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ELECTRIC CHARGE AND FIELD 

ELECTRIC FIELD STRENGTH OF VARIOUS CHARGE BODIES 

 
Electric field Strength at a General Point due to a Uniformly Charged Rod: 
 
As shown in figure, if P is any general point in the surrounding of rod, to find electric field 
strength at P, again we consider an element on rod of length dx at a distance x from point O 
as shown in figure. 
 
 
 
 
 
 
 
 
 
 
Now if dE be the electric field at P due to the element, then it can be given as 
 
   

 dE =
Kdq

(x2+r2)
 

 

Here dq =
Q

l
dx 

 

Now we resolve electric field in components. Electric 
field strength in x-direction due to dq at P is dEx =
dEsin⁡𝜃 
 

 Or    dEx =
Kdq

(x2+r2)
sin⁡𝜃 

 

  =
𝐾𝑄sin⁡𝜃

𝐿(𝑥2+𝑟2)
𝑑𝑥 

 

Here⁡we⁡have⁡x⁡=⁡r⁡tan⁡θ⁡and 
  d𝑥 = 𝑟sec2⁡𝜃𝑑𝜃 
 

Thus we have    dEx =
KQ

L

rsec2𝜃d𝜃

r2sec2⁡𝜃
sin⁡𝜃 

 

   Strength=
KQ

Lr
sin⁡𝜃𝑑𝜃 
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Net electric field strength due to dq at point P in x-direction is 
 

      Ex = ∫ dEx =
KQ

Lr
∫ sin⁡𝜃d𝜃
+𝜃1

−𝜃2
 

 

 Or  Ex =
KQ

Lr
[−cos⁡𝜃]−𝜃2

+𝜃1  

 

 Or      𝐸𝑥 =
𝐾𝑄

𝐼𝑟
[cos⁡𝜃2 − cos⁡𝜃1]  

 
Similarly, electric field strength at point P due to dq in y-direction is  
 
     dEy = dEcos⁡𝜃 

 

 Or    dEy =
KQdx

L(r2+x2)
× cos⁡𝜃 

 
Again⁡we⁡have⁡x⁡=⁡r⁡tan⁡θ 
And     𝑑𝑥 = 𝑟sec2⁡𝜃𝑑𝜃 
 

Thus we have    dEy =
KQ

𝐿
cos⁡𝜃 ×

rsec2⁡𝜃

r2sec2⁡𝜃
d𝜃 =

KQ

𝐿r
cos⁡𝜃d𝜃  

 
Net electric field strength at P due to dq in y-direction is 
 

     𝐸𝑦 = ∫ 𝑑𝐸𝑦 =
𝐾𝑄

𝐿𝑟
∫ cos⁡𝜃𝑑𝜃
+𝜃1

−𝜃2
 

 

Or      Ey =
KQ

Lr
[+sin⁡𝜃]−𝜃2

+𝜃1 

 

Or      𝐸𝑦 =
𝐾𝑄

𝐿𝑟
[sin⁡𝜃1 + sin⁡𝜃2] 

 
Thus electric field at a general point in the surrounding of a uniformly charged rod which 
subtend angles⁡θ1 and⁡θ2 at the two corners of rod can be given as 
 

 In ||-direction   𝐸𝑥 =
𝐾𝑄

𝐿𝑟
(cos⁡𝜃2 − cos⁡𝜃1) =

𝑘𝜆

𝑟
(cos⁡𝜃2 − cos⁡𝜃1)  

 

 In⁡⊥⁡-direction  𝐸𝑦 =
𝐾𝑄

𝐿𝑟
(sin⁡𝜃1 + sin⁡𝜃2) =

𝑘𝜆

𝑟
(sin⁡𝜃1 + sin⁡𝜃2) 

 
r is the perpendicular distance of the point from the wire  
θ1 and⁡θ2 should be taken in opposite sense 
 
Ex.  In the given arrangement of a charged square frame find field at centre. The linear 
 charged density is as shown in figure. 
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Sol.   E.F. due to 1 =
2𝐾𝜆

𝑓
(sin⁡45∘ + sin⁡45∘)𝑖

^

=
2√2𝐾𝜆

ℓ
𝑖
^

 

 

   E.F. due to  2 = −
4√2𝐾𝜆

ℓ
𝑖
^

 

 

   E.F. due to 3 =
6√2𝐾𝜆

ℓ
𝑗
^

 

 

   E.F. due to  4 =
8√2𝐾𝜆

ℓ
𝑗
^

  

      

  E
→

net⁡ = E
→

due⁡to⁡1 + E
→

due⁡to⁡2 + E
→

due⁡to⁡3 + E
→

due⁡to⁡4 
 

   = (
2√2𝐾𝜆

ℓ
−

4√2𝐾𝜆

ℓ
)𝑖
^

+ (
6√2𝐾𝜆

ℓ
+

8√2𝐾𝜆

ℓ
)𝑗
^

 

 

  =
−2√2𝐾𝜆

ℓ
i
^

+
14√2𝐾𝜆

ℓ
𝑗
^

 

 
 
Ex.  Given an equilateral triangle with side. Find E at the 
 centroid. The linear charge density is as shown in figure.  
 
Sol. The electric field strength due to the three rods AB, BC and CA are as shown in 
 figure. 
  

  E
→

AC =
−2𝐾𝜆

ℓ/√3
(2sin⁡30∘)(cos⁡𝜃i

^

+ sin⁡𝜃𝑗
^

) 

 

  E
→

AB =
2⁡K𝜆

ℓ/√3
(2sin⁡30∘)(cos⁡𝜃i

^

− sin⁡𝜃j
^

) 

 

  E
→

BC =
2⁡K𝜆

ℓ/√3
(2sin⁡30∘)j

^

 

 

  E
→

net = E
→

AC + E
→

AB + E
→

BC 
 

  E
→

net⁡ =
−𝜆

2𝜋∈0ℓ
𝑗
^
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Electric field due to infinite wire: (l >> r) 
 
Here we have to find the electric field at point p due to the given infinite wire. Using the 
formula learnt in above section which 
  

 𝐸|| =
𝑘𝜆

𝑟
(cos⁡𝜃2 − cos⁡𝜃1) 

 

 𝐸⊥ =
𝑘𝜆

𝑟
(sin⁡𝜃2 + sin⁡𝜃1) 

 

For above case,  𝜃1 = 𝜃2 =
𝜋

2
 

 

 ∴ 𝐸𝑛𝑒𝑡⁡at⁡𝑃 =
𝑘𝜆

𝑟
(1 + 1) =

2𝑘𝜆

𝑟
 

 
 
Electric field due to semi-infinite wire: 
 
For this case 
  

 𝜃1 =
𝜋

2
, 𝜃2 = 0∘ 

 

 ∴ 𝐸𝑟 =
𝑘𝜆

𝑟
; 𝐸1∣ =

𝑘𝜆

𝑟
 

 

 𝐸net⁡⁡at⁡𝑃 =
√2k𝜆

r
s 

 
 
Ex. Consider the system shown below 
 if the charge is slightly displaced perpendicular to the wire from its equilibrium 
 position then find out the time period of SHM. 
 
 
 
 
 
 
Sol. At equilibrium position weight of the particle is balanced by the electric force 
      ⇒ 𝑚𝑔 = 𝑞𝐸 
 

      mg = q
2k𝜆

d
  …………⁡(i) 

 
 Now⁡if⁡the⁡particle⁡is⁡slightly⁡displaced⁡by⁡a⁡distance⁡xλ⁡(where⁡x⁡<<⁡d)⁡net⁡force⁡on⁡
 the body, 
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     𝐹net⁡ =
2𝑘𝜆𝑞

𝑑+𝑥
−𝑚𝑔 

 
 From (1) 
 

     𝐹net⁡ =
2𝑘𝜆𝑞

𝑑+𝑥
−

2𝑘𝜆𝑞

𝑑
=

−2𝑘𝜆𝑞𝑥

𝑑(𝑑+𝑥)
 

 

 As x << d    𝐹net⁡ ≈
−2𝑘𝜆𝑞𝑥

𝑑2
⇒ 𝑎 = −

−2𝑘𝜆𝑞𝑥

𝑚𝑑2
 

 For SHM 
 
     𝑎 = −𝜔2𝑥 
 

     ∴ 𝜔2 =
2k𝜆q

md2
⇒ 𝜔 = √

2k𝜆q

md2
 

 

     T =
2𝜋

𝜔
= 2𝜋√

md2

2k𝜆q
 

 
Electric field due to Uniformly Charged Ring: 
 
Case - I: At its Centre 
Here by symmetry we can say that electric field strength at Centre due to every small 
segment on ring is cancelled by the electric field at centre due to the segment exactly 
opposite to it. As shown in figure. The electric field strength at centre due to segment AB is 
cancelled by that due to segment CD. This net electric field strength at the centre of a 
uniformly charged ring is zero 
 
 
 
 
 
 
 
 
 
 
Case II: At a Point on the Axis of Ring 
For this look at the figure. There we'll find the electric field strength at point P due to the 
ring which is situated at a distance x from the ring centre. For this we consider a small 
section of length dl on ring as shown. The charge on this elemental section is 
 

     dq =
Q

2𝜋R
dℓ  [Q = total charge of ring] 
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Due to the element dq, electric field strength dE at point P can be given as 
 

     dE =
Kdq

(R2+x2)
 

 
The⁡component⁡of⁡this⁡field⁡strength⁡dE⁡sin⁡α⁡which⁡is⁡normal⁡to⁡the⁡axis⁡of⁡ring⁡will⁡be⁡
cancelled out due to the ring section opposite to dl. The component of electric field strength 
along the axis of ring⁡dE⁡cosα⁡due⁡to⁡all⁡the⁡sections⁡will⁡be⁡added⁡up.⁡Hence⁡total⁡electric⁡
field strength at point P due to the ring is 
 
  Ep = ∫ dEcos⁡𝛼  

.   

  = ∫
𝐾𝑑𝑞

(𝑅2+𝑥2)

2𝜋𝑅

0

×
𝑥

√𝑅2+𝑥2
 

 

Or   Ep = ∫
KQx

2𝜋R(R2+x2)3/2
⁡

2𝜋R

0

d𝑙 

 

  =
KQx

2𝜋R(R2+x2)3/2
∫ d
2𝜋R

0
ℓ 

 

  =
KQx

2𝜋𝑅(R2+x2)3/2
[2𝜋R] 

 

  𝐸𝑝 =
𝐾𝑄𝑥

(𝑅2+𝑥2)3/2
 

 
 
Ex.  A thin wire ring of radius r carries a charge q. Find the magnitude of the electric field 
 strength on the axis of the ring as function of distance l from centre. Investigate the 
 obtained function at l >> r. Find the maximum strength magnitude and the 
 corresponding distance. 
 
Sol. See figure (Modify for maximum E) we know due to ring electric field strength at a 
 distance from its centre on its axis can be given as 
 

     E =
Kqℓ

(ℓ2+r2)3/2
    …….⁡(1) 
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For > > r, we have E =
1

4𝜋𝜖0
×

q

ℓ2
 

 
Thus the ring behaves like a point charge. 
 

For 𝐸𝑚𝑎𝑥
dE

dℓ
= 𝑂. From equation we get 

 

   
dE

dℓ
=

q

4𝜋∈0
[
(r2+ℓ2)3/2⋅1−

3ℓ

2
(𝑟2+ℓ2)1/2×2ℓ

(𝑟2+ℓ2)3
] = 0 

 

Or  (𝑟2 + ℓ2)3/2 =
3

2
(𝑟2 + ℓ2)1/2 × 2ℓ2  

 

Solving we get, ℓ =
𝑟

√2
   …….⁡(2) 

 
Substituting the value of in equation (1) we get 
 

     𝐸 =
𝑘𝑞(𝑟/√2)

(𝑟2+𝑟2/2)3/2
=

2𝑘𝑞

3√3𝑟2
 

 
Ex.  A thin fixed ring of radius 1 meter has a positive charge 1 × 10–5 coulomb uniformly 
 distributed over it. A particle of mass 0.9 gm and having a negative charge of  
 1 × 10–6 coulomb is placed on the axis at distance of 1 cm from the centre of the 
 ring. Shown that the motion of the negatively charged particle as approximately 
 simple harmonic. Calculate the time period of oscillations. 
 
Sol. Let us first find the force on a – q charge placed at a distance x from centre of ring 
 along its axis. 
 Figure shows the respective situation. 
 In this case force on particle P is 
  

   𝐹𝑝 = −𝑞𝐸 = −𝑞 ⋅
𝐾𝑄𝑥

(𝑥2+𝑅2)3/2
 

 
 For small x, x << R, we can neglect x, compared to R, 
 we have 

     F = −
KqQx

R3
 

  

 Acceleration of particle is  𝑎 = −
𝐾𝑞𝑄

𝑚𝑅3
𝑥 

  
 [Here we have x = 1 cm and R = 1 m hence x << R can be used] 
 This shows that particle P excutes SHM, now comparing this acceleration with 
  
      𝑎 = −𝜔2𝑥 
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 We get    𝜔 = √
KqQ

mR3
 

 

 Thus time period of SHM is T =
2𝜋

𝜔
= 2𝜋√

mR3

KqQ
= 2𝜋√

0.9×10−3×(1)3

9×109×10−5×10−6
=

𝜋

5
⁡seconds 

 
Ex.  A system consists of a thin charged wire ring of radius R and a very long uniformly 
 charged thread oriented along the axis of the ring with one of its ends coinciding 
 with the centre of the ring. The total charge of the ring is equal to q. The charge of 
 the thread (per unit length) is equal to⁡λ.⁡Find⁡the⁡interaction⁡force⁡between⁡the⁡ring⁡
 and the thread. 
 

Sol. Force df on the wire = dq E
→

 
 

     =
Kqx

(x2+R2)3/2
⋅ 𝜆dx 

 

    F = Kq𝜆∫
xdx

(R2+x2)3/2

∞

0

 

 

    𝐹 =
𝜆𝑞

4𝜋𝜖0𝑅
 

 
Alternate: 
 Due to wire electric field on the points of ring in y-direction is 
 

     𝐸𝑦 =
𝐾𝜆

𝑅
 

  
 Thus force on ring due to wire is 
 

    q
K𝜆

R
=

Kq𝜆

R
=

𝜆q

4𝜋∈0R
 

 
 And EX =0 [As cancelled out] 
 (Here x components of forces on small elements of rings are cancelled by the x
 component of diametrically opposite elements.) 
 
Electric field Strength due to a Uniformly Surface Charged Disc: 
 
If there is a disc of radius R, charged on⁡its⁡surface⁡with⁡surface⁡charge⁡density⁡σ⁡coul/m2,⁡
we wish to find electric field strength due to this disc at a distance x from the centre of disc 
on its axis at point P shown in figure. 
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To find electric field at point P due to this disc, we consider an elemental ring of radius y 
and width dy in the disc as shown in figure. Now the charge on this elemental ring dq can 
be given as 
     dq = 𝜎2𝜋ydy            [Area⁡of⁡elemental⁡ring⁡ds⁡=⁡2πy⁡dy] 
 
Now we know that electric field strength due to a ring of radius R. Charge Q at a distance x 
from its centre on its axis can be given as 
 

     𝐸 =
𝐾𝑄𝑥

(𝑥2+𝑅2)3/2
  [As done earlier] 

 
Here due to the elemental ring electric field strength dE at point P can be given as 
 

     dE =
Kdqx

(x2+y2)
3
2

=
K𝜎2𝜋ydyx

(x2+y2)
3
2

 

 
Net electric field at point P due to this disc is given by integrating above expression from O 
to R as 

     𝐸 = ∫ 𝑑𝐸 = ∫
𝐾𝜎2𝜋𝑥𝑦𝑑𝑦

(𝑥2+𝑦2)3/2

𝑅

0

 

 

  = 𝐾𝜎𝜋𝑥∫
2𝑦𝑑𝑦

(𝑥2+𝑦2)3/2

𝑅

0

= 2𝐾𝜎𝜋𝑥[−
1

√𝑥2+𝑦2
]0
𝑅 

 

  𝐸 =
𝜎

2𝜖0
[1 −

𝑥

√𝑥2+𝑅2
] 

 
Case: (i) If x >> R 
 

     𝐸 =
𝜎

2𝜀0
[1 −

x

x√
R2

x2
+1

] =
𝜎

2𝜀0
[1 − (1 +

R2

x2
)−1/2] 

 

  =
𝜎

2𝜀0
[1 − 1 +

1

2

𝑅2

𝑥2
+ ⁡higher⁡order⁡terms⁡] 
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  =
𝜎

4𝜀0

R2

x2
=

𝜎𝜋R2

4𝜋𝜀0x2
=

Q

4𝜋𝜀0x2
 

 
i.e. behaviour of the disc is like a point charge. 
 
Case: (ii) If x << R 
 

     𝐸 =
𝜎

2𝜀0
[1 − 0] =

𝜎

2𝜀0
 

 
i.e. behaviour of the disc is like infinite sheet. 
 
Electric Field Strength due to a uniformly charged Hollow Hemispherical Cup: 
 
Figure⁡shows⁡a⁡hollow⁡hemisphere,⁡uniformly⁡charged⁡with⁡surface⁡charge⁡density⁡σ⁡
coul/m2. To find electric field strength at its centre C, we consider an elemental ring on its 
surface⁡of⁡angular⁡width⁡dθ at⁡an⁡angle⁡θ⁡from⁡its⁡axis⁡as⁡shown.⁡The⁡surface⁡area⁡of⁡this⁡
ring will be 
 
     𝑑𝑠 = 2𝜋𝑅sin⁡𝜃 × 𝑅𝑑𝜃 
Charge on this elemental ring is 
 
     dq = 𝜎ds = 𝜎 ⋅ 2𝜋R2 sin 𝜃d𝜃 
 
Now due to this ring electric field strength at centre C 
can be given as 
 

    𝑑𝐸 =
𝐾𝑑𝑞(𝑅cos⁡𝜃)

(𝑅2sin2⁡𝜃+𝑅2cos2⁡𝜃)3/2
 

 
     

 =
𝐾𝜎⋅2𝜋𝑅2sin⁡𝜃𝑑𝜃⋅𝑅cos⁡𝜃

𝑅3
 

 
 = 𝜋𝐾𝜎sin⁡2𝜃𝑑𝜃 
 
Net electric field at centre can be obtained by integrating this expression between limits 0 

to 
𝜋

2
 as 

 

  E0 = ∫ dE = 𝜋K𝜎 ∫ sin⁡2𝜃d𝜃
𝜋/2

0
=

𝜎

4𝜖0
[−

cos⁡2𝜃

2
]0
𝜋/2

=
𝜎

4𝜖0
[
1

2
+

1

2
] =

𝜎

4𝜖0
  

 
 
     


