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Review

1.1

Coulombs Law
Figure 1: Coulombs Law

The steps for solving any problem of this type are as follows
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1. Find ~r by either finding the components of r~1 and r~2 and subtracting them from one
another. In this case we do (r~1x , r~1y ) − (r~2x , r~2y ) = (r~x , r~y ) = ~r. We could also use
geometry and trigonometry to find the components of the ~r.
1
~ at the the position of the charge and use
This is not the only way though! I.e. you could also find E
~
~
F =E·q
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2. We find r̂ by finding
 the magnitude, | ~r | and dividing each component of ~r by it.
r~x r~y
, r| . To check to make sure r̂ is correct you can square each
Do as follows, r̂ = |~
r| |~
component and add them together and the result should be equal to one. Or you could
use trigonometry 2 .
3. We next find the magnitude of the force between the two charges by using Coulomb’s
q1 ·q2
Law, F = 4π
2.
0 ·r
4. Finally, we multiply each component of the unit vector, r̂ by the magnitude F. The
result should be the components of the force exerted on the charge in question. You
can find angle of F~ by using inverse tangent of the y-component over the x-component.

1.2
1.2.1

Finding Electric Field: Coulombs Way
Description of Electric Field

An electric field is an invisible entity3 which exists in the region around a charged particle.
It is caused to exist by the charged particle. The effect of an electric field is to exert a force
on any charged particle (other than the charged particle causing the electric field to exist)
that finds itself at a point in space at which the electric field exists. The electric field at an
empty point in space is the force-per-charge-of-would-be-victim at that empty point in space.
The charged particle that is causing the electric field to exist is called a source charge. The
electric field exists in the region around the source charge whether or not there is a victim
charged particle for the electric field to exert a force upon. To find the electric we field we
would place a tiny charged particle ”victim” at the point we are concerned with, and then
find the force exerted on our victim. Then we would divide by the victim charge so that
our electric field is dependent solely on the source charge. Hence, we would get an answer
, or Force per unit charge.
of units N
C
~ =
E

F~
qvictim

By dimensional analysis you can convince yourself that electric field has units of
the rate of change of the potential.
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also, or

Gauss’ Law

2.1

Electric flux

The electric flux,φ, is defined as the amount of electric field passing through a given surface
area. We can define the flux mathematically as the scalar product between the electric field
2

Ask me in class about this if you are curious
English rather than physics: An entity is something that exists. I use the word entity here rather than
thing or substance because either of these words would imply that we are talking about matter. The electric
field is not matter.
3
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~ and the area vector, A.
~ Please note that the area vector is always normal to the
vector, E,
surface! It is written as such,
~ ·A
~ = E · A · cos (θ)
φ=E
~ and the A.
~
where θ is the angle between the E

2.2

Gauss’ Law

Gauss’ Law mathematically is the relation between a surface integral and a volume integral.
For physics is the relation between the electric flux,φ, and the total charge enclosed by the
surface 4 experiencing the flux of the electric field. We want to use symmetry to make the
”surface integral” easy, hence
I
~ · dA
~=E
~ ·A
~
E
. We do this by choosing a Gaussian surface that has its area vector parallel to the electric
field like in the following picture.
2.2.1

Line of Charge

Figure 2: Gauss’ Law for Line

The steps to deriving the electric field of a charged rod is as follows.
~ ·A
~ = Qenclosed , where A = 2πr` and r and ` are the radius and
1. We apply Gauss’ Law E
0
~ ·A
~=0
length of the cylinder. Note we do not use the end caps of the cylinder since E
for the caps.
~ to obtain the answer of
2. We then divide by A
~ = Qenclosed
E
4π0 r`
4

This surface is usually called the Gaussian Surface
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for total charge known. If the linear charge density is known then its
~ =
E
since λ =
2.2.2

λ
4π0 r

Qenclosed
.
`

Gauss’ Law for Plane of Charge

Figure 3: Gauss’ Law for Plane

Here we apply Gauss’ Law again in the same way except A = 2πr2 since the electric field is
~ ·A
~ = Qenclosed
only perpendicular5 to the Gaussian Surface at the end caps. Hence we have E
0
where there is some surface charge density σ on the plane. This means the charge enclosed
in our Gaussian is Qenclosed = σ · πr2 . We also see that the electric field penetrates both end
~ · 2πr2 . Our result is then just
caps so for the flux we have φ = E
~ = σ
E
20
.

3

Electric Potential

3.1

Definition and Background of Electrical Potential Energy

Potential energy can be defined as the capacity for doing work which arises from position
or configuration. In the electrical case, a charge will exert a force on any other charge and
potential energy arises from any collection of charges. For example, if a positive charge Q
is fixed at some point in space, any other positive charge which is brought close to it will
5

It is parallel to the area vector!
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experience a repulsive force and will therefore have potential energy. The potential energy
of a test charge q in the vicinity of this source charge will be:
U=

KQq
r

In electricity, it is usually more convenient to use the electric potential energy per unit
charge, just called electric potential or voltage.
3.1.1

Zero Potential

The nature of potential is that the zero point is arbitrary; it can be set like the origin of a
coordinate system. That is not to say that it is insignificant; once the zero of potential is set,
then every value of potential is measured with respect to that zero. Another way of saying
it is that it is the change in potential which has physical significance. The zero of electric
potential (voltage) is set for convenience, but there is usually some physical or geometric
logic to the choice of the zero point. For a single point charge or localized collection of
charges, it is logical to set the zero point at infinity. But for an infinite line charge, that
is not a logical choice, since the local values of potential would go to infinity. For practical
electrical circuits, the earth or ground potential is usually taken to be zero and everything
is referenced to the earth.
3.1.2

Potential Reference at Infinity

The general expression for the electric potential as a result of a point charge Q can be
obtained by referencing to a zero of potential at infinity. We find the expression for the
potential difference by integrating the electric field along a path (any arbitrary path) to
obtain:


1
1
Va − Vb = kQ ra − ra
and if we let ra → ∞ we get just
Va − Vb = ∆Vab =

kQ
rb

. The choice of potential equal to zero at infinity is an arbitrary one, but is logical in
this case because the electric field and force approach zero there. Hence, electric potential is
determined only by the relative distance between the charge and the point you are concerned
with.
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3.2

Electric Potential and Work
Figure 4: Work done by positive charge in electric field

In the left picture we see that when a positive charge moves in the direction of an electric
~
~ · d.
field, the field does positive work,W , and the potential energy decreases, W = F~ · d~ = q E
In the right figure When a positive charge moves in a direction opposite to an electric field,
the field does negative work and the potential energy increases.
Figure 5: Work done by negative charge in electric field

When a NEGATIVE charge moves in the direction of an electric field, the field does
negative work and the potential energy increases.
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Figure 6: Electric Potential of point charge

~
In both cases (positive or negative point charge), if you move in the direction of E,
~ V increases.
electric potential V decreases; if you move in the direction opposite E,

7

Figure 7: Electric field and potential of solid sphere

The electric field is the negative derivative of the electric potential. Electric field magni~ and potential V at points inside and outside a positively charged spherical conductor.
tude E

3.3

Brief Notes of Electric Potential

~ · d~
1. The electric potential energy in a parallel plate capacitor is V = E
2. When using energy conservation you must use ∆U NOT ∆V !!
~ = −∇V
~ .
3. The electric field is the negative gradient of the electric potential. Hence,E
This means that the faster the electric potential changes the larger the electric field.
4. The electric potential energy depends only the final and initial state of the particle
(initial is usually taken at r = ∞ → Vinitial = 0)6 .
5. Work is defined as the change in potential energy, hence W =

4

∆Uab
q

= F~ · d~

Practice Problems
1. A solid METAL sphere with a radius 78 cm has a net charge of 300 µ C on it. Find
the volume charge density, ρ, and the surface charge density σ. Also, Find the electric
field 2cm from center of sphere and 200 cm from sphere.
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Only for conservative fields! Which for this class is always
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2. Repeat problem 1 but for a non-conducting sphere.
3. A proton is at the origin. An electron is at y = 1cm, x = 1cm and an alpha (Helium,
q = 2e, mα = 2mhydrogen ) particle is at x = 0cm, y = 1cm. Find the force on the alpha
particle and its acceleration.
4. For the previous problem, what is the POTENTIAL ENERGY for the entire system?
5. Which direction does the electric field point for a proton? An electron? A neutron?
6. The electric field inside a hollow, uniformly charged sphere is zero. Does this imply
that the potential is zero inside the sphere?
7. Why are equipotential surfaces always perpendicular to electric field lines?
8. If a proton is 1mm away from a large heavy sphere of total charge 2e what will the
velocity of the proton be at a very far distance from the sphere? Hint: Use conservation
of energy!
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