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1. A circuit is composed of a battery with voltage V = 10 V, one resistor R = 75 Ω, a capacitor C =
20 pF, an inductor L = 20 mH and a switch S. The switch has been open for a long time; at t =
0, it is closed.

V

S

C

R

L

(i) What is the voltage across the capacitor after the switch has been closed for a long time?

a) 10 V

b) 0 V

c) 15 V

d) 7.5 V

(ii) What is the charge across the capacitor at this time?

a) 20 pC

b) 0 C

c) 0.2 nC

d) 2 nC

(iii) What is the voltage across R after the switch has been closed for a long time?

a) 7.5 V

b) 10 V

c) 0 V

d) 5 V

(iv) If the switch is now reopened after a long period of time, what will the initial current going through
R be?

a) 0.133 A

b) 0 A

c) 0.5 A

d) 0.167 A

(i) The voltage source and capacitor are in parallel, and after a long time, the capacitor charge has
approached its maximum. So voltage across capacitor equals the battery voltage V . The answer
is (a).
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(ii)
Using Q = CV

C = 20 and V = 10

Q = (20) ∗ (10) = 200 pC or 0.2 nC

(iii) After a long time, the inductor acts as a normal wire, so there is no voltage drop across it.
Essentially, this means that the resistor is in parallel with both the battery and capacitor, both of
which have a voltage drop of 10V .

(iv) When the switch is opened, the inductor prevents in an instantaneous change in current. Therefore,
the current right before and right after must be the same. Using Ohm’s law for the current before
the open switch:

I =
V

R

I = 0.133 A

2. The electric field for a plane electromagnetic wave in a vacuum is given by

E⃗(y, t) = 2100 sin(ωt + 0.8y) x̂

(i) What is the frequency of the wave?

(ii) What is the magnitude of the magnetic field?

(iii) What is the direction of the Poynting vector?

a) ŷ

b) −ŷ

c) −ẑ

d) ẑ

(iv) What is the direction of B⃗?

a) ŷ

b) −ŷ

c) −ẑ

d) ẑ

(v) What is the average intensity of the electromagnetic wave?

(i) In a vacuum the speed of light is c. We can use the following dispersion relation to find ω.

c =
ω

k
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where k = 0.8 from the equation given. Rearrange the equation to solve for ω. This can then be
related to the normal frequency by ω = 2πf . Solving for f :

f = 38 MHz

(ii) The relationship between the magnitude of the electric and magnetic fields is

E = cB

We can solve for B using E = 2100 from the equation

|B| = 2100

c
= 7× 10−6 T

(iii) The Poynting vector points in the direction of the wave’s motion. In this case, that’s along the
y-axis because E is a function of y. To determine the sign, we must examine the signs of the
function’s argument. Since both ωt and ky have the same sign, the wave moves along −ŷ .

(iv) The equation for the Poynting vector is

S⃗ ∝ E⃗ × B⃗

Since we know the direction of S⃗ (−ŷ) and the direction of E⃗ we can determine the direction of B⃗
using the right hand rule. We must determine the unit vector Â that makes −ŷ = x̂× Â true.

+y

+z

+x

E⃗

S⃗

From the diagram, we can see that the only unit vector that works is +ẑ .

(v) The intensity of an electromagnetic wave is the magnitude of its Poynting vector.

I = |E⃗ × B⃗

µ0

| = E ·B
µ0

=
E2

c · µ0

Since we want the average intensity, the expression then becomes:

Iavg =
E2

avg

c · µ0

=
(Emax/

√
2)2

c · µ0

=
E2

max

2c · µ0

= 5849 W/m2

3. An ideal transformer has N1 = 100 turns in the primary coil and N2 = 10 turns in the secondary
coil. An RMS voltage of V = 120 V and 60Hz AC voltage is connected to the primary coil. A
resistor with resistance R = 20 Ω is connected to the secondary coil as shown in the figure.
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N1 N2 R

(i) What is the average voltage across the resistor?

a) 120 V

b) 1200 V

c) 12 V

d) 24 V

(ii) What is the average power in the resistor?

a) 0 W

b) 14.4 W

c) 0.6 W

d) 7.2 W

(i)

Using
V1

N1

=
V2

N2

where N1 = 100, N2 = 10, and V1 = 120 V to get

V2 = 12 V

(ii) Using the average voltage found in the previous question

P =
V 2

R
=

122

20
= 7.2 W

4. A beam of unpolarized light of intensity I0 passes through a series of ideal polarizing filters with
their transmission axis turned to various angles, as shown in the figure (θ1 = 75° and θ2 = 90°,
both relative to the vertical)

θ1

θ2

Unpolarized Light

A
B

C

(i) What is the light intensity (in terms of I0) in regions A, B and C?

(ii) If we remove the middle filter, what will be the intensity at point C?

(iii) If the second filter was rotated 15° clockwise, what would the light intensity be at point C?
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(iv) How far should the first filter be rotated in order to maximize the intensity of light at point C?

(i) Unpolarized light through a linear polarizer cuts intensity in half. Then use

I = I0 cos
2(θ)

to solve for intensities going through the other two filters

IA =
I0
2

IB = IA cos2(θ1) = 0.0335I0

IC = IB cos2(θ2 − θ1) = 0.03125I0

(ii) If the middle filter is removed, the angle between the first and third filters is 90°. Vertically
polarized light cannot enter a horizontal polarizer.

IC = 0

(iii) If the second filter is rotated 15° clockwise, θ between the first and second filter would be 90°, so
IB = 0 and IC = 0

IC = 0

(iv)

75° clockwise

To maximize the intensity of light at point C, rotate the first filter 75° to make θ between the
first and second filter 0. This allows I1 = I2 so there’s no decrease in intensity through the second
filter.

5. An AC circuit is shown below. The generator follows V (t) = 1500cos(50t). The Resistor has
resistance R = 60 Ω. The inductance L is 40 H. The capacitance C is 10 µF .

V(t)

L C

R

(i) Find the magnitude of the current through the circuit at t = 73 s. (Hint: what is the phase
difference between the generator and the current?)
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(ii) The frequency of the generator has been decreased to 40. Does the generator voltage now lags the
current or leads the current?

(iii) The frequency of the generator is still set to 40. At a certain instant t0, the generator voltage has
its maximum. What is the magnitude of the current in the circuit at that instant?

(i) To calculate the current, we first have to find Imax and the phase difference between the generator
and the current. We know that the relationship between the peak voltage Vmax and the peak
current Imax is

Vmax = ImaxZ

Z =
√
X2

R + (XL −XC)2

ϕ = tan−1(
XL −XC

XR

)

In this case, XR, XL, XC are calculated to be:

XR = R = 60 Ω

XL = ωL = 50× 40 = 2000 Ω

XC =
1

ωC
=

1

50× 10× 10−6
= 2000 Ω

Therefore, the phase difference between the generator voltage and the current is

ϕ = tan−1(
2000− 2000

60
) = 0

This implies that the generator voltage and the current are in phase. Therefore the current can
be expressed as

I(t) = Imaxcos(50t) =
Vmax

Z
cos(50t) = 25cos(50t)

Finally, the current in the circuit at t = 73 s is

I(t = 73s) = 25cos(50× 73) = 21.56 A

(ii) We know that XL is proportional to the generator frequency and that XC is inversely proportional
to the generator frequency. Therefore, by lowering the frequency, XL decreases and XC increases.
This results in the generator voltage lagging the current.

(iii) We again start off by calculating the impedance for each component in order to know the phase
relation between the generator and the current:

XR = R = 60 Ω

XL = ωL = 40× 40 = 1600 Ω

XC =
1

ωC
=

1

40× 10× 10−6
= 2500 Ω

ϕ = tan−1(
1600− 2500

60
) = −86.19°

Therefore, we know that the generator lags the current by −86.19°. With this information, we can
also construct the phasor diagram when the generator voltage is at its maximum:
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ϕ

Vmax

Imax

We know that in order to get the current, we would need to project Imax onto the y-axis. Since
we know the angle ϕ, we are able to calculate this projection:

I(t0) = Imaxcos(86.19°) =
Vmax

Z
cos(86.19°) =

1500√
602 + (1600− 2500)2

cos(86.19°) = 0.11 A
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