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ELECTROSTATICS - 1

SINGLE CORRECTEXERCISE – I
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3. D

L

q
x

q

E
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4. B

Force on charge = qE = qE
0
sin ωt

acceleration = 
m

q 0ε
 sin ωt ...(1)

In SHM a = Aω2 sin ωt ...(2)
Comare (1) & (2)

m

q
A 02 ε

=ω   ⇒ 2
0

m

q
A

ω

ε
=

5. D

Length of the arrow showes magnitude

R

FOD

FOC

FOBFOA

–2q

+q
B C

A D

–q

+2q

Resultant R is ⊥  to surface AB

6. Negative charge is placed to achieve
equilibrium.

–Q4q

x

q

Net force on Q is zero

⇒ 2)x(

qQ4K

−�  = 2x

kqQ

⇒ x = �/3
Net force on q is also zero

⇒ 2)3/(

kQq

�
  = 2

k4qq

�

Q = 
9
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7. D

O C

D

B

3kqc/a2
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Resultant lie in between region COD

8.
m

qE
a =

After time t
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qE
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m
=

2mv
2

1
KE =

= 
m2

tqE 222

9. B

x

F

a
q

–Q
a

q

Net force on –Q charge = 2F cos θ

a = 
m

cosF2 θ

)xa(m

kqQx2
a

22 +
=

for a
max

 0
dx

da
=    

x

a

which gives ± x
2

a
=

at x → ∞    a = 0
    x → 0    a = 0

10. D

y

2 (0,a)

(a,0) x(–0,0)

(0,–a)

3

3

1

E.f at (0, 0, z)
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+
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+
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E
net
 = 2 2 3
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( z a )+

Magnitude E = 2 2 3 /2

4kqz

( z a )+

for maxima 
dE

0
dz

=

which gives z = 
2

L

11.

d

E

dq

2

Kdq
E

R
=

d
dq

2 R
=

π
.d

3

K
E .d

2 R

φ
=

π
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1
E

R
⇒ ×
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13. A

d2/kλ

d

k
2/3

λ

θ
1
 = 0,  θ

2
 = 60°

d

k

2

3
]0sin60[sin

d

k
E

λ
=°+°

λ
=⊥

d2

k–
]0cos60[cos

d

k
E||

λ
=°−°

λ
=

tanθ = 
3

1

θ = 30°

14. D

think !!
x is not small

15. x

P –q

Q

R













+
==

2/322 )xR(

kQx
qqEF

∵  x << R

⇒ 3R

KQx
qF =

ω = 
mR

qQk
2

16. x1 x2

Emax

E

2/R

As we displaced upward qE’ ↑
qE’ > mg So particle move upward

⇒ Unstable equilibrium

2/R
P

x
mg

qE'

(b) As we displace upward qE’ ↓
mg > qE’ particle comes at point P again

Now we displace down ward from x
2
 qE’ > mg

so particle comes at point P again

⇒ stable equilibrium

P

mg

stable
eq.

qE'

x2

R/ 2

17.

(W.D)
E
 + (W.D.)

mg
 = ∆K

(qE �sinθ) + (�–�cosθ)mg 
2mv

2

1
=

2mg 1 1
q mg 1- mv

R 22 2

  
+ =  

   

�
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18. B

dF

dF = dqE

dF = λ′Rdθ 
R

k2 λ

2k d
dF Q

R

λ θ
=

π

dF

F
net 
 = ∫

π

θ
0

sindF  = 
R

Qk2

π

λ
 ∫

π

θθ
0

dsin

F = 
R

Q

0
2επ

λ

19. B

f

qE

qE

At equilibrium f = mgsinθ
Net τ is also 0
⇒ 2qE sin θ = f.R.

E = 
q2

mg

20.

+q

+q+q
–q

–q

p
Pnet

P

(0, 0, L) is ⊥  to p
net

⇒  component along z-direction is zero
21. D

q,m q,E

E

  

T

mg

F=qE/m

2/1
2

2
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m

qE
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







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

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

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
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2T

�
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22. C

a

b

E
A
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dr = 
→→
dr.E–

V
A
 – V

B
 = E
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23.

line of force

equipotential surface

Angle between both = 90°

24. B

25.     

+
+
+
+
+

+
+
+
+
+

+
+
+
+
+

r2

r1

A B

1
0

A r
2

V
ε

σ
= 2

0
B r

2
V

ε

σ
=

Given V
B
 – V

A
 = 5 V

V5)rr(
2

12
0

=−
ε

σ

r
2
  – r

1
 = 0.88 mm

26.  ∵ Ex
 = E

y
 = E

z

x

10 8
E 2v /m

t

−
= =    

y

10v

z

x

8v
|

(1,0,0)

Now ˆˆ ˆE 2i 2j 2k= + +
�

dv = –E.dr= ˆ ˆˆ ˆ ˆ ˆ(2i 2j 2k)(dxi dyj dk)+ + + +

1 1 1

f i

0 0 0

v v 2dx 2dy 2dz
 
 − = +
  
∫ ∫ ∫

fv 10 2 2 2− = − + +  

v
f
 = 4v

27. B

E = 2r

Kq
   ; V = 

r

)1n(Kq −

V
r(n 1)

E
= −

28. 2 2 2V k(2x y z )= − +

dV dV dV ˆˆE i j k K
dx dy dz

 
= − + + 

 

ˆˆ ˆE 4xi 2yj 2zk K = − − +  

E
(1,1,1)

 = ˆˆ ˆ4xi 2yj 2zk K = − − +  

|E| 2k 6=

29. D

q1 q2d
Seperation increase then

↓=
d

qKq
U 21

But

q1 –q2d

if d ↑  then ↑
−

=
d

qkq
U 21

30.
Higher

potential (v )1
Lower

potential (v )2

       
       

          1 1U qV= −  qE –q  U
2
 = – qV

2

       
 U

1
 < U

2

31. B

z

q

q

q

2a

q

y

x x

q

2

2

2

2

2

2

2

2

r

Kq

r

Kq

r

Kq

r

Kq
U +++=

2

a
xr

2
22 +=
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2/ax

kq4
U

22

2

+
=

u

x

32. B

R R

Q1 Q1

R2

KQ

R

KQ
v 21
A +=

R2

KQ

R

KQ
v 12
B +=

2 1 1 2kQ KQ kQ kQ
W q

R R2R 2R

 
= + − − 

 




















+−








+

πε
=

2

Q
Q

2

Q
Q

4R

q
W 2

1
1

2
0

)R42(|)12)(QQ(qW 021 πε−−=

33. B

x

v

y

Either y is fixed or not E is conserved but when
y  i s  f i x e d  F

net
 ≠ 0

⇒ P not conserved
when y is free F

net
 = 0

⇒ P = conserved

34. A

q1

m

y
q2u

m
X

After long time y will move with velocity u and
v
x
 = 0 becouse

momentum is conserved

35. C

)0,0,3R(

qp

2RR

Energy at Point P = 
04

q

ε

λ
 + 







 πλ

R2

R2K
q

= 
00 4

q

4

q

ε
λ

+
ε

λ
 = 

02

q

ε
λ

Energy at point 0 = 
R

)R2(qk πλ
 = 

0

q

2

λ
ε

i.e. particle will reach just point 0.

36. B

m m

Q Q

v

Initially

  

mu m

Q Q

u
finally
at closest
distance

d

from E.C.

( )
d

kq
mv2/12mv

2

1 2
22 += ...(1)

from
M.C.    mv = 2mu  ⇒   u = v/2  ...(2)
from (1) and (2)

2 2
21 mv kq

mv
2 4 d

= +

2

2

mv

kq4
d =

37. A

Q

a
A
4v

v

P

4a
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Energy conservation
between point P & A

⇒  qv4mv
2

1
qv 2 =+

qV3mv
2

1 2 =  ⇒  
m

qv6
v =

38. D

(0,L)
Ey

Ey

Ex

Ex

(L,0)

°=θ 45

As ring move downward  Ex ↑ Ey ↓
so at point where qE

y
 sin θ = qE

x
 cosθ

After wards ring com reach (L,0) easily
(automotic)

y/xtan =θ   ⇒   x = y

x = y = L/2
So energy concervativs between point A and
B

qVmv
2

1 2 =

∫∫ +=
2/L

0

2/L

0

ydyxdxv  ⇒ 

2/L

0

2
2/L

0

2

2

y

2

x












+













4

L

8

L

8

L
v

222

=+=












=

4

L
qmv

2

1 2
2

m4

qL2
v

2
2 =   ⇒ v = 

2/1
2

m2

qL














39. B

R

u

v
∞

from AME about point 0
⇒ mvd = mvR

u = 
R

vd
...(1)

from E.C. 
2 2 1 2kq q1 1

mv mu
2 2 R

= +   ..(2)

from eq. (1) and (2)

3

2
2v =   m/sec.

40. B

Movement is parallel to x-axis
∴  w.d. by 2λ is zero.

m2

1m B A

∫
→

=
1

2

AB dr.E.)D.W(

= ∫
λ

1

2

dr
r

)3(k2
 = 








λ×

2

1
lnk23

= 3kλ ln 2
(W.D.) due to wire λ is kλln (2)

0

n )2(

πε

λ
=
�

41. B

from E.C. = 
r

EQq
 = 

r2

EQq
+

2mv
2

1

⇒  
r2

kQq
 = 

2mv
2

1

mr

KQq
v =
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Impulse = mv = 
r

kQqm

42. C

Q Q

y

(a/2,0,0)(–a/2,0,0) z

x

Let –Q charge is placed at (0,y,z)
Now total potential energy of the system

U = 0
r

)Q(KQ

r

)Q(KQ

a

KQ2

=
−

+
−

+

r =
22

2

zy
4

a
++

According to problem U = 0

=
a

KQ2

22
2

2

22
2

2

zy
4

a

KQ

zy
4

a

KQ

++

+

++

222
2

a4zy
4

a
=++

4

a15
zy

2
22 =+

43. B

U =– QV

44. D

e.f is perpendicular to equipotential surface

m for e.f = – 
2

1

Now check option  Ans - D

45. C

Integrate partially one of the term

v = ∫ = .constdxzxya4

4ay z
2

x2

= const.

z = 24yx

.const

46. A

F = qE ⇒3000 = 3E

⇒  E = 1000 N/c

∆V = E. d = 1000 ×10–2

= 10 volt

47. A

In a given figure

E
�
 = E Cos Q î +E sinθ ĵ

d = d î +d ĵ

v = E
�
.d
�
= Ed (Cosθ  +Sinθ )

48. D

y = 3 + x E
�
 = 

2

100 [ ]ĵî +

dv = – [ ]ĵî
2

100
+∫ . [ ]ĵdyîdx +

= – 
2

100








+ ∫∫

3

1

1

3

dydx

v∆  = 0

49. B

B

P
5v

C
8v

A

2v
E

D

v∆  = v
A
 –v

P
 = 3V

 ⇒  E = 
d

V
 = 

( ) ( )2 2

3

0.1 0.1+
 = 15 2

50. C

+q A–q

BEB

EA 2r

kp2
=
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AE
�

 = – 2
BE
�

51. B

– +

52. A

2m

qE

qE

2m

m

τ
net
 = qE 2sinθ+qE sinθ

= 3qE sinθ
τ
net 
= 3qE θ

W = 
6

10201013

I

K 3–6–

shm ××××
=

= 
100

1
 = 1 rad /sec

53. A

–q

dp2

dp2=

dp1= dpcos�

λ = 
2/R

q

π
=

R

q2

π

dP
1
= 

/2

0

dPcos

π

θ∫

= ( )
/2

0

Rd Rcos

π

λ θ θ∫

= 2Rλ
/2

0

cos d

π

θ θ∫  = λR2 
/2

0
sin

π
θ  

= 2Rλ .1 = 
π

=
π

qR2
R.

R

q2 2

dP
2
 = 

/2

0

dPsin

π

θ∫  = 
π

qR2

P = 
π

qR22

54. D

F = 
dr

dE
P

and 
dr

dE
 = 0 at r = 

2

R

⇒F = 0

55. B

dx

x 02ε

σ
dx.λ

 dτ = 
0

2

2

σ

ε .λxdx

= 
0

σ

ε λsinθ ∫
l

0

dx.x

= 

2

0

l Sin

2

σλ θ

ε
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56. B

q. dr.
dr

dv
= P

1
 

dr

dv

= 3

21

r

coskpp2– θ

57. A

P →
E

58. A

a2.q2 a2.q

a2.q

x - axis component will cancel out

59.

q F=qE E

60.

In equipotential surface
v = Constant

but ∈ ≠ 0

61. Potential is a scalar quantity Add Pirectly
without direction Electric Field is a vector
quantity

62.

+q –q

–q+q

A + C
V = 0

∈ ≠ 0
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1. C,D

By properties of charges

2. B.D

–q

–q

q Q

F = ( )
3

2 2 2

kq
x

a x

−

+

If x is Comparable to a then a above Eqn
is not a equation of SHM
At origin P.F. is minimum and K.E +P.E = Const.

⇒  K.E  is maximum at origin .

3. If we displaced q lightly then

x

F '1F '2

∵ F
2
1 > f

1
1

⇒stable equilibrium

4. C.D

If we slightly displaced –Q charge towards B
thus force on –Q due to B increses

QA
B

a a
+2q +2q

⇒–Q moves towards BC (unstable equillibrium)

If we displaced to wards y axis

Fnet

(stable equilibrium)

5.

E1

E2

E1 E2

4Q
(E )1

–Q
(E )2

E2

P.E1

6. B

– ve charge may move opposite to line of force

7. A,C

�����

8. A

A) V = 0
r

KQ
=  b/w z θ= 0

B) Depends on distribution of charge .
C) Depends on distribution of charge .
D) F

net
 is zero but τ

net
 may be non zero

9. ABD

Dimension theory

10. A,C

Fnet

u

In constant force field path may be straight
line

Fnet →
u →or Parabola

MULTIPLE CHOICE QUESTIONSEXERCISE – II
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11. ABC

Q

x r

–Q/4

A B
P

V
p
 = 

rx

KQ

+
–

r

4/KQ
=0

⇒
rx

1

+
–

r4

1
=0

⇒4r –x – r = 0

r = 
3

x

v
p
 = 

r

4/KQ−
+ ( )rx

KQ

− = 0

⇒  
r4

1
− +

rx

1

−
 = 0

⇒  r = 
5

x

P
Q –Q/4

r

Ep = ( )2
rx

KQ

+ –
( )

2r

4/QK
= 0

r > 0

12. A

E
�
 = 3

r

rkq
�

�

v = 
r

kq
r
�
= –3 î –4 ĵ+0 k̂

r
�
 =5

13. B,D

Q

QQ

Q

E

E

E

E

v
c
=

r

KQ4

At Z axis horizontal component of E cancelled
but vertical is added.

14. qV = 
2

1
mv2 = K.E

⇒V = 
m

qv2

15. A,D

higher density ⇒  Higher E

E
A
> E

B

Electric field lines from higher potential to lower
potential.
V
B
>V

A

16. B,C

To reduce potential energy

F = –
dU

dx

F = 0

4Q Q 16Q

9cm

x

2

2

x

KQ16
 = ( )

2

2

4Q K

9 x−

2(9–x) =x
18–2x =x
x = 6 cm

17. A,C

A B

7V3V

F = eE→
k.E. = e (7–3)

= 4ev

18. A

→ u

→ a = 
m

qe
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Max. acc = 3

6

10

300101
−

− ××

= 0.3 m/sec2

m

qe

Max. deacc. = –0.3 m/sec2

So V
max

 = 4+ 0.3×10
= 7 m/sec.

V 
min
 = 4 – 0.3 ×10

= 1 m/sec.

1≤V≤7

19. D

Fe

q
v

h2

h1

q

a
con.

 = g

20. C

E =– 
dx

dv

21. B

E

Ex

in y, E
y
 = 0

E
x
 = E

0
 = 

0x

v

–v

+v

22. D

Ex = 
v

x

−∂
∂

check slope

23. A,B,D

τ
�
= EP

��
×

= ( )ĵ3î2 + × ( )k̂2î3 + ×10–6×105

= (0.6 î –0.4 ĵ–0.9 k̂ )

P.E. = – E.P
��

Max P.E. = |E||P|
��

24. A.D

–q

L

P
� P

�

L

L +q+q

–q

2

netP  = P2+ P2 +2P2 Cos60

= 3 gL

25. mA V + mB V = mAV1

1 2
A 2 A B 2

min

kq q1 1
E.C m V (m m )V

2 2 r
= + +

Momentum is concerved because
F
net
 = 0

26. F net = 2F sin θ

2 2 2 2 1/2

kqQ d
2.
(r d ) (r d )

= ×
+ +

3 3

2 kqQ KPQ

r r

×
= =

r
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1. (1-x)x

4e q e

( )22
x–

Kqe

x

eq4K

�
=⇒

( ) xx–2 =�

x = �/3
If we more charge q slightly along line joining
4e and e then equilibrium will be stable.

2.

r

F

F

x

Q

Q

d

F
net
 = 2Fcosθ θ= cos

r

KQq
x2

2

( )
x

xd

KQq2
F

2/322
net

+
=

for Maximum

0
dx

dF
,F net

net =

22

d
x =⇒

put x in eq .......(1)

Then F
net
 = 2d33

Kq16 θ

3.
x

–2q q Q

For equilibrium

( ) 22 x

KqQ

x

KqQ2
=

+�

xx2 += �

x = � ( 2+1)

& equilibrium will be stable.

4. F
net
 = –2Fcosθ

net 2

2KQq
F cos

r

−
= θ

SUBJECTIVE PROBLEMSEXERCISE – III

( ) 2/322
net

4/dx

KQqx2
F

+

−
=

F F

q

x

d/2d/2
Q Q

r

net 3

2KQq
x d F x

d /Q

−
<< ⇒ =

( )2
2

KQq8

md
2T Π=

Qq

dM
T

3
0

2εΠ
=

(b)

2 2

2 2

KQ KQ

d d
– x x

x x

←→
   

+   
   

+Q +Qxq

d

2 2

net 2 2

KQ KQ
F

d d
x – x

2 2

= −
   

+   
   

2 2

3 3
0

32KQ 8Q
x x

d d

− −
= =

πε

3 3 3
0 0

2 2

m d m d
T 2

8Q 2Q

π ε ε π
= π =

5. (i) ba r

E
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(ii) ba r

E

(iii) ba

E

(iv) ba r

E

6. 3r

rKq
E

�

=

Electric field at (3,1,1)

( )
( )

+
++×

=
−

3

9

11

kji310K ( )
3

KQ i j k

( 3)

+ +

Given i component is zero.

(2,0,0) xq

10 C–9

y

( ) ( )
0i

3

KQ

11

103K
33

9

=













+

××
=

−

.b.c103
11

3
–Q 9

2/3

−×







=

J component is

( ) ( )33

9

3

KQ

11

10K
+

×
=

−

( )
( )
( ) ( )33

9
3

3

9

311

1033K
–

11

10K −− ××
=

→

ĵE ( )3
9

11

10K2 −×−
=

7. E
1
 = 2Ecosθ

2
22

1

ax

KQ
E






 +

=

22 xa

a
cos

+
=θ

E

E1

E

x

+Q–Q a

120
o

120
o

120o

E
net 
= 0.

8.
02ε

σ
→

02

2

ε

σ
→

A. B.

← → →
02ε

σ

02

2

ε

σ

02ε

σ

→
02ε

σ

9.
R2

Q

π
=λ



Page # 16 Solutions Slot – 1 (Physics)

394 - Rajeev Gandhi Nagar Kota, Ph. No. 0744-2209671, 93141-87482, 93527-21564

IVRS No. 0744-2439051, 0744-2439052, 0744-2439053  www.motioniitjee.com, email-hr.motioniitjee@gmail.com

Q

2/dsinT2
R

qRdK
2

θ=
θλ

⇒

2
0

2 r8

qQ
T

εΠ
=⇒

10. Torque on the upper part

∫∫ =τ )dqE(xd 1 ⊗

∫ ε

σ
λ=τ

/2

0 0

1
2

dxx

�

⊗

∫ε

λσ
=τ xdx
2

/2

0

1
�

2

1

02

σλ
τ =

ε θ
�

Net torque on Rod = Torque on upper part +
Torque on lower part

0

2

0

2

1616 ε

⊗σλ
+

ε

⊗σλ
=

��

0

2

8ε

σλ
=

�

∴ 
0M2

3

ε

σλ
=α

11.
x 

a

q

q

q

q
a 2

(This componet will
cancel each other)

E
net

= 4 [dEcosθ]

( ) ( )1/22 2 2 2

kq x
4 .

a /2 x x a /2

 
 =
 + +  

( )
net 3 / 2

2 2

4kqx
E

a / 2 x
=

+  (Along the axis)

Net E.F. due to four charge is 0.

(iii) x

q

–q

–q

q

a/ 2

( )
o

y 2 2

4kq
E sin cos 45

a / 2 x
= θ

+

( )
y 3 / 2

2 2

4kqa
E

a / 2 x
⇒ =

+

12. (a) x = 0
(i) E

x
 = 0, Ey = 0

(ii) E
x
 = 0, Ey = 0

(iii) E
x
 = 0, y 3 /2

2

2

2kqa
E

a
x

2

=
  
 +  
   

23 a

kq24

22

a

kqa2
Ey ==

(i)

2/3

2

2

x
2

a

kqx4
Ex














+









=

23 x

kq4

x

kqx4
Ex ==

Ey = 0
(ii) Ex = 0, Ey = 0

(iii) Ex = 0, and 
y 3 /2

2

2

2kqa
E

a
x

2

=
  
 +  
   
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⇒ 3x

kqa2
Ey =

13. Potential at A 
r

kq
VA =

v1024
03.

108109 8
39

×=
×××

=
−

Potential at B

v1018
04.

108109
V 8

39

B ×=
×××

=
−

W.D. = –2×10–9 (18 × 108 – 24 × 108)
W.D. = 1.2 J

14. From energy conservation

R

kqQ
K =       ......(1)

K

KqQ
R =

K

q

4

Q
R

0εΠ
=

Rmin
Nucleus

R2

KQq
mv

2

1
K 2 +=

from eq. .....(1)

K
R

KQq
=

2

K
mv

2

1
K 2 +=⇒

m

K
v =

15. U = U
12
 + U

13
 + U

23

( ) ( )
a

)q2)(q4(K

a

qq4k

a

q2kq
U −−=

2Kq
2 4 8

a
= − −  

9 7 210 9 10 (10 )
U

0.10

−− × × ×
⇒ =

U = –9 × 10-3 J

16. Total Energy = 
2

nU1









++=

a3

Kq

a2

Kq3

a

Kq3

2

8 222

⇒ Total energy 







++=

3

1

2

3
3

a

kq4 2

(W.D.)
el
 = –(change in PE) = –(U

f
 – U

i
)

(W.D.)
el
 = –






















++

a32

1

a22

3

a2

3

1

kq4 2

= 







++−

a3

1

a2

3

a2

3

1

kq4 2

(W.D.)
ext
 = 








++

−

3

1

2

3
3

a

kq2 2

(iii) from previous question
change in potential energy = Increase in K.E.

2
2

v)m8(
2

1

3

1

2

3
3

a

kq2
=








++

3

1

2

3
3(

ma2

Kq
v

2

++=

(iv) )vv(qmv
2

1
A

2
∞−=






















++=

3

1

2

3
3

a

Kq4
qmv

2

1 2











++=

3

1

2

3
3

a

kq2
v

2

17. at mean position –
T cosθ = mg
T sinθ = qE

tanθ = 
qE

mg










ε

σ
=θ −

mg2

q
tan

0

1
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mg

T

qE

Maximum angle deflected = 2θ

= 








ε

σ−

mg2

q
tan2

0

1

M.P.

18.

v=0

–Q

Q

⇒ From E.C.  c
2 qvmv

2

1
=

          







=

R

KQ
Qmv

2

1 2

Rm

KQ2
v

2

=⇒

19. x1

x2

2

1

x

2

x

1
E.dr mv

2
=∫

Second Method

20cm 20cm

+
+
+
+
+
+
+
+
+
+
+
+
+

m

+q

From qE = 100N

N100
20.0

K2
q =







 λ

Kqλ = 10

Now 
rm

qK2
a

r

qK2
F

λ
=⇒

λ
=

r)1.0(

102

dr

dv
v

×
=

∫∫ =
40.0

20.0

v

0

dr
r

1
200vdv

220v n�=⇒

20. Ist Case
U

0
 = U

12
 + U

23
 + U

13 
+ U

14
 + U

24
 + U

34

a2

Kq

a

Kq

a

Kq
U

222

0 ++=
a

Kq

a2

Kq

a

Kq 222

+++

a2

Kq2

a

UKq
U

22

0 +=

q

q

q

q

   2a

IInd Case

a2

Kq2

a2

Kq4
U

22

+=

W.D. = –(∆U)
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







−−+=

a

Kq
2

a

Kq4

a

Kq

a

Kq
22

2222

[ ]23
a

Kq2

−
−

=

21.

u  Q Q

m

rmin

from M.C. 2mu = mv

2

v
u =

from E.C. 
min

2
22

r

KQ
mv

2

1
2mv

2

1
+








==

min

22
2

r

KQ

4

mv
mv

2

1
+==

2
0

2

min
vm

Q
r

πε
=

22.
a

2sinU
Range

2 θ
=

m/
2

q
a

0ε

σ
=

( )m2
2

2sinU
Range 0

2

ε
σ

θ
=⇒

For R
max

 θ = 45°

σ

ε
=⇒

q

mU2
R 0

2

23.

1m1m

a=1mq q

q=

     

q

qq a/2 a/2

a

Kq

a

Kq

a

Kq
U

222

1 ++=

a

Kq3
U

2

1 =

2/a

kq

a

Kq

2/a

Kq
U

222

2 ++=

a

Kq5
U

2

2 =

 Change in P.E. 
a

Kq2 2

=

1

)1.0(1092 29 ×××
=

= 18 × 107

1000 J Energy is supplied in 1 sec.

∴ 18 × 107  →
1000

1018 7×

= 1.8 × 105 sec.

24. Total K.E. = –∆U = –(U
f
 – U

i
)

K.E. = U
i

a

KQ
.E.K

2

=⇒

K.E. of each sphere 









=

a

KQ

2

1 2

25. rdEdv
��

−=

( )( )∫∫ +−−= ĵdyîdx.ĵy3îx2dv 2

v

0














−−= ∫∫
y

0

2

x

0

2 dyy3dxx2v

cy
3

x2
v 3

3

++−=

26.

45o

45o

90
o

P

Potential at point B due to dipole

22

o

B
r

P

2

K

r

45cosKP
v ==
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At A

22

o

A
r2

KP

r

135cosKP
v

−
==

Total W.D. = q (v
B
 – v

A
)

       Joule
r

KPq2
2

=

27. 2r

KQ
E =

-q0 +q0

Q

r

Force on P
0
 due to Q is –ve x direction and

3

0

r

QKP2

dr

dE
PF ==

î
r

QKP2
F

3

0−
=
�

-q0

P0

q0

q

r

P

-q

)Ptodue(
r

KP2
E

3
=→

4

0

400
r

KPP6

r

KP6
P

dr

dE
PF ===

)î(
r

KPP6
F

4

0=
�

r

PP0

( ) ( )
( )0 0 0

3 3 4

KP q KP q 3KP qˆ ˆF j j
rr a r a

 −
 = + − =
 − + 

�

28. P =11
E2

E1

A
x

2m

z

y

4

K

8

K12

r

KP2
E

31 =
××

==

8

K3

r

KP
E

32 ==

8

k7
Enet =

Potential at 
4

K

r

KP
v

2

1
A ==

29. 31
y2

KP
E =

2y

KP2
E

32 =

( )ĵ2î
y2

KP
E

3
−−=

�

45o

E2

E1 (0,y)

P
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1 Mg2º60cosNº30cosN 21 =+

and º30cosNº60cosN 21 =

Mg3
)º60cosº30(cos

º30cosMg2
N

221 =
+

=⇒

[ ]1º60cosº30cossolvingon 22 =+∵

 

30º
B C

Horizontol

Q

P
q1

q2

N1

N2
A

60º

�

α

º30sinMgcos
qkq

T
2

21 =α







−
�

and 12

21 Nº30cosMgsin
qkq

T =+α







−
�

º603tan =α⇒=α⇒

Mg
qkq

T
2

21 +=⇒
�

For Beads remain in equilibrium

Mg3N1 =  and MgN2 =

and for, T = 0 
k

mg
qq

2

21

�−
=⇒

2

-1q
-2q

-3q

-4q

-5q
-6q-7q

-8q

-9q

-10q
-11q

-12q

)r/kq6( 2

⇒

30º
30º

30º

30º

30º

3
0
º

←

⇒ E
�

Bysymmetry

TOUGH SUBJECTIVE PROBLEMSEXERCISE – IV

 
2 2 2 2

6kq 6kq 6kq 6kq ˆE 2 cos30º 2 cos60º 2 cos90º ( i)
r r r r

      
= + + + −      

      

�

( )2

6kq ˆE (1 3 1) i
r

= + + + −
�

3

2

2 2

1 K Qq KQq
mv

2 R R ( 3R)
= −

+

mR

)R2(qQ

4

1
V

0

2 λπ
×








επ
=  ⇒ 

2/1

0m2

Qq
V 









ε

λ
=

4 �=×⇒ tv
v

t
�

=⇒






















−

+
=⇒

2
21

v
g

2

1

2

hh
2h

�

  from C.M.

h  – h2 1

h1

COM

h = ?

d/2

�

2

2

21
v

g
hhh

�
−+=⇒

5 Distance between charges 1 & 4 & 2 & 3 don’t change
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


−=

5

4

3

8

r

kq2

0
r

kq

5

4

r

kq

5

4
uuW

22

32IInd =−=−=
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final i fW u u= −

0
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kq

r
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r
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
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⇒
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Ist and IIst charge}
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Where Q = total charge

For 0
dq
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Umin ==
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d is very large
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10 x = R sin θ
    and  dF = dq E

y
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–
–

–
–––
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+

+
+
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θ x

    = E(Rdθ) × λ
dτ = dFx
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0
 × R2 λ sin θ dθ
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0
 R2 λ ∫

π

θθ
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Where x = R(1 – cos θ)

df = E
0
 λ R dθ

dτ = df x

∫∫
ππ

π
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JEE QUESTIONSEXERCISE – V

ELECTROSTATICS - I

1. D
Electric lines enters and exit perpendicular to the sur-

face.

2. A

R

KQ
vvd.E 0

0

=−=− ∞

=

∞=
∫
�

�

�  ⇒

2
5.0

1011.1109 109

+≈
×××

=
−

3. (i) A,C

2 2 3/2

KQZ
E

(R Z )
=

+
 ⇒ 2/322 )ZR(

KqQZ–
F

+
=

 +  + + + + + + + +
 +

 + + + + + + + + + + + + +
 + + + + + +

Z

–q P

x

}Rz{
R

KqQZ–
F

3
<<=

(ii) D

............
x3

kq

x2

kq

x

kq

000

+−=









−+−= .........

4

1

3

1

2

1
1

x

kq

0

 
0x

2nkq�
=+q –q +q

x0 2x0 3x0

(iii) A,C

E ∝ r { 0 < r < R ⇒ 2r

1
E ∝   {R < r < ∞

4. E
[IIT-2000(Scr)]

U = 
2

0E
2

1
ε  = 22

2

2

2

m

N

C

N

Nm

c
=× ⇒ Dimensional ly

]L[

]MLT[
U

2

2−

=  = ]TML[ 21 −−

(b) B

0
a2

KqQ

a
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=++   ⇒ 0
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Q
Qq =++  ⇒



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





 +

2

12
Q   = – q  ⇒ Q = 

)12(

2q–

+

    

Q

q q

a

a

a2

(c) Check where force is zero

AP = CP = 
2x

2

3
+  ⇒ BP = DP = 

2x
2

27
+

B

A

+8

–1

C

D

–1

+8

P

∴ Potential 

× ×
= −

+ +
p

2 2

2k 8 2k 1
V

27 3
x x

2 2

5. (C)

El. field lines never form a closed loop

6. T + mg – qE = 
R

mv 2

at A T = 0

mv2 = (mg – qE) R ...(1)
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0.8m
T

C1µ

A

2 × 10  kg–3C1µ

qE

E.C.

( W . D . )
T
 + (W.D.)

E
 = k

f
 + U

f
 – k

i
 – U

i

(W.D)
T
 = 0

(W.D)
E
 = 0

0 = 
22 mv

2

1
mg2mv

2

1
−+

using (1)

2mv
2

1
mgR2)qERmgR(

2

1
=+−

⇒ 
2

3

926

u
1028.0

109)10(
8.0105 =

××

××
−××

−

−

⇒ u = 5.86 m/s.

7. Perform S.H.M.

∴  F ∝ x

∴  U ∝ x2

8. Four charges (+ve) are same & four charges (–ve) are

same

∴ 
1 2 8[u u ......... u ]

8

+ + +
=  

2

)uu(4 –+
= +







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−+−−+=
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a

kq3

a3
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a2

kq3

a
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222222

9. From E.C.

.E.Kmv
2

1

r

KPQ 2

2
==

force = dr

dE
P

10.

–q P Q

+q
U
–q

T S
+q –q

R

+q

2E+

P Q

U

T S

R
E +

11. σ
1
 > σ

2

e.f. in between the sheet

=  
1 2

0 0

–
2 2

σ σ

ε ε

ε = 
( )1 2

0

–

2

σ σ

ε  ⇒ W.D. = (Qε) 
a

2
= 

( )1 2

0

Q – a

2 2

σ σ

ε

12. A.E
��

=φ  ,  E&
�

φ  can not have same dimension.

13. Both points are on perpendicular bisector.

∆v = 0  ⇒ w = 0

14.  
( )
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R54

q

R27

kq2
F
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==

15. ∴ Lines emerging from Q
1
 ⇒ +ve

Lines terminate at Q
2
 ⇒ – ve

no. of lines originate or terminate depends on magni-

tude of charge

⇒ 9

13

Q

Q

2

1 =  ⇒ 21 QQ >
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Now situation is
E.f.=0

+Q1 +Q2

16. A

17. m = 4/3 µr3ρ

qε = mg ⇒ 6πηrv = mg

18. 2Ta = 2

2

a

2kq
 + 2 








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1
1

⇒ a = 

3/1
2

T

q





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k
22

1
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


















+

So N = 3

19. EQ = kx
0

Mean Position shift but frequency remains
the same.

kx0 EQ

+Q

x0mp(1) mp(2)


