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1. An electron of mass m and charge q is put in a track and accelerated to the right (in the plane of
the paper) from rest through a potential difference V . The electron then enters a region containing
a uniform magnetic field, and makes a 180° turn in the field to enter a track that is parallel to its
initial trajectory. Suppose the system is 2D lying on the ground.

B

v

+V

V = 300 V

B = 0.2 T

q = −1.6× 10−19 C

m = 9.11× 10−31 kg

(i) In order to enter the destination track what is the direction of the magnetic field?

(ii) What is the speed of the electron?

(iii) What is the radius of the path?

(iv) How much time is spent in the magnetic field?

(i) We will use the Lorentz Force equation, noting that at the point of entry, the force must be upward
(since it must point radially inward)

F⃗ = qv⃗ × B⃗

Start with your right hand (right hand rule) in the direction of the particle’s motion, curl it in the

direction necessary to make F⃗ point upward. This means B⃗ is into the page.

However, since we are dealing with a negative charge the sign of the B-field should be in the
opposite direction.

The B-field is out of the page

(ii) We can use the fact that |W | = |qV | and the work-kinetic energy theorem to find the total kinetic
energy of the particle after it has accelerated through V .

qV =
1

2
mv2

v = 10.3× 106 m/s

(iii) Equate the Lorentz force (magnetic force) with the centripetal force to get

R =
mv

qB
= 2.92× 10−4 m

Note that the cross product becomes qvB because sin(θ) is 1 while v⃗ and B⃗ are perpendicular.
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(iv) We use the relation between speed (v), time (t), and distance (D) t =
D

v
, using the circular arc

length as D (Here D is πR since it’s half the circumference of a circle).

t = π
R

v
= 8.68× 10−11 s

2. Six resistors are connected to a 15 V battery as shown in the figure R1 = 100 Ω, R2 = 70 Ω, R3

= 50 Ω, R4 = 10 Ω, R5 = 30 Ω and R6 = 20 Ω.

V

R1 R4

R2

R3

R5

R6

(i) Are R1 and R2 in series, parallel, both or neither?

(ii) What is the equivalent resistance of the circuit from the voltage source?

(iii) What is the voltage drop across R2?

(iv) Say R2 was replaced with a bare wire, what would be the new voltage drop across R3

(i) Neither; a loop through one does not necessarily go through the other (there are multiple paths),
nor can a single loop be drawn around only those two elements.

(ii) Resistors in series add directly, resistors in parallel add like such

1

Rab

=
1

Ra

+
1

Rb

R456 = 10 + 30 + 20 = 60

R2456 =
( 1

60
+

1

70

)−1

= 32.31

R123456 = 32.21 + 100 + 50 = 182.31 Ω

(iii) Using the previous question, we can solve for the current through the battery using

Ibattery =
V

R123456

= 0.0823 A

Note that Ibattery is also the current through R1 and R3 because of the junction rule.
Let I1 be the current through R2. We can now set up a KVL equation on the left loop:
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V

R1

R2

R3

Iout

Iin

Iin

Iout + −

− +

+

−−

+

−15 +R1Ibattery +R2I1 +R3Ibattery = 0

I1 = 0.03793 A

From Problem (ii) we know:

V2456 = IbatteryR2456

V2456 = 2.66 V

We also know from Problem (ii):

V2 = V456 = 2.66 V

VR2 = 2.66 Volts

(iv) Current would not flow through resistors R4, R5 and R6 because all the current would move
through the bare wire. Therefore the voltage of R3 can be described as:

V

R1

R3

Iout

Iin

Iin

Iout + −

− +

−

+
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Using a KVL equation, we find that the new current through R3 is

−15 +R1Ibattery +R3Ibattery = 0

Ibattery = 0.1 A

Then using Ohm’s Law

VR3 = 5 Volts

3. Two resistors of equal resistance (R = 20 Ω) are connected to a capacitor (C = 40 µF ) and a
battery (V = 5 V ) as in the figure. In the beginning the switch is open from both positions, a and
b, and the capacitor is uncharged.

b

a

V

C

R1

R2

(i) What is the current through the capacitor immediately after the switch is moved to position a?

(ii) Calculate the charge on the capacitor after the switch has been in position a for a long time.

(iii) After the capacitor was fully charged, the switch is moved to position b, discharging the capacitor.
What is the time constant of discharging the capacitor?

(i) Create a KVL loop that includes the battery, capacitor, and resistor R2.

−V + Vc + IcR = 0

Immediately after the switch is closed the capacitor acts as a bare wire, therefore:

Vc (immediately after) = Vc (before) = 0 Volts

Only one of the resistors experiences a current (R2) since the capacitor is a ”bare wire” at first.

V = IcR

Ic = 0.25 A

(ii) After a long time, the capacitor is fully charged and has a voltage equal to R1 (KVL). The current
through R1 after a long time is found by

V = I∞(R1 +R2)

I∞ = 0.125 A
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Therefore, the voltage across R1 is VR = 0.125 ∗ 20 = 2.5 V

This voltage is equal to the voltage across the capacitor because they are in parallel, so we can
use Q = V C to find

Q = CVR = 100 µC

(iii) The time constant is found by τ = R12C. Since the two resistors are in parallel, we can calculate
R12 using

R12 =
( 1

R1

+
1

R2

)−1

= 10

τ = R12C = 400 µs

4. Three squares of current-carrying wire are centered at the origin with each side of length 2a, as
shown, with a = 0.17 m. There is a current I going through each in the counter-clockwise direction
as seen looking down the z-axis. A uniform magnetic field with B = 0.12 T points along the y-axis.
The magnitude of the total magnetic moment (for the three loops together) is µ = 4.5 Tm2.

I

x

y

z

B⃗

(i) What is the magnitude of the current I?

(ii) What is the direction of the torque on the loop?

(i) Since this is a square, the area vector has magnitude |A| = 4a2.

µ = NIA

4.5 = 3I(4a2)

I = 12.976 A

(ii)

τ⃗ = µ⃗× B⃗

Using right hand rule, curl your hand in the direction of current to find that µ⃗ points along +ẑ.
Now do µ⃗× B⃗ by first pointing your hand in the direction of µ⃗ and curling towards the direction
of B⃗. This gives your thumb in the direction of −x̂
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µ⃗

B⃗

τ⃗

+y

+z

+x

The direction of τ⃗ is −x̂

5. A wire loop with massm = 0.4 kg, width w = 1.5
m and height h = 0.8 m is released from rest just
above a region of uniform magnetic field B = 2.5
T directed into the page. There is no magnetic
field outside this region. The gravitational force
causes the loop to fall and its motion is con-
strained to the xy-plane (e.g. it falls straight
down without rotating). At the moment shown
it is observed to be moving downward with speed
|v| = 1.2 m/s, and the magnitude of the current
induced in the loop is measured to be I = 0.74
Amps.
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(i) What is the resistance of the loop?

(ii) At the position shown in the figure the induced current in the loop is flowing clockwise or coun-
terclockwise?

(i) From prelectures:

E = vBL = vB(w) = 4.5 V

Using Ohm’s Law we can solve for the resistance:

R =
V

I
= 6.08 Ω

If this makes perfect sense to you great! However, if you’re not satisfied with just
plugging and chugging equations here is the actual derivation:

In this question we only consider the fraction of the area that is in the magnetic field
We know that induced voltage can be describe by

EMF = −dΦB

dt

Where Φ is the measured flux, Φ = BA(t) = Bwy(t) where y(t) is the height of the loop in the
magnetic field and is described by y(t) = vt
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Therefore:

EMF =
∣∣∣dΦ
dt

∣∣∣ = Bw
(dy
dt

)
= Bwv = 4.5 V

Using Ohm’s Law to find the resistance:

R =
EMF

I
= 6.08 Ω

(ii) Using Lenz’ Law, we know that the induced current will be such that the induced field opposes
the changing flux. The flux is increasing into the page, therefore, we want an induced field out of
the page. Using the right hand rule (F = qv ×B), this means current must be counterclockwise.

6. A generator consists consists of a square loop of wire with length L = 1.5 m spinning with constant
angular velocity ω. A uniform magnetic field B = 0.8 T is directed in the positive y-direction as
shown in the figure.

⊙

⊗

θ

B

I

(i) As the loop spins, at which orientation is the peak voltage generated?

(ii) If the peak voltage generated is 250 Volts, what is the angular velocity of the loop?

(i) We know that peak voltage is achieved when

EMF = −dΦB

dt

The flux as a function of time is

Φ = A ·B = AB cos(ωt)

This is because of the fact that when θ = 0, the flux is at its maximum, so we need a cosine
function. Taking its derivative

EMF = −dΦ

dt
= ABω sin(ωt)

Sine reaches its maximum at 90°, therefore peak voltage is when the loop reaches 90°
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(ii) From the previous question, we know that:

EMF = −ABω sin(ωt)

EMFmax = 250 = ABω

ω = 139 rad/sec

7. A current I = 5 mA is uniformly distributed over the above wire and pointing out of the page.
The outer radius is b = 4 cm and the inner radius is a = 2 cm.

a
b

⊙
I

(i) What is the current density at a point inside the wire (where positive z points out of the page)?

(ii) What is the magnitude of the magnetic field at radius r = 3 cm from the central axis?

(i) The current density is given by

J =
I

A

Where A is the cross sectional area. Therefore I = 5 mAmps and A = π(b2 - a2)

J = 1.33 A/m2

(ii) Ampere’s Law is given by ∮
B⃗ · d⃗l = µ0Ienc

Our enclosed loop would be a circle with radius r.
Using the current density found in the previous question, we can say that Ienc = Jπ(r2 − a2).

For dl, we are using the circumference of the circle: 2πr
After solving for B:

B =
µ0Jπ(r

2 − a2)

2πr

B = 1.38× 10−8 T
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8. The following questions refer to the diagram below.

P

I

I L a

y

x

C

(i) Which of the following expressions computes the magnetic field at point P due only to the right
vertical segment of the wire?

a) −ẑ µ0I
4π

∫ L

0
dy a

(a2+y2)3/2

b) x̂µ0I
4π

∫ L

0
dy a

(a2+y2)3/2

c) -ẑ µ0I
4π

∫ L

0
dy a

(a2+y2)

d) x̂µ0I
4π

∫ L

0
dy a

(a2+y2)

e) ẑ µ0I
4π

∫ L

0
dy a

(a2+y2)

(ii) What is the line integral of the B field around the loop C that goes around the square shown in
the above figure?

∮
B · dl =

a) 0

b) 2µ0I

c) −2µ0I

(i) Use the Biot-Savart Law

dB⃗ =
µ0

4π

Id⃗l × r̂

r2

To find r you have to find the distance from point P to the infinitesimal length of wire (dl).

P

I

I L a

y

x

ry θ
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We have to define an angle θ to relate dl and r in the cross product.
From the diagram above, r =

√
a2 + y2 and d⃗l × r̂ = dy sin(θ)(−ẑ)

Where sin(θ) = a√
a2+y2

Thus, B⃗ = −ẑ
µ0I

4π

∫ L

0

dy
a

(a2 + y2)3/2

(ii) The answer is A because the total current enclosed is zero, since the current going in from one side
is cancelled by the current going out on the other side. The answer is (a).
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