
PHY2049 Spring 2011 Profs. P. Avery, S. Hershfield

Exam 2 Solution

1. ChargesQ1 > 0 and Q2 < 0 have velocities in the plane of the page as indicated
in the figure. A uniform magnetic field with magnitude B is going into the plane
of the page, and a uniform electric field with magnitude E is going up (towards
the top of the page). If the speed of charge 1 satisfies v1 > E/B and the speed
of charge 2 satisfies v2 < E/B, what is the direction of the net force on charges
1 and 2? (Up means towards the top of the page, and down means toward the
bottom of the page.)

Answer: The net force on both particles is down.

Solution: For particle 1 the magnetic force is larger because v1B > E. Since Q1 > 0 and ~v1 × ~B is down, the net force
on particle 1 is down. (The electric force on particle 1 is up.)
For particle 2 the electric force is larger because E > v2B. Both the electric force and the net force on particle 2 are

down. (The magnetic force on particle 2 is also down.)

2. A current carrying square loop of wire is placed in a uniform magnetic field
pointing to the right (see figure). If the magnetic moment is is pointing up,
what is the direction of the current flow in the wire segment closest to you
labeled by i in the figure and which direction will the loop rotate (clockwise
or counterclockwise)?

Answer: i to the right; rotate clockwise

Solution: For a current carrying loop, the direction of the magnetic moment is obtained by wrapping your fingers in the
direction of the current and your thumb points in the direction of the magnetic moment. (Always use your right hand.)
Thus, the current in the front segment of the wire is to the right.

Since the magnetic moment wants to align with the magnetic field (U = −~µ · ~B), the loop will rotate clockwise.

3. A uniform magnetic field is going into the plane of the page. Two charge
particles move in circles in the plane of the page as shown in the figure. The
two particles have the same magnitude of charge, |q|, and the same kinetic
energy. Which of the following is true about the particles’ charges and masses?

Answer: q1 > 0, m1 > m2

Solution: On the right side of the circular path of particle one, the velocity is up and the force is to the left. Since the

magnetic field is going into the page, ~v1 × ~B is to the left, which is the same direction as the force. Consequently, q1 is
positive. For circular motion we have F = mv2/r = qvB or solving for the kinetic energy mv2/2 = qvBr/2. Because
the particles have the same kinetic energy, particle 1 with the larger radius, has the smaller velocity and the larger mass.
(This is how a mass spectrometer works.)

4. A galvanometer with resistance 50 Ω measures a full-scale deflection when a current of 1 mA passes through the coil.
What value of the auxilliary resistance is required to convert the galvanomenter to a voltmeter that reads 1.5 V at
full-scale deflection.

Answer: 1450 Ω

Solution: To convert a galvanometer into a voltmeter the auxilliary resistance is placed in series with galvanometer.
The net resistance of the galvanometer and the auxilliary resistance in series is 1.5V/1mA = 1500Ω so the auxilliary
resistance is 1500Ω− 50Ω = 1450Ω.



5. A straight wire has current flowing from the point, (x, y, z) = (2, 1, 0), to the point (x, y, z) = (1, 2, 0), where all positions
are measured in meters. The current is i = 2A. If a magnetic field is pointing in the z-direction of magnitude 5 T,
~B = 5T k̂, what is the force on the wire?

Answer: (10î+ 10ĵ)N

Solution: The force on a current carrying wire is ~F = i~L× ~B. In this problem the vector ~L is (1, 2, 0)− (2, 1, 0) = −î+ ĵ

in meters. Thus, the force on the wire is (2A)(−î+ ĵ)× (5k̂) = (10î+ 10ĵ)N .

6. Each of the wires in the figure carries a current of 1 A perpendicular to the
page with the direction of current flow indicated. For the path shown, what is
∮

~B · d~s.

Answer: −3.8× 10−6T ·m

Solution: For this path positive ienc is out of the page. Consequently, ienc = −3A and
∮

~B · d~s = µo(−3A).

7. Four wires each have current i flowing perpendicular to the corners of a square
with the directions indicated in the figure. What is the direction of the mag-
netic field at the center of the square (point P)?

Answer: −ĵ

Solution: Two of the wire (upper right and lower left) produce magnetic fields going at −45◦, and the other two wires
produce magnetic fields at −135◦. Adding the magnetic field as a vector, the net magnetic field is down (−90◦).

8. Three long wires have current flowing perpendicular to the page with directions
indicated in the figure. Wire 2 is located at the origin, wire 3 is at x = 2 m
on the x-axis, and wire 1 is at y = 2 m on the y-axis. If i1 = 1A, i2 = 2A,
i3 = 3A, what is the magnitude of the force per unit length on wire 2 due to
the other two wires?

Answer: 6.3× 10−7N/m

Solution: Wire 2 is repeled from wire 1 with force per unit length µoi1i2/(2πr), where r = 2m. Wire 2 is attracted to
wire 3 with force per unit length µoi3i2/(2πr). Since the forces are perpendicular to one another the magnitude of the

net force is µoi2
√

i2
1
+ i2

3
/(2πr).

9. A closed current path is made from two different circular arcs as shown in the
figure. The larger arc has radius 3 cm and covers one quarter of the circle,
and the smaller arc has radius 1 cm and overs the remaining three quarters of
the circle. If the current is 1.5 A going counterclockwise, what is the magnetic
field at the center of the circular arcs?

Answer: 79 µT out of page

Solution: Both arcs produce a magnetic field out of the page at the center. The net magnetic field is the sum of the
two magnetic fields 0.25(µoi/2(3cm)) + 0.75(µoi/2(1cm)).



10. The current density inside a long, solid, cylindrical wire of radius a = 2 mm is in the direction of the central axis and its
magnitude varies with radial distance according to J = Jo(r/a)

2, where Jo = 300A/m2. What is the magnitude of the
magnetic field at a distance r = 1 mm from the center?

Answer: 2.4× 10−8T

Solution: Apply Ampere’s law to a circle of radius r inside the wire:

∮

~B · d~s = 2πrB = µoienc = µo

∫

jdA = µo

∫ r

o

Jo(r
′/a)22πr′dr = 2πµo(Jo/a

2)(r4/4)

so the magnetic field at r is µoJo(r/a)
2r/4.

11. Pulling the plates of an isolated charged capacitor apart:

Answer: increases the potential difference

Solution: The electric field between the plates is E = σ/ǫo = Q/(Aǫo). It does not change because Q does not change.
The voltage drop is E times the separation between the plates, d. It increases with d.

12. A battery is used to charge a series combination of two identical capacitors. If the potential difference across the battery
terminals is V and total charge Q flows through the battery during the charging process then the charge on the positive
plate of each capacitor and the potential difference across each capacitor are:

Answer: Q and V/2

Solution: Since the capacitors are in series, they have the same charge, Q. Also, since they are in series their voltage
drops add to give the net voltage drop so each must have a voltage V/2.

13. A wire is 2.0 m long and 0.564 mm in radius. When connected to a potential difference of 2.0 V, a current of 4.0 A flows
in the wire. The resistivity of the wire is:

Answer: 2.5× 10−7 Ω·m

Solution: The resistance of a wire is R = ρL/A so the resistivity is ρ = (πr2)R/L = (πr2)(V/i)/L.

14. The light bulbs A and B in the circuit shown are identical. When the switch S is
closed, what happens to the brightness or power of the light bulbs?

18 V

12 V

18 V

A

B

S

Answer: B gets brighter, A dimmer

Solution: The power dissipated in a light bulb is P = V 2/R so the larger the voltage drop, the brighter the bulb.
Initially, A and B are in series and each have a voltage drop of 15 V. After the switch is closed, bulb B has a voltage
drop of 18 V and bulb A has a voltage drop of 12 V. Thus, the voltage drop across A decreases, and the drop across B
increases.



15. The three light bulbs in the Figure are identical. If the brightness or power of bulb
B is P , what is the brightness or power of bulb A? A

B C

Answer: 4P

Solution: The voltage drop across bulb B is half that across bulb A. Consequently, the power dissipated in bulb B, P ,
is a quarter of the power dissipated in bulb A (4P ).

16. The light bulbs in the two diagrams are all identical. If the battery in Figure A
has an emf of 10.0 V, what should be the emf of the battery in Figure B so that
the total brightness or power of the light bulbs in Figure B is the same as the total
brightness or power of the bulbs in Figure A?

A

B

Answer: 5.0 V

Solution: The voltage drop across across each of the bulbs in A is 5V so the battery in B must be 5V.

17. All capacitors are 18 µF in the figure. What is the equivalent capacitance between
points A and B?

A B

Answer: 28.5 µF

Solution: Let C be the capacitance of one capacitor (18µF ). The top three capacitors are in series and have capacitance
C/3. The bottom four capacitors are in series and have capacitance C/4. The equivalent capacitance of the entire circuit
is C/3 + C + C/4.

18. A 12 V battery is connected to a capacitor with 2.0 cm×2.0 cm parallel plates, separated by a 0.1 mm air gap. While the
capacitor is connected to the circuit, the space between the plates is filled with a dielectric slab with dielectric constant
4.5. How much does the charge on the positive plate change (in nano-coulombs) after the dielectric is added?

Answer: +1.5

Solution: The initial charge on a capacitor plate is CV = (ǫoA/d)(12V ), and the final charge on a capacitor plate is
(κǫoA/d)(12V ) so the change in the charge is (κ− 1)(ǫoA/d)(12V ).



19. In the figure shown, what is the current through the 5Ω resistor?
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Answer: 0 A

Solution: Let i1 be the current flowing counterclockwise in the left loop, and i2 be the current flowing clockwise ith the
right loop. The current in the center segment is i1 + i2. Kirchoff’s loop rule yields the following two equations:

0 = 5− 10(i1 + i2) + 5− 10i1

0 = −10(i1 + i2) + 5− 10i2

There are many ways to solve these two simultaneous equations. One way is to add the two equations yielding 0 =
15 − 30(i1 + i2) or (i1 + i2) = 0.5A. Substituting back in to the second equation above then yields 0 = −5 + 5 − 10i2,
which implies that i2 = 0.

20. A 15 Ω resistor and a 16 µF capacitor are connected in series to a 12 V battery. At t = 0.6 msec after the connection is
made, what is the current in the circuit?

Answer: 0.066 A

Solution: For an RC circuit charging q(t) = CV (1 − e−t/RC). The current through the resistor and the capacitor at
time t is dq/dt = (V/R)e−t/RC .


