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Learning outcomes
By the end of this topic, you will be able to:

18.1 Electric fields and field lines

1 understand that an electric field is an
example of a field of force and define electric
field as force per unit positive charge

2 recall and use F = ¢E for the force on a charge
in an electric field

3 represent an electric field by means of field
lines

Uniform electric fields

1 recall and use E = AV/Ad to calculate the
field strength of the uniform field between
charged parallel plates

2 describe the effect of a uniform electric field
on the motion of charged particles

Electric force between point charges

1 understand that, for a point outside a
spherical conductor, the charge on the sphere
may be considered to be a point charge at its
centre
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2 recall and use Coulomb’s law F = Q,Q,/(4nte,r?)
for the force between two point charges in
free space

18.4 Electric field of a point charge

1 recall and use E = Q/(4ng,r?) for the electric
field strength due to a point charge in free
space

Electric potential

1 define the electric potential at a point as
the work done per unit positive charge in
bringing a small test charge from infinity
to the point

2 recall and use the fact that the electric field
strength at a point is equal to the negative of
the potential gradient at that point

3 use V = Q/(4ngyr) for the electric potential in
the field due to a point charge

4 understand how the concept of electric
potential leads to the electric potential
energy of two point charges and use

E, = Qq/(4ngr)
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Electric field is an area around the charge. Where other charges @
experience electric force. (attractive/repulsive)

Around the charge electric fie(d is represented by field (ines

An isolated charge is called a point charge that creates a
radial (spherically symmetric fie(d)
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A charged ob_ject/body has a uniform(y spreading charge on its
surface, due to mutual repulsion between (ikely charged particles.
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Coufombs (aw states that

5 The magnitude of force that two charged bodies exert on each other is
< 9:9> direct(y proportional to the product of the charges,
r* and inversely proportional to the square of distance between their centres.
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Electric field strength is the force exerted
(by the exerted body) by unit charge of
a test positive charge

> At a point in the electric field of a charged body.
E- #4
E: a ~ E is a Vector 2uant:ly,£ /‘/C"orm'}s
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L All the charge is uniformly distributed on the surface.

il For the region befow the surface (of charged metal sphere)
electric field strength is undefined and assumed to be zero
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[t follows inverse square (aw, ( just (ike gravitation,)
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Electric potentia[ at a point in an electric field is the work done in
bringing a unit positive charge from infinity to that point in the fie(d.

E(ectric potential is not afways negative as depending on source charge (+/-)
it can be either attractive or repufsive.
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~» For a charged sphere, there is no charge inside the sphere
(charge (ies on the surface)
~>» Hence it is assumed that inside the sphere,
E - 0! the electric potential remains constant

no Field inside

(o]

[f a charge is moved beyond C ie inside the sphere. there is no charge
inside the sphere which could attract or repe/.

T herefore, the amount of work required to move to C wil[ be same
as work done tif{ D. As after C no extra work is required.
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N +e work

_A Q)T Work done against field
/ which cavses an

/ increase in potential
/ energy a} Syslem.

-ve work
work done by field

Work againsb field
*ve work
EPE increasing
Work by the field
—Ve work
EPE decreasing

—ve work
“+ve work
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Find resu(tant E(ectric Potential at P due to both charges

We will find E(ectric Potential due to each charge at P, then add them to get the resultant

LEPM)a P due + A

Va=+ Q_ =+ I15x10°°
Yr€or YA €0 (6x107)

11 EP(Vp)ab P due +.13
\;6= - O = - Gx107¢
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To find workdone to move from A to B

Find electric potential at A "VA '

Find electric potential at B8 VB

||=:

Find change in electric potentiaf \/!5' Va

I<

Workdone required can be found as \/\F qx

nNoje: 14 +e  pariicle woved s

o1 1C  #Haew work dowe It

worlk = AV

In this situation, the work done will be same as change in electric potentiaf
But the work done will be stored as electric potential energy.
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’DU" . find work done to move the charge.
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To calculate work done to move charge

.
from X to Y we follow these steps

7oA Vab X (V) V- ViV
-6x(0°°

V _ + /5)(/0_‘ +
A= YR Eo(5x107) 47 €0 (541072,

Zad Vat Y (V) VALY RA

+ 15 x10”° —6x10°¢ )
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Pretidat Y V- Va: Vo

W’ +20x10”° + +20x10 "

YA Eox(30x10) 47 €ox (10x107)

Work = O
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Electric field strength is a vector quantity and at any point

to find resultant, vector method of adding is applied E--AV
Ar
E(ectric potential is a scaler quantity hence at any point
resultant can be found by their algebraic sum of all potentials
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Similar(y, as we move close to (2, r for (2 decreases and its E increases ( - sign)
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M;opf Electric Frential | + 4 - \?"5 scalar !

At any position on the (ine joining their centres

Direction of electric force acting on positive point charge is same

Since &1 i'/% = € for botte Q. 4 Gx will

hare Same direction
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As shown about when a test positive charge is drifted towards a charged body.
Due to repulsion the particle (oses its Kinetic Energy and it gains efectric
potential energy and eventually it wif( stop at P and the separation between the
source charge and particle will be the closest distance of approach.
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