B. Sc. Physics (H.R.K) Chapter 30: Electric Potential

ELECTRIC POTENTIAL

30.1 Potential Difference
Potential differenceAlV’ between two point is defined as “the amount ofrkvdone
‘AW’ per unit charged,’ in moving it from one point to the other agaitis¢ electric field and
by keeping the system in equilibrium”. Mathematigal
AW

AV = —
4o

Suppose a unit positive test chargg’ is moved from one pointa’ to the point b’ in

the electric field E’ of a large positive chargeg* as shown in figure below,

The work done in movingg,’ from point ‘a’ to the point b’ against the electric fieldE’ is

b
W._p = f F.dr
a
The electrical force of magnitud€ = — goE’ must have to supplied in order to move

‘qo’ against the electric field. Therefore

b

Wy = f (= goE).dr
a
b

Wy = j (- qoE).dr
a

b
Wa_)b = —{o j E.dr
a

b

Wq,
ind P88 —jE.dr
9o

a

w2 = AV =V, -,
do

Therefore, the electrical potential difference besw two points in an electrical field will be
A N0 -7 | J——— (1)
30.2 Absolute Electrical Potential at a Point

Absolute electric potential at a point is definesd“the amount of work done per unit
charge in moving it from infinity to a specific ftepoint against the electric field and by keeping

the system in equilibrium”.
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To find the absolute potential, the reference pargelected at which potential is zero.
This point is situated at infinity i.e., out of tk&ctric field. Thus, in equation (1)

V, = V(o) =0
b

If the distance from the poinb* to the charged’ is ‘r’, then in general

r

V(r) = —jE.dr

30.3 Expression for the Electric Potential Difference dueto a Point Charge
The potential difference between two points isdh@unt of work done per unit charge
‘qo’ in moving it from one point to the other agaitisé electric field E’. Mathematically, it is

described as

But
_ 1 4,
" 4meg 12
So,
Vy— V= — [—— L7 gr
b a T ATTEy T2
NV v q frb 7.dr
b o 4mEy 'Tq T2
~E is directed radially outward, thereforé® // dr
q Ty dr
=V, -V, = — —
b a 4TTE fTa T2
1|"b 1|"p
= V-V, = — - =2 (=
4meg rly, ameg 17y,
1 1
=V, -V, = — [———] ---------------------- 2
41tey Lrp Tq

This is the expression for the potential differebeéveen two pointsx® and ‘b’.
30.4 Expression for the Absolute Electric Potential dueto a Point Charge
The electric potential at any point is the amounwork done per unit charge in moving a
unit positive charge (test charge) from infinitythat point, against the electric field.
If the point ‘a’ is at infinity then
V,=V(@)=0;r,= o
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Putting this value in equation (2), we get

q 1 1 1
— V,— 0= [———] ~l=0
b 4mteg Lry oo o
1
- Vb = a [—]
47'[80 Tp

In general, the electric potential at point dua f@oint chargeq’ is
1 q

47'[80 T

30.5 Electric Potential Due to a Collection of Point Charges

Let “q1, 92,3 ceeeennn.. ,q,” are the ‘'n’ point charges which are at distances

EV T T , 1, from a point P’, as shown in the figure below

Now if Vi, V,, V5, ........ ,V,, be the electric potential at a field poiRt due to the point
chargesy;, 2, Gz, ceeeeen.. ,qn respectively. Then, the total electric potengiaa field point P’
due to assembly of ‘n’ point charges will be;

V=V1+V2+V3+ ........ +Vn """"""""""" (3)
where

V1 = Electric Potential at a Field Poimtdue to Point Charge;’ = o
477.'80 1

V7, = Electric Potential at a Field Poimtdue to Point Chargeg,’ = Az
4TTEY T

V5 = Electric Potential at a Field Poim”due to Point Chargeg;’ = a3
4TTEY T3

1
1}, = Electric Potential at a Field Poimt*due to Point Chargey,,’ = In

Putting values in equation (3), we get

1 q 1 q 1 q 1 q
= = + = + = 4 =
47'[80 1 477.'80 Ty 47'[80 r3 477.'80 n
1 q q q q
= (—1 + 2+ 2+ + —")
477.'80 1 Ty r3 n
1 ¢on qi
= . —  mmmmmemoe 4
amey “=1 gy “)

This is the net potential at any poi@ due to collection of ‘n’ point charges.
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30.6 Electric Potential dueto a Dipole
Consider two point chargesq and-q of equal
magnitude lying distanced’ apart as shown in the

figure below.

The electric potential at poinP* is the sum of

potential due to+q’ and ‘—q’. If V, andV are the

electric potential due to the chargeg and-q.
Therefore,
V=V, +V
1 + 1 -
__ 1 +¢ 1 —q
4mtey 7 4mtey 1y
1 1
sl
4rtey Iy T
_ q [7”2— 7”1]
ey L mmy

<

Normally for a dipole,

r>d

Therefore,

7T, ~ r?

And from figure,r, — 1, = d cos6

q [dcos6
- 41e, [ r? ]

1 qdcos6
- 4y, 12

~» p = qd = Dipole Moment
1 pcosO

- dmte, 12
1 prcos6

 4me, r3
~ Multiplying and dividing by r
1 prx
 4me, 3
This is the expression of electric potential at point ‘P’ due to a dipole.

30.7 Electric Potential of Continuous Charge Distribution
30.7.1 Electric Potential dueto a Ring of Charge

Consider a ring of positive charge of radi& as shown in the figure.We want to find
out the electric potential at poirR*which is at the distance” from the plane of ring.

As the charge is distributed uniformly over i

so it has constant linear charge dengityFor an
infinitesimal length elementls’ of ring, Vs b
dq ,7 :
A= d_S | (%%ﬁ o

The electric potential due to the chargge at point

‘P’ is given by;
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1 d 1 Ads
v = — 4 1 14
477.'80 r 477.'80 r
1 Ads

dV =

4mey VzZ+ R?

~ From Figure,r = Vz? + R?
The total value of electric potential is

1 Ads

V= -[ = dmteg ) [z2 + R?

1 1
V= 47T50m.[ Ads

~[Ads=q
Therefore,
1 q
B 4meo\/z2 + R2

This is the expression of electric potential at paint ‘P’ due to a ring of charge.

30.7.2 Electric Potential dueto a Disk of Charge
Consider a circular disk of uniform surfac ‘ _f'\js
charge density as shown in the figure below. Wetw.
to find out the electric potential at poirit’ ‘which is at
the distancez’ from the plane of disk.
Consider a small element of the disk in the ri|

shape of radius«)’ and width dw’. If *dq’ is the

?
xjj‘“

charge on this element of ring, then w » V— axis

o = dq

dA
- where dA is.the is the area of length element
dg =0dA
dq = 0 (2nw dw)
~dA = 2nwdw
We know the electric potential due to the ring lsduge which has the radiusis given by;
1 d
= 4me, Tq
o 1 o (Q2rwdw)

Amtey, 7% + w?

The electrical potential at poin®”* due to whole disk is

1 jsz o 2nw dw)
w=0

4me, z2 + w?
V= — z?+ w?)72 (2w)dw
4ey J =0
1 A
S (2> + w?) 2
 4g, 1
2 0
o [ 1o
V= ——|(z2+ R*)? — (z%)2
2¢,
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2¢,

1/22 + R*-z

This is the expression of electric potential anpapP’ due to disk of charge.

Special Case:
If z > R, then

1

Vz2 + R? =(z? + R?):
1

R? 72

=z [1+ Z—Z]

1 R?

=z[1+——

2 z2

2

=>Vz%2+ R?Z = [Z-I—R—]
2z

Therefore,
2 2
Y z 4 R 5 |- ocR
T 2e 2z " 4eyz
o O nR* o (TL’R2)

4mtey z 4mtey z

1 g¢q

dmtey z

~ Neglecting Higher Terms

« o (TR®) = q (total charge on disk)

Thus, the disk of charge behave like a point chéwgéhe case > R.

30.8 Equipotential Surfaces

If all the points on a surface havethe same vafiedectric potential, then, it is known as

equipotential surface. The examples of some egeipal surfaces are given below

* In case of uniform electric field, the equipotehsiarfaces are the planes as shown by the
dashed line in fig. (a). The potential at poiBi{sB, and B; is same. So, no work will be
done in moving a test charge fratto B, or Bs.

* The concentric spheres about a point cha#gg are the equipotential surfaces as shown

in the fig:-(b) by dashed lines.

« . The equipotential surfaces of a dipole are showthbydashed lines in fig. (c)
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Fig. (a)

- Electric field line
N\ Equipotential
Fig. (b) Fig. (c)
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30.9 Calculating Electric Field from the Electric Potential
Consider a test charge,” is displaced in an

electric field form point P’ to point ‘Q’. If the potential -

difference between the point8’‘and ‘Q’ is dV, then the e
_ . “~ p >
] .. D \ Q
work done dW’ by the electric fieldis ™= e
AW = —qodV ~ <eoeeeeemeeemeemeeee (1) i
qoE v+ dv

If the test charge is placed in an electric figlten the

electrical force on the test charge is
F = q,E

So, the corresponding work done is
dW = F.ds

Comparing eg. (1) and (2)
qoE.ds = —q,dV
qoE ds cosf = —q,dV

av
E cosf = ——
ds
Consider E cosf = E§’ which is the component oE’ along ‘ds’
av
E, = —

There is only one direction in which the rate ohrde of electric potential w r t position

is maximum, which is direction of electric fieldhids

Es= - (Z_:)max

The maximum value of‘:l—: at a given point is called the ‘potential gradiefr any

arbitrary direction ofds’
v v v

o by = T5 2= 5

Therefore,

av .,
E——(al +5] +Ek)
0 . 0 .,
E——(al +@] +—Zk)V
E=-VV
E=—gradV

This expression states that electric field is negairadient of electric potential.
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Question: Find the expression of electric field from electric potential dueto a point charge.

Solution: the electric potential due to a pointrgjeais

1 q
B 4tey T
1 q
V= 2 2 1 42
4mey  Jx2%+ y2+z2 \/ Ty
0 A 0 . 0 ¢
= (— + — —_
grad V (axl oy t; kv
av . av . v o«
= (— + — —_— ) o
Gl T30 T3, 0 3)
Now consider
wv_o |1 __q
ox ox 47'[50 ’x2+ y2+Z2
1
_ q _7 (2x)
4mey (x2 + y? + 22)3/2
awv q x B q x
ox  4meyg (x2+ y?2+22)3/2  4mey 13
Similarly
ov_ __a y ___9 ¥
dy 4me, (x2 + y2 + z2)3/2 4me, 13
v q z B q- -z
0z  4mey (x2+ y2+22)3/2 - 4me, 13

Putting these values in eq. (3)

adV = — q [xl+ yj+zk
8 4mey | r3
ar= xi+ yj+zk
T
gradV = — 1 —3]
ey r
q- - [rt
gradV = — —3]
dmey Lr
r=rrt
7
grad V.= — L L
4me, Lr?
—grad V = 4:80 [riz] ~E=—gradV
Therefore

E= e [
which is the expression of electric field intensitye to a point charge.
30.10 Electric Potential and Electric Field Inside and Outside an Isolated
Conductor
If the excess of charge is placed on an isolatedwctor, then it moves entirely on to the
outer surface of the conductor. In equilibrium, @ah the charge is inside the body of conductor
or on any interior surface (even the conductor imhsrnal cavities). This property of the

conductors can be stated in terms of electricamial as
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“An excess of charge placed on an isolated condur
distributes itself on the surface so that all piof conductor ()

come to the same potential”.

Now consider an isolated conductor in the form of

|
|
|
|
|
spherical shell having uniform surface charge dgnsi this case, o | ";'Q_
f(, o I
the electric field is radial and its value is maximon the surface(h) R| N /
1\
of the spherical shell. Also, it decreased as weearaway from : «
1 ¥
the sphere because !
o kQ
E & i E )
T2 £\
e o . (c) f\ /
The electric field at any point inside sphere i®ze .
The electric potential decreases as we move away tihe TR '
I
sphere, because O
1 f"
Vo = \

" \
The value of electric potential is maximum at theface a%ganere and it remains
constant at every point inside the sphere. Thepibecause if

sphere through the hole, then it experiences ncefand

arge is pushed inside the
rk will be done. Hence the
electric potential at all the points inside theesghis same. . "
o N

As the electric potential inside and on the sm@ephere has the same constant value,

its derivative will be zero. O
As .
)
V = Constant ¥
dv
“E = —— %— (constant) = 0

So the electric field insi (?r’]e sphere is zero iaihéhs maximum value at the surface of
sphere. The variation of tric potential witlspect to ' and variation electric field with

respect tor?’ is sho@he figure below.

%

District: [KXhushab

Written and composed by: Prof. Muhammad Ali Ma{#gvt. Degree College, Naushera, 03016775811



