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1. Consider the circuit below, where VS = 10 V, R1 = 5 Ω, and R3 = R4 = 4 Ω.

VS

R1 R2

R3 R4

+ V2 −

(i) If V2 is 3 V, what is the resistance of R2?

(ii) The cross-sectional area of R3 is doubled and the length of R1 is halved. What is the new value
of V2?

(i) To solve for R2, we would have to use Kirchhoff’s Laws. However, KVL would be easier if R3

and R4 is combined since the simplified circuit would only contain one current. This produces the
following circuit with current I:

VS

R1 R2

R34

+ V2 −

I

In this case, the combined resistance of R34 would be

R34 = (
1

R3

+
1

R4

)−1 = (
1

4
+

1

4
)−1 = 2 Ω

Using KVL and summing up all the voltages, we obtain

−VS + IR1 + V2 + IR34 = 0

I(R1 +R34) = VS − V2

I =
VS − V2

R1 +R34

=
10− 3

5 + 2
= 1 A

Using Ohm’s Law, we can then calculate the resistance of R2 to be

R2 =
V2

I
=

3

1
= 3 Ω
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(ii) We know the resistance of the resistor is related to its geometry through

R =
ρL

A

Therefore, by adjusting the cross-sectional area of R3 and the length of R1, we obtain new resistance
R′

3 and R′
1:

R′
3 =

ρL

2A
=

R3

2
= 2 Ω

R′
1 =

ρL/2

A
=

R1

2
= 2.5 Ω

Since R3 has changed, the combined resistance R34 will also change to R′
34

R′
34 = (

1

R′
3

+
1

R4

)−1 = (
1

2
+

1

4
)−1 = 1.333 Ω

To obtain the current I, we further combine R′
1, R2, and R′

34 together to get R′
1234

R′
1234 = R′

1 +R2 +R′
34 = 2.5 + 3 + 1.333 = 6.833 Ω

I =
VS

R′
1234

=
10

6.833
= 1.463 A

Finally, to calculate V2, we again apply Ohm’s Law

V2 = IR2 = 4.39 V

2. Question 2 refers to the circuit shown below where C1 = C5 = C6 = C7 = 40 µF and C2 = C3 =
C4 = 20 µF :

VS

C1

C2

C3

C4

C5

C6

C7

a

b

(i) Find the equivalent capacitance as seen by the voltage source.

(ii) An electron travels from node a to node b. What is its change in electric potential energy if VS =
5 V?

(iii) What is the energy stored by the equivalent capacitance?
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(iv) How does the energy stored in the equivalent capacitor change if we double the distance between
each capacitor’s plates?

(i) To combine capacitors, we use the following equations:

Cparallel = CA + CB

Cseries = (
1

CA

+
1

CB

)−1

It is also important to combine everything in a systematic way to simplify the process. Therefore,
we are going to combine the capacitors starting from the top right corner and make our way to
the left.

C56 = (
1

C5

+
1

C6

)−1 = 20 µF

C456 = C4 + C56 = 40 µF

C4567 = (
1

C456

+
1

C7

)−1 = 20 µF

C24567 = C2 + C4567 = 40 µF

C1234567 = (
1

C1

+
1

C24567

+
1

C3

)−1 = 10 µF

(ii) Going from point a to point b, we enter the battery from the positive end and exit from the
negative end. This results in a drop of voltage ∆V = −VS = -5 V. Since we know the change in
electric potential energy can be expressed as

∆U = q∆V

we can calculate the electron’s change in electric potential energy to be:

∆Uelectron = qelectron∆V = −1.6× 10−19 ×−5 = 8× 10−19J

(iii) The energy stored in a capacitor can be calculated using

U =
1

2
CV 2

Since the equivalent capacitor is in parallel with the voltage source, the equivalent capacitor has the
same voltage as the voltage source, VS. This means the energy stored in the equivalent capacitor
is

UCeq =
1

2
× 10 µF × 52 = 125 µJ

4 of 6



PHYS 212 − University Physics: Electricity and Magnetism Mid-semester Review Exam Review

(iv) The capacitance of a capacitor is related to its geometry through

C =
ϵ0A

d

Thus, by doubling the distance (d) between each capacitor, we cut the capacitance of the original
capacitors by half. Since all the capacitors are halved, the equivalent capacitance is also halved.
However, the equivalent capacitor is still in parallel with the voltage source. Therefore, its voltage
does not change, although its capacitance has changed. Since the energy stored in the equivalent
capacitor is proportional to its capacitance, cutting its capacitance in half results in the stored
energy also being halved.

3. Suppose you have a constant electric field of 2 V/m pointing to the right:

−→
−→
−→
−→
−→
−→
−→

−→
−→
−→
−→
−→
−→
−→

−→
−→
−→
−→
−→
−→
−→

−→
−→
−→
−→
−→
−→
−→

−→
−→
−→
−→
−→
−→
−→

−→
−→
−→
−→
−→
−→
−→

−→
−→
−→
−→
−→
−→
−→

a(0,0)

b(5,2)

(i) What is the magnitude of the difference in electric potential between point a and point b? Assume
the coordinate has a unit of meters.

(ii) If an electron is moved from point b to point a along the blue path labeled in the figure, what is
its change in electric potential energy?

(i) The electric potential difference between two points can be calculated using

∆V = −
∫ b

a

E⃗ · d⃗l

But since the integral involves a dot product, it is easier to break the path from (0,0) to (5,2) into
two parts: one parallel to the electric field, and one perpendicular to the electric field, as shown
below:

−→
−→
−→
−→
−→
−→
−→

−→
−→
−→
−→
−→
−→
−→

−→
−→
−→
−→
−→
−→
−→

−→
−→
−→
−→
−→
−→
−→

−→
−→
−→
−→
−→
−→
−→

−→
−→
−→
−→
−→
−→
−→

−→
−→
−→
−→
−→
−→
−→

a(0,0)

b(5,2)

c(5,0)
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Then, we can calculate the electric potential using its definition

∆V = −
∫ b

a

E⃗ · d⃗l = −
∫ c

a

E⃗ · d⃗l −
∫ b

c

E⃗ · d⃗l

In this case, the integral from c to b would simply be zero. This is because the path from c to b is
perpendicular to the direction of the electric field, which makes the dot product inside the integral
zero. As for the integral from a to c, since the path is in the same direction as the electric field,
the dot product then becomes the product of the two vector magnitudes

∆V = −
∫ b

a

E⃗ · d⃗l = −
∫ c

a

E⃗ · d⃗l = −
∫ c

a

E · dl = −E

∫ c

a

dl = −5E = −10V

Since the question is asking for the magnitude, we have

|∆V | = 10 V

(ii) The electric potential energy change of a charged particle can be calculated using ∆U = q∆V .
From the last part, we calculated that ∆Vatob is -10 V. Since the electron is traveling in the opposite
direction from b to a, we then have

∆Vb→a = −∆Va→b = 10V

∆Uelectron = qelectron∆Vb→a = −1.6× 10−18J

4. A 10 Ω cylindrical resistor of length 1 cm has a uniform electric field of 5 V/m inside it. What is
the magnitude of the current through the resistor?

(i) To get the current, we have to use Ohm’s Law: V = IR. But to get I, we first have to calculate
V. From Question 3, we know that the calculation for the voltage difference ∆V can be simplified
when the electric field and the direction of the path taken are in the same direction:

∆V = −
∫ b

a

E⃗ · d⃗l = −E

∫ b

a

dl = −E × L

This is exactly the case we have, therefore the V for the resistor can be calculated to be

V = −5 V/m× 0.01 m = −0.05 V

The magnitude of the current through the resistor is then calculated to be

|I| = |V | ×R = 0.005 A = 5 mA
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