
Prof. Anchordoqui

Problems set # 4 Physics 167 February 28, 2023

1. Eight equal charges q are located at the corners of a cube of side s. Find the electric potential

at one corner, taking zero potential to be infinitely far away.

2. Four point charges are fixed at the corners of a square centered at the origin, as shown in

Fig. 1. The length of each side of the square is 2a. The charges are located as follows: +q is at

(−a,+a), +2q is at (+a,+a), −3q is at (+a,−a), and +6q is at (−a,−a). A fifth particle that has

a mass m and a charge +q is placed at the origin and released from rest. Find its speed when it is

a very far from the origin.

3. Five identical point charges +q are arranged in two different manners as shown in Fig. 2: in

once case as a face-centered square, in the other as a regular pentagon. Find the potential energy

of each system of charges, taking the zero of potential energy to be infinitely far away. Express

your answer in terms of a constant times the energy of two charges +q separated by a distance a.

4. Consider a system of two charges shown in Fig. 3. Find the electric potential at an arbitrary

point on the x axis and make a plot of the electric potential as a function of x/a.

5. A point particle that has a charge of +11.1 nC is at the origin. (i) What is (are) the shapes

of the equipotential surfaces in the region around this charge? (ii) Assuming the potential to be

zero at r =∞, calculate the radii of the five surfaces that have potentials equal to 20.0 V, 40.0 V,

60.0 V, 80.0 V and 100.0 V, and sketch them to scale centered on the charge. (iii) Are these

surfaces equally spaced? Explain your answer. (iv) Estimate the electric field strength between

the 40.0-V and 60.0-V equipotential surfaces by dividing the difference between the two potentials

by the difference between the two radii. Compare this estimate to the exact value at the location

midway between these two surfaces.
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(d) Let q1 = q3 = 2.00 PC and q2  = q4 = �2.00 PC: 
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69 •• [SSM] Four point charges are fixed at the corners of a square 
centered at the origin. The length of each side of the square is 2a. The charges are 
located as follows: +q is at (–a, +a), +2q is at (+a, +a), –3q is at (+a, –a), and +6q 
is at (–a, –a). A fifth particle that has a mass m and a charge +q is placed at the 
origin and released from rest. Find its speed when it is a very far from the origin. 
 
Picture the Problem The diagram 
shows the four point charges fixed at 
the corners of the square and the fifth 
charged particle that is released from 
rest at the origin. We can use 
conservation of energy to relate the 
initial potential energy of the particle to 
its kinetic energy when it is at a great 
distance from the origin and the 
electrostatic potential at the origin to 
express Ui. 
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Use conservation of energy to relate 
the initial potential energy of the 
particle to its kinetic energy when it 
is at a great distance from the origin: 
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or, because Ki = Uf = 0, 
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Express the initial potential energy 
of the particle to its charge and the 
electrostatic potential at the origin: 
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Substitute for Kf and Ui to obtain: 
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Figure 1: Problem 2.

8. 15 points. Five identical point charges +q are arranged in two di�erent manners as shown below - in
once case as a face-centered square, in the other as a regular pentagon. Find the potential energy of each
system of charges, taking the zero of potential energy to be infinitely far away. Express your answer in
terms of a constant times the energy of two charges +q separated by a distance a.
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Using the principle of superposition, we know that the potential energy of a system of charges is just the
sum of the potential energies for all the unique pairs of charges. The problem is then reduced to figuring
out how many di�erent possible pairings of charges there are, and what the energy of each pairing is.
The potential energy for a single pair of charges, both of magnitude q, separated by a distance d is just:

PEpair =
keq

2

d

Since all of the charges are the same in both configurations, all we need to do is figure out how many
pairs there are in each situation, and for each pair, how far apart the charges are.

How many unique pairs of charges are there? There are not so many that we couldn’t just list them
by brute force - which we will do as a check - but we can also calculate how many there are. In both
configurations, we have 10 charges, and we want to choose all possible groups of 2 charges that are not
repetitions. So far as potential energy is concerned, the pair (2, 1) is the same as (1, 2). Pairings like
this are known as combinations, as opposed to permutations where (1, 2) and (2, 1) are not the same.
Calculating the number of possible combinations is done like this:ii

ways of choosing pairs from five charges =

✓
5

2

◆
= 5C2 =

5!

2! (5 � 2)!
=

5 · 4 · 3 · 2 · 1

2 · 1 · 3 · 2 · 1
= 10

So there are 10 unique ways to choose 2 charges out of 5. First, let’s consider the face-centered square
lattice. In order to enumerate the possible pairings, we should label the charges to keep them straight.
Label the corner charges 1�4, and the center charge 5 (it doesn’t matter which way you number the
corners, just so long as 5 is the middle charge). Then our possible pairings are:

(1, 2) (1, 3) (1, 4) (1, 5)

(2, 3) (2, 3) (2, 5)

(3, 4) (3, 5)

(4, 5)

And there are ten, just as we expect. In this configuration, there are only three di�erent distances
that can separate a pair of charges: pairs on adjacent corners are a distance a

p
2 apart, a center-corner

pairing is a distance a apart, and a far corner-far corner pair is 2a apart. We can take our list above,
and sort it into pairs that have the same separation:

iiA nice discussion of combinations and permutations is here: http://www.themathpage.com/aPreCalc/

permutations-combinations.htm

Figure 2: Problem 3.



3.8 Solved Problems  
 
3.8.1 Electric Potential Due to a System of Two Charges 
 
Consider a system of two charges shown in Figure 3.8.1.  
 

 
 

Figure 3.8.1 Electric dipole 
 

Find the electric potential at an arbitrary point on the x axis and make a plot. 
 
Solution: 
 
The electric potential can be found by the superposition principle. At a point on the x 
axis, we have 
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The above expression may be rewritten as 
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where 0 / 4V q a0SH . The plot of the dimensionless electric potential as a function of x/a. 
is depicted in Figure 3.8.2. 
 

           Figure 3.8.2 
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Figure 3: The electric dipole of problem 4.


