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Notes, and use of other aids is allowed. Read all directions carefully and write your answers in the
space provided. To receive full credit, you must show all of your work. Cheating or indications

of cheating and similar answers will be punished accordingly.

Information

� The homework is due on Friday, December 30th.

� You should Work on it individually and consult me if you have any questions. As I have reiterated multiple times,
cheating will have a serious consequence.

� For purposes of neatness and simplicity of grading, you should do the homework on an A-4 paper.

Questions

1. Define electric potential and describe its relationship with electric potential energy.

Solution
We know that the potential energy is the stored energy in a system due to state or position. However, potential is the
electrical potential energy per unit charge.

2. When a 1.5 V flashlight battery runs a single 20W headlight, how many electrons pass through it each second?

Solution
From the given here, we can calculate the energy dissipated every second. By definition, we know that the power is the
time rate of energy change. Thus, we can define energy has the product between power and time.

P =
E

t

E = Pt

E = 20W× 1s = 20J

In a 1.5V flashlight, we know that the potential difference across the terminals of the battery are 1.5V. We know that
electric potential is the potential energy per unit charge, thus we have:

∆V =
∆PE

Q

Q =
∆PE

∆V

Q =
20J

1.5V
=

40

3
C

We know that in a battery, it is the electrons that move around. thus the total charge here is due to the electrons:

Q = nee, where e is the elementary charge and ne is the number of electrons

ne =
Q

e
=

40
3 C

1.6× 10−19C

ne =
40

4.8
× 1019

3. What is the difference between a car battery that is 12V and a smaller flashlight that is also 12V? Why does the latter
run out faster although they have the same voltage?
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Solution
The potential difference being the same only lets us know that the potential energy per unit charge is the same for both
appliances. Let’s take the following example:

� Car Battery- PE: 36KJ Charge: 3000 C

� Flashlight- PE: 600J Charge: 50 C

We see that in both cases above, the potential difference is 12V, however, the energy stored in the car battery and
flashlight are visibly different. Thus, the flashlight might run out faster since it has less energy, but the Car Battery has
a higher longevity because it has more stored energy.

4. A lot of electrical appliances have potential differences set at some reference point. As you may recall, potential difference
is the difference in absolute potential between points. For example, a voltaic cell might have a voltage of 1.5V, what
does that mean? Also, why do we have ground as a reference in multiple electric appliances?

Solution
The voltage is the potential difference between two points. For the voltaic cell with a voltage of 1.5V, it means that the
difference in absolute potential between the positive and negative terminals of the battery are 1.5V.

Many appliances have their potential difference set with reference to the ground. For simplicity of engineering, we
set the potential of the ground to zero so that it is easier to work with the appliances.

5. How far apart are two conducting plates that have an electric field strength of 6.40Ö103V/m between them, if their
potential difference is 8.0kV?

Solution
We have seen that we can express the potential difference in terms of the electric field strength.

V = Ed

d =
V

E

d =
8× 103V

6.4× 103V/m

d = 1.25m

Challenge Problems

The following challenge problems are not required to be submitted, but are highly encouraged.

6. Find the ratio of speeds of an electron and a negative hydrogen ion (one having an extra electron) accelerated through
the same voltage.

Solution
We know that the mechanical energy of a system is conserved when the forces acting are conservative. In this case, we
can see that:

∆KE +∆PE = 0

∆KE = −∆PE

We know that we can express the potential energy in terms of the charge and potential difference ∆PE = q∆V.

∆KE = −q∆V

1

2
mv2 = −q∆V

1

2
mv2 = −q∆V

For the electron, we have the:

v2e =
−2qe∆V

me

v2e =
−2×−1.6× 10−19C×V

9.11× 10−31kg
=

2× 1.6

9.11
V× 1012m2/s2

For the negative Hydrogen atom, we do know that its charge is -e while its mass is essentially the mass of the proton(the
mass of electrons is negligible compared to that of the protons). Thus, we have the following:

v2H =
−2qH∆V

mH
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v2H =
−2×−1.6× 10−19C×V

1.673× 10−27kg
=

2× 1.6

1.673
V× 107m2/s2

To find the ratio of the speeds, we essentially divided the speed of the electron by the speed of the Hydrogen ion:

v2e
v2H

=

2× 1.6

9.11
V× 1012m2/s2

2× 1.6

1.673
V× 107m2/s2

v2e
v2H

=
1.673

9.11
× 105

ve
vH

=

√
16.73

9.11
× 104

7. Why are equipotential lines and surfaces perpendicular to the electric field lines?

Solution
We have seen that in equipotential lines & surfaces, no work needs to be done for charges to move. From the definition
of work, we have the following:

W = Fd cos θ

If the work done is zero, it means that:
Fd cos θ = 0

From this, we can infer that the either F, d or cos θ are 0. In our case since a charge is present, the only plausible
situation is that cos θ=0. We do know that for the cosine the be zero, the angle should be 900. This implies that F and
d are perpendicular. Thus, the electric field lines(that act in the direction of the force) and the equipotential lines are
perpendicular.

8. A lightning bolt strikes a tree, moving 30.0 C of charge through a potential difference of 1.00Ö102MV.

� What energy was dissipated?

Solution
The dissipated energy is:

∆PE = q∆V

∆PE = 30.0C× 1.00× 108V

∆PE = 3.0× 109J

� What mass of water could be raised from room temperature(250c) to the boiling point and then boiled by this energy?

Solution
For this to be the case;

Q = mc∆T+mLv

The specific heat capacity of water is 4.2kJ/kgK while its latent heat of vaporization is 2,260 kJ/kg.

3.0× 109J = mc∆T+mLv

3.0× 109J = m(c∆T + Lv)

3.0× 109J = m(4.2× 103J/kgK× 75K + 2.26× 106J/kg)

3.0× 109J = m(3.15× 105J/kg + 2.26× 106J/kg)

3.0× 109J = m(2.575× 106J/kg)

m = 1.165× 103kg

� Discuss the damage that could be caused to the tree by the expansion of the boiling steam.

Solution
This will make a huge damage to the tree including exploding it and causing burns.


