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You are here!



6.2 Electric Fields

• 6.2.1 Point & Spherical Charges

• 6.2.2 Coulomb’s Law

• 6.2.3 Uniform Electric Field

• 6.2.4 Electric Potential & Energy



6.2.1 Point & Spherical Charges



Fields.

So not the things 
that cows live in, 

then?



Fields

• A field is a region in which a certain type of 
object will experience a force at a distance.

• An electric (electrostatic) field is the region 
around a charged object. Other charged 
objects experience forces when placed into an 
electric field.



• Field lines are always at right 

angles to a charged surface



Some electric field patterns



Electric Field Strength

• Electric Field Strength, E, is the force experienced 
per unit positive charge at a point in space.

• E is a vector quantity.

– The direction of the field is the direction a positive 
charge would move if placed at that point in the field.

– Electric fields point towards negative charges and 
away from positive charges.

𝐸 =
𝐹

𝑄
Units of E are: Newtons 
per Coulomb, NC-1



6.2.1 Point & Spherical Charges 
(review)



What is 
Coulomb’s Law



6.2.2 Coulomb’s Law



Coulomb’s Law

Any two point charges exert an electrostatic 
force on each other which is directly 
proportional to the product of both charges and 
inversely proportional to the square of the 
distance between them.
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𝐹 ∝ 𝑄𝑞 𝐹 ∝
1

𝑟2

𝐹 = 𝑘
𝑄𝑞

𝑟2



So what is k?

• Where, ε0 is the permittivity of free space.

• Permittivity is the ability of a substance to store 
electrical charge.

– Units are Fm-1

– Permittivity of free space (vacuum) is 8.85x10-12Fm-1

𝑘 =
1

4𝜋𝜀0
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How could we investigate Coulomb’s 
Law?

• Coulomb’s Law can apply 
to large uniformly charged 
objects as though they are 
point charges.
– Note: the separation, r, 

must be taken from the 
centres of the charged 
spheres.

How will the balance 
reading change as the two 
balls get closer together?



Electric Field Strength

• If:

• And:

• Then:

• So:

𝐹 =
𝑄𝑞

4𝜋𝜀0 𝑟
2

𝐸 =
𝐹

𝑞

𝐸 =
𝑄

4𝜋𝜀0 𝑟
2

The electric field strength, E, is directly proportional 
to the charge, Q, and follows the inverse square law 
with distance, r. Where have we heard that before?



Be careful!!



6.2.2 Coulomb’s Law (review)



6.2.3 Uniform electric Field



Can we calculate 
the Electric Field 

Strength of a 
uniform field?



Remember the uniform electric field 
shape between two plates?

• Draw it.



Liquid Crystal Displays use Uniform 
Fields across two plates

• When the electric 
field is applied, 
crystals align 
allowing light to 
pass through.

• With the field 
removed, crystals 
are randomised 
and light cannot 
pass.



Electric Field Strength, E

• A charge, Q, experiences 
a force, F, between the 
plates with potential 
difference, V, and 
separation, d.

W=Fd
𝐹 = 𝐸𝑄

𝑉 =
𝑊

𝑄
𝑊 = 𝑉𝑄

VQ=EQd

V=Ed

𝐸 =
𝑉

𝑑



What is the acceleration of the 
electron?

1.2cm



Uniform Fields & Capacitance

• The capacitance depends 
on the Separation, Area of 
overlap & the insulating 
properties of the dielectric 
between the plates.

𝐶 ∝
𝐴

𝑑

𝐶 =
𝜀0𝐴

𝑑

For an air gap (or vacuum) 
the constant is the 
permittivity of free space

Permitivity = the ability of a 
substance to store electrical 
charge



• Sometimes the insulator is something other 
than air.

• In these cases we multiply the permittivity of 
free space by the relative permittivity of the 
insulator to give us the overall permittivity of 
the insulating substance:

𝐶 =
𝜀𝐴

𝑑

𝜀 = 𝜀𝑟𝜀0



How do charged 
particles behave 

in a uniform 
electric field?



Calculate the acceleration 
of the electron

• The force on the electron is 
constant in a uniform electric 
field.

• So acceleration will be constant.
– You could use SUVAT

• Remember these equations: 𝐹 = 𝐸𝑄

𝑊 = 𝑉𝑄

𝐸 =
𝑉

𝑑
𝐹 = 𝑚𝑎



Charged particles moving at right 
angles to the uniform field

• Vertical motion & horizontal 
motion can be described 
separately.

• With this example:
– Horizontally:

• No acceleration.
• So vh remains constant.
• And time, t = L/vh

– Vertically:
• Acceleration, a = F/m
• Initial velocity, u = 0
• Final velocity, v = u + at

𝑎 =
𝐹

𝑚
=
𝐸𝑄

𝑚

𝑣𝑣 = 0 +
𝐸𝑄

𝑚
×
𝐿

𝑣ℎ
=
𝐸𝑄𝐿

𝑚𝑣ℎ



6.2.3 Uniform Electric Field (review)



6.2.4 Electric Potential & Energy



Just like elastic & 
gravitational, is 

there an electric 
potential energy?



Elastic Potential 
Energy

• Charged particles can store energy.

• Here the two charges repel so work must be 
done to bring them together.
– You have to push harder the closer they get.

– To release the stored electrical potential energy, 
just let go.



Force-Distance graphs for 
+ve charged particles

• Charged spheres & points can be treated 
equally.

• We have already seen how the force 
varies with separation in Coulombs’ Law:

• Work done (or energy) = Fd
– Where d = r, so:

• The work done to bring the particles from 
a separation of infinity to r is the shown 
by the shaded region under the graph.

𝐹 =
𝑄𝑞

4𝜋𝜀0 𝑟
2

𝐸 =
𝑄𝑞

4𝜋𝜀0 𝑟



Swapping the Charge

• If one of the particles is negative:

– Force between them will be attractive rather than 
repulsive.

– F will be negative

– The value for E will be negative

– E will now represent the energy required to 
separate the two particles from where they are to 
infinity.



Electrical Potential, V

• Definition:
– The work done per unit charge in bringing a positive charge 

from infinity to that point.

𝑉 =
𝐸

𝑞
=

𝑄𝑞

4𝜋𝜀0𝑟𝑞
=

𝑄

4𝜋𝜀0𝑟

– The unit for electrical potential is the volt (JC-1)
– Potential Difference is the difference in electrical potential 

between two points around the particle of charge, Q.



Capacitance of a Sphere

• A capacitor stores charge across its plates 
remember.

• What if one of the “plates” were a sphere of 
radius, R?
– It could still store charge.

• Therefore:

𝐶 =
𝑄

𝑉
=
4𝜋𝜀0𝑅𝑉

𝑉
= 4𝜋𝜀0𝑅



6.2.4 Electric Potential & Energy 
(review)



Complete!


