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Starter activity: complete the shape 
using symmetry 
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Recap: Charge distribution
Previously we defined the charge distributions for different 
geometries as seen in the table below (page 46).
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Rotational symmetry: examples
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Translational symmetry: examples
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An infinitely long cylinder:
• The shape looks the same in the gray area as it moves through the object.

• The cylinder can also be rotated and still look the same. It therefore has 
rotational symmetry. In this case, the electric field doesn’t depend on the 
rotation angle.

• The cylinder is infinitely long. This means the cylinder has translational 
symmetry.
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An infinitely long cylinder:
Assume a phone charger like the one in the image below. The wire is cylindrical and is long.

A cylinder has a constant radius. It looks the same if rotated around its central axis. Therefore, 
the cylinder has rotational symmetry.

If the cylinder is infinitely long, the cylinder will look the same at any point along its length. 
Therefore, the cylinder also has translational symmetry.
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An infinitely long cylinder:
To calculate the electric field around an infinitely long 1D wire with charge density λ, use a 
cylindrical Gaussian surface.

The electric field points radially outwards (for positive charge). The electric field vectors point 
perpendicular to the area vectors of the circular end faces, so the electric flux through each 
circular end face of the Gaussian surface is zero.
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An infinitely long cylinder:
The closed loop integral of the electric field over the Gaussian surface is:
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An infinitely long sheet:

• The plane can be translated or rotated and always look the same. An infinite 

plane has translational and rotational symmetry..
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An infinitely long sheet:
An infinite plane can rotate around its perpendicular axis and always look the same. An infinite 
plane has rotational symmetry.

The plane can also translate in a parallel direction and always look the same. An infinite plane 
also has translational symmetry.

A suitable Gaussian surface for a charged non-conducting infinite plane is a cylinder oriented 
perpendicularly to the plane.
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An infinitely long sheet:

The wall of the cylinder is parallel to the electric field vectors. Therefore, the 

electric flux through the wall of the cylinder is zero, simplifying the problem.
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An infinitely long sheet:
The closed loop integral only integrates over the area of the two end faces of the cylinder.
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Activity:

𝐸 =
2𝑘𝜆

𝑟
=

2 × 8.99 × 109 × 2.05 × 10−13

0.401
= 9.2 × 10−3

𝑁

𝐶

1-Find q   𝑞 = 𝑒𝑁𝑒

2-Find 𝜆 (𝜆 =
𝑞

𝐿
)

3-Find E 

𝑞 = 𝑒𝑁𝑒 = 1.6 × 10−19 × 1.45 × 106 = 2.32 × 10−13 𝐶

𝜆 =
𝑞

𝐿
=

2.32 × 10−13

1.13
= 2.05 × 10−13

𝐶

𝑚
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Spherical symmetry:
A spherical conductor, like the dome of this Van de Graaff generator, will create 
an electric field when charged.

The dome of a Van de Graaff generator is made out of sheet metal, so the 
charge is concentrated on the surface of this sphere.
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Spherical symmetry:
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Rotational 
symmetry?

Translational 
symmetry?

yes yes
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Spherical symmetry:
All points on the surface of a sphere are the same distance away from the sphere’s center.

A sphere can be rotated by any angle or translated by any amount without any change to its 
shape. 

A sphere, therefore, has rotational symmetry, and translational symmetry.
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Spherical symmetry:
Consider a thin spherical shell of charge, q. All of the sphere’s charge 
is concentrated in the crust between r1 and r2.
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What is the electric field inside the hollow region in the 
sphere?

Use a Gaussian surface that is smaller than the inner radius of 
the hollow sphere.

This is an example of electrostatic shielding.
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Spherical symmetry:
Consider a thin spherical shell of charge, q. All of the sphere’s charge 
is concentrated in the crust between r1 and r2.
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What is the electric field outside of the sphere?

Use a spherical Gaussian surface surrounding the charged sphere.

The electric field vectors and area 
vectors are parallel to each other.
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Spherical symmetry:
Consider a thin spherical shell of charge, q. All of the sphere’s charge 
is concentrated in the crust between r1 and r2.
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What is the electric field inside the sphere?
Use a spherical Gaussian surface that has a smaller radius than the solid sphere.
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Spherical symmetry:
Consider a thin spherical shell of charge, q. All of the sphere’s charge 
is concentrated in the crust between r1 and r2.
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What is the electric field outside of the sphere?

Use a spherical Gaussian surface that has a larger radius than the solid sphere.

This is the same as the case 
of the hollow sphere. From 
the outside, a uniformly 
charged spherical object 
has the same electric field 
as a point charge with the 
same magnitude positioned 
at the sphere's center.
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Sharp Points and Lightning Rods
An electric field vector will always point perpendicular to the surface of a 
charged conductor, no matter the shape of the surface.
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If the surface has a sharp curve, the field lines will be brought 
closer together. Sharp points in conductors allow for a higher 
density of charge

The strong electric field at a sharp point of a conductor makes it a 
good attractor for lightning. This device is called a lightning 
rod and they are commonly installed on the top of tall buildings.

If the point is too sharp, the electric field around the point may be 
too strong, and it may create its own lightning. Therefore, lightning 
rods are made using a rounder end, rather than a very sharp point.
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Sharp Points and Lightning Rods
An electric field vector will always point perpendicular to the surface of a 
charged conductor, no matter the shape of the surface.
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The region near this gap would have a weak 
electric field. Charges on the surface would repel, 
so some charges would move into this gap.
All of the charges stop moving when the repulsive 
forces are balanced. The conductor 
reaches electrostatic equilibrium.
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Graphs:
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Activity 2:
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Activity: Bonus (page: 56)
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Practice:
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Practice:
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Practice:
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Practice:
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Practice:
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Practice:
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Practice:
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