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1.25  An oil drop of 12 excess electrons is held stationary under a 
constant electric field of 2.55 × 104 NC–1 (Millikan’s oil drop experiment). 
The  
density of the oil is 1.26 g cm-3 . Estimate the radius of the drop.  
(g = 9.81 ms–2; e = 1.60×10–19 C).
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Ans. Given |q| = Charge on 12 electrons = 12 × 1.60 × 10–19 C. 

E = 2.55 × 10 NC-1; 𝝈 = 1.26 g cm-3 ; g = 9.81ms-2, r = ?  

For the drop to be stationary; the weight of the drop must be balanced by an 
equal upwards electric force i.e.,   Fgrav = mg = qE

ADDITIONAL  EXERCISES
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Fgrav = mg = qE  

or     .    

We get,  

 
   = 9.81 × 10-7 m.

4
3

πr3 ρg = qE
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 Ans. We have E = 9 × 104 N/C. r = 2 cm = 0.02 m

  For an infinite line of charge E = 
02 r
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 24. Two large, thin metal plates are parallel and close to each 
other. On their inner faces, the plates have surface charge 
densities of opposite signs and of magnitude 17.0 × 10–22 
C/m2. What is E: (a) in the outer region of the first plate, 
(b) in the outer region of the second plate and (c) between 
the plates?

 Ans. Let P1; P2 be the given plates and A, B, C the points as 
shown.

  We have Vp1 = V = 17.0 × 10–22 C/m2

    Vp2 = –V�= –17.0 × 10–22 C/m2.
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  (a) Given V1 = 17.0 × 10–22 C/m2 and V2 = –17.0 × 
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Additional Exercises
 25. An oil drop of 12 excess electrons is held stationary under 

a constant electric field of 2.55 × 104 NC–1 in Millikan’s oil 
drop experiment. Density of the oil is 1.26 g cm–3. Estimate 
the radius of the drop. (g = 9.81 m s–2: e = 1.60 × 10–19 
C).

 Ans. Given |q| =  Charge on 12 electrons = 12 × 1.60 × 10–19 C
  E = 2.55 × 104 NC–1; V = 1.26 g cm–3; g = 9.81 m s–2, r = ?
  For the drop to be stationary; the weight of the drop must 

be balanced by an equal upwards electric force i.e., Fgrav = 
mg = qE
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     = 9.81 × 10–7 m.

 26. Which among the curves shown in Fig. below cannot possibly represent electrostatic field lines?
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  For an infinite line of charge E = 
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drop experiment. Density of the oil is 1.26 g cm–3. Estimate 
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1.26  Which among the curves shown 
in Fig. 1.35 cannot possibly represent  
electrostatic field lines?
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1.19 A point charge of 2.0 µC is at the centre of a  cubic Gaussian
surface 9.0 cm on edge. What is the net electric flux through the
surface?

1.20 A point charge causes an electric flux of –1.0 × 103 Nm2/C to pass
through a spherical Gaussian surface of 10.0 cm radius centred on
the charge. (a)  If the radius of the Gaussian surface were doubled,
how much flux would  pass through the surface? (b) What is the
value of the point charge?

1.21 A conducting sphere of radius 10 cm has an unknown charge. If
the electric field 20 cm from the centre of the sphere is 1.5 × 103 N/C
and points radially inward, what is the net charge on the sphere?

1.22 A uniformly charged conducting sphere of 2.4 m diameter has a
surface charge density of 80.0 µC/m2. (a) Find the charge on the
sphere. (b) What is the total electric flux leaving the surface of the
sphere?

1.23 An infinite line charge produces a field of 9 × 104 N/C at a distance
of 2 cm. Calculate the linear charge density.

1.24 Two large, thin metal plates are parallel and close to each other. On
their inner faces, the plates have surface charge densities of opposite
signs and of magnitude 17.0 × 10–22 C/m2. What is E: (a) in the outer
region of the first plate, (b) in the outer region of the second plate,
and (c) between the plates?

ADDITIONAL EXERCISES

1.25 An oil drop of 12 excess electrons is held stationary under a constant
electric field of 2.55 × 104 NC–1 (Millikan’s oil drop experiment). The
density of the oil is 1.26 g cm–3. Estimate the radius of the drop.
(g = 9.81 m s–2; e = 1.60 × 10–19 C).

1.26 Which among the curves shown in Fig. 1.35 cannot possibly
represent electrostatic field lines?
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Ans.  (i). Fig (a) No. As electrostatic field lines start normally from the surface. 
(ii). Fig. (b) No. As the field lines do not terminate on positive charge. 
(iii). Fig. (c) Yes. The pattern, further implies that the two charges are equal.
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FIGURE 1.35

1.27 In a certain region of space, electric field is along the z-direction
throughout. The magnitude of electric field is, however, not constant
but increases uniformly along the positive z-direction, at the rate of
105 NC–1 per metre. What are the force and torque experienced by a
system having a total dipole moment equal to 10–7 Cm in the negative
z-direction ?

1.28 (a) A conductor A with  a cavity as shown in Fig. 1.36(a) is given a
charge Q. Show that the entire charge must appear on the  outer
surface of the conductor. (b)  Another conductor B with charge q is
inserted into the cavity keeping B insulated from A. Show that the
total charge on the outside surface of A is Q + q [Fig. 1.36(b)]. (c)  A
sensitive instrument is to be shielded from the strong electrostatic
fields in its environment. Suggest a possible way.

FIGURE 1.36

1.29 A hollow charged conductor has a tiny hole cut into its surface.

Show that the electric field in the hole is (σ/2ε0) n̂ , where n̂  is the
unit vector in the outward normal direction, and σ is the surface
charge density near the hole.

1.30 Obtain the formula for the electric field due to a long thin wire of
uniform linear charge density E without using Gauss’s law. [Hint:
Use Coulomb’s law directly and evaluate the necessary integral.]

1.31 It is now established that protons and neutrons (which constitute
nuclei of ordinary matter) are themselves built out of more
elementary units called quarks. A proton and a neutron consist of
three quarks each. Two types of quarks, the so called ‘up’ quark
(denoted by u) of charge + (2/3) e, and the ‘down’ quark (denoted by
d) of charge (–1/3) e, together with electrons build up ordinary
matter. (Quarks of other types have also been found which give rise
to different unusual varieties of matter.)  Suggest a possible quark
composition of a proton and neutron.
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1.29 A hollow charged conductor has a tiny hole cut into its surface.

Show that the electric field in the hole is (σ/2ε0) n̂ , where n̂  is the
unit vector in the outward normal direction, and σ is the surface
charge density near the hole.

1.30 Obtain the formula for the electric field due to a long thin wire of
uniform linear charge density E without using Gauss’s law. [Hint:
Use Coulomb’s law directly and evaluate the necessary integral.]

1.31 It is now established that protons and neutrons (which constitute
nuclei of ordinary matter) are themselves built out of more
elementary units called quarks. A proton and a neutron consist of
three quarks each. Two types of quarks, the so called ‘up’ quark
(denoted by u) of charge + (2/3) e, and the ‘down’ quark (denoted by
d) of charge (–1/3) e, together with electrons build up ordinary
matter. (Quarks of other types have also been found which give rise
to different unusual varieties of matter.)  Suggest a possible quark
composition of a proton and neutron.
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1.26  Which among the curves shown in Fig. 1.35 cannot possibly 
represent  
electrostatic field lines?

(iv). Fig.(d) No. As the electrostatic field lines never intersect.  

(v).  Fig (e) No. As  ⊥ surface & the e.s. field lines never form closed loops.⃗E



1.27  In a certain region of space, electric field is along the z-direction 
throughout. The magnitude of electric field is, however, not constant but 

increases uniformly along the positive z-direction, at the rate of 105 NC–1 per 
metre. What are the force and torque experienced by a system having a total 

dipole moment equal to 10–7 Cm in the negative z-direction ?

Physics with I K Gogia

Ans.   We have,  and  

As the electric field is non-uniform, the dipole experiences a net force.  

 

Torque 

⃗p = − 10−7 ̂k C . m
⃗dE

dz
= 105 ̂kNC−1m−1 .

⃗F = p .
dE
dz

= (−10−7) . (105) = 10−2 ̂k N .

⃗τ = [ ⃗p × ⃗E ] = zero as θ = 1800 .



1.28  (a) A conductor A with a cavity as shown in Fig. 1.36(a) is given a 
charge Q. Show that the entire charge must appear on the outer surface 
of the conductor. (b) Another conductor B with charge q is inserted into 
the cavity keeping B insulated from A. Show that the total charge on the 
outside surface of A is Q + q [Fig. 1.36(b)]. (c) A sensitive instrument is 
to be shielded from the strong electrostatic fields in its environment. 
Suggest a possible way.
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1.28  (a) A conductor A with a cavity as shown in Fig. is given a charge Q. Show that the entire 
charge must appear on the outer surface of the conductor.  

(b) Another conductor B with charge q is inserted into the cavity keeping B insulated from A. Show 
that the total charge on the outside surface of A is Q + q .  

(c) A sensitive instrument is to be shielded from the strong electrostatic fields in its environment. 
Suggest a possible way.
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 Ans. (i) Fig (a) No. As electrostatic !eld lines start normally 
from the surface.

  (ii) Fig. (b) No. As the !eld lines do not terminate on 
positive charge

  (iii) Fig. (c) Yes. The pattern, further implies that the two 
charges are equal.

  (iv) Fig. (d) No. As the electrostatic !eld lines never interest

  (v) Fig (e) No. As E
o
A  surface and the e.s. !eld lines never 

form closed loops.

 27. In a certain region of space, electric field is along the 
Z-direction throughout. The magnitude of electric field is, 
however, not constant but increases uniformly along the 
positive Z-direction, at the rate of 105 NC–1 per metre. 
What are the force and torque experienced by a system 
having a total dipole moment equal to 10–7 Cm in the 
negative z-direction?

 Ans. We have p
o

 = –10–7 k̂  C.m and 
dE
dz

o

 = 105 k̂ NC–1m–1. As 

the electric field is non-uniform; the dipole experiences a 
net force 

  F
o

 = .
dE

p
dz

 = (–10–7).(105) = –10–2 N = –10–2 k̂  N

  Torque oW  = p E
o o§ ·
u¨ ¸

© ¹
 = zero as T = 180°

 28. (a) A conductor A with a cavity as shown in Fig. below is 
given a charge Q. Show that the entire charge must 
appear on the outer surface of the conductor. (b) 
Another conductor B with charge q is inserted into 
the cavity keeping B insulated from A. Show that the 
total charge on the outside surface of A is Q + q [see 
!g. below]. (c) A sensitive instrument is to be shielded 
from the strong electrostatic !elds in its environment. 
Suggest a possible way.
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Q + q

 Ans. (a) Consider a gaussian surface S just inside the conductor 
as shown.
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     = 0 [As E
o

 is zero inside a conductor]
   Hence 6q = 0 which implies that the entire charge 

must be on the outer surface of the conductor.
  (b) A charge + q on B induces a charge –q on the inner 

surface of A and +q on its outer surface
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  (c) Place the instrument in a hollow conductor as electric 
!eld intensity inside a hollow conductor is zero.

 29. A hollow charged conductor has a tiny hole cut into its 
surface. Show that the electric field in the hole is (V/2H0) 
n̂  where n̂  is the unit vector in the outward normal 
direction, and V is the surface charge density near the 
hole.

 Ans. For convenience, let the two parts p1 and p2 of the 
conductor be shown separately.

  Net electric field intensity at A

    = 
o o

�1 1 2 2(due to ) (due to )E P E P

    = E1 – E2 = 0 (As E = zero inside a conductor)

Ans. (a) Consider a gaussian surface S just inside the  
conductor as shown. 

We have,  

                       = 0. [As E is zero inside a conductor.] 

Hence 𝜮q = 0 which implies that the entire charge  

must be on the outer surface of the conductor.

ϕE = [
∑ q
ϵ0

] = ∫S

⃗E . ⃗dS
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Ans. (b) A charge + q on B induces a charge –q on  
the inner surface of A and +q on its outer surface.
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Another conductor B with charge q is inserted into 
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total charge on the outside surface of A is Q + q [see 
!g. below]. (c) A sensitive instrument is to be shielded 
from the strong electrostatic !elds in its environment. 
Suggest a possible way.
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  (c) Place the instrument in a hollow conductor as electric 
!eld intensity inside a hollow conductor is zero.

 29. A hollow charged conductor has a tiny hole cut into its 
surface. Show that the electric field in the hole is (V/2H0) 
n̂  where n̂  is the unit vector in the outward normal 
direction, and V is the surface charge density near the 
hole.

 Ans. For convenience, let the two parts p1 and p2 of the 
conductor be shown separately.

  Net electric field intensity at A

    = 
o o

�1 1 2 2(due to ) (due to )E P E P

    = E1 – E2 = 0 (As E = zero inside a conductor)

(c) Place the instrument in a hollow conductor as  
electric field intensity inside a hollow conductor is zero.



1.29  A hollow charged conductor has a tiny hole cut into its surface.  
Show that electric field in the hole is (σ/2ε0) nˆ , where nˆ is the unit vector in 
outward normal direction, and σ is surface charge density near the hole.

Physics with I K Gogia
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B
E
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n̂  where n̂  in a unit vector normal 

to the surface of the conductor directed outwards.

 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�
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  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB

     = dE
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 2 2( )
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   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
04

O
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  We have y = r cot T � dy = – r cosec2 T d T.
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
3 3

e e§ ·� ¨ ¸
© ¹

 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.

!

F2
P"

+Q +Q
qtestA B

!

Fnet
!

F1

P

Ans. For convenience, let the two parts 
 P1 and P2  of the conductor be shown 
separately.  
Net electric field intensity at A,  

 
   = E1 - E2 = 0. [As E is zero inside a 
conductor.] 
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 Ans. (i) Fig (a) No. As electrostatic !eld lines start normally 
from the surface.

  (ii) Fig. (b) No. As the !eld lines do not terminate on 
positive charge

  (iii) Fig. (c) Yes. The pattern, further implies that the two 
charges are equal.

  (iv) Fig. (d) No. As the electrostatic !eld lines never interest

  (v) Fig (e) No. As E
o
A  surface and the e.s. !eld lines never 

form closed loops.

 27. In a certain region of space, electric field is along the 
Z-direction throughout. The magnitude of electric field is, 
however, not constant but increases uniformly along the 
positive Z-direction, at the rate of 105 NC–1 per metre. 
What are the force and torque experienced by a system 
having a total dipole moment equal to 10–7 Cm in the 
negative z-direction?

 Ans. We have p
o

 = –10–7 k̂  C.m and 
dE
dz

o

 = 105 k̂ NC–1m–1. As 

the electric field is non-uniform; the dipole experiences a 
net force 

  F
o

 = .
dE

p
dz

 = (–10–7).(105) = –10–2 N = –10–2 k̂  N

  Torque oW  = p E
o o§ ·
u¨ ¸

© ¹
 = zero as T = 180°

 28. (a) A conductor A with a cavity as shown in Fig. below is 
given a charge Q. Show that the entire charge must 
appear on the outer surface of the conductor. (b) 
Another conductor B with charge q is inserted into 
the cavity keeping B insulated from A. Show that the 
total charge on the outside surface of A is Q + q [see 
!g. below]. (c) A sensitive instrument is to be shielded 
from the strong electrostatic !elds in its environment. 
Suggest a possible way.

A

Q

(a) (b)

B
q

A

Q + q

 Ans. (a) Consider a gaussian surface S just inside the conductor 
as shown.

A

a

S

   We have IE = 
0

q§ ·
¨ ¸
¨ ¸�
© ¹

¦  = .
S

E dS
o o

³

     = 0 [As E
o

 is zero inside a conductor]
   Hence 6q = 0 which implies that the entire charge 

must be on the outer surface of the conductor.
  (b) A charge + q on B induces a charge –q on the inner 

surface of A and +q on its outer surface

++

+

+

+

+
+

+ + + + +
+

+
+

+

+
+

+
Q + q+

– – –
–

–
–

–
–

B

+q

–q

A

  (c) Place the instrument in a hollow conductor as electric 
!eld intensity inside a hollow conductor is zero.

 29. A hollow charged conductor has a tiny hole cut into its 
surface. Show that the electric field in the hole is (V/2H0) 
n̂  where n̂  is the unit vector in the outward normal 
direction, and V is the surface charge density near the 
hole.

 Ans. For convenience, let the two parts p1 and p2 of the 
conductor be shown separately.

  Net electric field intensity at A

    = 
o o

�1 1 2 2(due to ) (due to )E P E P

    = E1 – E2 = 0 (As E = zero inside a conductor)
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n̂  where n̂  in a unit vector normal 

to the surface of the conductor directed outwards.

 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�

r

!

y

A
B

dy

O

A"

B"

!

!

L
dE sin !

dE cos !

P

dE cos !

dE sin !

  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB

     = dE
o

 = 
0

1
4S�

 2 2( )
dq

r y�
 along PL

o

   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
04

O
S�

 
T

�³ 2 2
sindy

r y

  We have y = r cot T � dy = – r cosec2 T d T.

  ?  E = 
T  

T  S

O T T T
S� � T³

20

2 2 2
0

(– cosec ) sin
4 ( cot )

r d
r r

     =�
04

O
S�

0 1
– sin d

rS
T T³ � �

04 r
O
S�

0cos ST

� � � � � = 
04 r

O
S�

 S[cos 0 – cos ]  

     = 
04 r

O
S�

 [1 – (–1)] = 
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.

 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
3 3

e e§ ·� ¨ ¸
© ¹

 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.

!

F2
P"

+Q +Q
qtestA B

!

Fnet
!

F1

P



1.29  A hollow charged conductor has a tiny hole cut into its surface.  
Show that the electric field in the hole is (σ/2ε0) nˆ , where nˆ is the unit vector in the 
outward normal direction, and σ is the surface charge density near the hole.
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n̂  where n̂  in a unit vector normal 

to the surface of the conductor directed outwards.

 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�

r

!

y

A
B

dy

O

A"

B"

!

!

L
dE sin !

dE cos !

P

dE cos !

dE sin !

  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB

     = dE
o

 = 
0

1
4S�

 2 2( )
dq

r y�
 along PL

o

   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
04

O
S�

 
T

�³ 2 2
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r y

  We have y = r cot T � dy = – r cosec2 T d T.
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
3 3

e e§ ·� ¨ ¸
© ¹

 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.

!

F2
P"

+Q +Q
qtestA B

!

Fnet
!

F1

P
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n̂  where n̂  in a unit vector normal 

to the surface of the conductor directed outwards.

 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�

r

!

y

A
B

dy

O

A"

B"

!
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L
dE sin !

dE cos !

P

dE cos !

dE sin !

  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB

     = dE
o

 = 
0

1
4S�

 2 2( )
dq

r y�
 along PL

o

   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
04

O
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r y

  We have y = r cot T � dy = – r cosec2 T d T.

  ?  E = 
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
3 3

e e§ ·� ¨ ¸
© ¹

 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.

!

F2
P"

+Q +Q
qtestA B

!

Fnet
!

F1

P
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n̂  where n̂  in a unit vector normal 

to the surface of the conductor directed outwards.

 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�

r

!

y

A
B

dy

O

A"

B"

!
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L
dE sin !

dE cos !

P

dE cos !

dE sin !

  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB

     = dE
o

 = 
0

1
4S�

 2 2( )
dq

r y�
 along PL

o

   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
04

O
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  We have y = r cot T � dy = – r cosec2 T d T.
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
3 3

e e§ ·� ¨ ¸
© ¹

 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.

!

F2
P"

+Q +Q
qtestA B

!

Fnet
!

F1

P

where  is a unit vector normal to the  
surface of the conductor directed outwards.

̂n



1.30  Obtain the formula for the electric field due to a long thin wire of 
uniform linear charge density E without using Gauss’s law. [Hint: Use 
Coulomb’s law directly and evaluate the necessary integral.]

Physics with I K Gogia

Ans. Let P be a point at a distance r from a long st. 
thin wire of length ‘l’ with uniform linear charge 
density 𝜆.  

Electric fled intensity at P due to AB 

 

where dq = 𝜆 dy is charge on AB.
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n̂  where n̂  in a unit vector normal 

to the surface of the conductor directed outwards.

 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�

r

!

y

A
B

dy

O
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dE sin !

dE cos !
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  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB

     = dE
o

 = 
0

1
4S�

 2 2( )
dq

r y�
 along PL

o

   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
3 3

e e§ ·� ¨ ¸
© ¹

 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.
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 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�
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O.
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   where dq = O dy is charge on AB.

  Resolving dE
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; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
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e e§ ·� ¨ ¸
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 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.
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dE cos 𝜃 cancel out being equal and opposite where 

components dE sin 𝜃 add up. 
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 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�
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  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB

     = dE
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 = 
0
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dq

r y�
 along PL
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   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
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e e§ ·� ¨ ¸
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 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.
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 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�
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  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB
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 = 
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 along PL
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   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
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e e§ ·� ¨ ¸
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 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.
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to the surface of the conductor directed outwards.

 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�
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  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB
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 = 
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 along PL
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   where dq = O dy is charge on AB.

  Resolving dE
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; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
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 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.
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 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�
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  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB
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   where dq = O dy is charge on AB.

  Resolving dE
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; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
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e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
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 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.
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to the surface of the conductor directed outwards.

 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�
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  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB

     = dE
o

 = 
0

1
4S�

 2 2( )
dq

r y�
 along PL

o

   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
3 3

e e§ ·� ¨ ¸
© ¹

 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.

!

F2
P"

+Q +Q
qtestA B

!

Fnet
!

F1

P
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to the surface of the conductor directed outwards.

 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�

r
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A
B

dy

O
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  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB

     = dE
o

 = 
0

1
4S�

 2 2( )
dq

r y�
 along PL

o

   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
04

O
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  We have y = r cot T � dy = – r cosec2 T d T.
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
3 3

e e§ ·� ¨ ¸
© ¹

 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.
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F2
P"

+Q +Q
qtestA B

!

Fnet
!

F1

P
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n̂  where n̂  in a unit vector normal 

to the surface of the conductor directed outwards.

 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�

r

!

y

A
B

dy

O

A"

B"
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L
dE sin !

dE cos !

P

dE cos !

dE sin !

  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB

     = dE
o

 = 
0

1
4S�

 2 2( )
dq

r y�
 along PL

o

   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
04

O
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r y

  We have y = r cot T � dy = – r cosec2 T d T.
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
3 3

e e§ ·� ¨ ¸
© ¹

 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.
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F2
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+Q +Q
qtestA B

!

Fnet
!

F1

P
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n̂  where n̂  in a unit vector normal 

to the surface of the conductor directed outwards.

 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�

r
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y

A
B

dy

O
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B"
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dE sin !
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  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB

     = dE
o

 = 
0

1
4S�

 2 2( )
dq

r y�
 along PL

o

   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
3 3

e e§ ·� ¨ ¸
© ¹

 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.

!

F2
P"

+Q +Q
qtestA B

!

Fnet
!

F1

P



1.31  It is now established that protons and neutrons (which constitute 
nuclei of ordinary matter) are themselves built out of more elementary 
units called quarks. A proton and a neutron consist of three quarks 
each. Two types of quarks, the so called ‘up’ quark (denoted by u) of 
charge + (2/3) e, and the ‘down’ quark (denoted by d) of charge (–1/3) e, 
together with electrons build up ordinary matter. (Quarks of other types 
have also been found which give rise to different unusual varieties of 
matter.) Suggest a possible quark composition of a proton and neutron.

Physics with I K Gogia

Ans. Proton may consist of two up quarks and one down quark. 

Charge on proton = 2 u + 1 d =  

Charge on neutron = 1 u + 2 d = 

2(
2
3

e) −
1
3

e = + e (Proton charge).

+
2
3

e + 2(−
1
3

e) = 0.



1.32  (a) Consider an arbitrary electrostatic field configuration. A small 
test charge is placed at a null point (i.e., where E = 0) of the 
configuration. Show that the equilibrium of the test charge is necessarily 
unstable.  

(b) Verify this result for the simple configuration of two charges of the 
same magnitude and sign placed a certain distance apart.

Physics with I K Gogia

Ans. (a)     Let P be the null point. Then   

Suppose test charge q at P is stable. Displace the charge q to P′.  
Net force an q should be along P′P for stable equilibrium.  
So there should be a net field along P′P and have a net inward flay for a 
gaussian surface around P. But by Gauss theorem, the net flux through a 
surface around P must be zero. Hence our consideration is wrong.  
Charge at P must be in unstable equilibrium.

⃗EP = 0.



1.32  (a) Consider an arbitrary electrostatic field configuration. A small 
test charge is placed at a null point (i.e., where E = 0) of the 
configuration. Show that the equilibrium of the test charge is necessarily 
unstable.  

(b) Verify this result for the simple configuration of two charges of the 
same magnitude and sign placed a certain distance apart.

Physics with I K Gogia

Ans. (b)     Consider the arrangement shown in 
the figure with test charge at P in equilibrium. 
If the charge is displaced to P’ with PP’ ⊥ AB; the 
test charge experiences a net force Fnet  away 
from P.  
So the charge will not return to P indicating 
unstable equilibrium.
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to the surface of the conductor directed outwards.

 30. Obtain the formula for the electric field due to a long 
thin wire of uniform linear charge density O without 
using Gauss’s law. [Hint: Use Coulomb’s law directly and 
evaluate the necessary integral.]

 Ans. Let P be a point at a distance r from a long st. thin wire of 
length ‘l’ with uniform linear charge density O�

r
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y
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dy

O
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P
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  Consider an elementary Part AB(=dy) at a distance y from 
O.

  Electric fled intensity at P due to AB

     = dE
o

 = 
0

1
4S�

 2 2( )
dq

r y�
 along PL

o

   where dq = O dy is charge on AB.

  Resolving dE
o

; the components are dE sin T A�wire; dE cos 
T�p�along the wire.

  Taking another identical part AcBc of the wire symmetrically 
below O and resolving its field at P; the component dE cos 
T cancel out being equal and opposite where components 
dE sin T add up.

  ?�  E = sindE T³  = 
04
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 31. It is now believed that protons and neutrons (which 
constitute nuclei of ordinary matter) are themselves built 
out of more elementary units called quarks, the so called 
‘up’ quark (denoted by u) of charge + (2/3) e, and the 
‘down’ quark (denoted by d) of charge (–1/3) e, together 
with electrons build up ordinary matter. (Quarks of other 
types have also been found which give rise to different 
unusual varieties of matter.) Suggest a possible quark 
composition of a proton and neutron.

 Ans. Proton may consist of two up quarks and one down quark.

  Charge on proton = 2u + ld = 2
2
3

e§ ·
¨ ¸
© ¹

 –
1
3

e = +e (charge 

on proton)

  Neutron = 1u + 2d as charge = + 
2 1

–
3 3

e e§ ·� ¨ ¸
© ¹

 = zero.

 32. (a) Consider an arbitrary electrostatic !eld con!guration. A 
small test charge is placed at a null point (i.e., where E 
= 0) of the con!guration. Show that the equilibrium of 
the test charge is necessarily unstable.

  (b) Verify this result for the simple con!guration of two 
charges of the same magnitude and sign placed a 
certain distance apart.

 Ans. (a) Let P be  the null point. Then pE
o

 = 0. Suppose test 

charge q at P is stable. Displace the charge q to Pc.
   Net force an q should be along PcP for stable 

equilibrium. So there should be a net !eld along PcP 
and have a net inward "ay for a gaussian surface around 
P. But by Gauss theorem, the net "ux through a surface 
around P must be zero.

   Hence our consideration is wrong. Charge at P must 
be in unstable equilibrium.

  (b) Consider the arrangement shown in the !gure with test 
charge at P in equilibrium.

   If the charge is displaced to P’ with PP’ A AB; the 
test charge experiences a net force Fnet away from P. 
So the charge will not return to P indicating unstable 
equilibrium.
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Fnet
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1.33  A particle of mass m and charge (–q) enters the region between 
the two charged plates initially moving along x-axis with speed vx (like 
particle 1 in the Fig. below). The length of each plate is L and an uniform 
electric field E is maintained between the plates. Show that the vertical 
deflection of the particle at the far edge of the plate is qEL2/(2m vx

2).

Physics with I K Gogia

Ans. Solve as Q. 1.14 in NCERT Exercises.

Electric Charges
and Fields

47

electrostatic repulsion if the charge on each is 6.5 × 10–7 C? The
radii of A and B are negligible compared to the distance of
separation.

(b) What is the force of repulsion if each sphere is charged double
the above amount, and the distance between them is halved?

1.13 Suppose the spheres A and B in Exercise 1.12 have identical sizes.
A third sphere of the same size but uncharged is brought in contact
with the first, then brought in contact with the second, and finally
removed from both. What is the new force of repulsion between A
and B?

1.14 Figure 1.33 shows tracks of three charged particles in a uniform
electrostatic field. Give the signs of the three charges. Which particle
has the highest charge to mass ratio?

FIGURE 1.33

1.15 Consider a uniform electric field E = 3 × 103 î N/C. (a)  What is  the
flux of this field through a square of 10 cm on a side whose plane is
parallel to the yz plane? (b) What is the  flux through the same
square if the normal  to its plane makes a 60° angle with the x-axis?

1.16 What is the net flux of the uniform electric field of Exercise 1.15
through a cube of side 20 cm oriented so that its faces are parallel
to the coordinate planes?

1.17 Careful measurement of the electric field at the surface of a black
box indicates that the net outward flux through the surface of the
box is 8.0 × 103 Nm2/C. (a) What is the net charge inside the box?
(b) If the net outward flux through the surface of the box were zero,
could you conclude that there were no charges inside the box? Why
or Why not?

1.18 A point charge +10 µC is a distance 5 cm directly above the centre
of a square of side 10 cm, as shown in Fig. 1.34. What is the
magnitude of the electric flux through the square? (Hint: Think of
the square as one face of a cube with edge 10 cm.)

FIGURE 1.34

2020-21



1.34 Suppose that the particle in Exercise in 1.33 is an electron projected  
 with velocity vx = 2.0 × 106 m s-1 . If E between the plates separated by 0.5 cm 
is 9.1 × 102 N/C, where will the electron strike the upper  

plate? (|e|=1.6 × 10–19 C, m = 9.1 × 10–31 kg.)

Physics with I K Gogia

Ans. From the diagram; the particle strikes plate P when y = 2.5mm = 2.5×10–3 m.
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 33. (a) A particle of mass m and charge (–q) enters the region 
between the two charged plates initially moving along 
x-axis with speed vx (like particle 1 in Fig.). The length 
of plate is L and a uniform electric !eld E is maintained 
between the plates. Show that the vertical de"ection 
of the particle at the far edge of the plate is qEL2/(2m 

2
xv ).

   Compare this motion with motion of a projectile in 
gravitational !eld

 Ans. Refer to Ans. 14 of NCERT Exercises.

 34. Suppose that the particle in Exercise in above is an electron 
projected with velocity vx = 2.0 × 106 m s–1. If E between 
the  plates separated by 0.5 cm is 9.1 × 102 N/C, where 
will the electron strike the upper plate? (|e| = 1.6 × 10–19 
C, me = 9.1 × 10–31 kg.)

 Ans. From the diagram; the particle strikes plate P when
    y = 2.5 mm = 2.5 × 10–3 m
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PHYSICS – XII 25

 33. (a) A particle of mass m and charge (–q) enters the region 
between the two charged plates initially moving along 
x-axis with speed vx (like particle 1 in Fig.). The length 
of plate is L and a uniform electric !eld E is maintained 
between the plates. Show that the vertical de"ection 
of the particle at the far edge of the plate is qEL2/(2m 

2
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