CLASS 12 PHYSICS

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.
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Now if dE be the electric field at P due to the element, then it can be given as

Kdgq dEcosb
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Here dq = 2 4x i) dEsin®
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Now we resolve electric field in components. Electric
field strength in x-direction due to dq at P is dE; = '
dEsin 8
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Kdq —udxh—x"
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Or dE, =

__ KQsin@
T L(x%4712)

Here we have x = r tan 0 and
dx = rsec? 0d6

KQrsec?6dd .
Thus we have dEy = s —— - sinf
L r?sec?0

Strength= % sin 8d6
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Net electric field strength due to dq at point P in x-direction is
KQ +61 .
E, = [ dE, = Ef—ezl sin 6d0

Or Ey = % [—cos 9]_92

Or E, = I;—f [cos 6, — cos 6]

Similarly, electric field strength at point P due to dq in y-direction is

dEy = dEcos 6

KQdx

Or dE, = )

X cos 0

Again we havex =rtan 0
And dx = rsec® 6d6

Thus we have dE, = X cos o x ‘”jeﬁde =X os0do
L r Lr

sec2 6

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

_ __KQ (+6
Ey=[dE, =" [_," cos6df

+61

Or Ey = —[+sin6] g

KQ
y Lr
Or E, = IZ—S [sin 6; + sin G, ]

Thus electric field at a general point in the surrounding of a uniformly charged rod which
subtend angles 01 and 62 at the two corners of rod can be given as

o A

In ||-direction E, = % (cos 8, —cosb;) = kT (cos B, — cos 6,)
o KQ , . . KA, . .

In 1 -direction E, = o (sinf, +sinfb,) = — (sinf, + sinB,)

r is the perpendicular distance of the point from the wire
01 and 62 should be taken in opposite sense

Ex. Inthe given arrangement of a charged square frame find field at centre. The linear
charged density is as shown in figure.
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Given an equilateral triangle with side. Find E at the
centroid. The linear charge density is as shown in figure.

! C
The electric field strength due to the three rods AB, BC and CA are as shown in
figure.
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Electric field due to infinite wire: (1 >>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, = kr—l(cos 6, —cos6,)

E, = %(sin 6, +sin6,;)

s
For above case, 68, = 6, = >

#Epecat P="2(1+1)=22

r

Electric field due to semi-infinite wire:

For this case

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.

At equilibrium position weight of the particle is balanced by the electric force
=>mg = qE

2ka

Now if the particle is slightly displaced by a distance xA (where x << d) net force on
the body,
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__ 2kAq 2kAq _ —2kAqx
T d+x d  d(d+x)

—2kAqgx —2kAgqx
Asx<<d ~ 2 g = — 1
md?

For SHM

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 = % d¢ [Q = total charge of ring]
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dEcoso
N
dE

dEsina

Due to the element dgq, electric field strength dE at point P can be given as

__ Kdgq
dE = (R2+x2)

The component of this field strength dE sin o 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 cosa due to all the sections will be added up. Hence total electric
field strength at point P due to the ring is

E, = J dEcosa

2mR
_ Kdq x X
B 0 (R24x2)  VRZ+x?2

2nR KQ
X
= ——— dl
p 0 2mR(R2+x2)3/2

KQx f27rR
" 2mR(R%2+x2)3/2J0

d¢

KQx
T 2mR(RZ+x2)3/2

[2mR]

_ KQx
Ep T (R2+x2)3/2

_2kQ
3+3R2

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 | from centre. Investigate the
obtained function at1 >> r. Find the maximum strength magnitude and the
corresponding distance.

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

_ Kqg?
T (#2+r12)3/2

E

6
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For>>r wehaveE =

Thus the ring behaves like a point charge.

Or

Solving we get, ¥ = —

TEQ

dE :
For Eax 7 0. From equation we get

4 q |@2+£2)3/21-Za24e2)1/2x20
d? ~ 4me, (r2+¢2)3

(12 + €2)%/2 = 2 (r2 4 £2)1/2 x 247

r

V2

Substituting the value of in equation (1) we get

_ _ka(r/y2) _ 2kq
T (r2+12/2)3/2 T 34/3r2

A thin fixed ring of radius 1 meter has a positive charge 1 X 10-> coulomb uniformly
distributed over it. A particle of mass 0.9 gm and having a negative charge of

1 X 10-¢ 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.

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

g . Kex
q (x2+R2)3/2

Fp =—qE=

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

we have
KqQx
F= _ KaQx
R3

_ Kae

Acceleration of particleis a = —3

[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=—w"x
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_ /@
We get 0= |—3

Thus time period of SHM is T = 2o ’I;TR; = Zn\/ 09x1073x()*  _ % seconds

w 9%x109x10~5x10~°

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 A. Find the interaction force between the ring
and the thread.

Force df on the wire = dq E

_ Kgx
- (x2+R2)3/2

- Adx

® xdx
F = Kq2 fo S

__M
- 4meQR

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

KA

Ey=?

Thus force on ring due to wire is

KA Kgi _  Aq

R R~ 4megR

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 o 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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acoul/m*

dy

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 = a2nydy [Area of elemental ring ds = 2my 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

KQx .
= IR [As done earlier]
Here due to the elemental ring electric field strength dE at point P can be given as

Kdgx _ Ko2mydyx

3 3
(x2+y)z  (x*+y?)z

dE =

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

E _de _]R Ko2nxydy

0 (xz +y2)3/2

Io

x2+y2)3/2

R
= Kanxj (zy;dy = 2Konx[—
0

x2+y2

o x
E= a 1= \/x2+R2]

Case: (i) Ifx>>R

_ 9 __ %X 1_91_ R% _1/2
E—ZEO[1 — ]—280[1 (1+3)77]
X X—2+1

g 1 R? .
=—[1—1+-= + higher order terms |
2&p 2x
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T 4megx? | 4megx2
i.e. behaviour of the disc is like a point charge.

Case: (ii) If x << R

E=—2[1-0]=

- 280 280

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 o

coul/m2. To find electric field strength at its centre C, we consider an elemental ring on its
surface of angular width d6 at an angle 0 from its axis as shown. The surface area of this

ring will be

ds = 2nRsin 8 X Rd6
Charge on this elemental ring is

dq = ods = ¢ - 2mR? sin dO

Now due to this ring electric field strength at centre C
can be given as

dE = Kdq(Rcos 0)
" (R2sin2 6+R2cos2 9)3/2

__ Ko-2mR%sin 6d6-Rcos 0
= —

= ntKosin 26d6

Net electric field at centre can be obtained by integrating thi
to g as

cos 26
_T]

Eo = J dE = Ko [, sin20d8 = = |
0

2
N
O
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s expression between limits 0

w2 _ o1
0 4€g




