[‘l
Time |15 415 4me,

20. Potential at point P

K(1><10*)+K(2><10*)
3R 3R 2

~ E= i[l +
47:80

9000 =

3R=3
R=1m

2uC

21. We can here use Law of Conservation of Energy,
according to which

(U+K)af£+(u+K)at,a,

RS L q8€)+%m(0)2
47r€0(—) Mo F
4 24

o L qQ[ 1]
2 dmelr 2

Hints and Explanations H.29

L Lyee 207
2 dme, L2/

7Qq

dmegm/l

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 like charges are at separation v2a and 4 unlike

charges are at separation Ba. Therefore, the potential | ol
energy of the system o
(11 ]

1| (2)(g)(=) , (12)(q)(q) , (4)(a)(=q) | [
4me, a 2a J3a A

14 <

— U=-5824] —1L L
dme, a @)

The binding energy of this system is therefore,

1q2

luf=
drme, a

5.824

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

W= 5824[ ! ‘7}
dme, a

. Let g be the charge on the bubble, then

19
dmey a

V=

= q=4nguaV
After collapsing, let the radius of droplet becomes R.
Then equating the volume, we get

41r2t=E:rR
(4me? )t =5 7R

1/3
= R= (3a2t)
Now, potential of new droplet will be V= L%
Substituting the values, we have
Ve 1 dmeuV

E ( 3a’t )1/3

23
= V'= V[—)
3t

. There will be two points where electric potential will

be zero. One point lies between the charges and other
point lies in region outside the charges.
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For inside point,

- -6
yo ! (2x10°  —4x10 ]=0
41:8[}( x 6-x
2 4
= —=—
x 6-x
= 12-2x=4x
= x=2m

For outside point

p  2uC -441C
. S tELEC L 9
— X —ie 6m >
-6 -6
v, L (2x10°  —4x10 ]=0
4:reok x 6+x
2.4
X b+

= 12+42x=4x

= x=6m
Test Your Concepts-Vlll

(Based on Equipotential Surfaces)

B C B
1. vgva=fjé.d@=fjé.dzfjé.dz
A

A C
y
C — B
A
X
A E

05 04

= V-V, =(7Ec05180°] j dyf(EcosC)O") j dx

0.3 -0.2
= Vz-V,=(325)(0.8)=+260V
2. (a) E,>Ejp since E=%

AV (6-2)V
Al 0.02m

(b) Ep=

=200 NC! downwards

(c) The figure is shown here with the field lines
sketched.

For the given charge distribution,

V(x, y, z)= ! @+ L (%) (1)
n dmey . 4mey 1

where 7, = \(x+R) +y?+2° and 1, =[x’ + y* +2°

The surface on which V(x, y, z)=0

isgivenbyzllq(lzJ:O = 2n=n
mE, \noh

From (1), we get 4(x+R)” +4y* +4d2% = x* +y* + 7*
= xz+y2+zz+(§R)x+(£R2]=D ..(2)
3 3
The general equation for a sphere of radius r centered
at (xy, ¥y, 7y) is
(xfxﬂ)z+(yfy0)2+(zfzo)27r2=0

= X4y (<2 )x+ (-2, )y +

(-2z, )z+(x§ +yg+z5 -1 ) =0...03)

Comparing equations (2) and (3), it is seen that the
equipotential surface for which V=0 is indeed a
sphere and that

4
_2x0=§R;_2y0 =0,_2ZD=0,x5+y02+Z§ —}’2=5R2

= xﬂ=—§R,y0=zﬂ=O,andr2=(%—§)R2=%R2

The equipotential surface is therefore a sphere cen-

tered at (—%R, 0,0 ) , having a radius %R

Let us consider that the equipotential surface corre-
sponding to this situation mentioned lies at a perpen-
dicular distance r from all the charge densities. Then,
at the equipotential surface, we have
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2V = constant

) s (”ZJ
= —Ilog, +——1log, -
27e r/) 2ng, r

2
= log, ( - ) +log, ( —2] = constant

{ log, x = —loge[l)}
x
= log, [ ﬁ?] = constant
3

{- log, m+log, m=1log,(mn)}

hh
n

= constant

Test Your Concepts-IX
(Based on Relation Between
Electrostatic Field and Potential)

1. V=>bx- 3x2y + 23,(22

. 5 S oV, dV . B_VA
Since E=-VV = [axz ay +azk]

= E=(-5+6xy)i+(3x*-22%)] - 4yzk

= E

=51 -5]
(1,0, -2) I

= E=,/E§+E§+E§

E=\(=5)* +(=5)2+0% =5y2 NC"!

2. Inside the sphere, E, =E, =E. =0.

Outside, E, = v
X

3
= EI=—E[V -Ez+Ea z(x2+y2+zz)_5]
ox

5

= E-= —|:E0a3z(—%)(x2 +yt+2? )_E(Zx)}

5

= EI:SEOaaxz(x2+y2+22) 2

Hints and Explanations H.31

3

= E, =;;[VOEOZ+E0a32(x2+y2 +22) 2

5
_ s 3.2, .2, 2\
= E,=-Epm z(—i](x +y +z) 2y

5

= E, :3an3yz(x2+y2+22) :

vV
E=-—

5

= EZ=E0+E0a3(222—x2—yz)(x2+y2+zz) 2

E=

CHAPTER 1

(25,00;,00;
n By] 0z

oV 0
h —_— =2 — =
where, = ax( x+3y-z)

WV 9

2x+3 =
=g xeaye)=3

W _ 9

% az(23c+3yr z)=-1

= E=-2i-3j+k

dV=-E.di

A (21,0)
JdV =- J (szZthzfz)-(dx?+dy}+dzf2)

JdV=f J. (y?+x})-(dx?+dy}+dzi€)

B (1,1,1)
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(0,0,0)

= Vi-Vg=- j (ydx + xdy )
(1,1,1)

(0,0,0)
= Vig=- j d(xy) {asydx-l—xdy:d(xy)}
(11,1)
0,0)
= VAB:—[(xy)‘ )]:1\/’
dV =-E-dif
A (0,0,0)

= V,-Vg=- j d(x3y)
(1,1,1)

= Vol

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

6. (a) Given, cp:a(xzfyz)

(b)

a)

So, E=-Vp= —2a(xf—y})

The sought shape of field lines is as shown in the
figure.

Since ¢ = axy

So, E=-Vp= —ay;' - ax}

The sought shape of field lines is as shown in the
figure.

)

7. Given, V=a(x2 +y2)+bz2

Nl
S

(b)

Since, E=-VV

= E= —(Zax; + 23yf+2bzf€)

Hence |E|= 2\/a2(x2 +y )+ bz

Shape of the equipotential surface i.e. for VV = constant

Since, V = a(:c2 +y2 )+sz

T

which is an ellipsoid of revolution with semi-axis

8. Given, again
dV=-E-di
= dV =~ (ayi + (ax-+bz)j +byk )  dxi + dyj +dxk |
= dV =-a(ydx +axdy)+b(zdy + ydz)
= dV=-{ad(xy)+bd(yz)]
Integrating we get,
V=—(axy+byz)+C
Test Your Concepts-X

(Based on Motion of Charged Particles
in Electric Field)

1. () |AVI=Ed=(6x10° Vvm™)(0.01m)=60V

1
(b) Emv} =|qAV|
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= %(9.1x10’31)v}=(].6x10’19)(60)
= vf=4.6><10f’ms_1

(a) Energy of the proton-field system is conserved as
the proton moves from higher to lower potential,
which can be defined for this problem as moving
from 120 Vdownto 0V .

Kf+ui+AEmed1:Kf+uf

= U+qV+0:%mv;+O

= (1.6><10_19)(120)=%(1.67><10_27)vf,
= 0,=152x10° ms™

(b) The electron will gain speed in moving the other
way, from V; =0 to V; =120 V.. So,

K;-+Ui-+AEmech=Kf+Uf
1 2
= O+0+0:§mvf+qV
1 >
= U=Emve+(—e)V
= %(9.1><10‘31)vf=(1.6x10']9)(120)

= 0,=65x10" ms™

10 (20)(10) (10)(-20)  (20)(-20)
(@ U= + +
dmey | 0.04 0.04 0.08
= U=9x109><100[2002m)400}
4 4 8

= U=9x10" xlOOx(——]

= U=-45x10"]

(b) The three fixed charges create this potential at the
location where the fourth is released:

20x10°  10x10” _20x10” ]

= V=(9><109)[
0.05 0.03 0.05
= V=3x10°V

Energy of the system of four charged objects is
conserved as the fourth charge flies away

(%mvz+qV]r =(%mv2 +qV)f

Hints and Explanations H.33

= 0+(40x107°C)(3x10° \0:%(2 x10 P kg)o* +0

4
0= 2(1“7112]) =346x10* ms™!
2x107 kg

Using conservation of energy for the alpha particle-
nucleus system,

we have K, +U; =K; +U;.

1 qa'ﬁgo]d

where U; =
43{60 I

Since 7; — o0
= U,'=0

also Ky =0 because, at turning point, we have v, =0

CHAPTER 1

sowe get, U, =K;

1 Gofgord 1

v
A7mey  Tin 2

o

S, ] 20085014
™ dmey mvl

_ 2(9x10°)(2)(79)(1.6x 107
(6.67x107 )(2x107)*

Thnin

= Iy =273x107" m=27.3 fm

Each charge moves off on its diagonal line. All charges
have equal speeds.

Y (Keu) =Y (K+u),

1 (4 2q2] (1 2)
= 0+—— —+—=|=4| -mv” |+
4;150[ L 2L 2

1 [4q2 2 ]
——+
dmey\ 2L 242L

1 2
= —(2+i)q—=21f;’w2
dme\” N2 )L

= 7= 1+i Li
- \/5 dme, mL

The potential created by the ring at the electron’s start-
ing point is

1 (27Aa)
2

S Q
Arey \xP+a* 47 \[x? +a

Vi
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—(271)

while at the center, it is Vf =
4re,
0

From Law of Conservation of Energy, we have
(U+K);=(U+K)y

= -eV;+0=-eV; +1mf_,vf2
2
1 4med a
1-
dmey m, \/xf +a

47(1.6x1079)(9x10°)(1x107) )
9.1x107"

(1_ 0.2 ]
(0.1 +(02)

2e
= o= (V)=

= 0;=145x10" ms™

Initially, since no external horizontal forces act on the
set of four balls, so the center of mass of the system
stays fixed at the initial location of the center of the
square. As the charged balls 4 and 3 swing out and
away from each other, balls 1 and 2 move down with
equal y-components of velocity. The maximum kinetic
energy point is illustrated. For system energy to be
conserved,

1 g1 q 1 1 1
e U +— mv +— ?‘HU +—mv
dme, ( 4nmgg 3172 2 2 2

v v
& O € <
4 TCMT I3
v v
2
dme, 3/
2
I I
4mey Im/!

From Law of Conservation of Energy,
Ke+Up=K;+U;
Q?

= 1MU§+O=0+L—
2 ime, R

H.34 JEE Advanced Physics: Electrostatics and Current Electricity

10.

11.

Q
m O——X
Uniformly
charged ring

21, MR

By Law of Conservation of Energy,
(u + K) initial for — (U+K) final for

(A+B) system (A+B) system
2 2
= mglt—1 +U+0=q7+lmu2+KA
dneg21 dmey(20—1) 2

2

2, 7 (
47{6@ \/_P

Let r,;, be the distance of closest approach between
the two charges. Then, from Conservation of Angular
Momentum, we get

_)

1
= K,= mgf——mu

‘\rv If
Y +q
90°
v
muyl = mor
= yl=or (1)

From Law of Conservation of Energy,

L= Lyt L 20
2 dre, r

Solving equations (1) and (2), we get

Tin = QO 5+ Q 5 P
dmegmuy dmeymuy
VvV at
Since |E|=—=—
t !

do [at]
m—=|—|e
dt /
(7 t
= Jdv=£"‘tdt
ml
0 0
= -Uz[ ae )tz (1)

2mi

dx (ae]
= = — |t
dt 2ml
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13.

ICON

t

=

: ae (t3]
X =—| —
0 me 3 0

N e:(%}ﬁ )

Substituting value of ¢ from (2) in (1), we get

2
( ae )(ﬁmfz ]3
v=| —
2mf ae
Using Law of Conservation of Angular Momentum
about +Q , we get

_q,m_q’m

Vo

From Law of Conservation of Energy,
(u +K )initial = (u +K )ﬁnal

20 amey 2
On solving equations (1)

Qqr,

2megmr, (1, +1y)

and (2), we get

r
2meymr, (1, +1, )
Since, no external force acts on the system of protons,
so by Law of Conservation of Linear Momentum, we
get

Vg Rest
O - . o— —
m m v m v
— iy —>
mvy = 2mov
(Y
= ==L (1)
2

At the closest distance of approach, both the protons
have same velocity, so
By Law of Conservation of Energy, we get

2
lnfavg:2[lwmzj|+ ¢ .(2)

2 2 Amegr i
On solving equations (1) and (2) for 7, , we get

€2

Tnin = 2
TTE oMvy

Hints and Explanations H.35

Test Your Concepts-XI
(Based on Conductors)

1. The charge divides equally between the identical
spheres, with charge % on each. Then they repel like

point charges at their centers so, we have

6

4mey (L+R+R)*  4meg 4(L+2R)

9 (6010 ) »
F=9><10 X 60x10 Z9N n:
4x(2.01) L
=
o Q.
2. Since E=— <
2¢,

.
UV

E, E, E,

+— | —» e
E. E. E
(] (In (i

Let us designate left to right as positive direction. Then

1
E=-—(0,+0
1 280( A B)

1
E,=—I(0,-0
il 280( A B)

1
Ey=—I(0o,+0
1 260( A B)

For 0, =+0 and o3 =-0, we get

0

3. Consider as a Gaussian surface a box with horizontal
area A, lying between 500 m and 600 m elevation.

Eﬁa'mi
&

~ (+120NC)A+ (100 NC )4 = PALO M)

&

(20 NC)(8.85%1072 C*Nm )
100 m

p=177x10" Cm™ =177 pCm™>

The charge has to be positive so that it produces the
net outward flux of electric field.
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The electric field on the surface of a conductor varies
inversely with the radius of curvature of the surface.
Thus, the field is most intense where the radius of
curvature is smallest and vice-versa. The local charge
density and the electric field intensity are related by

E=—
&

= 0'=E80

(a) At the point on the surface where the radius of
curvature is the greatest, we have

0=6,F, 1, =(8.85x 1072 C*Nm™?)(5.6 x 10* NC™)
= 0=496nCm™

(b) At the point on the surface where the radius of
curvature is the smallest, we have

o=¢E,,. =(8.85x10"* C*Nm)(11.2x 10*NC™)
= 6=992nCm™

(a) Thecharge +g at the center induces charge —q on
the inner surface of the conductor, where its sur-

face density is given by
4
0,=—
4na’

(b) The outer surface carries charge Q+q with
density
4nb*

Oy

Charge on the outer surface of the sphere is -Q
Charge on the inner surface of the shell is +Q
Charge on the outer surface of the shell is +2Q

Using Gauss’'s Law we evaluate the electric field in
each region, keeping in mind that the electric field is
zero everywhere within conducting materials. Then

Inside the sphere and within the material of the shell,
we have E=0

Between the sphere and shell the field is directed radi-
Q

47.?80;'2

Outside the shell the field is directed radially outwards

2Q

dre,r?

ally inwards given by E=

givenby E=

An approximate sketch is given at the right. Note that
the electric field lines should be perpendicular to the
conductor both inside and outside.

H.36 JEE Advanced Physics: Electrostatics and Current Electricity

9.

(a) @E-dﬁh E(47rr2)=q‘ﬂ
&

For r<a, q,, =p[§m‘3]

Insulator

Conductor
4

«

.
3g,

=

For a<r<b and c<r, g, =Q

= E= Qz
4rrg,

For b<r<c, E=0(since E =0 inside a conductor).

(b) Let g;=induced charge on the inner surface of
the hollow sphere. Since E =0 inside the conduc-
tor, the total charge enclosed by a spherical sur-
face of radius b <r<c must be zero.

Therefore, 4, +Q=0
= —ql = —_Q
dnb*  4mb?
Let g, = induced charge on the outside surface

of the hollow sphere. since the hollow sphere is
uncharged, we require

f+4,=0

h Q
> Oh=——5=—7%
: drc® Anc®

1

(a) qt’nc = +3Q - Q = +2Q

E/ Gaussian
surface

I
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Hints and Explanations H.37

(b) The charge distribution is spherically symmetric () Since the total charge on the conducting
and 4,,.>0. Thus, the field is directed radially shell 1S o = Gouter T Jinmer = —Q,  We  have
outward. fouter = Q= e =~Q~(-3Q) = +20

E= é( %) - 4;? 2 forrze. (k) This is shown in the figure.

(c) Since all points within this region are located E

inside conducting material, E=0 for b<r<c.

(d) ¢E=J-E-dA=0

M- ==

= qe11c:£G¢E:O |\—— g |
bec o
=
Gaussian Test Your Concepts-.XII. . o
surface (Based on Charge Distribution) <
1. We assume that the charges on surfaces 2, 3 and 5 are L
41, g, and g5 in equilibrium. Following conservation V
of charge, we see that surfaces 1, 4 and 6 have charges
(e) -Q-q;, 3Q-g, and Q- g; respectively . The electric
field inside a metallic plate is zero and hence the fields
atpoints P,Q and R are zero.
Q 3Q -Q
Gaussian 1 3 5
surface @Q-qv) 2 a3
“@ . 1 B
y T_.
2 4 6 X
® E= % ‘ie;c - 9 (radially outward) for 9 BQ-g) Q+gy
ok T ! Resultant field at P: Considering field to the right as
asr<b positive, we get
+3 r E,=0
(8) qenc=pV=[4 Q3 ](3 ) +3Q[—3] :
3" ﬂ[@ 1) =1 =42~ (3Q=2)~ 4 + (Q+45)1 =0
_O = —Q - qu = O
= 0= —%
5 Resultant field at Q is E, =0
28 [(Q Q)+ g+ = (3Q=42) =43 +(Q+93)]1 =0
0
3
(h) E=—— qegc ! +3Q’”—3 3Q3 r = —Q+24,=0
47{80 r 47regr a 47{603
(radially outwards) for 0<r<a = =t %
(i) From part(c), E=0for b <r <c. Thus, for a spheri- Resultant field at R:
cal Gaussian surface with b < r < ¢, we have Ep=0

Genc = 13Q + Ginner =0 where gy, is the charge 1
on the inner surface of the conducting shell. This = ——[(Q-q)+g +9,+(3Q-7q,)+q; +(Q+45)]=0
yiEIdS Jinner = _3Q OA
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= 5Q+2¢;=0
5
= ‘?3:_?(2

Thus the final charge distribution on all the faces is:

3Q Q_ _sQ
2 2 2
o Hsa [sa
2 2 2

Also note that the faces opposite to each other have
opposite charges equal in magnitude.

2. Letacharge q appears on left side of sheet, so a charge
(Q-q) will appear on the right side of sheet. Since
field at a point P (say) inside the sheet is zero, so

9—Q-g
E2 = Cz},q_ q -+ & > q = E1
& 2Ag,
O]8[0)
Conductor
L 1 _Q-aq_
24g, 2Aeg,
L Q
2Ag, 2Ag,
Q Q
= = d - = —
q=7and (Q-q)=7

So charge is equally distributed on both sides.

3. Let charge on left side of plate be g, then (Q-g) is
charge on right side of plate.

Since inside the plate, at point P, we have

Ep=0
q[]a-q
Q-g, i , 9
2Ag, 2A¢g,
®OL®
= 9 +E Q-4

24g,  2Ag,

9. Q
Agy 2Ag,
= q=%—eUAE and (Q—q)=%+eﬂAE

So charge on one side is (%—SGAE ] and other side

(Q+SDAE]
2

If sheet is neutral, then Q =0, so charges —¢,AE and
+&yAE appear on left and right side of sheet.

Let a charge g appear on left side of plate, so a charge
(Q-1q) appears on right side of plate.

ql |Q-q
Q-q q
A T B 24
= 1 +E=Qiq
2Ag, 2A¢g,
S 4. Q
Agy 2Ag,

= q=%f€0AE and qu=%+£DAE

So charge on one side is %feﬂAE and other side

Q

=+ 6AE
5 o
Electric field due to conducting sheet at a point outside
the sheet = Lot = 9 and having direction away
2Agy 2Ag,
from plate

-]

2
Ey | |Ey—
E1 — EE—)

E> | |E>

If E; and E, be electric field due to charges on left and
right side of the plate respectively, then
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Q_ gAE+ Q +€yAE
Eeq=E-E,~E,=E-2 :
2A¢g,
= Eg4=E- 9 (towards right)
2A¢g,
and E;, =E+E +E,=E+ Q (towards right)
& 2Ag,

Since plates are conducting so net electric field inside
these plates should be zero. So, electric field due to
induced charges (on the surface of the plate) must bal-
ance the outside electric field. The magnified view of
plates 1 and 2 is shown below:

-q +q -q +Q
- i+ - -
== = E; = =T
E E E E
o (K — [RgiS -+
- + - +
> £
- - - +
- + - +
- - - +
- + - -
Plate 1 Plate 2
Let E; be the induced electric field, then
for both plates, inside than E; +E =0
= Ej' = _E o '(1)

Let charge induced on surfaces be +q and —g, then

Q

=A_€D

Using equation (1), we get

A _E
Ag,

Electric field near a large metallic plate is given by

E=Z. In between the plates the two fields will be
£U
in opposite direction. Hence

net =M=Eu (SaY)

Now, W =(q)(potential difference ) = q( E,acos45°)

01—0'2]( a ]:(olaz]qa

e, \\2 V2¢,

= W:q{

Hints and Explanations H.39

Test Your Concepts-XIlII
(Based on Concept of Self and
Interaction Energy)

1. Theinitial self potential energy of the spherical shell is
2

q

U,— =
8meyR,
The final self potential energy of the spherical shell is
2
u}r = q
8megR,
2
1 1
= AU=Uf—U,-=q— ——
8mey| R, Ry

Work done by electrical forces (conservative forces) is
given by

2
W:—AU:q— l_i
8mey| Ry R,

CHAPTER 1

2. The electrical potential energy of the system is :

U= Self potential N Interaction energy of
| energy of shell | " | shell and point charge

2
q +‘M0

" 8me,R - dme,R

Initial potential energy of system is
2
U . |
" 8meyR,  AmegR,
Final potential energy of system is
2
__ T %
/7 8me,R,  4megR,
Since, work done by a conservative force (electrostatic

force) is actually equal to the decrease in electrostatic
potential energy. So,

W =-AU =-(Uy -U; )= U; - Uy (1)

On substituting the values of U;and Uy in equation
(1), we get

et

dne, El ) R_z
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3. Electrical field is conservative in nature. For a conser- 4, Net acc of block down the incline is
vative force, ) ( g+ aD) \/ng
—ou T T Tom
F=——
ar
2
Since, U = -
87{807‘
2
o p=_U_ 9] 4 {-.-E:au}
Jor  dr| 8me,r or
2 2
1
- p=_Li(,.1)=_fI_(__2)= r_
8me, or 8mey\ 7 8me,r
Force per unit area is
F 2
| PR — |

amr? 8:r£0r2 x 4mr’
Since g=0cA= ol4nr?)

2
o’ (4:1'1‘2 ) o?

= P=——5—rs=
8megr” x4dmr®  2¢g,

Q
4. W=Jqu , where V=Lﬂ
dmey R

0

1@
4w, 2R

Hence, the correct answer is (C).

Single Correct Choice Type Questions _¢eE

5 a=
1. By Law of Conservation of Moments about O, "

M 1 2 1 »
) [ Total Counter ] Since f:Eat ZEGT

Clockwise (CCW)
Moments \/? gE/m \/ﬂ
=== ; = |—
)3 ) o
4me h?\ 2 2) dmgh?\ 2 Hence, the correct answer is (C).

L L+ 4re,h* LW 1 2
= W[x_£)= Qq - = x=% 6. Emu =eV
2)  8meyh 8megh™W

Hence, the correct answer is (D).

2
Total Clockwise
(CW) Moments

3. The transfer of electrons from one body to the other
produces charge on the body

Hence,

number of electrons | ( number of electrons
given by one body | | obtained by the other

So, mass of negatively charged body slightly increases
while mass of positively charged body slightly increases = u=u
However, the total mass of the system remains the
same. ¢

Hence, the correct answer is (D). u
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Since, a, = -
dv

o v o« [+ E=at}
dt  m

ea o ( ea )( fzm) af?
- g = [ I 0T
Y 2m 2m )\ 2V ) 4V

. Uy
Since tanf=—

Uy

v 2|
- f=tan”!| L |=tan{ - [
v, 4V \ 2eV

Hence, the correct answer is (C).

The net force F on the particle towards O is the cause
of acceleration a.

Y
T+Q FD
i
"9
XJ
t o] ¢
L
F
i+O 0
|— X —»i
F=2F,cosf

_ 2 qQ X _ Qq x
dreg (2 +2) 242 2me (24 2)7

We observe that F is zero for large values of x and
also for x=0.

F

So, 1 must increase to a maximum and fall to zero at O
To the right of O, the net force is to the left while
motion is to the right. Thus, the direction of a is oppo-
site to the particle’s direction of motion and is taken as
negative as shown.
Hence, the correct answer is (D).
1=0
- J. E-df is the line integral of electric field which is
{=co
also called electrostatic potential. Since, charge is dis-
tributed non-uniformly, so E# 0 at the centre.

Hence, the correct answer is (A).

10.

11.

Hints and Explanations H.41

If charges were placed at all the corners, the field at the
centre would be zero. Hence, the field at the centre due
to any one charge is equal (and opposite) to the field
due to all the other (1-1) charges.

Hence, the correct answer is (A).

Since the potential function is not defined for an infinite
conducting sheet, hence to solve this problem we either
calculate potential difference or use force equations

Electric field due to an infinite dielectric sheet
£-C
2¢g,

Electric field at the axis of a disc of radius R is

E,=9]1-—2
=2
2¢, Vx? + R?

The resultant electric field is given by

CHAPTER 1

a X
28y x? + R

Force on an electron is

F=-¢E = F=-

oex
dv oex

2e,\x* + R?
= M—=-—F—
dx g \x® +R?

v 0
X

= mjvdv:——j—
2e 2 2
" oﬁR\ix +R

2

o M _oe(y 2+R2)‘3§R

2 2

oeR
= U= [—
mEO

Hence, the correct answer is (B).

dx

E_q 1 B 1

PG G
——x —+x
2 2

+Q P C +Q
A S B
e— X —»

The magnitude of E will increase sharply for x —0
and x— /.

Hence, the correct answer is (B).
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12.

13.

14.

15.

ICON

V= q (1_14-1—1-1-1—1 ......... )
47{80:{0 2 3 4 5 6
= V=—T_l0g,2
dmeyx,

Hence, the correct answer is (D).

Q 6Q

ﬁﬁ[Rs_(ﬁfJ 7R’
3 2

Using the Superposition Principle,

i) (S

dmeyx mﬂ(x_%) 3¢, 4x(2x-R)

Charge density p=

2
Atx:zR’WegetV=i &
36\ g

i) Al

4me x? 2
v 4]r£0(x1;)

pR*( 1 1
E="l3-— 3
3¢\ x° 2(2x-R)

Similarly, E=

So,at x=2R, we get E=%=i PR
27g, 27\ g

Hence, the correct answer is (B).

2.2 2
d=u sin“ @ and f?=2u sinfcosf

2a a

d tanf
= —=—

! 4
= tanf= E

Hence, the correct answer is (B).
The field at the face ABCD = ax,i
So, flux over the face ABCD =—(ox,)a’

Y
(o G
in"] !
b B! |____ F!
X L o
A E«?
—d—

[2)1_@ (7x-4R)

16.

17.

The negative sign arises as the field is directed into the
cube

The field at the face EFGH = o(x, +a );

So, flux over the face EFGH = a(x, +a)a’

The flux over the other four faces is zero as the field is
parallel to the surfaces

So, total flux over the cube = oa’ = 4 , where g is the

£
total charge inside the cube ’

= q: Egaa3

Hence, the correct answer is (A).

Since, E=-VV = E= —k(y§+ x})
Further,
dW = g,E-dr

= 4w =q0[fk(y§+x}')~(?dx+;idy)]
= dW =—kqy (ydx + xdy ) = —kqod (xy )

(a,a)

= W=JdW=—kq0 J d(xy)
(0.0)

=  W=-kga’

Hence, the correct answer is (A).

Q (3R% —#2)

Since, V = 5
8megR

So, at r =0, potential at the centre is

_
8meyR

C

As per the question we require a point where
V= VC _ 3Q

2 16mg,R

This point cannot lie inside the sphere where

Q
4me R

Vz

Let the point lie outside the sphere, at a distance r+R
from the centre. Then,

__ Q3
dneg(R+7)  16meyR

= R+r=ER
3
4R R
= r=—-R=—
3



18.

19.

20.

21.

22

ICON

. . R
Distance from the surface is g

Hence, the correct answer is (D).

r
Vf_mleog[i]
2me, r:

1

= V—Llog (—52+122 ]
2mey T\ 12422+ 42

= ‘V:i ge(le’]
27,

Hence, the correct answer is (A).
Induced charges will be —g and +g as shown in figure

+q

Potential at centre O is
- [i_i+i]
4re | R 2R 3R

1 5q) 54
" 4me,\6R ) 247e,R

(o

Hence, the correct answer is (D).
A negative charge, when free to move will always
move from lower to higher potential.
Hence, the correct answer is (D).
Q Q9
= =
dregn 47[80\/_ 2a

o, Q
47:80\/561 dmeya

1=

2:
= W1—>2:‘f(vz_vl)

9(Q: - Qz)( 1)

= W_,=
2= dneqa \ﬁ

_ q(Q1 -Q, )(\5—1)
- 4\5%‘051

Hence, the correct answer is (B).

Charges will be induced as shown

1 1 1
LN
dreglr 2R R

23.

24,

Hints and Explanations H.43

= 4Q [Li]
me,lr 2R

Hence, the correct answer is (D).

For the motion of the electron along Y-axis
1eE

d:EEtz (1)

where E is the electric field due to the charged plate
given by
=2 (2
&

where o is the surface density of charge of the plate.
The time taken by the electron is

=" ..3)
u

From equations (1), (2) and (3), we obtain
j_leo ( ]2
ZSQm u
B 2deymu’

ef?

Hence, the correct answer is (C).

q

Net electric field due to both charges —, will get can-

celled. Electric field due to (m) will be directed in
—ve axis 3

RGN

dmey\ 2R 2Rsin60°  2Rcos60°

PE. of system =

PE. of system # 0
Force between B and C

294
1 (3 N3) 1 4x2f

" d7e, (2Rsin60°)  4mey 9x 4x3R2

CHAPTER 1
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25.

27.

ICON

2q2

" 9x3x4mg,R?

2

(attractive)

_ 1 q
54 nig, R

Potential at O is

24
I S R T

dre, R

=

Hence, the correct answer is (C).

Since both the particles exert equal force on each other,
so the angle of deflection for both must be the same i.e.
a=p.

Hence, the correct answer is (C).

According to the METHOD OF IMAGES, we place a
mirror charge —q of mass m at x=-d.

The two charges will move towards each other till they
collide i.e., until the charge g reaches the plane. Let at
any instant the charge ¢ be ata distance x(f) from the
plane. By Law of Conservation of Energy we have

2 2
-1 —q 2
= 2
(d+d) 2 [”dx }]
Energy at Energy at any
t=01in = instant t in
c.g.s. system c.g.s system
: Potential = 0
Image
charge
- == ——>»x
(-q, m) (g, m)
:
1
- dx o q jd-x
\/_

\/Zm
=
Vd x
0
= t=Jdt=27mJ ’idx
79 d-x

= 2 2md®

3‘i

Hence, the correct answer is (A).

28.

29.

30.

{P(0, b)
H—a—hiq—a—u
-H—0
a ' a
1
'

OP =+a* +(\/§H)2 =2

By Law of Conservation of Energy
(u+k)p =(LI+K)O

2 2 1
S R SR . B .
4drey (2a) dmega 2
= 1mvé: Q1
2 dmeya
= I?D= Qq
2megma

Hence, the correct answer is (B).

A 2A
tanf=——=

En

Hence, the correct answer is (B).

In AABN sin(90-a)=—
X

cc»sot=E (1)
X

In AAOB x=2.€sin[g)

= sin(g]=% ..(2)

From (1), we get

cos(‘)[}—g]=E
2 X

= sin(g]=E ..(3)

X

From (2) and (3), we get



31

32.

33.

ICON

mg sin @ 3

Also, for equilibrium of ¢
T = mgcos6
F =mgsin®

Since @ is small, so

)

oony)

- 4me,x” " [
=l

7 e, (2nn) "R

= 79 =2mgh
dmegx

= Wy =mgh+2mgh=3mgh
Hence, the correct answer is (B).

According to option (D), the electric field due to P
and S and dueto Q and T add to zero. While due to
U and R will be added up.

Hence, the correct answer is (D).

Each of the charged sphere will have potential energy
due to its own charge or self energy
14

b 8me, v
The mutual potential energy stored in one sphere in
the electric field of the other is

17

ZhUp!
_hi2 _ g -
: > 4me, R

dregry,
Therefore the P.E. stored in the system of spheres is
2
1 1
U=2U,+U,=—— [—+—]
dregLR 1
Hence, the correct answer is (A).

At the surface of the charged sphere, whether it con-
sists of a single piece or two pieces close together, the
electric field strength from Gauss’s Law is

34.

Hints and Explanations H.45

1 Q

~ 4ge, R
The electric charge per unit surface area is

o= QZ
4R

1
This electric field exerts a force AF =EEAQ on the

charge AQ=0AA which resides on a surface of area

AA, as illustrated in figure. The reason for the factor
of % is that the electric field strength is E at the outer
surface of the sphere and zero inside and hence its

E
average value comes out to be 5

The force per unit area exerted by the charges on the

pieces of the sphere is therefore
AP Q°
A a2 i P
AA  327m7gR

The required force can be considered to be analogous
to the force with which a liquid having a pressure p
would push apart the two pieces of the sphere and this
force is also the product of p and the cross-sectional
area of the intersection of the plane and sphere.

_______

So, F=pa= p(fcxz)
= F=px(R2—h2)
Hence it follows that the two parts of the sphere can be
held together by a force
2
__Q (R?-1?)
32]I€0R

Hence, the correct answer is (D).

At any point over the spherical Gaussian surface, net
electric field is the vector sum of electric fields due to
+qy,~q, and .

Don't confuse with the electric flux which is zero (net)
passing over the Gaussian surface as the net charge
enclosing the surface is zero.

Hence, the correct answer is (C).

CHAPTER 1
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35.

36.

37.

38.

ICON

All the three plates will produce electric field at P
along negative z-axis. Hence ,

E=| 2420, 0 (_,;):_2_0;;
2, 2, Z2¢, |

Hence, the correct answer is (B).

Since V:ZV,:L i1
4mey I

= Vth:V +V

at th at Nﬁr at Nf’r
duetol dueto2 due to itself
= V,= Q + Q. NQ
N" 4mey(Na)  4mey(Na) 4d7ey(Na)
3Q
Oy
= o = Q (1+2+3+....+N)
N" 47, (Na)
SV, = Q N(N+1)
NT dmey(Na) 2
{ 1+2+3+...+N= N(N;l)}
N+1
= V m = M
N 8meya
Hence, the correct answer is (A).
Charge on smaller sphere
=) 4R
2 2
1 1 VRY 1\ V
Potential difference =i(— - —]=(—)[—]=—
drey\ R 2R 2 J\2R) 4

Hence, the correct answer is (B).

V=V,

urface

sphere

V.

outer

shell

39.

40.

41.

Q Q

= V= -
4]1'80151 4ﬂ£0b

V

outer
shell

Potential difference=V"=V.

surface —
sphere

Lo ( Q20 (Q 20
dmeqa  Ameyb dmeb  Ameyh

S v &(Ll}v

) drey\a b

Hence, the correct answer is (A).

From Gauss's Law, we have flux equal to

8C 6C
Echz(Tf]_7C+(??)= 2

& & &

¢=

Hence, the correct answer is (A).

Electrostatics repulsive force :

2
E,= ( G—]RRZ
2¢,

o’nR?

F:Pﬂ‘e: 2
0

Hence, the correct answer is (A).
In equilibrium, mg =gqE
In absence of electric field, mg = 6znrv
= gE=6mro
4

—:er1r351'=E
3 8

3
4 (98 ), 4E
3\emo) " g

After substituting value we get,
g=8x10"" C

m=

Hence, the correct answer is (D).
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42. Let us consider an element of arc length dl having a ~ 44. Consider an infinitesimal concentric spherical element
f thickness dr, radius r. If dg is the ch thi
charge dg . Then dq:( o ) il of thickness dr, radius r. If dg is the charge on this

2y element, then
do de
dg 2 2 d
Tcos[z]d;?f-qu;os (?
2T sin(%)
F
dq=pdV {where dV =4rr*dr) (a4
(o4 =
= dg=por’ \4ar-dr
o
= dq=dnp,rdr <
If dF is the force of repulsion between the element 0 R XL
and the charge %G at the centre, then = Q= qu = 4xpojr5dr v
0 0
dF = L( q—“)d—j (radially outwards) 6 IR
dmeg\ 2 Jr - Q—4irp0 r
For equilibrium to be there 6l
2
dP=2Tsin(d—9] = Q=ZapR°
2 3
1 g, dq 0 Hence, the correct answer is (D).
= —5=2T| —
Smey 2 45. gE=Mg
d a6 o_
{ for small angle, sin( —9) = —} g—=Mg
2 2 &
Q
o gy g =M
1 %( ) dl Ag,
b 0
e, r r
) e = Mg—jdlfu
I Q
16m%e,r* Hence, the correct answer is (B).
Hence, the correct answer is (B). 16 _ 0
. air — 2
43, o X x| i
4 P 9 Let us now replace the slab of thickness t with an
equivalent amount of air such that two charges placed
E,=0 in air at separation x will experience the same force if
A 9 the separation between them completely has a slab of
= = 5 dielectric constant K between them. In such a case
x* (20-x)
N2 __ 0
= 20-x = % 47[802(2 471'60Kt2
X
— 40-2x=3x = Equivalent separation in air =x = K

So, now the effective separation between the charges is

r=r—t+x=r—-t+tJK

= x=8cm

Hence, the correct answer is (A).
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= r=r-t+tK

So F'= 7192
dmeyr'

F = hi2

= 2
4R£D(r—t+t\/f)

Now, as per the problem we have f= %

- F’=41 192 .
ey ror
LN
(545 )
L opot 9‘11‘?22
471'80 (2+\/E) r2
F 9 9
= —:—2=_
Fy (1+\/E) 25
= 2+JK=5
= JK=3
= K=9

Hence, the correct answer is (C).

47.
................. E
R
L

Flux due to curved surface=0

Since field lines enter at one end and exit at other, so

total flux equals zero.

Hence, the correct answer is (D).
48.

)

_ %, Q

" dmeyr  4meyR,

Vr—L[%.l_%J

_47r£0 r R

Hence, the correct answer is (C).

49. Consider an element of length dx, carrying a charge
dq atadistance x from O . Then, by definition

dq=Adx

51.

52.

p: dq
= dg= AD( I}dx 6 % |
H— X —P—H
0 X L ax
= qu = —ijadx
L
0 0
Xy ﬁ]
= == —
Q L\ 4
AL
= =—
Q 4
Hence, the correct answer is (C).
E= A
2meyr
= E« 1

-
Hence, the correct answer is (C).

Each ball is in equilibrium under the following three
forces:
(i) tension (T)
(i) electric force (F)
(iii) weight (W)
So, Lami’s theorem can be applied.

In vacuum In liquid
TcosB=W (1)
Tsinf=F .(2)
T'cosf =W’ (3)
T’sinf=F ..(4)

So, from (1), (2), (3) and (4), we get
w_w
F F

where W =W -U=Vpg-Vog and F’:é

Yog Vpg-Yoi
FoF

K

= K=L
p-0

Hence, the correct answer is (D).
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5, v=—92 ¢
4me,R - 4mey(3R)

4mey \ 3R

3VR

= Q=(4:r£0)(2)

= E=L2
4re, (3R)

(3VR)
dmeg| =
= E=

47, (3R)?

V
E=—
6R
Hence, the correct answer is (D).

55. F=F2] =L3(F_?D)
drey|F -7,

where 7 -7, = 6?—8}

= |F-7|=10m

w3 6 9
:50x10 x2x10 " x9x10 (61’—8]')

So, F 3
(10)

= F=9x10"(61-8j) N

= |F|=9x10*6% +(-8)

= |Fl=9x10° N=9mN
Hence, the correct answer is (B).

56. For equilibrium of Q

k@:k 49Q X d-x
(d-x) soommame oo :
q Q 4q
o 4-x,
X
= d-x=2x
d
= x=-
3
For equilibrium of ¢
kQq kiq*
—+——=0
x? i
Qq 40 _
(dzf‘)) d2

57.

58.

59.

Hints and Explanations H.49

= 9Q0+44=0
44
= =-—
Q 9
Hence, the correct answer is (C).
Since A= Q
2nR

and the tension developed in the ring when a charge is
placed at its centre is given by

= Qo = iOQ 5 (wehave done this already) L
4me,R - 8mgyR (a4
Further, by Laws of Elasticity, we know that E
(3] <
Y= Stress | A <
Strain [ AR XL
R V
TR
~AAR
~ ar=TR___aQ
AY  8m°g,RAY

Substituting 4, =10* C,Q=rC,R=0.1m, A=10" m?,
Y =2x107" Nm™, we get
AR =225 mm

Hence, the correct answer is (B).

Same electric field near surfaces gives

Q __ &

dre R 4meyR2

Q _R

2
QR

Further

N_QR_R
VZ QZ Rl RZ

-3
dreyR

Since the spring is metallic so the charge distributes

Q

equally on both the blocks. Hence a charge 5 resides

Hence, the correct answer is (A).

on each block, due to which the blocks will repel each
other with a force given by
5)5)
1 {22
F=—>=2=2=k(L-L
dre, I (L=k)

Solving for Q
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60.

61.

ICON

Q=2L fdmesk(L-Ly)

3L

Substituting L= > we get

Q=3Ly27, L,

So, OPTION (A) is correct.
Hence, the correct answer is (A).

F gE
Velocity of particle at time t is v = at where a = — = T,
moom
_ qEt
S om
2p2,2
So, K.E.= 1 mo® = rEr
2 2m

Hence, the correct answer is (C).

Let q; and g, be the initial charges on the spheres,
then according to Coulomb’s Law

N2
(0.5)°

= 4 =3x107" (1)

0.108=9x10°

After connection, the charge flows from one sphere to
another till both acquire the same potential (or in this
case equal charge). So, final charge on both is

h—h

qf=T

(as initially they have opposite nature)
Now, again according to Coulomb’s Law, the repulsive
force is

2
(%_%J
0.036=9x10"*—2 2
(0.5)
L g 2 0036x025x4
1= 9x10°
= g -q=2x107 . (2)

Solving (1) and (2), we get
3x1072

. T

= i -2x10"4,-3x107"% =0

=2x107°

th

2x10° +4x1072 +12x1072
- 2

_2x10°+4x107
2

= ¢=3x10"C and ¢,=-1x10"° C

= 0

= 0

62.

63.

64,

65.

66.

= ¢ =3uCandq,=-1uC
Hence, the correct answer is (B).

Since, all A, B, C, D and E lie on an equipotential sur-
face so,

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

2

Nsin60=mg and Ncos60= q 5
4H80R
N sin 60
N, !
60°\ ! E
- ——— =
N cos 60 4;;50}?2
mg
= tan60°= M
47eyR?
2 dmeymgR?
= = v o
V3
1
4 R? )2
- q[ﬂf%]
3

Hence, the correct answer is (C).
2 2
U=4] T |42 1
dmegn 4meg2a

u=[i)£(ﬂ4+ﬁ)

dmey ) a

Hence, the correct answer is (A).

2

q

dmeyr”

= pumg

2

_“(10500](10)

Hence, the correct answer is (C).

9%x10°x(107)
(10x102)’
= u=018

Here we shall use a logical trick. If a charge of 4 uC
had also been placed at A then

Ea+Eg+Ec+Ep=0

= EB+Ec+ED =-Fq
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3 For equilibrium of m, this F, , must balance the weight
= = = kl4x10°) _ ne
= |Es+Ec+Ep|= — of the particle mg (downwards).
(142)
R 4Qh o
= |Ez+Ec+Ep|=(9x10")(4x10)(2) i g
- - - . 4ﬂ£0(h2+'—]
= |Es+Ec+En|=7.2x10* NC 2
Hence, the correct answer is (A). mgme, ( ) 2 JSEZ
= Q = —_— h + —
I | h 2
67. JE dA=—9q .
& Hence, the correct answer is (B). —
o E(2mrf)= 1 (2¢0) 69. Field lines always enter or l.eave asurfacenormal toit. fa'4
& Hence, the correct answer is (D). E
= E= A 70. (Fner)q=0 &
2meyr §
Qp . 4q° 112 112
. k— 4+ L = e———— ————— .
Hence, the correct answer is (C). = Ay + e g 5 . U
68. The force due to one charge on the charge at P is 2

shown here. When all the forces are taken into account, 1
then the sine components cancel each other. So, where k= ——

dre,
F.= Fy =4Fcosf
= 4Qq+44"=0
= Q=-q

Hence, the correct answer is (A).

71.

(1) . po L (@) ¢

Y [, 2 " 4me, (2R)* 4mg,R?
L R I ey

Fu = JF? + F2 +2F% cos60

= F.,=4

40h
= F,.= ‘ UPWARDS 2
t /2 i ( ) = Fnet=\/§1:=\/§ ; 2
dmey| W + 5 4e,R

2

Fcosé ot = \/gq 5

4me R

é, Fsing Hence, the correct answer is (D).
X =.|h2+ % Y y 72. According to Gauss Theorem
h J_.
X Flux=¢= 4
&

/
N Hence, the correct answer is (A).
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73. Since charge resides only on the outer surface of con-
ductor, So (D) is the correct option.

75.

Hence, the correct answer is (D).

74. In this problem, let us first calculate the value of x in

terms of other known parameters. Let us consider the
particles to be in equilibrium, then

T cosB =mg (1)

2
Tsinf=—1 76.

.(2)

dmeyx®

Since x < /

tan@ is very small and hence tanf=6= % 78.

2

xX__ 1
20 dmgymgx?

X
=

3

2
x gt

- 2megmg

o)

Take derivative of (3) w.r.t. time, we get

—

qu
2meymg

=

{
3x2 d_x I zq( di]
dt  \ 2meymg dt
dx 6
But according to the problem, v=—=—
& p i i

3

26 X (dq]
— = 2] &
= ?,:c\/37 q2 th
dq q
= 39(—]
3
Butx—2= !
g~ 2meymg

dj_g 2me mg
i\

Hence, the correct answer is (D).

Since, E = 5i +2]

A=2i
(as area vector is always directed along the outward
normal)

So, ¢=E-A =10 SI units
Hence, the correct answer is (A).

Consider an infinitesimal ring element of inner radius
r and outer radius r+dr having a charge dq on it.
Then

dq=0o (Area of infinitesimal ring element)

= dg=0(2nrdr)

o]
But 0'=—£
r

= dg= %(medr) = 2?:0'0%

b
= q= qu = 271'0'0‘[% =270, logf(gJ

a
Hence, the correct answer is (D).

Since the spheres attract with a force F, so let g; and
~q, be the charges on the spheres, then

_ 1
47{80 d2

(1)

When the spheres are brought in contact, then final
charge onboth is g (say), given by

=q1+(_‘?2)=‘h*5f2
2 2

These spheres with new charge g, placed at separation
d, again repel with force F. So

o 4 _( 2 )2

- 4H80d2 - 4ﬁ£0d2

So, from (1) & (2), we get

2
(2 ]_‘h‘h

47I€0d2 - 4ﬂ£0d2
= g +q; - 2019, = 4,0,

q

=42

M~

= g +q;-6q9,=0

oA

L
P

T

P



79.

80.

ICON

L h_6:V32_ 63248
o2 2
= q—1=3i\/§
)

So, ratio between the initial charges is

M- _(3448)
2

= Either q—1=f3f\/§ OR q—1=f3+\/§
— —12

Hence, the correct answer is (C).

AV

Since |E|=— 82.
A

"
In AABN
BN

in(30°) = —
sin(30°) I

= BN:(lo]sin(SO“)
100

= E:%
(—)sin(BO")
100
= E=200Vm™

E must be perpendicular to the line indicating equipo-
tential surface. Hence it must be directed at 120° with

X-axis. 83.

Hence, the correct answer is (C).

For Solid Sphere

R,
q1=deV=J‘%(4nr2dr) 84,
0

Ry

R
= = 4erDJ.rdr =4mp, >

0

= q,=2xRip, (1)

20V
\ 81.
307~

7 /P

Hints and Explanations H.53
For Hollow Sphere
4= (4RR§ )(—0‘)
= = —~4nR3o (2)

Since, total charge on the system is zero, so
f1tq,=0

= 27R}p,-47R36=0

= Rip,=2Rc

L R

Ry V2o

Hence, the correct answer is (C).

q
¢f0tm‘ =
&

CHAPTER 1

Ly 4
¢face - 6 ¢fufm‘ - 6 g

Hence, the correct answer is (A).

Since electrostatic force is conservative in nature, so
work done by the force in a closed path must be zero.

Wp_o + Woosr + Wross + Wop =0
= Wps=-Ws,p

( Work done in

the process ) =Wr05rss = Wpoys == Wesp

Further W,_,, =F-SP
= Wep =(qE?)- a?-%—b}')

= Ws,p=qEa

= Work done in the process = —gEa
Hence, the correct answer is (B).

The velocity of the particle will first increase and then
decrease. Thus total potential energy will first decrease
and then increase.

Hence, the correct answer is (C).

B ﬂmZgZ +q2E2

net
m

mg
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85.

86.

88.

89.

90.

91.

92. When connected by a long wire then

= T=2n

Hence, the correct answer is (B).

Qi _CV _ dmeR\V
Q GV 4me,R,V

QR
Q R

Hence, the correct answer is (A).

kQ kQ
g1+4, =20 uC (1) 9% El=—21 and Ez=—22
1 2
According to Coulomb’s Law )
E_GR
9 14 = = 2
0.075=9x10" 112 E QR
(3)
E, R
=75x107" .2 = 1=2
> g, =75x10 @) ER
Since .
) , Hence, the correct answer is (B).
- =(q+ -4
(=0 =(0+ ) -4, 94. Field at the point P is only due to inner core, so
= g, —, =~400-300 uC
= g-g,=10uC ..(3)
Solving (1) and (3), we get e
q=15uC, g,=54uC
Hence, the correct answer is (B).
Electric potential along the x-axis will be zero as Z7=0
and distances of the point from the charges is zero. So, [ ( 4 ] 3 )
p| = |ar
x=y=0 _ 1 3 _pr
2
Hence, the correct answer is (C). dre, r 3,
Whatever may be the charge on the surface of a shell Hence, the correct answer s (A).
field inside it is always zero. 9. V,=0

Hence, the correct answer is (C).

Charge on the inner surface will be —q and that on

EQ=EA+EB+EC +ED

the outer surface will be zero so to make electric field Es+Ep= Az (_})
inside the conductor zero and potential of the surface dre ( L )
to be zero. V2
Hence, the correct answer is (D). 9 ﬁq i
= Ea+Ep= ~
The potential at the centre of a hollow sphere is equal e dmeya’ ( /
to the potential at its surface. o
Similarly
Hence, the correct answer is (B).
= = 2\/5-'?] 2
Radius of the semicircle, R = L Ec+Ep= dreya (_} )
™
N N
Electric potential, V = —1—=—1_ Eo= qu(
dme R 4e,L drmeqn

Hence, the correct answer is (B).



97.

98.

99.

101.

102.

103.

ICON

- |Eo|=(4ﬁq]i

a’ )4ne,
Hence, the correct answer is (B).

Let P(x, y) be the point where potential is zero.

20 Q 0

47reﬂ\/(x+ 3(1)2 +y2 4ir£u\/(x 73a)2 -I-y2

= (x-5a)" +y* =16a°

So, OPTIONS (A) and (B) are correct.
Since potential at the center is positive, OPTION (C)
is also correct.

Hence, the correct answer is (D).
Wyp= Q(VB - VA)
Wysc= Q(VC -V )

Since V- =V as both B and C lie on an equipotential
surface.

Hence, the correct answer is (B).
1
Kinetic energy of the particle = Emvz +4Ey

Hence, the correct answer is (A).

The ball will be at equilibrium at an angle 6, , where

E
tanf, = il

mg

The tension will be minimum for

mg

Hence, the correct answer is (D).

E
6=Jr+90=zr+tan_l(q—]

-Q

Y
7

Since field inside the shell is zero. So,

3Q

4, R?

Hence, the correct answer is (C).

Electric field due to wire A at a distance R fromitis
_ M
' 2mg R

104.

105.

Hints and Explanations H.55

Wire B is now in the field of wire A . Let us consider
alength ¢ of wire B. Charge on this portion will be
7, = A,4f. So, force experienced by this portion of B
(of charge g,) due to field of wire A is
h
2meyR
B~ A 244,
¢ 2megR 4mgR
E
- 4= K[—u’llz ]
( R

Hence, the correct answer is (B).

By = g:Ey = ()

CHAPTER 1

The motion of the charge will be like projectile with
range

AR 2(§]= v sin(26)
2 a

2
R

sin(20) a

For minimum velocity, sin(26)=1

£ R
qE 7 3g, 2

where n1="—=
m m

0= ii—iofi%:jo_s =2x107" ms™
= 17,=002ms™"
Hence, the correct answer is (A).
Since, U=-p-E and
N=pxE
U is MINIMUM when 6=0° and for 8=0°
N=0

Hence, the correct answer is (A).
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106.

107.

108.

109.

ICON

Electric fields at the center due to the charges on
opposite corners will cancel each other. Therefore at
the center net electric field will be due to only that
charge which does not has charge on the opposite
corner.

1 q _ 1 g 1 q
4]?.'80 xz 471'60 (23 )2 16?1'50 ﬂ2

net

Hence, the correct answer is (B).

Let Q be divided into g and Q -4 . Then
1 q(Q-9q)

F= 2

- dre, r

For F to be MAXIMUM j—F =0

q
d 2\
= d—q(qQ—q )-D

Q-29=0
_Q
= =7

Hence, the correct answer is (A).

Since the point where electric field is zero is nearer to
g, therefore

G2 >4
Again electric field is zero between ¢; and g,, there-
fore, both charges must be of same nature.

Since electric field due to g, is towards right and that
of g, is towards left therefore q; and g, are positive
charges.

Hence, the correct answer is (A).

Both A and B have same radius and same potential.
Hence

ayoQ

dneyr

Q=05 for both}

Hence, the correct answer is (C).

110.

111.

112.

For potential energy to be MINIMUM, the charges
with maximum value must be placed the farthest.
Also MINIMUM potential energy implies equilib-
rium i.e.

Z F = O - —— j(_ —— ——— L]
For equilibrium of q

1.2 1 8¢
2 dme, (9-x)

(2

= 9-x=2x

drmey x

= x=3cm
Hence, the correct answer is (B).

In the region I and III net electric field is zero.
In the region Il net electric field is

o -c
I I 1l
o-—---—f------f------ [
A B
6 o0 © N
Ej = —+—=— and is uniform.
2e, 2¢, ¢,

Hence, the correct answer is (B).

111
V—i(1+—+—+—+....)

C4me,\ 2 408
VI B
4rne, 1_1
2
1
= V=—(2
leg0( q)
E=L(1+l+i+....]
4re, 4 16
= 1 !

p=_4
43’[80 [1_1]
4

)
43{50 3

Hence, the correct answer is (D).
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113, V=i[1—1+1—1+....) AW B
dre, 2 48 dmegh  Amegh
= 1/iI'll'lEI' > VOU er as b > a
= V= L Ll i
4ne, 14+~ Hence, the correct answer is (B).
2
117. Electric field at O depends only on the induced
1 (2g .
= V=—"]= charge on the outer surface of the spherical conduc-
4\ 3 tor. Shifting of 4 within the cavity does not change
E=E, -E. distribution of induced charge over the outer surface.
Hence, the correct answer is (D). —
= E—L[1+l+ ]i(l+l+ ) = o (a4
dme,\" 16 ) 4meg\4 64 118. E=-W i
: B B P I B
q 1 1 ox “dy  Odz
= E 1 1~ 1 <
|- Lo L au T
—=6-8y" - 8x
16 16 o y V
o g (E _ i) au
dmey\ 15 15 —=-16xy-8+62
%Y
= B g Gi) Mg
g, % y
_ 1 (i) At(0,0,0)
dmey\ 5 au .
Hence, the correct answer is (C). Y
- . o au
114. Net electric field between the plates is E=— -8
€ dy
] au
: 2_19
Since 0 ===— —=0
A 2A 0z
q E| o ah
= FEF=—I1— = Elg0,00=-6i +8
22,4 (0,0,0) ]
Fl_ -1
f 2 = |El=10NC
/2| |q/2 = |Fl=glEl|
= [Fl=20N
R REE Hence, the correct answer is (D).

Hence, the correct answer is (A).

115.
Qy

"

NN

dmeyb

Q

dreya

inner —

119. If angle made by the electric field due to the dipole
with the radius vectoris ¢ then

tang = %tanﬂ
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120.

121.

122

In this equation

T
-Z-9
¢ 2

= tan(z—ﬂ):ltanﬂ
2 2

1
= cotf= Etanﬂ

= 6=tan’1(\ﬁ)

Hence, the correct answer is (D).

Apoo . .B
: \\ |
|
AN
1 *. |
: \\ 1
|
I ~gC
> :R’FCD
Fea
Fea
\/qu qz

7t 2
dreya dre, ( ﬁa)

NECE.

=
e 2 drega*

net —

Hence, the correct answer is (C).

V-V, = —JExdx = —%(0.03)
400
m%=J%@=-ﬁﬂmm

where V; is potential at origin. So,

40
2

4
= VA7VB=E=2'8V

V4 -Vy=—=(0.03-0.02)

Hence, the correct answer is (D).

4 +qr=Q
9 dnr’o B r?
gz 47R%c R
2
S er
g R
From (1) & (2)
Qr* QR?
= and g, =
TR KR 442

ICON

124.

125.

126.

So, V=t fR_
dmeyr  4meyR

Q( r+R
V=" 22
dmeg\ r" +R

Hence, the correct answer is (A).

Initially potential difference between the spheres is
VA - VB

Since earthing of B will make potential of B zero but
potential difference will not change because potential
difference between two concentric spheres depends
only on the charge on the inner sphere. Hence

Final Potential Difference = Initial Potential

Difference

= V,-Vi=V,-V,

= Vi-0=V,-V;

= Vi=V,-V

Hence, the correct answer is (C).
qQ Q?
TR ey

LQUe5, 90

o] ZE— oq
For net force on Q to be zero

9Q Q? qQ

+ cosd45+ ——
dmeya®  4ne, (242) dnega®

c0s90=10

= Q= —Z\Eq

Hence, the correct answer is (D).

Method 1

Let origin be at A, then co-ordinates of points A, B

J%] ,
—— | respectively.

/
d { d| -
and Care (0, 0), (4,0) an (2, 5

C
A—2q
/N
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129.
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= p= ngé
Method 2 (Shortcut)

p= (M[‘Eﬁ]

because

_ ( Either \( Distance of
P=\ charge |\ separation

Hence, the correct answer is (C).

Angular momentum is given by

L=7xp
= L=rpsing
= L=1x,(mv)sin(90°) = xymo

Now, at time t, the velocity is given by

U=at=(@}t
m

= L=x0m(&]t= (gEgxg )t
m

Since the speed of the particle is increasing with time,
therefore angular momentum is increasing with time.

Hence, the correct answer is (C).
P isany inside point at distance r, from O . Consider

a spherical surface of radius r, as Gaussian surface.
So,

By symmetry, E at all points on the surface is same
and angle between E and dA is zero everywhere. So,

130.

Hints and Explanations H.59
QSE.dA = EA = Jenc
£
S
= E(47rr12)=q‘ﬂ (1)

&

Now, let us calculate g,,.. The sphere can be regarded
as consisting of a large number of spherical shells.
Consider a shell of inner and outer radii r and r + dr.
Its volume will be dV = 4xr*dr. Charge dq on this
shell will be
dg=pdV = é(élzl'rzdr )= AxA(rdr)
r
So, total charge enclosed by Gaussian-surface is

" ,
Jenc = J.dq = 47TA-[I‘d}‘ = 47;14( %]
0

n 2

= fenc = 47rAJ.rdr = 4R'A(%] = 2 Ar}
0

From Equation (1), we get

2mAr?
E(47rr12)= T
&
= .E:i
2¢g,

Hence, the correct answer is (D).

Direction of electric field with the axis of dipole is
given by

6+ tan™ ( tand )
2

Here given that E is along y-axis, so

6+ tan_l[—tane) T
2 2

@----- .':S.q__o
-q +q
tan@
= ——=cotf

= tanf=2cot0d
= tan’9=2

= tanf= \/5
Hence, the correct answer is (B).

CHAPTER 1
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131.

132.

133.

ICON

g1+92 , 41+Qz
a4 r a4z 2 E 2
O----mmmmmmm e ®} Q--------- Q
Initially Finally
Initially, F = ﬂzz
drmeyr

After contact i.e., finally, we have

, (%"“h)z

p= R

dme,r”

Since, F'=4.5F

(n+m )2 _45q,
LI

2
r r

= 247 +2q3 + 44,9, = 94,0,
= 20; +2; -5q,7,=0

2
= i +2—5(ﬁ]=0

A 0

i
P

= 2x%-5x+2=0, where x=

= 2’ -4dx-x+2=0
= 2x(x-2)-1(x-2)=0
= (2v=1)(x-2)=0

= Jc=1 or x=2
2

= h=2

Hence, the correct answer is (A).

Due to induction, charges will appear on the surface
of sphere as shown in figure. Electric field lines never

enter any conducting surface and are perpendicular
at the surface.

+ + + + + + +

Hence, the correct answer is (C).

k(10)(90)

r2

F=

Charge on each, when contact is made is given by

10+(-90)
2

fi=4= =-40 uC

134.

135.

136.

137.

So, new force F’:WL)ZMO)
.
F'_40x40 16
F 10x90 9
Pl
9

Hence, the correct answer is (C).

(due to -4q and -3q) E E (due to +4q and 3q)

E (due to +6q and +5q)

Since all fields are equal in magnitude and are
inclined to each other at 120°,s0 E,, =0

Hence, the correct answer is (D).

+q r —-q
Q-----=----- Q
7
F= > and when 25% of charge of one is trans-
dreyr

ferred to the other, then we have,

47reﬂr2 16
Hence, the correct answer is (B).

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

dx

J.4sz2dx (ax)
Jir ] 2

1
F=—

- dme, r*

dmeyr?

Hence, the correct answer is (B).

If 20" charge is also placed, then
E, =0 (by symmetry)

= FD'1+P0'2+P0’3 +...+F0'20:U
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L . ) Q 2qE
= |B B, oot By sol=| Ry |2y m=y = x=-1
dmeyn k
Hence, the correct answer is (B). Hence, the correct answer is (A).
138, > 143. )
29.m Q—— F=2gF t 4+ 4 4
E ’ i ﬂ : @ ."‘ N
2q,2m @— F=gE e 2/t
> ® + \\ i III “®
1 | el
KEA EmAUA + Bme +
KE, 1, o AN -~
2 BE 2 /|\2 E
Since, V=1, +a,t E; E,
r VA A A E2 I-
2qE - - A
= Vy=——tand By Symmetry, E1‘= ‘E3| <
" XL
1 (2qEt 2 So, on resolution, their x components will cancel. @)
KE, _ M T However their y - components will add up to give
KEp 1 2kt Y’
_(2,,,[)(_ o ) (1
’ om (El+3)y—ﬁ(coso —cosﬂ)—@ I—E
Hence, the correct answer is (A). o 2
140. gE E Similarly, we have
A 24 (1
E,=(E,) =——2sina=——| =
2=(Ba), drey/ 4m:of[ JE)
mg 24 2 1
B = En=(Ens), +(E), = ,(2"']
= gE=mg ¥ Yo dmeyt NN
= neE=m A
8 = Enet:m(z‘/g_l)
_mg _ 1.6x107 % 9.8 o
" eE  1.6x107x10° Hence, the correct answer is (A).
= n=98x10 144,
Hence, the correct answer is (A).
K(Q)(2
w1 p= Q)
’
When allowed to touch, we have
{3)S)
FF=—=2t~=-
r? So, Fy =2 —g
, F
= F=3 1) 44,
= ‘an'r = \/E B )
Hence, the correct answer is (C). 2/ 4y

142. Since work done by electric force is equal to the gain Hence, the correct answer is (C).

in elastic potential energy of the spring, so 145. mg=qE

%kxzqux = mg=(Ne)E {'.‘q=Ne}
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146.

147.

ICON

= %nﬁxpxg:NeE

N = 4:rr3pg
3eE

Number of moles of the metal in sphere is 7 =%

3
H= EM

3 A

3
So, number of metal atoms = %w

3
Total number of electrons = %m Pﬁ axXZ _

A
So, required fraction = N__ g
N, €EZN,

Ny

Hence, the correct answer is (C).

For system to be in equilibrium, 7=0

Let us take the torque about the point P, so

gE[2Rsin(30°)] = [ mgsin(30°) |R

p="
2q

=

Hence, the correct answer is (B).

Assume a charge q to be placed at the eight corner
too. Then by symmetry, we have

E=0

= E‘m_"‘EQZ +...+E08:6

Pl

= |Ey+Ey +...+E07‘=

= Ecentre = EO

3wyl

Hence, the correct answer is (B).

148.

Figure 2

Figure 1

When no field is applied as in Figure 1. Then, we
have,

T\ cosf =mg (1)
2
T,sinf =" -2
r
2
= tanf=— ..(3)
8

When an external field is applied such that the pen-
dulum makes an angle 6 to the opposite side, then
o = —0. From Figure 2, we get

T, cosa=mg ...(4)

2
muv

Tsino—gE=—
r

2

mo
= T,sina=——-+¢E ..(5)
r
2
ﬂﬂ;E
= tana@=-tanf=—"———
mg
2
2 %Hﬁ
= =
g mg
2 2
Lo _m
r r
2
. qE:_Zmz)
r
2
- E__va
qr
(negative sign implies opposite direction)
2
= |El=g=2"
qr

Hence, the correct answer is (C).
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150.

151.

152.

Hints and Explanations H.63

F=10x102x10N=10" P
2 = T= q—z +mlw?
Since F=—1 drey (20)
4:r£0r2 5
q 2
= T=———+mlw
= q=dneFr’ 167,12
_ [01x036 P10 C Hence, the correct answer is (D).
7= 9x10° 153. Angle of resultant with x-axis will be o+ 6, where
Hence, the correct answer is (D). tang = 1tan9
pa —
E=— E
3¢ A [+ 4
Eeq @ Eaxial I-I-l
epa 4
= F=¢E= WAL
3me, P P o
Acceleration = P 9 §
- -q0----- 120+
3?”80 5 q U
—p

Angle ¢ = tan'l(m;e) +0

_I‘i@r = ¢;=tanl(#)+9

= ¢= tan_1(0.5)+%

l .
Since s = _[ pea ] 2 = 2y Hence, the correct answer is (B).
2\ 3mey 154, T
. 6v2re,m / \\.
\ pea ' i
Hence, the correct answer is (A). \ r QF /‘f
2 e S
F=| 2 |a
2¢g, mg
Since a soap bubble has 2 free surfaces, so ] mo*
F=2T(2zR) Since (T+g;JE)—n-;g=T
o’ (o2 mo*
= 2[T(2ER)]=2—£0(HR ) = 10mg+QEfmg=T
2 E 2
T= oR = 9mg+ Q— -1
880 m L
Hence, the correct answer is (A). QE
= v=,[L|9¢+—
! m
F. gm T 1 'ﬁib » Hence, the correct answer is (C).
|
l 155. F=—
: dmeyr
T-F =mlo*
= log,F =logfm—210ger

4?{80
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158.
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= y=c+mx

= m=-2

Hence, the correct answer is (A).
zZ-axis

q0(0,0,d
(a,0,0)

pT—‘ X-axis
E

—401(0,0,-d)

—

Since the point p (a,00) lies at the equitorial line of

dipole, so we have E= 4 3

dre, (P2 + 2 )2
where p=q(2d)
1 gx2d

" dne 3
O (a?+d%)2

5 E=— 2 ()
dmey 5, o
(a® +d2)?

Hence, the correct answer is (C).

Electric flux (ﬁf‘ﬁ = qei, where 4, is the charge

&
S 0

enclosed by the Gaussian-surface which, in the pres-
ent case, is the surface of given sphere. As shown,
length AB of the line lies inside the sphere.

B

(y<R)
In AOO'A R>=12+(0’A)
= 0'A=\R-y
and AB=2 szyz
Charge on length AB is g, = 2JR* —y* x A

204R* — i

So, electric flux is ¢ = @E dA= -
0
5

Hence, the correct answer is (C).

159. 7=pxE=q(2d)xE

Here, 2i=(2-1)i +(-1-0)j+(5-4)k=1-]+k

E=020i Vem™ =20i Vm™

= 7= (0x10)[ (-] +) <20 |=8x10°%(+)

Magnitude of torque is
7=8y2x10° Nm

Hence, the correct answer is (C).

%
_q=¢net =78X103+4><103 =4X103
0

160.

= Yfen = —2000¢, coulomb
Hence, the correct answer is (D).

161. TTTTTTOO

q
0
1 q

= ¢vessel = E¢Gau55ian = E

¢Gaussian

Hence, the correct answer is (A).

162.

m —=------ + x-direction

e
——E=2NC!

5m \
\

T : \\\
1 s
1'r y-direction
I
I
1
I
1

1
[ | Final position

—— R ——>i

Along y-direction

Sy

ol
—uyt+5ayt

1 2
= 5=O+Exgxt

1
t= —U=15

g

Along x-direction

1
S, =ut+ Eaxt2
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= R=2xf+1(ﬁ]t2
2\ m

1 2x107 %2
X

= R=2x1+-—-x 5 1
2 2x107

= R=2+41=3m
Hence, the correct answer is (D).

168 Eyo= uRsin(g]
g

Field due to a single arc subtending an angle of 60°

24 (1 A 6
atcentreis E, = (—) = , where A= Q.
4dme,R\ 2 ) 4me R 2zR
= Ega=——,where 1= By
megR nR

Hence, the correct answer is (D).

164. Since magnitude of each charges are same and situ-
ated at equal distance from centre O, so all charges
will produce same magnitude of electric field at
centre.

Hence, the correct answer is (A).

165.

1
cosf=-===—
ro 2
= 0=60°
Length of ring in sphere is
r=rx20=22
3

So, charge enclosed in the sphere is

Q 2 _Q
2rr 3 3

qenc -

Hints and Explanations H.65

Hence, flux by Gauss Law is

Q

¢=3%

Hence, the correct answer is (C).

166. Q —  —Qq
.

[N —

S =- —

E 4me,L r+(£) r—(E]
=3 2 2

Qq Qq

= F= =
4, [rz_L_ZJ ney (41 - 1)
0 4

CHAPTER 1

Hence, the correct answer is (B).

167. Effective distance in vacuum is given by

r=Jkt +floty = (1 +1)

So, F = QiQ i
amey (tfky + ik, —t =1y )
o Fo Q10

ey (- 1)+ (s -1) |

Hence, the correct answer is (D).

168. a i
+ +
+ +
E E
+ —— |+
+ +

+ +

Electric field due to infinite sheet is independent of
distance and hence electric field due to both sheets
will be equal and opposite.

Hence, the correct answer is (D).

2

170. f,>F ,where F,=—1

dreyr?

Since f =N = umg

2

q

4:r£0r2

= umgz
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7 176. 0is inversely proportional to L
= pZ——— Hence, the correct answer is (A).
dreyromg
177. E,

Hence, the correct answer is (B).

171.  Using Gauss Theorem, we have

1
E=—g for r<R and

I Fe=qE
4me, r* 0
E=0 for r=2R mg
So, correct graph is (A) For equilibrium
Hence, the correct answer is (A). Tcosf=mg and
172.  (-10 °Ciice) (0 °C water) Tsin0=gE
k, k, =80 S =
N M s ™ = T=y(mg)" +(4E)
Given F =F, ., = T=y(80x10x107°Y +(2x10™ x2x10*)?
1 g 1 a9 = T=v64x10° +16x10°

Amey kypf Ameg kyrf

= T=+v80x10°=88x10*N

Hence, the correct answer is (C).

2 2
= k=k T_z =80x i =32 _%mlused_ﬂ_lc/cmxloocm_looc
1= 178, ¢=-emeosed - o =
h 25 ¢ g g g g
0 0 0 0

24 .2
= ki =kn

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

173. .., =E,(x+()(* —Epxt* =E,/° 179. Since, positive charge diverts in the direction of field,
so field must be upwards

So, particle (2) deflects down, (3) up and particle (4)
deflects down

Since, E q= (‘pnet )80

3
= qenc = EOE{J@ .

Hence, the correct answer is (A).
I 3

— E=Epxi 180. A =100k

= ¢=E-A=2300 units

Hence, the correct answer is (B).

e
q
- 181. E,=
X P
/ Areyr?
Xx+1
. Ey= 1 + 37 S
Hence, the correct answer is (B). Q 4‘,,%(21,)2 drey (2r P dme,r’
175. Since ¢A+¢C+¢B=£i = Ep:E,=1:1
0
Hence, the correct answer is (C).
and ¢4 = ¢c . . .
182. For downward motion with constant velocity, we
= ¢A+¢A+¢=£i have
’ q=2¢ and m=32x10"" kg
14
Oa = E( e— - ‘%b] Since motion is downwards, so viscous force is
0

upwards.
Hence, the correct answer is (D).
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FV
mg
6mNrY = mg (1)
For upwards motion with same constant speed, we
have
6mnrv+mg =qE ..(2)
gt E

T

FV
mg
Substitute (1) in (2), we get
gE =2mg

_2mg  2x32x1077 x10

——=2x10° Vm™"
q 2x1.6x10

= E

Hence, the correct answer is (A).

183 Oupe =Si
0

g _ 4Am
¢face 6 ¢cube 6 & 245 £

Hence, the correct answer is (A).

184. The electric field due to Q at any point of square
plate will be along the plane of square, therefore
angle between electric field and area vector of plate
is 90° and hence ¢=0

Hence, the correct answer is (D).

4T
185. Inside pressure must be — greater than outside
r

pressure in bubble. This excess pressure is provided
by charge on bubble. So, we have

P

out

ir_o
T 250
Since 0 = &

Hints and Explanations

H.67

a__Q
ro 167t x 2¢g,

= Q=8ur\2rTg,

Hence, the correct answer is (B).

186. o 7 .

Tsinf=qE
Tcost =mg
= tanf= L =19
mg  2gymg

2e,mgtan6
o o/ng tan
q

Hence, the correct answer is (B).

(L SN AT
ai 92 41 med Q2
E = Kg> _ g4 and E = th2
o 27 dmey(r—t+ HVK)

Hence, the correct answer is (C).

Multiple Correct Choice Type Questions
1 TcosO+qE, =mg

Tsinf=g4E,
qE,
T
0 Tcos@
Tsing qE,
mg

= T(0.6)=3x10°g
= q:ixllT5 T
30

= q=2x10°T

(1)
-(2)

CHAPTER 1
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o T(08)+(2x10°T)(5x10°) = ——(10)
1000
= T(08)+T=—L
1000
1
T=—
= T (100)(18)

= T=55x10"N

= ¢=111x107C

= ¢q=1InC

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

E, isalong OA and Ej is along OB, where
OA=i+2j+3k and OB=i+j-k

Since, we observe that OA-OB =0

= E, LEg (dot product of perpendicular vectors is
Zero)
1

T2

Also, | E| e

and ‘ ﬁ| = 2| (ﬁ|
= |Ey|=4|E]
Hence, (A) and (C) are correct.

Charge density at A < charge density at B. Since field
inside cavity is zero, hence

Potential at A = potential at B = a constant value.

By Gauss Theorem,

Total electric) _ 1 charge _( q
flux g\ enclosed ) | ¢,
Hence, (C) and (D) are correct.

Field lines must enter a surface or leave a surface
normally.

Hence, option (D) is correct.

t= g when a=E=ﬂ

m  md
2d  |2md*
= ft= |—=
v o\ gV
md

2
= i=1,(2dz) =2

T d

= =27

Hence, option (D) is correct.
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14.

16.

18.

mo* A
2

2meyr

2megm

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

E=E0t
E gEqt
Since a= 1= =0 _ o
m m
= d—szost =  dv=Eystdt
dt

t

=

X t
= de = %Eus“-tzdt
0

0

1
= X= —Eosta
6

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

1 4
—mov-=QV
5 Q

= f=

2md*
Qv
Hence, (B) and (D) are correct.

E
a:q—=sE
m

Since, L= ut

= f=—
u

{ v=0+at}



20.

22

ICON

HZ

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

= tan@

L[q—hq—ﬂ]:zv (1)
ame,\ R 2R
and, 1(%+%)=3V )
4me,\2R 2R/ 2
Solving equations (1) and (2), we get
a_1
g 2

When B is earthed, potential of B becomes zero. So,

T =—q1=—qa {charge on A remains same}

-
s
Also after earthing,

=

V., -V, = 94 (l_i)= Ja
AP 4me,\R 2R/ 8me,R

Substituting gz = 2q, in equation (1), we get

1 aa_V
4mgy 2R 2
14

Vv
Since Bis earthed, so V3 =0 and hence V, = 5
Hence, (A) and (D) are correct.

Potential of innermost shell is zero, so
% + % + % = O
r 2r 3r
= 6Q,+3Q,+2Q,=0 (1)
Similarly, potential of the outermost shell is also zero.
So,

%.'.%.'.%:0
3r 3r 3r

=

24,

Hints and Explanations H.69

= Q+Q:=-0, ..(2)
Solving equations (1) and (2), we get
N Y
4 Q Q
Hence, (A), (B) and (C) are correct.

Q=

gzﬁzﬁzi(a_ﬁx) (1)
m m m

a=E—@x
m m

P
m m

= X

Let 12 _ 9B, _x
m m

CHAPTER 1

= —ﬂizﬁi’
m

m

B

m .
= ——X=X
qB

= ¥ X

- X+@X=0
m

= X+0'X=0
So, the motion of the particle is oscillatory and we

o
observe that =0 at x=—
At the mean position, no force acts on the particle
o
= F=0atx=x=—

Equation (1) can be written as,

v E=E(a7ﬁx)
= jvdv: ij(aﬁx)dx

v=0at x=0 and x:Z_a

So, the particle reverses its direction of motion at
20 . . .
x= B (extreme position) and hence the particle will

. 200 . -
oscillate between x=0 to x = F with mean position
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26.

27.

ICON

o ! TR ¢ .
at x= B . So, amplitude of particle is — with maxi-

mum acceleration of particle at extreme positions (at
e

x=0 and x= 2 and a_, =-— {from equation (1)}.

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

The electron will experience a downward acceleration
a, given by

_eE_1.6x107 x 2000
m 9x107

= r/z=§=3.6><1[]14 ms ™
m

So, we can consider the electron to be a projectile
launched with some initial velocity between the plates
under influence of downward acceleration a.

From the point of launch let us consider the rightward
horizontal as the x-axis and upward vertical as y-axis,
let us calculate the height to which the electron will
rise and its horizontal range. Considering upward ver-
tical motion, we have

0=6x10° sin45°t+% x(-35%x10" )

= =24x10"s

Considering motion along x-axis, we get
x(range) = 6x10° cos45°x 2.4 x 107

= x=0102m=102cm

The vertical displacement in half the total time ie., at
maximum height, we have

b=—
2

The vertical height is given by
y=(6x10°sin45°)(1.2x10°# )
= y=0.0509-0.0252

= y=00257=257 cm

So, the electron will not touch the upper plate and will
strike the lower plate at the other edge.

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

2
1,20
2 dreyd
2

= d= Q 3

2reymu

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

—%(3.5><1014)(1.2><10*g y

28.

30.

. force eE
Retardation a = ==

mass m

-19
_ 1.6x10 j;]].OOO -1.78x 1014 ms_z
9Ix10

Since, v* ~v; = 2as

— 02-(5%10°) = 2x (=178 x10™)s
= 5=007m

Now, v =1, +at
= 0=5x10°—(1.78x10M )t

= t=2.8x10" s=0.03 us

Loss of energy = work done W = Fd =(eE)d
eEd  2eEd

= Fraction f=——=—

1 2
L
2

= %age Fraction is

-19 -2
f= 2x1.6x107" x1000x 0.8 x10 —11%

9107 x (5% 10°)°
Hence, (B), (C) and (D) are correct.

The potential due to a pair of rings each of radius R
and carrying charges +q and —q atadistance x from
the mid point along the axis is given by

qlx

V= )3,-'2

4mey(R? 442
Now, consider a pair of rings of radius z and thick-
ness dz.If dq be the infinitesimal charge on each ring,
then

dq=2nzodz

and if dV be the potential due to this infinitesimal
pair of elements at P

7
V= (271:20’&'2)..9;!2
2, 2\
4:r£0(z +2?)
- dv_crfx zdz -
28 (2 4 2
G T
Y 3/’2
2 0% z +x?
L oy- olx ,‘
5 12
2¢,(R?+x?)
Since, E__B_V
X
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- o/R? 38.
- 32
2¢,(R*+22)” @
Hence, (A) and (B) are correct. o
2
31.
@--nmm oo © @ ©
| | | |
i i i i From the diagram, it can be observed that Q,; is posi-
i : i : tive, Q, is negative.
o N o 0 berof g i d number of l
@--mmmeee ) I ® is directly proportional to magnitude of charge. I
i i i E So, |Qi|>(Q,| E
' i ' i Electric field will be zero to the right of Q, as it has (o
N -@Ir) N _é small magnitude and opposite sign to that of Q; . <
E=0,Vz0 Ex0,V=0 Hence, (A) and (D) are correct. E
Hence, (A), (B), (C) and (D) are correct. 40. Using Work Energy Theorem, we get
32. Equating the forces in the vertical and horizontal lmvl = gE(/ - fcos(60°))
directions
Tcosf=mg and Tsinf=F=QE oo qEl
m
So, OPTION (B) is correct.
At point B, we have
2
T-qE= %

2
_ge+ ™ JEL)
= T—qE+p{ mJ_qu

. ) So, OPTION (D) is also correct.
Dividing, tanf = % - M Hence, (B) and (D) are correct.

mg

mg  71x107°x9.8
41. The distribution of charges is shown in figure. We see

- tan9=0.57zi that the inner surface of B and C possess the same
V3 charge -Q. Also if x is charge on outer surface of C,
= §=30° then
71x10°x9.8 X
Now, T = ———————=2803 uN -Q

cos(30°)
Hence, (C) and (D) are correct.

34. The given graph is of charged conducting sphere of
radius. The entire charge distributes on the surface of

the sphere.
Hence, (A), (B), (C) and (D) are correct. Vo=0

36. Torque about Q of charge -q is zero, so angu- Q “0+Q) -Q+x
lar momentum charge -q is constant, but distance = e +( e ]+ e 0
between charges is changing, so force is charging, so 0 0 0
speed and velocity are changing. = x=0

Hence, option (A) is correct. Hence, (A) and (D) are correct.
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43.

44.

4e.

47.
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T L) e B
4]1'80[2£) 4n€0(a£)
2 2
Since, x component is zero, so
Q=0
Hence, (A) and (C) are correct.
Now electric field outside the sphere is due to charge
on outer surface of sphere as E due Q and -Q

(induced charge) gets cancelled. Also E due to con-
ducting sphere for from it will be zero

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

If ,=¢4,=0Q, then

Fi o< 14
= F«Q?
After touching, new charges on each ball is
Q+Q_2_,
2 2
Frew = Q°
= E=F,,

If g, #q,, then
2
me=(‘h+‘h) =ﬁ+£+2‘h%
2 4 4 4
: Fnew>F1

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

As we are moving away from P towards sheet S
spacing between electric lines of force is increasing.

P

= E<E

Also, in the direction of electric field potential
decreases.

= W< VQ

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

Time of flight (£)=2—H 210, sec
8

_u’_10x10 _
2¢  2x10

50.

51.

52.

—E=10*NC™"
u=10ms™
H
I R gl
1( gE
R= O+—(q—)t2
2\ m

1(1o*x104x2x2
- R=—| L 7277

2 2
Hence, (A), (B) and (C) are correct.

]=10m

Charge is distributed over the surface of conductor in
such a way that net field due to the charges inside and
outside the conductor is zero inside. Field only due to
the charge g inside the conductor is non-zero

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

Inside the conducting sphere, we have E =0

SII"lCE, Enet = Cinduced ~ Edue toq

kq=E

= Egue tog = d_z induced

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

At a distance I above the sheet

E=E t+Eslab

shee

g9, PO _pb-o
28 2¢y 2¢

Atadistance h below the top surface of slab, we have

p(D-2h)
Eslab = 2—
£
= E= Esheet + Eslab = i + M
2¢g, 2¢,
E- o+ p(D-2h)
2,

At a distance h below the bottom surface of the slab

g- 9, P _pP-o
2eg 2¢y  2g

Hence, (A), (B) and (D) are correct.
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54.

56.
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E= > ,when a<r<b
drg,r
1
V=—(g—g),where a<r<b
dre,\ v b

Potential of B is V3 =0

Potential of A is V, = L(Q—Q]
dneg\a b

So, potential differenceis V, -V = i( 1_ 1)
dres\a b

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

[

&)
E(4ry?) = Jenc _ 3
& &

p=P"
3e,

=

Slope of E-r graph (inside) i.e. for r <R is 3£
&

= Slope =p

E

|
]
|
0] R

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

= =16,

Now, potential can be zero both inside and outside the

charges on the line joining then

58.

Hints and Explanations H.73

For a point P lying outside the two charges

L SEERCLEERE @®----Q--
a4 —ds P
VatP:O
= qu k@l —O
X 3+x
L L0 _l6g,
x 3+4x
= 3+x=16x -
= 3=15x E
1 =
= x=§=0.2m %
For a point P lying between the charges V,,» =0 T
__Q___g___)f___g.__{__o__ U
g4 P =-Q>
kg _ kg
3-x «x
= 1l6x=3-x

= X= i meter
17

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

_2E

max
k

At Equilibrium, we have
qE =kx,,
= X, = qE
eq k
Amplitude of oscillation is equal to the displacement
of block from the mean position, So, amplitude is

_2E _9E _4qE
Tk kK
Hence, (A), (B) and (C) are correct.

A

59. When E, makes an angle of 45° with x-axis, then
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60.

61.

ICON

. Eji Ey
E=—f+—F
V22

Now, V, -V, =—E-BA

E. ~ E. P
Vy-Vg=—| Li+-Lj|(+ai-bj
= A B (\/EI+\/5]] (+az _,l)

Ew  Eb_E

= VA7V3=7$+ 5 -ﬁ(bfa)
Ifa=b

= V,-Vp=0

If a<b

= V,-V;>0

= V>V

If a>b

= V,-V;<0

= Vi<W

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

=%
2,

Since, T cosf =mg
Tysin@= gL
= tang=—1| =
mg\ 2g,
2 2
= To=y(mg) +(4E)
= Ty>mg
ie. the effective value of ¢ is increased, hence time

period T of oscillation decreases.

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

Near positive charge net potential is positive and near
negative charge potential is negative. (Q; is positive &
Q, is negative, at 1 potential is zero and this point is
near to O, . So, magnitude of Q; is more than magni-
tude of Q. Also, slope of V —r graph gives E, which
is zero at 3.

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

Reasoning Based Questions

1

g

10.

12.

Coulombic attraction exists even when one body is
charged and the other is uncharged.

Hence, the correct answer is (C).

Force of interaction between two charge is indepen-
dent of presence of other charge.
Hence, the correct answer is (B).

The rate of decrease of electric field is different in the
. . 1

two cases. In case of a point charge, it decreases as —
’

but in the case of electric dipole it decreases more rap-

idly, as E= lz
r

Hence, the correct answer is (D).

. 1 ( q, Zlnduced charge]
0

r r

N dre,

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

Electric field due to line charge E=

pp (sine+sinff)

Hence, the correct answer is (D).

Electron being a negative charge, will move from
lower to higher potential.

Hence, the correct answer is (D).

Since field is zero for a charged conductor on the sur-
face and inside it also, so the surface of a charged con-
ductor is always equipotential. Also, AV =0 for equi-

potential surface. Hence J-E di=0

= E Ldi.Henceboth are true and Statement-2 is the
correct explanation to Statement-1.

Hence, the correct answer is (A).

Path of charged particle is parabolic.
Hence, the correct answer is (C).



13.

14.

15.

16.

17.

18.

ICON

Inside the conductor, charged atoms are also present.
Hence, the correct answer is (B).

See theory part in detail to get the answer.
Hence, the correct answer is (B).

Statement-1 is also practical experience based; so it is
true.

Statement-2 is also true but is not the correct expla-
nation of Statement-1. Correct explanation is “there is
increase in normal reaction when the object is pushed
and there is decrease in normal reaction when object is
pulled”.

Hence, the correct answer is (B).

o
dmeyr”
but electric field due to induced charge is towards
o

de,r
electric field inside the sphere is zero.

Electric field due to g, is towards left and is

right and will have same magnitude 5 so that

lqo

e I —p

Hence, the correct answer is (D).

o q

Atpoint O

Ene‘t = E‘in + Eq

E‘ne‘t =0
= E,+E

1
E,=—-1
T dmeyr

Hints and Explanations H.75

q 1 (J.dq'mduced ]

V.= =
"" 4meyr dme,\ R
o [# Jtos =0}
= Vy=—- dinsie=0
0 dme, 1 insid

Hence, the correct answer is (A).

19. Inahollow spherical shield, the charge is present only
on its surface but charge is zero at every point inside
the hollow sphere. Hence, the metallic shield in form
of hollow shell may be built to block an electric field.

Hence, the correct answer is (A).

20. Apply the concept of electric image.
Hence, the correct answer is (A).

Linked Comprehension Type Questions
1. The magnitude of the force is given by

1 ¢
F=—-—
drey v
Now we can substitute our numerical values and find
that the magnitude of the force between the proton

and the electron in the hydrogen atom is

(9.0x10° Nm2C2)(1.6x107° )’

F= .
(53x10™" m)

¢

F=82x10°N
Hence, the correct answer is (C).

2. The magnitude of the electric field due to the proton is
given by

1 g (90x10° Nm*C?)(1.6x10 " C)
0\
(05x10™ m)

- 47{5‘0 r_2 B
E=576x10" NC!
Hence, the correct answer is (B).

3. The mass of the electron is m, =9.1x10* kg and
the mass of the proton is 1, =17x10 kg . Thus,

the ratio of the magnitudes of the electric and gravita-
tional force is given by

1 ¢ 1 5
— | —e
4me, _ Ang,

CHAPTER 1
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(9%10°)(1.6x10™)
(6.67x10™)(1.7 %107 )(9.1x107!)
Ratio = 2.2x10%

which is independent of r, the distance between the
proton and the electron.

Ratio =

Hence, the correct answer is (C).

M= poilv = pnil [ %ﬂ'ra J
where the oil drop is assumed to be a sphere of radius

A
r with volume V = %

= M=p0il(éﬁr3]
3
= M=(851x10? kgm—3)(4§)(1.64x10‘6 m)’

= M=157x10" kg

Hence, the correct answer is (A).

The oil drop will be in static equilibrium when the
gravitational force exactly balances the electrical force

= F+F=0

Since the gravitational force points downward so, the
electric force on the oil must be acting upwards. So,
we get

0=mg+qE
= mg=—gE

With the electrical field pointing downwards, we con-
clude that the charge on the oil drop must be negative.

(157x10™ kg )(9.80 ms™2)
1.92x10° NC!

g=-8.03x10" C

Since the electron has charge e=16x10"" C, the
charge of the oil drop in units of e is

N d_802x107 C

e 16x10°C
Hence, the correct answer is (D).

Since the electron has a negative charge, g=—-¢, the
force on the electron is

E =qE=—eE=(—e)(—E)}= eEf

H.76 JEE Advanced Physics: Electrostatics and Current Electricity

10.

11.

where the electric field is written as E= —Ej, with
F,>0. The force on the electron is upward. Note that
the motion of the electron is analogous to the motion of
a mass that is thrown horizontally in a constant gravi-
tational field. The mass follows a parabolic trajectory
downward. Since the electron is negatively charged,
the constant force on the electron is upward and the
electron will be deflected upwards on a parabolic path.

Hence, the correct answer is (D).
The acceleration of the electron is

qE _ 4E. _eE-
m m m

a=

and its direction is upward.

{
The time of passage for the electron is given by t; = —.
%

The time t; is not affected by the acceleration because
U , the horizontal component of the velocity which
determines the time is not affected by the field.

Hence, the correct answer is (B).

The electron has an initial horizontal velocity, 7, = UDJA' .
Since the acceleration of the electronisin the +y direc-
tion, only the y-component of the velocity changes.
The velocity at a later time ¢, is given by

Since ¥ =v,i +0,j=0yi +a,kj

- ~ [eE), 4
= U=y+|— |y
m

- 2 ( ¢E ) A
= =0+ —|]
m
Hence, the correct answer is (C).

From the figure (in the question), we see that the elec-

. . . . f
tron travels a horizontal distance / in the time t; = —
Uo

and then emerges from the plates with a vertical dis-
placement y, . Then

SR
AT ] v ) 2mv)

Hence, the correct answer is (C).

When the electron leaves the plates at time #,, the elec-
tron makes an angle 6 with the horizontal given by

¥
tanf=—-= =—7
vx v(] moy

Hence, the correct answer is (C).

After the electron leaves the plate, there is no longer
any force on the electron so it travels in a straight path.
The deflection y, is



12.

13.

14.

15.

16.

17.

eE(L

y,=Ltanf=—
muy

and the total deflection becomes
sy CEE _I_eE!?L_eEﬁ(.E_I_L)
It 2mv§ mvé mv§ 2
Hence, the correct answer is (B).
o 36x10° Cm™
g 885x102 C*Nm~
and V=Ed

Since, E=

ICON

18.

- =407 kNC™

So, the potential difference between the plates is

V =Ed=(407x103 NC1)(0.12m)
V=488V

Hence, the correct answer is (D).

%mﬂz =qV

= KE=(1.6x10"7)(488)=7.81x107" |
Hence, the correct answer is (B).

Since %mvz =qV

2V
m

U=

= 0=306ms"

Hence, the correct answer is (C).

Since v -1’ = 2a(Ax)

= (3.06x10°)" =2a(0.12)

= a=39x10" ms™

Hence, the correct answer is (A).

Since, we know that F = ma

= F=(167x107 kg)(390x10" ms?)
F=651x10"° N

Hence, the correct answer is (A).

For g, we have (U+K)yo=(U+K )y

o 2% o= lﬂvmé+0
dmeyn
Cl)q
_
0,00 O——— »x

IqU

ba

19.

20.

Hints and Explanations H.77

40
Eyma

= U=

Hence, the correct answer is (B).

=%
2

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

[

Here U, 4, — 0 and K mo*

initial = 7
2

90
where as Uy, = —————= and K; ;=0
dme VXt +a*

0+2gq,

ST
2 4 dnegVx® +a®

1,,,{ 0 J= 440

2 \drmeyma ) 2me,\x*+a’
= Vxl+at=4a

= x=4+154

Hence, the correct answer is (D).

0-*—0=72qi+1mv2

dmegn 2
B S S
2 27[80(1
= p=py= |0
nEgma

Hence, the correct answer is (C).

The forces of interaction, the force of gravity and
Coulomb force are conservative, so we can apply the
Law of Conservation of Energy. We have

GPE, + EPE; = GPE + KE, + EPE;

2
QIQZ - mlghl +L+7

my ¢h +
8 yregh 2

On solving for v, we get

2Q,Q,(h—h
v:\/Zg(h—hl)—Ll) (1)
drmeymithy
Assuming that h; < h, equation (1) reduces to
v= 2gth= Zghf& .(2)
dmeymhy 2megnhy

Hence, the correct answer is (A).

F
+4
78]
-
o
<
L
V
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21. Substituting v = 0 in (2), and replacing h, by h,, = 49,+20=q,+Q
we get
& _Q
Q, = 4me,gm,hh, A 3
Q Q
Hence, the correct answer is (B). Hence, gc = 3
22. The object m; will be in equilibrium where gravita- Hence, the correct answer is (D).
tional and Coulombic force balance,
oo ” 1 [ 0.0.0 ] Qo
i‘e.’ 1 22 =1mg 47T£0R 3 2 ].2 ]63TEOR
dmeyhy .
Hence, the correct answer is (C).
|_QQ
= = [———
37N dmeymg 25. V= 1 s, 1 Q L
4me, 2R | dmeg 2R dme, 4R
If the object is displaced upward, the force of gravity
will restore it to equilibrium position and if displace- Vy = 1 [_Q L0+ Q] Y
ment is downward. Coulombic force will be restor- 8meRL 3 61 48meR

ing. Thus the motion of the object will be periodic and

oscillatory. Motion will be simple harmonic for very Hence, the correct answer s (D).

small displacement from equilibrium position. j) 1
. 2. [al=| 2 |=| [ L)|=| S |- morora
Hence, the correct answer is (C). ¥ m\m "
23. Let the charges on AandC be g, and q. respec- Hence, the correct answer is (B).
tively . From conservation of charge, we have
L
+g-=0
Ga+4c 27 V= 1 J‘d_ J‘Adx 1 " xdx
Hence 4, = —q¢ dreyd v Ame 4re, d d+x
Since A and C are connected by a conducting wire, 1 L o
so they have same potential. So, potential of A and C V= —O{L - dloge(1+ —H =——[L-log,5]
L dre, d dre,
is given by
1 g4 .\ 1 Q . 1 gc Hence, the correct answer is (A).
A7 4mey R dmey 2R 4mey 4R 1 dg ards
28. I
1 g4 9a, 1 Q 1 qc

=

dmey T 4?IEDI \ij

4meg 4R 4, 4R 47, 4R

Consider z = % -x

Then x=%—z,and dx =—dz

e J.(%—z)(—dz)

4ne N

Equalising the potentials of A and C, we get vo_oL J J
V,=V; 8y P 1 22 4”30 N

QA_I_Q c LIA_l_Q fe = V:—a—Llogt,(z+\iz +b2) +- L2 p

R 2R 4R 4R 4R 4R 8ne, 4me,




29.
30.
31.
32

ICON

L

L L L\
= V= —a—logg [——x)+ (——x] +0 ||+
8re, 2 2 0
5 L
o (E ) x) o
dmey Y\ 2 0
2
al %_L+ (%] b’
= V= —8—10 = +
71'80
L, J( E] +b°
2 2
2 2
o (L) e (L) o
dre, 2 2
33.
2
aL i [LE] _%
= V=-
8 ) L
b+ — [+=
4 2
Butat b=——, we get
(3)
ol 2 al ( 1 )
V=- 08, =- log,| - 34,
8me, 8 (3L] 8me, &3
2
L
= V= a—loge (3)
87e,
Hence, the correct answer is (C).
The correct answer is (B).
The correct answer is (A).
The correct answer is (D).
The correct answer is (C).
Combined solution to 29, 30, 31, 32 35.
In ab
V+10=25(x+3)
= V=25x+65 (1)
= E. = A 25V
dx 36.
= |E|=25
In be
V-15= —%(Hz)

Hints and Explanations H.79

= EX=—L;—:=%Vm1
Incd

V =constant =5V
= E=0
In de

V-10=5(x-3)
= V=5x-5
= Ex=fi—:=75v

Hence, the correct answer is (D).
In the region ab,

V+10=25(x+3)

CHAPTER 1

= V=25x+65

So, for V=0, we get
65 13
= =—--—m
25 5
Hence, the correct answer is (C).
Since, work done by electric forces on a charge particle
is the gain in K.E.

E

-+

q=3x10°C

-

Work done = AK.E.

Thus work done = 4.5x107 |
Hence, the correct answer is (B).
Work done is also equal to gE

= 45x107° =3x107 x5x1072xE
= E=3x10° NC"

Hence, the correct answer is (A).

By energy conservation q(V, -V, )= %mv2

—mv
(Vi-Vy)=5—

q
v, - )=4.5><10*5
SN
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(Vi =V,)=15x10* V
Hence, the correct answer is (D).

37. Electric field at ¥ =R is
Q

~ 4meyR?

W e ————

Q = Total charge within the nucleus = Ze

Hence the electric field is independent of a.

Hence, the correct answer is (A).

38. Q= J p,4nr’dr for a=0,and the figure for the distri-

bution looks like as shown

v

d_p
Slope = —= -
ope R R-r

d

=—(R-
= p R( r)

R R\3 4
0
3
- Q=7rdR
3
mdR3
= Q=Ze= 3 {'Q:Ze}
-3
TR

Hence, the correct answer is (B).

39. Let us review the formula of uniformly (volume)
charged solid sphere according to which we have

g P

3¢,

= Eer, p should be constant throughout the
volume of nucleus.

This will be possible only when a=R.

Hence, the correct answer is (C).

R
2 3 s
4 (R ToR
40. =I (r)dnridr=o— [—) =
o) Dpr rodr 37{ 5 6

3
= Q, =2a§ﬁ[R3 RS]

3 3
0,- 7a:3zR B 15a87rR e

So, total charge is

Q=0,+Q;

= Q= %me* + %mxﬁ

15 4
= —nmaR
Q 24
Q_4
Q 15
Hence, the correct answer is (A).
41. Since F=ma=qgE where g=-¢ and =2 -2
g, 3¢

—eot
= a= r
( 3ggm )

. e
= I+ r=>0
(3803’?1]




42,

ICON

ea
380”1

1
= T=2n Segin , where Q= —57raR3
eo 24

8

= o=

a= 5
5QnR 43.

Substituting the value of « , we get

3
T=orp 157eymR “
8Qe

Hence, the correct answer is (B).

Since, @E dA= &+ Jz—a(l—é]4nr2dr

£ £
0 R0

=3

aR® 8o 3
R [
6g & R
2 45.
PRI Sl |
bg, & 3% 4R§

’ 3 4 46.
=E(47r?)= TR +8ia|:l r3_R_]_i(,‘4_R_H
bey, g L3 8/ 4R 16

3
E(4Jrr2)=MR +

SE_aFr3 A RS R3:|

= —_——
b6, & L3 4R 24 64
47.
= E(4nr2)—ﬁaR3+8ia|:r3[l_L}+R_3(_l+l):|
bg, & 3 4R) 8\ 3 8
3 3
= E(4Jrr2)=ﬂaR +8E_a|:r3(1_L]+5R :|
6g, & 3 4R) 8(24)
3 3
= E(L_Ln:rz)zxaR Sir_a(l_L]rS_EmaR
bg, g \3 4R 24e,
3
= E(4m?) =Tk (1—§)+8ﬂ(1_L)r3
6g, 4) ¢ \3 4R
3
= E(L_L]rrz):_naR +8ia(l_L)r3
24e;, g \3 4R
3
= E(4:rr2)=__MR Sﬂ(l_ﬂ)ﬁ
g, 3g,\ 4R

Hints and Explanations H.81

3
F=--2% +2—“(1—i)r
9680?' 35@ 4R
aR®  2ar 3r
_ 5 4+ — ]_ I
9%6e,r* 3¢ 4R

Hence, the correct answer is (D).

= =

In cavity there is no electric field, so no force acts on
charge ¢, .

Hence, the correct answer is (D).

Now E outside the sphere is due to (g, +4, ) because
E dueto g,, g, and —g, and g, on the inner surface
of cavity gets cancelled. So, we have

+
E= Ha qur
dreyn

Hence, the correct answer is (C).

Due to presence of charge on outside of sphere noth-
ing will happen to the field inside cavity. So, E will
remain same.

Hence, the correct answer is (C).

Correct answer is (B). Since ultraviolet light ejects elec-
trons from zinc so the ball becomes positively charged.
This is known as photoelectric effect.

Hence, the correct answer is (B).

Let n be the number of electrons lost, so that the ball
acquires a positive charge given by g=rne.

So, ball experiences a force gE along horizontal
direction.

The situation is shown in following figure.

For equilibrium,

= gE-Tsinf=0 (1)

ik, =0

CHAPTER 1
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= Tcos@-mg=0 ()
From (1) and (2), we get
L =tané
mg
_ mgtan®
E
Now by Charge Quantisation, are have q=mne.So

_ mgtan@

E
e mgtan®
eE

Hence, the correct answer is (C).

ne

As soon as a charge (q) appears on the ball it starts
experiencing a horizontal force (gE) due to presence
of electric field. Due to the constraint of string,it will
start moving on a circular path in a vertical plane. At
maximum deflection of the string, velocity of the ball
reduces to zero as shown in figure.

lcosé

Y
3

[-Icos@, e
iACIJ--""’ Circular path

v=0

—»F
By Modified Work-Energy Theorem, we have
W,; = AU+ AK

Between the two positions A and B, total change in
KE is zeroie. AK=0

= W_.=AU

ext

Also T acts along radial direction, s0 Wy, =0

= gE(/sinf)=mg/(1-cosh)

Since 1-cosf= Zsinz(g)

= mglx 2sinz( g] =gE/sin6
Since sinf = 23in(g)cos(g)
2 2

= mgx2x3m2(9)= qE[Zsin(g)cos(gﬂ
2 2 2

49.

50.

51.

= m sin(g)= Ecos(g)
$ 2 ] 2
= tan[g)=£
2/ mg

= 0= 2tan1(£]
mg

Hence, the correct answer is (C).
For calculating the electric field outside the ball, we

should calculate first the total charge present in the
ball.

Since Q= deV = Ip(4nr2dr)

R

"2
= Q= 47rp0.[(1—]r dr
R
0

S-Sl
= Q=dap,| —-— |=4rp)| —
Q= “( 3 k)P n
To find the electric field outside the ball, the total
charge Q is considered to be concentrated at the cen-
tre of ball. Hence, electric field at a distance r from the
centre of ball is

10 1 [RE’] 1
- X 4| = |x=
e ame P12 )77

3
E= pDR -
12er
Hence, the correct answer is (B).

For E to be maximum (which is possible inside), we
have

dE
—=0
dr
2
where E=Eimlde=Qi“—5idze=@(£_r_)
Amer e\3 4R

P_o[l_ﬁ)zo
e\3 4R

2R
Tm=7

3

Hence, the correct answer is (C).

. _@(@_i)_&(ﬁ_ﬁj

e\ 3 4R e\ 9 36R
= IH=M
9¢

Hence, the correct answer is (A).



52.

53.

54.

55.

56.
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Let the speed of charges A and B be v, and v, when
the separation between them is /. Then by
Conservation of Linear Momentum, we have

—mv, +(2m)vg =0
= v, =2ug
By Law of Conservation of Energy, we have
Ui+ K =Ug + Ky
2 2

2q +0+0= 2L+lmvi‘+l(2m)v§
A7, dme, (20) 2 2

1 1 2q* 1
= —mvi+—2mv§= 1 [1——)
2 2 dmet\ " 2

] 1 2 2
= —mv; +—(2m)(v—’“‘) S -
2 AT 2 ) " dney

Solving, we get the speed of charge A as

Uy = T
. 3megml

Hence, the correct answer is (D).

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

tion equals the change in kinetic energy of A. So,
2

W=AKA=lmvi _ 1
2 6mey!

Hence, the correct answer is (B).

The net work done by electrostatic force on system of
two charged particle is equal to decrease in electro-
static potential energy of the system. So,

Wef=ui*uf
2
- -2 (1)
- Ameyl 2
2
= Wﬁ= q
dme,l

Hence, the correct answer is (C).

By symmetry, potential at any point at y-axis is zero.
, RY .
Hence potential at P| 0, 7 is zero.

Hence, the correct answer is (B).

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 points on y-axis should
be normal to y-axis .

57.

Hints and Explanations H.83

So, the direction of electric field at P should be in x-y
plane and normal to y-axis . Hence direction of elec-
tric field is along positive x direction.

Hence, the correct answer is (A).

Consider two small elements of ring having charge
+dg and -dq as shown in figure. The pair constitutes
a dipole of dipole momentdp given by

s.-dq
N

A
de\\

X
+dqka+f -~

dp=(dq)(2R)
Since dgq=Adl = A(Rd0)
= dp=A(Rd0)2R

By symmetry the resultant dipole moment is along
negative x-direction .

So, p, = J‘dp_,( = J‘dpcosﬂ

T
2
= p,=2AR? I cos 60

T
S 2AR? sinl9‘fE
2

= pe= 4AR?

Similarly py = Jdpy = J‘dpsinﬂ

= p,=2AR* | sin6do=0

e I

Sk

Hence, the correct answer is (C).

CHAPTER 1




H.84 JEE Advanced Physics: Electrostatics and Current Electricity

58.

59.

60.

ICON

#,

q
Op =

B 4R

-
0, =—
4ra?

q
0,=——
b 4dnb?

Hence, the correct answer is (B).

Vcentre=1[q+qq)
dme)\b R a

Hence, the correct answer is (D).

On earthing the outer surface, we have
|4

outer surface — 0

If x be the charge on outer surface, then

V=

'4::505(@_"7”):0

= x=0

Vcentre = i(l - l]
dneg\ R a

Hence, the correct answer is (A).

Matrix Match/Column Match Type Questions

1.

A-=({p,qu1s)

B—(p,qs)

C=(p,q9)

D-(p,qr1s,t)

Electrostatic force is conservative in nature, obeys
Newton’s Third Law (i.e. action-reaction force),
depends upon the nature of medium between the
interacting particles, obeys Principle of Superposition,
attractive for unlike charges and repulsive for like
charges. So,A— (p,q, 1,5)

Similarly, gravitational force is conservative in nature,
obeys Newton’s Third Law (i.e. action-reaction
force), does not depend upon the nature of medium
between the interacting particles, obeys Principle of
Superposition and is always attractive in nature. So,
B-(p.q9),.C—=(p,qs)andD—(p,qrst)

A_> (p.r I', sf t)
B—(p,q

C=(p,q)

D—=(p,1st)

When Q = +q is displaced along +x axis, then before
being displaced, force on Q is zero. However after
being displaced along x-axis (say towards B), then
the repulsive force due to B is stronger on () than
the repulsive force due to A .So, Q has a tendency to
go back to O (i.e. the mean position) and hence equi-
librium is stable ie. U is minimum. On the similar
approach, the remaining answers can be given.

A-(qrs)

B—(p)

C—=(p,q1s)

D—=(p,qrs)

Electric field is zero inside a charged conducting
sphere or a charged conducting shell or a charged
non-conducting shell. However for all of these, electric
field outside them is inversely proportional to 7* i.e,

Equtside = rlz . For the charged non-conducting sphere

E cde = o  Enire =0 and E is maximum at the
0
surface.
A—(qr1)
B—(s)
C— (b
D—-(p)
AR
El = al
260 (R2 + xz )E
=212
2g, R*+x%
A
2me,x
g
E,=—
' g,
A= (s 1)
B-(pqr)
C—(q )
D= (p)

E =0 inside the body of the conductor. So E =0 in the
region between inner and outer surface of shell (both
small as well as big). So, A — (s, t).

For the space between the shells and outside the shells,
E#0.50,B—(p,q, 1)

Charge is 3Q on outersurface of inner shell and -3Q
on inner surface of outershell. So, magnitude of charge
on these surfaces is 3Q. S0, C —(q, 1).
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Charge on outer surface of bigger (or outer) shell is
8Q.50,D— (p)

A—(rs)
B—(prs)
C—(q
D— (1)

For dipole, V... =0 and V,

axia

1=0.50,A—(1,5)

entre
E,a is parallel to p (i.e. dipole moment) and E.gytorial
is anti-parallel to /. So,at C, E isalong p and atD,
E is opposite to P . So, B — (p, 1, s) and C — (q). For

r>a, E .= 2( Eqquitorial ) Hence E->Ep.SoD — (t)

A-(q,s)

B (p)

C—()

D—(r)

Since E and V are field and potential at centre of
square having charges placed at the corners, so

For (p), E=0,V°£0

For(qg), E#0, V=0
For(r), E#0, V=0
For(s), E£0, V#0
For (t) E=0, V=0

= (s, 1)

@

(p)
(r,s)

For a small dipole, E o< is
r

A
B—
C-
D—

For a uniformly charged ring of radius K, field at a
Q

47r£0r2

point P on axis (at a distance r >R )is E=

1
= EOC—Z
r

For line charge, charged cylinder or charged conduct-

ing cylinder E o< ! (outside them)
r

For an infinite charged conducting plate, E=i,
independent of r 28

1
SO, Efxr—(}
A-(qt)
B—(s)
C—(p)
D—(r)

-3

Jm™ is the unit of energy density (: %8052] and

hence electrostatic pressure (= P,).S0,A — (q, t)

11.

12.

13.

Hints and Explanations H.85

% will have SI unit of metre. So, B — (s)

QiQ,

, go=—Q1Q2 .Hence C*]™'m™" is
Tyt

dme,Ur

Since U =

the unit of ¢, .50, C = (p)

The unit of capacitance is farad. Since energy stored

(U) in the capacitor is U = %C V2, so farad represents

u
F.So,D—Mr)

A= (r)
B—(s)
C—(p)
D—(p)

Between the plates, E = constant . So, D — (p)

CHAPTER 1

When a particle of charge —7 , mass m moves between

the plates from -V to V, then K increases, U
decreases, however T(=U +K) remains constant.
S0, A= (r),B—(s), (C) = (p)
A= (s)
B—(r)
C-o(qt)
D-(p)

[]=MTL°T*A%,
So,A—(s)

[¢g]=ML'T?A™
So, B = (r)

[E] =[i} - MLT3A™

2¢,

So,C—(q, t)

[V]= MIPT3A™
So,D— (p)

A= (p)

B—(qs)

C—(p)

D—(qgr)

There will be no field inside the body of the conductor,
so |[E|=0 for a<r<b and c<r<d.So,C— (p). Also,
inside shell A, [E[=0.So, A— (p)

In the region b<r<c, |E| is directed radially out-
29 __q

wards and |E|= == 5
dmegrs  2meyr

So,B—(q,s).



H.86 JEE Advanced Physics: Electrostatics and Current Electricity

14.

15.

ICON

Finally, in the region outside B ie. for r>d, |E| is

directed radially inwards (because charge on outer
2

surface of B is -2¢ ). Hence |E] =_‘72=L2

dmegr™  2meyr

So,D—(q,1)
A—(r,s)

B — (L s)
C—(pss)
D—(p,s)

q

dreyr

When S is open then in Region II, E = 5

= E#0

q

drmeyr

In Region III, E= 5

= E=#0

Potential is in both regions.

ey
= V=z0

When S is closed, then all charge goes from inner
sphere to outer sphere.

q

So, in Region I and II

E=0
But in RegionIand I, V #0
A—(p,s)
B—(q,s)
C—(q5s)
D—(s)
(A) Electrostatic potential energy

L (0 @

_4:rr£0 2a _SJrsOa

16.

17.

18.

(B) Electrostatic potential energy

1 [(9)x(-9), (QF |_3 &
dre 5a 5a 20 meqa
I

(C) Electrostatic potential energy

_ 130" 3¢

- drme, ba T 20 ey
(D) Electrostatic potential energy

:L[QJ—QZL(—QM—Q) g
4mg,\ 5a 2(2a) 2 80meya

A= (p,1st)

B—(p s, t)

C-(pqrs)

D—(q)

For arrangement (A), potential at any point on z-axis
is zero, y-component of electric field at any point on
z-axis is non-zero, U is negative, z-component of

system
electric field at any point on z-axis is zero. So A = (p, 1,
s, t).

Similarly B — (p, 1,5,1),C—(p,q,1,5)and D = (q)
A—(q)

B—(r)

C—(s)

D—(p)

For hemispherical shell, E at centre is E = —
8mey R

So, A = (q)

For hemispherical sphere, E = iz
8mey R

So, B = (r)
For ring at a point near its axis (x < R), we get

2
E= MilfJ
2¢4R 2R
So, C = (s)
For semi-infinite wire, E at the given point is

A
Zﬁmeox
So,D— (p)
A—(s)

B—(r)

C—(p)
D—(q)

E=
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‘ oV av
Since E,=-—— and E, =-—. Also, tangent to elec-
ox Y ay

tric lines of force will give direction of electric field. So,
@y _5
dx E

(A) V:x‘?—y2
= E=7211A'+2y}

dy_E -y
dx E X

= logy=-logx+c

= Xy =¢ (Rectangular Hyperbola)

y

s
N

Corresponding curve is drawn for electric lines of

> X

force.
(B) V=xy
Eeyiod
Ly _x
dx 'y

= y2=x2+c

=2
23

Corresponding curve for field lines is shown

(€) ‘V:xz-ﬁ-y2
= E=7211A?2y}

Tangent to electric line of force will give direction
of electric field. So

dy L _y

dx E, «x
o Wy &

y X

Hints and Explanations H.87

= logy=logx+c

= <=
X

= y=cx
Straight line equation passing through origin

Electric lines

/ of force

7

> |
\ o
1T
Y
(D) V== <
XL
F=-Llis X; =
y oy
X
dy_y_z_ X
a1y
y
—ydy = xdx

= 2% +y* = constant (circle)

For S, imagine the charge g to be enclosed inside a

cube with S; as one of its face, then ¢, = A Since
£

S is only one sixth of the total surface area of cube

ey
- qjsl_f‘(go]_ﬁfo'
So, A = (r)

For an sheet having charge g placed near it, we have

o=-1(1-cosh).
26,
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20.

21.

. e T
Since sheet is infinite, so 6 — 5

_ 1
¢52_£'

So,B—(q)

Since s, = %(l—cosﬂ) where cosf =
0

9 1] 39

= ¢ =1 [1-2]=21

s, 250[ 4) 8g,
So,C—(p)

Similarly ¢, = %[ gi] -1
0

T 4g
So, D —(s)
A—(s)
B—(r)
C-(p
D—(q)
92
For, r <R
E=0+0=0
and V= L (h + L. constant
dres\ Ry R,
R, <r<R,
E=—T 40
drer
and V= L( LI q—Z]
drgg\ v Ry
A-(p)
B—(r)
C-(p
D—(p)

n drops coalesce, then radius (R) of bigger drop hav-

ing charge nq is

n(ifrﬁ]: ETERS
3 3

= R¥=n?

ICON

a

Va* +154°

1
4

22,

1

= R=nd

nq
Now Ej, =——

"8 4e R

ng .

= Eb."g = 7 - naEsmall
4meyn3r?
So,A— (p)
" 2

Similarly Vj;, = (N ol

0
So, B — (1)

1
Since Cyp = 4m€gR=n3Cpyy -

So,C— (p)

1
ngq 3

Since 0y, = R 130 -
So,D — (p)
A-(q)
B—(r)
C—(p)
D—(s)
For (A), we have
.9
E'ii’i? 47550"2
Ea<r<b =0
Emfts.ia'e = zero
(r>b)
SoA—(q)
For (B), we have
Eins."de = Lz
(r<a) 43’(80?’
E[n<r<b} =0
Q
Evn!‘s."de Y
(rsb)  Ameyr
So, B — (1)
For (C), we have
Eins.ide =0
(r<a)
Eocrany =0
Q
Emfts."de =T
(r=>h) 4]1'801‘
So,C—(p)
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For (D), we have

inside —

(r<a) W
Ejpcray =0
-0 Q
pusde drmeyr’  dmeyr?
So, D — (s).

Please note that, while answering all these we must
keep in mind that the field inside the body of the con-
ductor is zero.

Integer/Numerical Answer Type Questions
1. 33

2. Since A= g
2nR

and the tension developed in the ring when a charge is
placed at its centre is given by

T= %l — %Q
47{80R SEZSORZ
Further, by Laws of Elasticity, we know that

3]
Y- Stress | A

(we have done this already)

" Strain (ﬁ ]
R
y = TR
AAR
AR = E — qOQ
AY  8r’eyRAY

Substituting, g, = 10°C,Q=7nC,R=0.1m, A=10"°m’
and Y=2x 10" Nm™, we get

AR=225x10"m
= x=225
3. =2 g9
t172
4. 2

L
5. y=uyt+5ay£ , where

¢E !
u,=0,a,=— and t=—
y U u

1 0o
= y—ant

L_l(l.f&xlﬂ_lg)(E)( 2 )2
200 2 91x10°t  \ax10®

p_ 2x9.1x10™ x16x10

— =2275NC"
1.6x107" x 4% 200

Hints and Explanations H.89

[0}

Enet = E - E|:li5c
o (o} z
= Enet =—-—1-
28  2g 22 +a*
= E .= 0=

net —
2eyz* +a

4
= 1<=9><109><1.6><10'1"*><§><10‘S

= x=12 L
(a4
From figure AC=+(A0)" +(0C)’ E
AC=\3+4 =5m o
L
AQ+q T
v

9.0 i

D C

BCI)*'Q

Similarly, BC=5m

PE.at C is UC=2><9><109><M
AC

52
= uC=72x9x109><M
= U-=-9]

KE.atCis4]

Total energy at C is E- = PE. + K.E.
= E.=-9+4=-5]

Potential energy at D is Uy, given by

2x9x10°(5x107)°

U
r

where AD=BD=r (say)

4
= uD = 75 ]

r
KE.at D=0
So, total energy at D is Ej, =0+ﬂ = 145 ]
r r

By Law of Conservation of Energy,
U-+K:=Up+Ky

B _
==

-5

= r=9m
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Now OD=(AD) —(AO)
= OD=v9-3"=y72m

= x=72
Done already (Illustration 61)
Umin = \/E Qq

40

2meym
_¥

xX=
40

= 1

I

Qq 12.

1
3
SZEEGmgﬂZ

(As already done in Illustration 6)

Since, 0 =2sin" {(

10. m

41‘[801’2

9x10° x(16x10™%)’

?‘2

1.7x107% x10

—

e 9x10° x (1.6 x10™ )’
1.7x107%

r=0.116 m

r=11.6 cm =12 cm

—

—
—

11. Initially 9><10"~qz(L !

040 050

)

Finally T'=2n

gE
g=4x10%C

o)

mg  Geff =

Dividing equation (1) and (2), we get

LT 1—£—\/ _4x10° x25x10*
T mg 40x107 x10

= T'=26s

For 20 oscillation, time taken is t =20x%2.6

= t=52s

Let us first the force on a-q charge placed at a distance
x from centre of ring along its axis.

Figure shows the respective situation. In this case force
on particle P is

Qx

FP - 3/2

78, (2 1 7)
For small x, x <R, we can neglect x, compared to
o? = 2x(176x10" ) x9% 10 x . So
1 g0x

qQ

4d7e;mR’

]x=o

R —
which is a standard SHM equation. So

o [ Q1
dmeymR

- dngy R’
Now, acceleration of particle is
m  4dme, mR®
6x107° x0.15%x0.30
2
T="=21

F 1T 4Q
(0.30-0.15) +[
W

4Jr£GmR3

Qq

oo ”J 0.9x107 x(1)°
9%10° 107 x 107
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Hints and Explanations H.91

13. The different forces on the particle are shown in  14. The corresponding situation is shown in figure
figure

qE

Reference

level
From figure, mg ;
N = mg c0s30° + gEcos60° Here by using work energy theorem between position T
B and A, we have =
By definition, function is 1 1 o
2 L2
f= uN = imgcos30°+ ugEcos60° Emu +2mg£72qE€-2mv (1) §
If a is the acceleration of the particle down the incline, at position A we have @)
then 2
my
mgsin30°— uN —gEcos30° = ma T+qE=T+mg
= ma=mgsin30° - pmgcos30° - Since T =15mg
UqEcos60° - gEcos30° = qEf=mo® ~1dmgt
Thus acceleration of the particle down the incline is {* at the lowest point, T =15 mg}
E E From equation (1), we have
a=gsin30°—,ugc0530°—#icos60°—q—cos30° 1
m m

qE( +14mg! = mu® + 4mg( — 4qgE/

2 =%+ 10mg

:>a=10(%)(0.2)(10)(?]—%(1)_

1 2

m m
0.01)(100)( /3 [
#(7) = u= @+10g£
m
u= /g(qE+2mg]
m

= a=5\/50.1§ =
= 1=23ms" 4 /(1
e \/z(m+2mg) _ \/5_[%)
Now, distance travelled in time t is m\ 5 m\ 5
s=0+%at2 = u=430 =4{10)(36) = (4)(6) =24 ms™
15. Let g be the initial charge on each of spheres A and
2x2 1 .
t=,— {"S= = } B, then given
a sin 30
. Fus=20x10° N
= t= 23 So from Coulomb’s Law
=132 1 g 5
= t=132s ——5=20x10 (1)
dmey v
= t=1320x10"s
When the uncharged sphere C is touched with A, the
= t=1320 ms

charge on A and C is distributed equally i.e.,
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16.
17.

18.

ICON

A g/2 B
¢} O O
q/2 C q
— /2 —>
oy r |
O+g q
qa=1c 2 2

The arrangement is shown, where C is mid point of
Aand B

_ ac-pc=AB_r
2 2

The forceon C dueto A

[q)(q)
= 1 1
FCA|_ qe9c 2)\2

dngy e Ame, (r]z
2

2

—q—z from A—C
Qr

= Faq=
The force on C dueto B is

q
I gage _ 1 2([})

Eg|= =
CB‘ dmey ra- A ( r ]2
2
2 2
= FCB=—i2 from B—C
dre, r

By Principle of Superposition, net force on Cis

Fo=Fep+Fep
129 1 ¢
= k= —i——q—z from B to C
drey 1= dmeyr
2
= P:—q—2 from B to C
dmey v
Using (1), we get

|E-|=2.0%10® N from B to C
= F=20uN
2
T=7.72x10 N =77 milli newton
m=79%g=8¢

The electric field strength at a point having position
vector 7 relative to charge Q is given by

1 7
——— (vector form)
dmey v

[nxl]

The position vector of P relative to origin is
f= (3? + ] + IE) m

modulus of 7 is

n=vG3)+(1)?+(1)* =11 m

The position vector of P relative to point A(2, 0, 0)
is given by

ﬁ=(3?+}+l€)7(2?)=?+}+l€

modulus of 7

= \1(1)2+(1)2+(1)2 =3m

The electric field at P due to charge Q, at O is

P 1 Q1(35+}+12)
1= 3/2 (1)
drey  (11)

The electric field at P due to charge Q ,at A is
-1 Q(;’+}+I€)
e (3)
Net field at P,
E=E+E,

1 [Q1(3§+}+I§) Q(;*'}'”;)] .3)

_ + .
ey (1) (3)%2

X -component of electric field at P is

_ 1 [aB), o],
T 1) (3]
This gives
3 3/2 352 %107
o-{3) )

52 /
Q=- 5 , ><11><%><10"9
wr
= Q=-3x11x107C
= Q=-33nC

= [Q|=33nC
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19. (a) The forces acting on each balloon are shown in fig-
ure and are as under

(i) The effective weight of balloon W acting ver-
tically upward

W= Vpairg B VpHeg
Wzv(pair_pHe)g (1)

where V = volume of balloon, p,, and py,
are densities of air and helium respectively

(i) Electric repulsive force acting horizontally
given by

2 2
=T _gx10Px—1 -(2)
dmey 1 (0.6)

(iii) Tension in string T along AC for balloon A
For equilibrium of balloon A say
W =Tcos0
F,=Tsing
Dividing (2) by (1)

F
tanf == (3
W (3)

Tcos® \2T cos 6 »\8

For equilibrium of weight C

2T cos6 = mg
Tc059=g ..(4)
2
From (3) and (4)

W =Tc059=%

w=%><5><10'3 x 9.8
W=245x10"° N ...(5)

AD
From figure, tanf=—
& cD

20.

Hints and Explanations H.93

__ 03 _03
(1> -(03)* 095

Using (2), (5) and (6), we get from (3)
2

= tanf=

.(6)

9x107 x 1 5
03 _ (0.6)

095  245x107°

L 2 (067 x(245x107) 03
1 9%10° 0.95

= ¢=5x10"°C

= g=5uC
(b) From equations (1) and (5), we get
m
73 =V(pair ~ Prc )8

So, volume of balloon, is given by

m
Voo
2(p"air 7PH£)

5%107

= =
2(1.29-02)

-3

V=200 5 03%107 m?
2%1.09
= V=2293 cc

Let g, and g, be the respective charges distributed
over two concentric spheres of radii r and R such

that
_Qfr 1
‘4;re0[R (d—R)] -0

As surface densities are given to be equal, therefore

61:62
T b
= =12 (2
imr®  4zR? @
2
L B
7 R
2
= q_1+1=r_2+1
72 R
2 p2
+ +R
— mrh_T .
72 R
Using (1), we get
Q_r2+R2

) R’

CHAPTER 1
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21.

ICON

R2
This gives ¢, = { I }Q
Therefore 4, =Q-¢,
= =) =
h=Q (1’2+R2 Q r?+R? Q

The potential V; at common centre due to charge g, is
given by

4mey 1
1 r? Q
= Vl :4—( 2 2 ]—
T\ r"+ R r
= V 1o

' dmey 2+ R
The potential V, at common centre due to charge g, is

1q_2_1(R2]Q

“dmey R 4me\rP+R2JR

V, R

= U=

2:(AV) \/2 x 1.602x 107 x 30 x 10
) 1672x10°7
Net potential at common centre,
V=V, +V,
_ L0
"7, (4 R?)

= V:LM
47[80 R +r

m

[r+R]

= V=9x109xix10’9xix100
100 45

= V=9V

The horizontal force on dust particle is F = gE
If v is speed of particle in air, then by Stoke’s Law,

Viscous force = 6mnro

For uniform speed v, we have
qE = 6mnro

If n is the number of excess electrons, then
q=ne

= neE=6mnrv

brnro
¢E
Substituting given values
o 6x3.14x1.6x107° x5x107 x0.02
1.6x107" x6.28x10°

= h=

22,

1 (_ql)q2=lmlvlz+lmzv§
Are, d 2 2

0+

= n=30

Potential at the centre of a loop is the sum of potentials
due to charge of its own and that due to other loop.

Potential at the centre C; of loop A
v, =L(i+i]
dreg\ Ry 1

I S .
=g —+ ——
drey | Ry R} +d”

1

1
= V1=9><109><10'(’[—+

Ry (0,090 +(0.12)

= V =9><103[1+1}
005 015

= V1=9><103x%=2.4><105\7

The potential at the centre C, of loop B
V2 = L i+ i
dreg| Ry, 1

I O I S
= ——q| —
mey | Ry (JR% 4+ 4*

1

= V2=9><109x10"[i+

R J(0.057 +(012)?

=V, :9x103[i+i}
0.09 0.13

1 1
= V2:9x103x100[—+—}
9 13
= V2:9x105[1+l}
9 13

13+9}
117

= v2:9x105[
= V2:9x105x£
117

= V,=1692x10°V
Potential difference, AV is given by
AV =V, -V,

= AV =24x10°-1.692x10°

|

|
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Hints and Explanations H.95

= AV=7.08x10" volt = v=154x10" ms™
= AV=7080V = 0=154x10° ms™
. The potential differences between spherical conductors = =154
V, = 1 ( q_ E] 24. Initial potential energy of system
dmeg\a b
R O RN
Here a=1cm=10"m, Vdmg | n, m oM
b=4em=4x10"m
S U =qug[2x3+3x1+2x1]
o (1 1 1 1 1 -
= 3000=9x10g| ——%-— (44
107 4x10 = U;=9x10"x11 T
= 3000=9><109q{4(4101)2} = U =9x10° ] E
X
Final potential energy of system <
_3000x4x10° _4 oy X XL
= ox10°x3 9 uz=[‘h?2+qlf73+q3,ql} v
, o dmey | My 13 M3
The potential at point distant 1, =3 cm from centre
1(q ¢ = U2=9x109[2X3+3XI+ZX1]
Vi=—|—--— 05 05 05
dmeg\ 1y b

=9x10” x22=198x 10’
The potential at point distant r, =2 cm from centre, = p=9x10x 8x107]

So, work done W =1, -U
v, =L(i&] -
dneg\r, b = W=198x10"-99x10’
The gain in kinetic energy of electron = W=99x10"]
K:E(szvl) = x=99
o Kee 119 99 N 25. Initial electrostatic energy of system of three charges,
dmeg|r, b o b

u‘_L(m+m+m]

dmeg\ 1y ta3 "3

A
01C
= K=9><109x1.6x10*‘9><§x10ﬂ“x

i 5
2x107 3x107

I

I

I

I

I

I

I

I

I

I
A
b=y

= K—QXIO_U]
3

1 32 _
= *mE)Z:ix]_O 17] OI1C A’ O.1C

2 3
= 2=—><?;)—2><10'17] Here ¢, =¢q,=¢;=¢q (say) =0.1C

hy =ty =nhz=r (say) =1m
= vz=(ﬁz_3l]xi—leo_w . 5
x10 U,—=3[q]
2 64 dmey r

? =—x10%
27
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26.

ICON

2
= uf=3x9x109><%

= U;=27x10"]

When charge A is moved to new position A" which is
mid point of side BC , then final electrostatic energy,

uy = 1 (9%, B 950
dmey\ 1y Iy hs

~ 1 qZ q2 ql :|
- ”f‘wei(,q's)*wc]*m'c)

But A’B=A'C=-=0.5m, sowe get

r
2
[(0.1)2 (0.1 (0.1)2}
+ +
0.5 1 0.5

= uf=4.5><108]

Work done

W=Uf_u',’
= W=45x10-2.7x10°
= W=18x10%]

Since, by definition, Power = M
Time
= P= E
t
W 1.8x10°
= [=—= 3 second
P 10

= {=18x10"s

[ 18x10°
3600

= t=50h

The electron on entering the electric field, will experi-
ence a force F = eE opposite to direction of electric field.
On account of this force, it will be deflected in trans-
verse direction. The path of electron is shown in figure.

E T F =T+ 7] y

NEEREE
d O~ X

Assuming initial velocity along X-axis, the transverse
deflection will be along Y-direction,

27.

F eE
a, = —=—=constant
“mom
Initial velocity along Y-direction is zero and ini-
tial velocity along X-directionis u (say) therefore
transverse deflection

o, 4 _ms[ & ]
r IMIN =57 | T2

2 m\ upyax
d

Here Yun =3

and E=K
d

ui(z) ¢
2 2m\d “imx

Substituting given values

107! \/[ 16x107 %300 ]
2x1072 9x107!

= hygax =3-65%107 ms™

Upax =

= Uy =365%10° ms™

= x=365

(a) For equilibrium of oil drop between the plates
the weight (mg) of drop must be balanced by
upward electric force gE where E is electric field
strength and g the charge on drop.

qE=mg
mg
= =—
=7
where E:K:&
d 15x107% m
15x10°
=200yt 2105 yim?
1.5x10

and m=49x107" kg
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Hints and Explanations H.97

At the position of maximum elongation of spring, the

49x107° x9.8 .
j=——F— sphere moving downward comes to rest.

5
10 Let maximum elongation of spring be x , then by Law
= ¢=48x10""C of Conservation of Energy
If n is the number of electrons attached to oil (U + Kinitial = (U + K )ginal
drop and ¢ is elementary charge, then by charge
quantisation - 1 (q)(_Ef)+mgxo+0= 7(=1) +
q=ne dmey,  x, 4mey (g —x)
n=E=4-8X10_19 _ mg(xo—x)+lK(x2)
e 16x107° 2 -
(b) If the polarity of plates is reversed, then both Tota}l_energy in initial position = Total energy in final E
weight of drop and electric force act downward position -
therefore net downward force, 1 1 1 1 o
2 2
) = — - — |==Kx" —mgx (1)
F=mg+qE=2mg {since mg = qE} dmey \xp-x x5) 2 <
Initial Acceleration of drop, Given x=0.1m, x,=05m E
F 2mg
a=—=—==2¢ downward =10 Nm~! o= -2
mo g 8§ K=10"Nm™, g=10 ms
= a=2x10=20 ms™ downward ¢ (1 1) 1 2
5 do = i :5(10 (0.1 - (5)(10)(0.1)
(c) If the downward force F is balanced by upward o0&
viscous force, then drop attains terminal velocity - 45x10%°% =45
vr given by Stoke’s Law
F=6 = = o 108
wirer 45x10°
2mg =
= amg=6myry = =10 C=100 uC
_2mg _ mg
= U= P — 29. Electric field due to a straight conductor,
I 49%107° x 10 E:%ﬁ
" 3x314x18x10° x5x10°° o
= our=58X 10™ ms™ . Force, F=gE= Lz_lq
dmey v

= 0p=58x10" ms™
B F_9X109'2x6x104x1.6x10_19
= UT:58 ums = - 05

28. When the thread is burnt, the positively charged — F=345x10%*N
sphere moves downward due to two forces

- 6 N =
(i) Weight mg , acting vertically downward = F=36x10"N=345uN

ince, by definition, we h
(i) Coulomb force of attraction 1 acting Since, by definition, we have
€

downward & W= q(V2 -Vi)

= W= q‘LZAlogf(r—zJ
dre, n

1 r.
S TR s W=——(21g)loe 2
f 18- 42’1’80( 7). n

Xo
_of o

= W=9x109x(2x6x104x1.6x10lg)xloge[%]

Initial position  Final position 0.2
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32. Considering the equilibrium of ball P.

= W=158x10"]
= Wz16m]

T §Tcos30
30. GaininKE =¢(V,-V;) B!
, 1 (11 ) : :
= —mo -eaq i Tsin 30 QI Fe
U2:E{L[qa_b)} mg
m| 4mey\ " b-a
= 0=8x10°ms™ Tsin(30°)=F=F, -0
So, the part not readable is 8. Tcos(30°) = mg ~(2)
31. The electric potential at P is due to two spheres _ mg (0.866x107%)x10
(i) Alarge solid sphere of charge density (p) cos 30 0.866
(i) A small solid sphere of charge density (-p) = T=10"N
The electric potential due to whole solid sphere of From equation (1)
radius R at a distance r from centre q*
Tsin30° = 4——2
1 q'(31224'2) o ¥
1= gpe T 5p3 9, .2
dmey 2R o 102y 1o9x10 ;“i
o) 2 (03
1 (EER P ) 3RE = Solving we get,

' e, 2R’

The electric potential at external point at a distance

q=3.726x10" C
q=373nC

7= x2+y2=5crn q .
33. ¢p= —( - ] {as derived earlier}
4 5 2g, R*+4d?
1 g 1 3™ (-p)
= Wh=r—o= 8.85%107° 40
drey v’ 4mg, r Pp = ——————=| 1-—
2(8.85x10™)\ 50
So, net potential
V=V, +V. - ¢ —E( —5]
1tV E=T 5
112 4
V=—| ZaRp(3R2-1*)-~1r ] 10° 1 ]
where R=5cm=5x10" m, = ¢ =100 kNC™
-2
r=4m=4x10"m, 34. By Law of Conservation of Energy

=5em=5%10"m,

_1o*

m
Substituting given values, V =35.16 V
So, V=35V

(U + Kinitial = (U + K )final
1 »

1
= —my+——==
2 ey 2

. l,,m,z:ﬂ(l_l]

2 dreg\, 1

0)2+_Qq

dmegr,



35.

36.

:%(2><10ﬂ")(1)2=(10‘9)(10‘8)(9><109)

100 _1

= —-10
h
1 190

= —=—m
1 9
9

= T'2=—m
190

= 1r=47x10"m
r=47x10" m

= =47 mm

63.5 g copper contains N, =6x10% copper atoms.
Therefore number of copper atoms in 10 g copper is
_6x10%

63.5

Since only one electron is transferred for every 1000
atoms, therefore the number of electrons transferred,

x 10

L 6x107x10
63.5x1000

Magnitude of charge g is given by

23
—ne= A0 XA0 1070 C
63.5x1000
192
_ 1920

LT
Separation between pieces is 7=1cm =107 m

One piece of copper has positive charge and the other
negative charge, so force of attraction between the
pieces is

F=_1 M
dney 1

9x109(@]x(@]
127 )\ 127 )
(107)°

= F=2057%x10°N

= F=

So, x=2

Let us consider the equilibrium of charge Q placed
at 2. Then for equilibrium

37.

Hints and Explanations H.99
F23 F25
1 a Fa4
VT o Fa
| s
5y
. {
|
A . X
4 3
i
X o -
= FE,i+E,j=0 (a4
(11
= F2X= P
_ o
= F,+FE c0s45+ F5cos45+F,,c0s90=0 <
2 2
1 1 I
5 2 9 s +0=0 @

=

2t 2
men”  gre (\2a) 2 47@0[ a

= Q+%+\/§q=0

= Q(2ﬁ+1)+4q=0

= q=—%(2x/§+1}
Since Q=§(1—2\5]

= q=—i|:§(1—2\@)(1+2ﬁ):|

Beta particles (i.e., electrons) emitted in t seconds

N=5x10"t
The deficiency of electrons from a conductor
results in positive charge

As 40% beta-particles escape from the source, positive
charge gained by source (metal sphere),

q—ﬂM’:fﬂxleOmet

~ 100 100
= q=2x10"tx1.6x10™"" =32x107t C
Due to this charge the potential acquired by sphere

1 g

" 4me, R
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Substituting given values

-9
2=9x10° x 22101
10°

B 2x107
9%x10” x32x107°

= =7x10"s=700 s

38. For the ball just to complete the circle, the tension must
vanish at the topmost point, i.e., T, =0
From Newton’s Second Law,
2 2
q mu
T, +mg - =— (1
2T e AT )

At the topmost point T, =0

2 2
i __m (2

Cdme,A

mg

By Law of Conservation of Energy
( Energy at the ] ~ ( Energy at the )

lowest point L highest point H
1 -, 1 5
= —mu" ==mv" +mg(2/) ..(3)
2 2
= vz=u2—4gﬁ ..(4)
2
From equation (2), v = gl - i ..(5)

dregm!

2
. q
Equating (4) and (5), u=,|5¢/ -
quating (4) and (5), u g Tremt
12
u=(2§) =586 ms™

= =586 cms"

39. Since the spheres are initially neutral, so when a
charge Q is transferred from one sphere to the other,
the charges on the sphere become +Q and - respec-
tively. The potential difference between them is

+Q -Q

Sphere 1 Sphere 2

+Q

— ¢ = 50 cm—»

aw=—5 (-9
47T£OR 47TEDR

= Q=2m,RAV

2
9x10°
Potential at the surface of first sphere,

Q: x 100

V; = Potential due to charge on 1 + Potential due to
charge on 2

= W

Q Q Q[l 1 ]
R (d-R)

T dme, R 4me,(d-R) 4mey|R
Potential at the surface of second sphere,

V, = Potential due to charge on 1 + Potential due to
charge on 2

=

10 _Q_Q[l_l}
4mey(d-R) 4me,R - 4mey| (d-R) R

Potential difference between the surfaces of the two
spheres is AV’ given by

2001 17 2001 1
AV ==~ 2l
10210 40] 102140 10

= AV =30x10°V

1
Kinetic energy gained by proton = +eAV’ = Emvz

[2¢(AV")
U=
m

\/2 x1.602x 107 x 30 x 102
= 7=
1.672x107%

= ©v=758x10° ms™
= 0=758x10" ms ' =758 kms™'
40. Using the concept of Work-Energy Theorem,

~C.60°

qgE

<
!

we get
%m(vz —u? ) = —mgf(1+5in60°) + gE/ cos 60°
Substituting the values, we get

ut-v*=32.32 (1)
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Since, tension in the string at C is zero.

]

= % = mgsin60° — gEcos60°

= v’ =366 (2)
From equations (1) and (2), we get
u=6ms"

41. (a) Consider the two spheres as a system
By Law of Conservation of Momentum
U = mlvlg + mzvz (_; )
-y
"y

= ()

By Law of Conservation of Energy

R 1 [ S SO O 1)
dme, d 2 2 dmey n+r,
= 1 49 1 q9p _ 1”"1?12 N 1 1/11]2012
dnegn+r, 4mey d 2 2 m

2
S o= 1 My0172 1 1
dmey my(my+my )\ n+r, d
Substituting values, we get

_\/2(0.7)(9><109)(2><10*")(3><10*")[1 1] .

U = .

: (0.1)(0.8) 8x107 1

= ©7,=108ms™

mo,  0.1kg(108ms™)
m, 0.7 kg

= 0,=155ms™

So, ©;=1080 cms™ and v, =155 cms™
(b) If the spheres are conductors/metal, then elec-

trons will move around them such that the cen-
tres of the excess charges can be placed inside
the spheres without any loss in energy. Then just
before they touch, the effective distance between
charges will be less than r, +r, and the spheres
will really be moving faster than that calculated
in (a).

42, u=20ms™", o =45°

gE

a,=—=40 ms
m

o — -2
a,=g=-10 ms

Hints and Explanations H.101

y
: E(ora)
—_—
lg
u
30°
0 > X

It R >

Since at maximum height v, =0, so

v, =U

y . +ayt

¥

= O=usina+(-g)T

2u i
_ T=_,,_2usma=2x20><i=2ﬁs

‘a;‘_ g 10 2

In time ¢=T, the projectile touches the ground at a
distance R from the launch point. So,

CHAPTER 1

Range is given by

1
R=uT+ EaxTz

- R=(%)(2\/§)+(%](40)(2~/§)2

= R=40+160
= R=200m

E
o =1

m

Bor 4 (5_9y)

dt m

Attimet
e
v E=(5-2xx108

= vd—v=i(5—2x)

dx m
2
= TJ’—":E(S,‘c—xz)
2 m
= vf=%(51—x2)
m
dj: %(51712)
dt m

d
For x to be maximum d_JtC =0

= 5Sr-x"=0

= x=5m
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44. The situation is visualised in the figure

e——10cm —»

= e e e s e e e e e 5
m a
O—»————f==5-- -
E ] 'y
R R T N
v
Since, E=—
1nce d
E=3fﬂ=15000v1n—1
2/100

Since the particle does not come out hence its maxi-
mum deflection in vertical direction has to be

y=]cm=10’2m

/\2
y:lat2=1£[;) Asa:ﬁandtzﬁ
2 2m\u m u

112:1 ﬁ x*

2\ my
(1.6)(1019)(15000)(1)2_108
(12x102)(102) \10

= u’

_1
2

= u=10"ms?!
= u=10kms™"

45. Along the x-direction speed of electron remains uni-
form; because of no component of field along horizon-
tal. So,

v, =u and x=uf

= [=ut (1)
i — — - - - ;|
0
u e y

Along y direction
u, =0
Acceleration along y-direction of motion of electron is
given by
_¢eE
Tm

ﬂy=ﬂ

Since, v, =u,

= vy=0+(é)t
m

+ ayt

46.

47.

{
From (1), we get t=—
u

nymal = Ub‘mim + ﬂt

- ()

If 6 be the angle of deviation, then

(e
Yy \mu

tanf = —=~—=
Uy u
= 9=tan](ii)
mi
= f=tan & =tan1(i3)=30°

7]
m

Lets consider V=0 at point P. Then the potential at
the original position of the charge is

V,=—Ex=-ELcos6

At the final point A, V; =-EL. Since the table is fric-
tionless, by Law of Conservation of Energy
(K+U); =(K+U)y

= 0-gELcosf= %mvz -qEL

.- [2gEL(1-cos6)
- m

_ - [2(2x107° €)(300 NC™)(1.5 m) (1~ cos60°)
- 0.01 kg

= 0=03ms™

= ©1=30cms™”

Total charge
r=R
Q:deV: J (Kr“)(tlfrrzdr):ﬂ(R“B)
a+3
r=0
.
? amk (R
Q’=jpdV= I (Kr")(thrrzdr):—(—)
' a+3\ 2

According to question

1 Q@ 1 1 Q
4me, (R Y _g(zhrsu F)
3]
Putting the value of Q and Q" get

a=2
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Hints and Explanations H.103

ARCHIVE: JEE MAIN
1. Tcos@=mg 2 1
Tsin@=qE = WV =[AEBIJ_5

= Vl—sz[—%—B]+(§25+B(—5)}

= V,-V,=12A-6B=240-60=180 V

Hence, the correct answer is (A).

F
E 4. Since 7=1a (a4
= tanf= 1" 11
mg =
. o
1 2 1
. tal19=5><0;< 000 1 - o
2x10°x10 2 L
1 U
-1
= ()
2
Hence, the correct answer is (D). ) ) )
E\do = Id 0 5 md- || d°0
2. For CASE-1 = ~(qE)do= 2T N2
Electric field between spherical surface
a0 2qE0
Y T -
47{801‘2 f "
2q9E
0=,
= md
+Q Hence, the correct answer is (A).
A
5. E=
2meyr
Vp
For CASE-2 i
Electric field between the surfaces remains unchanged. J v = J._Terdr
A r
Vo -V.=——/In| —
-3Q - P 2me, (rOJ
. 1
Since, S s q(Vp-Ve)
So, potential difference between them also remains 1 5, g4 r
— —mv =——/In| —
unchanged. 2 2mey 1y
Hence, the correct answer is (B). )
3. Since dV =-Edr=—(Ax+B)dx - Ux{ﬂn(i]:r
To

(1 1
. Ja‘V = J—(Ax +B)dx Hence, the correct answer is (A).
(23 -5
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U:L _ﬁ.'. Qq _ Qq = lm[';z:& 272
6. ime,| d (d d 2% 4me,\3a 5a
L1 (50) (05
) 41 T
2 = %= 15\ 47e, )\ ma
. u=1(w9d) 0
amey)\ d  D? 1
; 21 2( 4 P
Hence, the correct answer is (A). = 7= \f Il
m| 15\ 4weqn
7.
y Hence, the correct answer is (D).
q 9.
a 14C 1 mm mg=4ug=4x10"kg
~. g Amm 4 7 °
p *q .. D>>d A B B
e (Fixed)
-------------- - X
d D
Sil"lCE, ul — 072 f — N2
+q A7y, dreyry
d
-g By Law of Conservation of Energy, we have
(U+K); =(U+K);
|E| _ ZL}D 2qD
a 3 3 M _ @9 1 o
dre, (D? +44% )2 47r£9(D2 +d?)2 drme,n, B dmeyr, - zmv
(along -ive x direction) 2 24,4, ( 11 }
- [ dmegm\ n,
. |E|:42quDD3 1 - 1 . o\ h I
7€, 2 2 9., 10-12
NEAR TR . UZ=2><9><1_2 ><1(13 (1_1)=4><109
D 4x107 x10 9
= 0=40x10* ms™ =632x10* ms™
.2 344° 34 .
- |El= [1-=—-1+=— Hence, the correct answer is (D).
4re,D*\ 2 D? 2D?
L
- 9qd* 100 T=2=x /—
|E|l= 5 8eif
dme,D
2
Hence, the correct answer is (C). where, $uf = g2 + ( %)
8. QR
+Q, I
- T=2n —
()
------ 0Q o
Hence, the correct answer is (C).
Potential at any point of the charged ring 11. V=0 and
Q E=—F _3c0s26+1

(/A -
4y R% +x? dmegr

It v is the minimum velocity for the point charge to
reach the centre, then .
P

1
Emvé = Q(VC -Vp )
Hence, the correct answer is (C).
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12. Since net charge on the dipole is zero, so the inside sur-
face shall have non-zero and non-uniform charge dis-
tribution. Net field outside the region would be same
as that would have been for point charge at surface.

Hence, the correct answer is (C).

13.  According to Gauss Law, we have

E(4]’Eﬂ2)= Aenciosed (1)
&

a

= e = J(kr) x 4rerdr
0

!
= t"}t’nc=4"'rrk I =2Q (2)
From (1), we get
4
E (4:1::22 ) = drka
dg,
2
= E= ki
dg,
Since both charges do not experience any force, so
(Fnet )A = 0
= 2 2
ka
D i
dg, dme, X 4a
2
Since, 20 = 2FkR
20
k=—
7R
( 20 ) Q) Q@
nR* N\ dey | dmey x 4a®
= 8a*=R*
1
= a= 51 =8 4R
g4
Hence, the correct answer is (D).
14.
+Q q +Q
- m-e- Q------ o-—
0 are d

Hints and Explanations H.105

Qg Q’
Fy= =0
¢ (d)2+4m90d2
4]]:80 ~
2
= 4Qq+Q2=
Q
= q=—z

Hence, the correct answer is (C).
Qux
3

4JTEU(R2 +x2)2

15. E(x)=

CHAPTER 1

dE
For maximum, —=0
dx

o, 1
Q (R24+x2)2 —(J4:)§(Rz+x2 )2 (2x)

= 3 =(
471'50 (R2 + x2 )
1
2, .2);
- (R +7) Q3 (x2+R*-3x)=0
dney(R*+42)
= x= R
2
R
= h= E
Hence, the correct answer is (A).
16.
P
(0, 3)
3
+ _
q1(0,3)  g.4,0)
ol
—

4

By Principle of Superposition, we have

where,
-1 Joxio( ?+3}]
El = X —
ane,” 10\ 10
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i1 X(—25x10*)(_4§+3}] 20
2 e, 25 5

. ;;-:mexwﬂs[_ﬂ_(_m)}

9x10°

0 (~1+3]+8i-6])

= E=

= E=9x10%(+7i-3])

= E=(631-27])x10? Vm™ V= — .90, ¢ , @
dmeg\ 2 2 242 224+ 4?

Hence, the correct answer is (A).

1 2
R A 2r = VA:ME (Q+%]
17. Q:Jﬁlmz[—ze a Jdr . ’ L
r So, potential energy is given by
0
1" 5)
ar R 2R U= 14—
= Q=4HAae @ =27mA(1fe L ) Aty ¥
- 0 Hence, the correct answer is (D).
_E Q p
=¢ ¢ =1- 21. F= , for electric dipole
= O 2maA 4]?.'80]/3 Q P
2R 27
LR and F=—F Q= PQ3
- Q y 4ﬂ£0y
( 1 _ ) 4”80 -
2maA 3
p 1 = F=27F
R=-=In ;
= ’ [ . 0 ] Hence, the correct answer is (C).
2naA herical shell 1§
22. F i V= <
Hence, the correct answer is (A). or sphericalshe dreyn, orr=h
1 v=_A1
18. Ve 7 and V= iner for r>1,
dqa 2qa %
- =
xZ (R _y )2
9
X dmegry |
= (R-x)=——% !
X V2R 0 i
= XY= e
(V2+1)
Hence, the correct answer is (B). Hence, the correct answer is (A).
19. Q=4dno(a®+b*+c2) o 1 Q. Qg
23, 0=U=—|—+—+—/—
o (4ma® 4zb*  dncd® iwgla V2
= V= [ + + ]
dmey\ a b c B 1
= —-4=0Q|1+ E
Ve 0 [ a+b+c )
ame)\ a® + b + ¢ =~ Q= ~qV2

J2+1

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



24,

25.

26.

27.

ICON
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28. The potential of the shell B,

U=-p-E
— U=-pEcos(45°) VB=L 94 . 98 ¢
dreg\ v, 1o T
1
= U=-107x10°x—
\/5 T 4n(oxa2 a'xb2+0'><c2J
= _
-~ U=-7x 10,27 ] 42’1’80 b b c
Hence, the correct answer is (C). o] ( a* - b ]
= B=— +cC
By Law of Conservation of Energy, we get &\ b
Q¢ Q1o c

- +—mv
dmeyR, 4meR 2

Vool )

Hence v increases and attains a finite value after a .
large time.

+0

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

29. Charged particle can be considered at the centre of a
cube of side a, and the given surface represents its one
side.

So, flux through each face ¢ = 2
be,

Hence, the correct answer is (B).

30. Charge density on given solid ball varies as

£] p:po(l—%),for 0<r<R

Electric field outside the ball is given by

= p=0
- L g
Similarly, p, = i1 + 0242 + 43¥5 E= pr (1)
/
S = ()0 )00+ (20) 2 Now dg=piv =plam )i
= p =f\/3_;qﬂ R
! A = q:‘[dq:'[po(l—%)(éhrrz)dr

= PPty 0
= 17=—‘/§qu /3 4 R® R
Hence, the correct answer is (C). = q=(47p, )|:?E % ZL - 4er0(? I)

c Q 3
ince E=2 = R
Since & A, = q=4ﬁp0(ﬁ] (2)

= Q=¢g,AE=(8.85%x1072)(1)(100) R}
From (1) and (2), E= 0—2
= Q=885x107"C 12&r

Hence, the correct answer is (A). Hence, the correct answer is (A).
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32.

33.
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2

Initially force between spheres A and B, F = Lﬁ'_z
47[80 r

When A and C are touched, charge on both will be

g. Again C is touched with B the charge on B is
given by

M=

+9 3
g = I‘i’

M ‘

@ @

r

Required force between spheres A and B is given by

031 :

= T gagg_ 1 274 3 1 q° _ép
= = = |=

dmey v 8

dmey v 4me, 8

Hence, the correct answer is (A).

Equilibrium position will shift to a point where resul-
tant force is zero. So,

kx,; =qE

5 5, =L

eq k
Total energy of the system is
1 E?

E=tmata?+ 1=
2 2 k

Hence, the correct answer is (D).
j = pcosti +psingj

E1=E;

bl
B3

N

1= pxE;
= T1=(pc056f+psin9f)><E(f)
= tk=pEsin6(-k) (1)

E,= \EEJ

35.

T, = (pcosﬂz? + psin@})x V3E;j
= 1k =3pE, cosbk -(2)
From (1) and (2), we get

pEsin® = \3pEcosf

= tan9=\/?_>
= 0=60°

Hence, the correct answer is (C).

enclosed
¢ = =
&

2
For 5, ¢, = =
&

-g 2
FOI' 52, ¢F2=73q q=j

& &

+ 2
FOI 53, ¢3=u=_q

& &

8g—6q 2
For S,, ¢, = qg ng—q
0 0

So, ¢]=¢2=¢3=¢4=?

0

Hence, the correct answer is (A).

36. Applying Gauss's theorem for radius r, we get

jE‘d;l:Sl(QH;)

0

= E(4nr2)=l(Q+q) (1)
&

where g is charge enclosed between x=4 and x=r.
r r 2 r
q= Jéélzrxzdx = 4:rrAJ-xdx = 4irA( x_]
X 2 a
= g= 21A(? - a?)
Substituting the value of g in equation (1), we get

E(4zrr2)=gl[Q+2:rA(r2 —az)]



37.

38.

39.

ICON

2
= E=L(Q +2;arf1—2mﬂm ]

47{8{] I'2 r2

E will be constant if it is independent of »

g B 2nAa®
.2 )
= A= %
2ma

Hence, the correct answer is (A).

- 30-52% for |z|]<1m

Since, V(z)=
35-10/z] for [z|>1m

av
and E(z):—d—=102 for [z|<1m and
z

E(z)=10 for |z|>21m

So, the source is an infinite non-conducting thick plate
of thickness 2 m .

q . g 2E
= since p,=—=—§,
2A¢g, At t
2x10

= M= &= 108@

Hence, the correct answer is (B).

Since, E= ( AV)

Ar
Vo + AV Vy+ 24V
Vo
"o
oe-—-
Ar | Ar

where, AV and Ar are same for any pair of surfaces
and hence, E = constant

Since, electric field inside the spherical charge distri-
bution is given by
p

E =—7r=constant
&y

= pr=constant

1
= plr)e-
p
Hence, the correct answer is (C).
3 QR3 (C’;R2 - rz), for r<R
TTE,
v=|
Q , for r=2R
dre,r
So, V, Q

=V =
urface 0 4HEDR Y

40.

41.

Hints and Explanations H.109

V
Vcent]'e =3TD!SO R] =0 (1)
V
'y
3V,
2
Vo
3V,
4
Yo
4 »r
Ry =
Now, V =
2
o 2.3 R
2 R?
R
= R,=— 2
2= 2)
Similarly, at Ry, V = Wy = Q
4 4meyR,
4R
= R3 = ? (3)
Again, at Ry, V=E= Q
4 dmgyR,
= Ry;=4R (4
So, we observe from (1), (2), (3) and (4), that

R1=0,R4 >2R and R4*R3 =4R*%=%>R2

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

Electric field lines must originate from the positive
charge and end at the negative charge. Also they must
exit and enter a surface normally, must be smooth and
continuous.

Electric field due to complete disc (R=2a),
E _1(1_;]_1[1_L]
' 2, VR? + 12 2g, Vaat + 12

h
= Elzi(l——)
2¢g, 2a

Electric field due to disc of radius R=a is

h
Ez=i(1——]
2¢g; a

{h<a}
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Hence, electric field due to given annular disc is . 4x10° Vo [ 4x10° )
O'h = net={ 2]i=( )1
= E=E-E=—o0 4x(0.2) 4x0.04
480& — 3 -1)*
= E.=(25x10° NC")i
o
= C= e Hence, the correct answer is (B).
ﬂ'go
Hence, the correct answer is (C). 44. Since AV = _J E.dF
42,
2
= V-V =7J‘E-dF
1
where, d7 = dxi + dyf and
On outer surface there will be no charge
So Q,=0,=0 on inner surface total charge will be E= (25i +30j )NC_I
zero, however, charge distribution will be there, so (22)
Q=0 and 6, #0 = AV:V—U:—J (25?+30})-(dx§+dy})
Hence, the correct answer is (C). (0,0)
43. Due to quarter ring electric field intensity is Z Z
P (9) = V=- J.25dx+j30dy
E= sin| — 0 0
2re,R\ 2

= V=—(25(x)s+30(y)
So, due to each quarter section, = g , so field inten- ( ! (y)c')

sity is = V=-(25%x2+30x2) V=-110V=-110]/C

Hence, the correct answer is (D).

A
45. V,-V,= —jExdx
0

2
= V,-V,= —30jx2dx
0

A (n] V22
=——sgin| = |=
2mggR 4/ A4neR 32
x
A A ) = VA—VO=—30[— ]=—10(8)
= Em,:\/iEi:ﬁ“mi: 24 3o
dmegR 4meyR
= V,-V,=-80V
: Q 20
Since A= 2R - 7R Hence, the correct answer is (C).
(TJ 46. F‘\O/VF
; 2(20) » . L
S F - (Q)2i= 0 ) e
47[8[}71'R i EDR ’,’ : ‘\,\

, 0T A (Il ceee—--"20q
where Q=10"¢,C — a —pie— a —>
and 7R=L=20 cm F,;=2Fcosf

. [4x10%, ), (4x103)¢ 2
- Em' — 1= 1 _ 2><kq Y
’ (4#501{2] a2 = Fa= X T

2(a® +97) (a2 +)



47.

48.

49.

50.

ICON

2
SO,F:kq—Ey (for y<a)
a

= Fey

Hence, the correct answer is (A).

V=J.Lkﬂ where k:L

+x dme,
k i d k
= V=—Q —L=—an2
LJL+x L
0
= V= Q In2
47T£DL

Hence, the correct answer is (D).
2

R
Potential at the centre of the sphere, V- = z—p
g

0
. Rzp
Potential at the surface of the sphere, Vg = N

€
When a charge q is taken from the centre to the sur-
face, the change in potential energy is.

Rp_1Kp
2e, 3 g

1R?
AU=(VC—VS)q={ =g€_.0q
0

Statement 1 is false. Statement 2 is true.

Hence, the correct answer is (B).

For uniformly charged sphere

=LQ—; (For r<R)
drey R
E=Lg2 (For r=R)
47{80R
1
E=—g2 (For r>R)
dreg v

The variation of E with distance r from the centre is
as shown in figure.

Hence, the correct answer is (B).

Method-1I

Figure shows equilibrium positions of the two spheres,
so Tcostl=mg and

51.

Hints and Explanations H.111

0]
I
1/616\ |
Tcosé@ !
Yo /T 1 W
1
Ai/Tsing|
Fe — b G »F
—X
Y 5 Y
mg 2 mg
1 &2
Tsinf=F=—-1
TEy X
2
= tan9=—2q
dmey x"mg
2
X X
= _=q72 {'.'tan9=—}
20 Amegx"mg 20
2
I
20 x
- qzmx3
3
= gecx?

when charge begins to leak from both the spheres at a
constant rate, then

1
dg 3 pdx
dt 2 dt
1
- d
= pocy ? {'.'—q=constant}
dt

Method-II

At any instant, loss in electrostatic potential energy is
equal to gain in kinetic energy.
2
1
So, S 2[—11»1\;2 )
4mex 2

1
= Voex 2

Hence, the correct answer is (A).
d=ar’+b

d
Electric field, E= ——dq) =2ar (1)
r

According to Gauss’s theorem, Cﬁ E. g = Tinside
&

= (—2!11’)4?1'}‘2 — Jinside

using (1
& { g ( )}
7 Hinside SEOH}ZTS
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Charge density inside the ball is

_ Jinside
Pinside = 1
3
—nr
3
_ 8¢ anr’
= Pinside = 4
3
—Tr
3

= Pinside = _6[‘!80

Hence, the correct answer is (D).

(LY
912}
T T
g
Fed F
mg mg

Initially, the forces acting on each ball are
(i) Tension T

(ii) Weight mg

(iii) Electrostatic force of repulsion F

For its equilibrium along vertical

T cosB =mg (1)
and along horizontal
Tsinf=F (2
Dividing equation (2) by (1), we get
tanf = £ ..(3)
mg

When the balls are suspended in a liquid of density o
and dielectric constant K, the electrostatic force will
become (1/K) times, i.e. F' = (F/K ), whereas weight

mg" = mg — upthrust

= mg' =mg-Vog { Upthrust = VO'g}

3

(9

= mg'= mg[l—g]
P

For equilibrium of balls, we have
F F
mg’  Kmg(1-(a/p))

tan®’ =

According to given problem, we have 6 =6

From equations (3) and (4), we get K = ;0_
1-=
3)
p 1.6

= K= = =2

(p-o) (16-08)

Hence, the correct answer is (D).

. Consider a thin spherical shell of radius x and thick-

ness dx as shownin the figure.
Volume of the shell,

dV = drx’dx

dx
dx ‘) Gaussian surface

&

Let us draw a Gaussian surface of radius r(r<R) as
shown in the figure above.

Total charge enclosed (Q,,.) inside the Gaussian sur-

face is

enc )

4\ 4
= Qenc=4xp0[ix3_x_] =4Ep0(ir3—r_]
0 12

12 4R 4R
4]Tp0 ( 5 3 r4 ] ( 5 3 r4 }
= = =1 —— |=m g pu—
Qenc 4 3 R pU 3 R
Qenc

According to Gauss’s Law, E(47r?) = =0
£

4
= E(4nr2)=ﬁ—%[§r3 _r_)
g \3 R

3
= E= rrpD; [51‘]:,00}'[51')
drr &y 3 R 480 3 R

Hence, the correct answer is (C).
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_A1

54. Linear charge density, A =—

r

Consider a small element AB of length d/ subtending
anangle d6 at the centre O as shown in the figure.

Charge dq on the element is dg= Ad(

= dq=A(rdd)

ot

the electric field at the centre O due to the charge ele-
ment is

JE- 1 d_;] _ ;erez
drmey r° dmeyr

Resolving dE into two rectangular components, we get
by symmetry,

jdEcosEJ:O

So, the net electric field at O is

Hence, the correct answer is (D).

55. For net force on Q to be zero

2
qQ2+ Q 5 cos45+ qQ2c0590=0
dmeqa 4]1'80(2(1 ) dmeqn
= Q= fZJEq
= 2 = —2\/5

56.

57.

58.

Hints and Explanations H.113

qQ ,
411'6‘082 Q
drey(2a7)
T Q45,90 :
| e dneya
| ’ |
1 ’ |
| e |
I I |
[ e |
[ |
1,7 !
Qé--menea- 4q

Work done in moving 100 negative charges i.e. elec-
trons from the positive to the negative potential i.e.
from P to Q is

W=(100¢")(Vy - V5 )=(-100x 1.6 x10™ )(-14 V)
= W=224x107"]
Hence, the correct answer is (D).

If the charge density, p = % r,
nR

The electric field at the point P distant # from the
centre, according to Gauss’s theorem is

Q

Y

E(4]I}‘12)=%
0

= E(4J’II‘12 ) = lJ.,odv
&

v o

n
= 5(4;;,:12):1 Q—Z(élm'zdr)
& ) R

E- erz

~ 4re R

Hence, the correct answer is (C).

Work done = Potential difference x charge

= W=(VB—VA)><Q,

CHAPTER 1
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V, and V; only depend on the initial and final posi-
tions and not on the path. Electrostatic force is a con-
servative force. if the loop is completed, V, -V, =0.
No network is done as the initial and final potentials
are the same.

Both the statements are true but Statement-2 is not the
reason for Statement-1.

ARCHIVE: JEE ADVANCED
Single Correct Choice Type Problems

1. For uniformly distributed charged shell, the surface
charge density () is

o= Q2
47R

So, charge of small area dA = aAnR? is
dg=0dA=0Q

Since potential at the surface before removing the
charge dq is Vj, so

Q

~ 4meR

Y

When dg is removed, then potential at the centre is

Vcentre = VD - V(dq)

= Vcentre =L B aQ = VO(l B a)
dme,R - dre,R

Similarly, potential at the point B (after removing dq) is

oQ

V=V, -—25 =V, (1-20)
R
4”80(_]
2
= Vcentre — i_ 1-a

Vy Vy 1-2a

According to principle of superposition, we get the
electric field at A as

Ezl(Q_aQ)_ aVy
A" aze) | (2R (R)?

— Lshell — R

Hence, the correct answer is (C).

= AE, = —a—VO
K V
So, at A, magnitude of electric field decreases by Ll
. __oQ
S1m11arly, (EC )'mitial =0 and (EC )ﬁnal - 4I€0R2
o aVy

AE=————=——+

7 T e 2 R

Hence, field at C increases by %VO

Hence, the correct answer is (D).

The sphere with cavity can be assumed as a complete
sphere with positive charge of radius R;+ another
complete sphere with negative charge and radius R, .

E, > E due to total positive charge

E_ —E due to total negative charge.

E=E, +E_
If we calculate it at P, then E_ comes out to be zero.
So, E=E,

and E, = L%(OP), in the direction of OP .
dre, R,

Here, g is total positive charge on whole sphere.

It is in the direction of OP or a.

Now, inside the cavity electric field comes out to be
uniform at any point. This is a standard result.

Hence, the correct answer is (D).

At the shown position, net force on both charges is
zero. Hence they are in equilibrium. But equilibrium
of +q is stable equilibrium. So, it will start oscillations
when displaced from this position. These small oscil-
lations are simple harmonic in nature. While equilib-
rium of —¢ is unstable. So, it continues to move in the
direction of its displacement.

Hence, the correct answer is (C).



El=g,where k=—
R g,
k(20
£, -100)
2kQ
v bt
k(4Q)R
E3 = 3
(2R)
kQ
= E3 =ﬁ

Hence, the correct answer is (C).
For inside points (r <R)

E=0 = V =constant =Li

dmey R

For outside points (r>R)

On the surface (r=R)

14
4mey R
_la_o¢
47(80 RZ &
where, 0= 1 5 = surface charge density
4R

corresponding to above equations the correct graphs
are shown in option (D).

Hence, the correct answer is (D).

E H n
45° q
gE
mg Net force I_>
mg

Net force is at 45° from vertical.

= qE=mg

qX X
i il - E=Z2
= Ko { d}

Hints and Explanations H.115

= X= m_gd
q
Y- (1.67x107)(9.8)(102)

(16x10™)
= X=1x107V
Hence, the correct answer is (C).
Electric flux, ¢=E-A
= ¢=EAcosf
Here, 6 is the angle between E and A

In this question =45°, because A is perpendicular
to surface

E=E; and

A=(V2a)(a) =22

= ¢=(E)(\24" )cos(45°) = Eya®

CHAPTER 1

Hence, the correct answer is (C).

Electrostatics repulsive force :

2
o2
E, = ( —]nR2
2¢,

2_p2
F=f, = 2™
2g,
Hence, the correct answer is (A).
In equilibrium, mg =gE

In absence of electric field, mg = 6anrv
= gE=6mro
4 qE

m=—gRr’d ="
3 8

3
S L S
3 \ bmnp Q

After substituting value we get,
g=8x10"" C

Hence, the correct answer is (D).
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Force between B and C

(ﬁﬂ
1 (3 )\3) 1 4axof

Qs +Q, +Qy) 47y (2Rsin60°)"  47Ey 9x 4x 3R

10. Q,=o(47R?)=42R%

2
" 9x3x47e R
2

(attractive)

_1q
54 rig, R
Potential at O is

c
(Lﬂ_ﬁ)
Q,+Q, =167R% y=—L 33 3)_j
dre, R

_ 2 = 2
= Q=16nR%0-Q, =127R°0 Hence, the correct answer is (C).

Q;+Q, +Q =367k’ 13. A=(-a4,0,0),B=(0,4,0)
= Q,=361R*0-167R%0 =207R’c
= 0Q:0Q,:0,=1:3:5
Hence, the correct answer is (B).

11. From Gauss’s Law, we have flux equal to

8C 6C
2 l?)‘”*(?] _

& & &

¢=

Hence, the correct answer is (A).
Since point charge is moved from A to B and

12. Net electric field due to both charges 1 , will get can- Va=Vp=0

= W=0

celled. Electric field due to [Zq] will be directed in
3 Hence, the correct answer is (C).

—ve axis
14. Charge will be induced in the conducting sphere, but
net charge on it will be zero.

Hence, the correct answer is (D).

15. Inside the cavity, field at any point is uniform and
non-zero.

Hence, the correct answer is (B).
16. There will be an electric field between two cylinders

(using Gauss theorem). This electric field will produce
a potential difference.

Hence, the correct answer is (A).

__ 1 17. All the three plates will produce electric field at P
6me,R” along negative z-axis. Hence,,
2 - 2 - 26 ~
a) g9(_2) g9 2 Ep=| bt |-k) =Tk
3) 3L 3) 3 3 2, 2, 2 &
P.E. of system = +

dmey\ 2R 2Rsin60° 2R cos60° The correct answer is (B).

PE. of system # (0 Hence, the correct answer is (B).



18.

19.

20.

21.

22

ICON

At any point over the spherical Gaussian surface, net
electric field is the vector sum of electric fields due to
+4y,— 4, and .

Don’t confuse with the electric flux which is zero (net)
passing over the Gaussian surface as the net charge
enclosing the surface is zero.

The correct answer is (C).

Hence, the correct answer is (C).

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

Hence, the correct answer is (D).

Electric field is zero everywhere inside a metal or con-
ductor i.e. field lines do not enter a metal. Also, field
lines must enter or leave the conductor surface at right
angles because it is an equipotential surface.

Hence, the correct answer is (C).

X=X X
Final position

AUZUf—
2

2
= |AUl= qusforx«a
drega

= AU e x?

Hence, the correct answer is (B).

q Q q q Q
x=0 -

e

X=-a X=4a X=-a X=X X

Initial position

T (ZQq q]
dreg\ a 2a

2
Q [ + ! }+ 1
drgglat+x a-x| 4me,(2a)

Final position

and Uf=

23.

24,

25.

26.

27.

Hints and Explanations H.117

= Au=Uf_ur'

2KQqgx?
JUEE s

For x < a, we have

AU = x*
Hence, the correct answer is (B).

Electrostatic lines of force never form a closed loop.
Therefore, options (B) and (D) are wrong, Electrostatic
lines of force emanate from positive charge and termi-
nate on negative charge, therefore, option (A) is also
wrong,.

Hence, the correct answer is (C).

Potential decreases in the direction of electric field.
Dotted lines are equipotential lines. So

y

[

v

C

L

A

@

v

S

JRES PSR R N ER -
>

Hence, the correct answer is (B).

Net electrostatic energy of the configuration will be

_1|e, 9 Y,
47:80 ﬁa a

Hence, the correct answer is (B).

11 1 11
V= q (]__+———+——— ......... )
dmegxg\ 2 3 4 5 6
= V= 1 log, 2
4meqx,

Hence, the correct answer is (D).

s= latz
2
E
where a= i
m

O b
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W () L o 1(Q-0)(N2-1)
= E= . 4\/521'80.51

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

32.
=0
28. - J E-di is the line integral of electric field which is
f=oc0
also called electrostatic potential. Since, charge is dis-
tributed non-uniformly, so E# 0 at the centre.
=0 V= Vsull::‘ace B anutlelr
N _ Eld?:4qR:2 sphere snel
g,
- : = V= o 4 . b
Hence, the correct answer is (A). T 27y
29. Field lines always enter or leave a surface normal to it. 2a+Q
Hence, the correct answer is (D).
30. The electrical field E at all points on the x-axis will
not have the same direction.
Eq
. Potential difference = V"=V ¢ .~V i
A E y sphere shell
/INE ‘ . .
S NEs . V,z[Q N 2Q]_(Q . 2Q)
,.rl i \\\ X 4]!80(1 471’605 4E€Gb 4Jr80b
S 11
qé---—-——- S g = V’=&(———)=V
{-d, 0) (d, 0) dme,\a b
For —d<x<d, electric field is along positive x-axis, Hence, the correct answer is (A).
while for all other points it is along negative x-axis. 33, For equilibrium of Q
The electric field E at all points on the y-axis will be . "
parallel to the x-axis (i.e. along i) (OPTION (C)). 5 ------ ; ------ ('3
The electrical potential at the origin due to both the
. . o 2
charges is zero, hence, no work is done in bringing a Qq Q" _
test charge from infinity to the origin. AN N
Dipole moment is directed from the —q charge to the ey 2
+q charge (i.e. along —i direction). & 43+0=0
Hence, the correct answer is (C).
= q= L
31. V)= & + 9 4
dnen  4meg\2a Here, we are asked to calculate equilibrium for system.
In this system ¢ is already in equilibrium. So, we are
V, = Q] + QZ

2= a2 g calculating equilibrium condition for Q.

Hence, the correct answer is (B).
= Wi, =q(V,-V)

= W .= Q(Q1—Q2)(l
12 dmegn

34. By symmetry of problem the components of force on
i) Q due to charges at A and B along y-axis will can-
V2 cel each other while along x-axis will add up and will



35.

36.
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be along CO. Under the action of this force charge Q
will move towards O . If at any time charge Q isata
distance x from O .

1 —qQ y X

F=2
41{80((121')52) ( 9 2)

1 2¢Qx
dre :
Y +x2)2
As the restoring force F is not linear, motion will
be oscillatory (with amplitude 2a) but not simple
harmonic.

ie, F=

Hence, the correct answer is (D).

The potential at the centre of a hollow sphere is equal
to the potential at its surface.

Hence, the correct answer is (B).

From conservation of mechanical energy
Decrease in kinetic energy = increase in potential
energy

1 (Ze)(2
or _M: 5 MeV=5x16x10"]
43T€U Tin
(Z=92)
L Fmin -
1 27¢
= rmin

" ime, 5x16x10°
(9x10%)(2)(92)(1.6x107 )2
5x1.6x107"

= fpn =53%x10 m=53x10" cm

So, 1., is of the order of 107 cm.

Hence, the correct answer is (C).

Multiple Correct Choice Type Problems

1

For OPTION (A)

— _-----‘+’--- -4--- [h>2R

=)
C
1
a__-
1
I
|
O

+
+
+

|

Hints and Explanations H.119

3R
Since h>2R and 7= 5 ssowe get

. ro 3
sing=—=—
R 5

cosa:—E
- 5
ince $=2 3(17 o)
Since ¢= 2, cos (1)
= qug

5S¢,

Please note that a factor of 2 is used in equation (1),
because we have two surfaces i.e., AB and CD of the
shell that are enclosed by the cylinder.

For OPTION (B)

8R
h<— and r=§
5 5

h<2R and r<R

0

= enclosed =

= ¢=0
For OPTION (C)
h>2R and r>R

———— o ———

= Qenclnsed = Q

For OPTION (D)

4R
h>2R and r=? ie, r<R

CHAPTER 1
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+
-+
+
+

Qenclnsed = Q[ 1-cosa ]

1] w

) r
Since, sino = R

3
= coso=—
5

= ¢= E(l—cosa)
2¢,

- ()
_ X

= =
¢ 5¢&,

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

2. E, istheexternal field in the direction of p = % ( i+] )

For an equipotential surface of radius r, the point B
is the point at the equitorial line of the dipole. Since, on
an equipotential surface, no tangential field exists, so
we have

E,=E,, (in magnitude)
but both in opposite direction (as shown)

Po
= =E
ing, R 1

1
- R=|_P_}
dmeyE,

Also, A lies at axial line of dipole, so
. 2%
EA = p 3
4meyR

+E0=ZEU+E0=3ED

Since E., =E,

=

‘EB|=Eeq_EO=O

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

(a)

dre, r@2 ey, 2g

=

Q=2n(1-cos@), where 6 =45°

- 8-}

The negative sign signifies that the flux is due to
field lines entering a surface.

The component of the electric field perpendicular
to the flat surface will decrease so we move away
from the centre as the distance increases (mag-
nitude 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.

Total flux ¢ due to charge Q is g
£

So, ¢ through the curved and flat surface will be

less than Q .
&

Since, the circumference is equidistant from Q it

will be equipotential V =

_Q
dne, V2R
Hence, (A) and (D) are correct.

Q A (o}

Q= 27r0'r02
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Hints and Explanations H.121

(A) is incorrect, 1, = A = P 2 ( p, must be negative)
o pz 25
(B) is incorrect, E1(%D) - 4F, (’b) Hence, (B) and (D) are correct.
1
As Eje<—
1 ?‘2
= Ez(r—”)=252(r0) as By ot 2K
2 r 120° 2K 4K
O ¢ 4K = Q—>—>
(C) is correc =6K p—
2K
o) _ [+ 4
ES(Z]_ES(rQ)_EZ(rO) =Ec=Er=KandEy =Ep=2K u|_'l
as Ejoc r° (a8
Resultant of 2K and 2K (at 120°) is also 2K <
Hence, option (C) is correct. towards 4K . Therefore, net electric field is 6K . T
v
P ®) VD=1[%+%+%+%+%+%]
dme,LL L L L L L
Vy = +..+qp)=0
0%} — (‘?A -ﬁ'p)

Because g, +qg+qc +qp +qg+qp =0

For electrostatic field, (C) Only line PR, potential is same (=0).

Ep=E +E, = 3£C1 P+ %Cl P Hence, (A), (B) and (C) are correct.
& £
’ ! 8. OPTION (A) is correct due to symmetry.
= Ep= L(C1 P+PC,) OPTION (B) is wrong again due to symmetry.
‘ OPTION (C) is correct because as per Gauss's theorem,
= Ep= P G, net electric flux passing through any closed surface
3¢ _ fin
Hence, (C) and (D) are correct. &
At point P Here, q;,=39-9-q=9q
So, net electric flux = q
= o OPTION (D) is incorrect because there is no symmetry
W in two given planes.

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

If resultant electric field is zero, then
9. If charges are of opposite signs, then the two fields

LQ; = LQSZR are along the same direction. So, they cannot be zero.
4R"  BR Hence, the charges should be of same sign.
L Py Therefore, OPTION (C) is correct.
P2 Further Work done by | _( Change in electrostatic
At point Q "\ external force ) |\  potential energy
If resultant electric field i thy
resultant electric field is zero then e Wap=q(AV)= 1) (Vy—V,)
KQ, KO, _

4R? " 25R? = Wyp=Vg-Vy
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So, OPTION (D) is also correct.
Hence the correct OPTIONS are (C) and (D).

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

Inside a conducting shell electric field is always zero.
Therefore, OPTION (A) is correct. When the two are
connected, their potentials become the same.

= V,=V

= Q—A=% { Vv
R, Ry

Since, R, >Ry
= Qx>0
So, OPTION (B) is correct.

R
Potential is also equal to, V = o8
&

SinCE VA = VB

= O-ARA =O-BRB

o R
o Oa_ %
ap Ry
= GA<GB

So, OPTION (C) is correct.

Electric field on surface, E = <
&
= E«o

Since, 0, <0y = E,<E;

So, OPTION (D) is also correct.
Hence the correct OPTIONS are (A), (B), (C) and (D).

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

Q

Q;

From the diagram, it can be observed that Q; is posi-
tive, Q, is negative.

Number of lines on Q) is greater and number of lines
is directly proportional to magnitude of charge.

SO! |(2]|> ‘Q2|

Electric field will be zero to the right of Q, as it has
small magnitude and opposite sign to that of O, .

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

12.

13.

14.

15.

16.

Net torque on (-q) about a point (say P) lying over
+Q is zero. Therefore, angular momentum of (—q)
about point P should remain constant.

Hence, option (A) is correct.

The given graph is of charged conducting sphere of
radius. The entire charge distributes on the surface of
the sphere.

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

Charge density at A < charge density at B. Since field
inside cavity is zero, hence

Potential at A = potential at B = a constant value.

By Gauss Theorem,

Total electric) _ 1( charge | _( g
flux g\ enclosed ) | ¢
Hence, (C) and (D) are correct.

Inside the sphere i.e. for r <R

1 Q

=——r
4re, R
= Eeor

ie., E atcentreis E_ . =Eloo=0(r=0)

and E atsurface is Ege = Elr_g = FZU%
f
-1Ql
~4mey R? <(,°°‘ i EM%
o =R "

Outside the sphere, ie. for r >R

1
10
dre, r

1

= L«—
2

Thus, variation of electric field (E) with distance (r)
from the centre will be as follows.

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

Let Q be the charge on the ring, the negative charge
—q 1is released from point P(O, 0, zo). The electric
field at P due to the charged ring will be along posi-
tive z-axis and its magnitude will be
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y
A
X
Q _E,
o 3 N4
P(Os Os ZO)
R
—
FE
E:%&B
TTE, -
"(R2+22 )2

E=0 at centre of the ring because z; =0

Force on charge at P will be towards centre as shown,
and its magnitude is

1
—QLO_,) (1)

R2+z§)2

Fo=qE= dre, (

Similarly, when it crosses the origin, the force is again
towards centre O .

Thus, the motion of the particle is periodic for all val-
ues of z; lying between 0 and .

o | w

Secondly, if zy < R, then (R2 + zé) =R’
1 Qq .
F = -z From equation (1
4 47580 R3 0 { q ( )}

i.e. the restoring force F, o< -z, . So, the motion of the

particle will be simple harmonic. (The negative sign
implies that the force is towards the mean position).

Reasoning Based Questions

1

Statement-1 is also practical experience based; so it is
true.

Statement-2 is also true but is not the correct expla-
nation of Statement-1. Correct explanation is “there is
increase in normal reaction when the object is pushed
and there is decrease in normal reaction when object is
pulled”.

Hence, the correct answer is (B).

Linked Comprehension Type Questions

1

After hitting the top plate, the balls will get negatively
charged and will now get attracted to the bottom plate
which is positively charged. The motion of the balls
will be periodic but not SHM.

Hence, the correct answer is (A).

Hints and Explanations H.123

As the balls keep on carrying charge from one plate to
another, current will keep on flowing even in steady
state. When at bottom plate, if all balls attain charge g,
then

b_y,
p

Vor

- =

Inside the cylinder, electric field is

E=[Vo-(-Vo)]n
= E=2Vh
= Acceleration of each ball, 2= ot _ ( Z_hr}vaz
m \ km

= Time taken by balls to reach other plate is

t_\/@_ 2hmk 1 [mk
a \2wVi VN r
If there are n balls, then

.o n Vor r
Average current, i =1 = nx~2L xV, |-
t

k mk

- 2
= eV
Hence, the correct answer is (B).

Electric field at r=R is

Q

~ 4meyR?

P
A

»r

a R

Q = Total charge within the nucleus = Ze

1z
4re, R

Hence the electric field is independent of a.

Hence, the correct answer is (A).

Q= J. p,4rr’dr for a=0,and the figure for the distri-

bution looks like as shown

CHAPTER 1
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d_ p
Slope = — = —L*
P = R T R=r
d
=—(R-7)
= p R r

R 4 p4
= Q—@ RJ'errfJ‘rsdr =W(RR]
R R\3 4
0 0
rdR®
Q:
3
mdR>
= Q=Ze= 3 {'Q:Ze}
3Ze
d=—
7R?

Hence, the correct answer is (B).

5. Let us review the formula of uniformly (volume)
charged solid sphere according to which we have
P

3¢

» I

a=R
= Eer, p should be constant throughout the vol-
ume of nucleus.
This will be possible only when a =R.

Hence, the correct answer is (C).

Integer/Numerical Answer Type Questions

1. ANBP is cross-section of a cylinder of length L. The
line charge passes through the centre O and perpen-
dicular to paper.

Mo -8

am=2,
2 2

= ZAOM= tanl(ﬂ]
oM

- /AOM=tan™ (L) =30°

V3
Electric flux passing from the whole cylinder
n AL
5, =i AL
& &

Electric flux passing through ABCD plane surface
(shown only AB) = Electric flux passing through
cylindrical surface ANB. So

o= o o)
_AL
bg,

¢

= n=6
Volume of cylinder per unit length (/=1) is

V = 2R% = (zR?)

So, charge per unit length is

Volume per Volume charge
iy iy S

unit length density
Now at P ’ Etotal = Eremainder + Ecavity
= ER = ET - EC

Where R =Remainder portion
T =Total portion and
C = cavity portion

A 1Q
2, (2R)  4nme, (2R)

= E

where Q is charge on sphere given by

4 (RY 7R
0=3#{3) o757



Substituting the values, we get

3P
)1 ()
dme,R - 4dmey,  4R?

_23pR _ 23pR
*7 96e, ~ (16)(6)g,

= k=6

F, = Net electrostatic force on any one charge due to
rest of three charges. So

FI:Lq—z(ﬁ+l]

dney o’ 2
F1 F1
A B A45°
Fy «—o!
D c\45°
F; F

E, = Force due to surface tension = ya
If we see the equilibrium of line BC , then

2F cos(45°) =

e 8)
= — | 2+—4=|=
47r£0a2 2 "

Hints and Explanations H.125

= N=3 -
Total ch oc
otal charge E
J pdV = J. )(4rr2dr) 4—”](( R™?) o.

J a+3 <

L

=2 UV

Q'=J‘pdv= _[ (KF“)(%rzdr):%(%)m

r=0

According to question

1 Qo 111 Q
4::50( R]’-' 8\ 4re, R?
2

Putting the value of Q and Q" get

a=2



