
PHY2049 Fall 2010 Profs. S. Hershfield, A. Petkova

Exam 2 Solution

1. Each of the capacitors in the circuit at right has capacitance 1 µF. What is the
effective capacitance of the network?

Answer: 0.6 µF

Solution: The effective capacitance of the bottom two capacitors in series is 0.5 µF . These two are in parallel with
the top capacitor yielding an effective capacitance of 1.5 µF . Finally, the 1.5 µF capacitor is in series with the 1 µF
capacitor on the right, giving a net capacitors of 0.6 µF .

2. If the voltage between points A and B in the circuit at right is 12 volts, what
is the charge on the 2 µF capacitor?

Answer: 6 µC

Solution: The three capacitors in series have an effective capacitance of 12 µF . Placing them in series with the 4 µF
capacitor on the left yields a net capacitance of 3 µF . When capacitors are in series, the charge is the same. The charge
here is (3µF )(12V ) = 36µC. This is the charge on the 3 µF capacitor, which has a voltage drop of (36µC)/(3µF ) = 9V ,
and the charge on the 12 µF effective capacitor, which has a voltage drop of (36µC)/(12µF ) = 3V . When capacitors are
in parallel, they have the same voltage. Thus, the charge on the 2 µF capacitor is (2µF )(3V ) = 6µC.

3. A parallel plate capacitor with area 10 cm2 and plate separation 1 mm is filled
with two different dielectrics as shown in the figure. The top half has dielectric
constant κ1 = 10, and the bottom half has dielectric constant κ2 = 20. What
is the capacitance of this parallel plate capacitor?

Answer: 1.2× 10−10F

Solution: As in the homework, this capacitor may be viewed as two capacitors in series: a top one with dielectric
constant κ1 and a bottom one with dielectric constant κ2. Using Ctop = κ1ǫo(10×10−4m2)/(0.5×10−3m) and Cbottom =
κ1ǫo(10× 10−4m2)/(0.5× 10−3m), the net capacitance is obtained by adding Ctop and Cbottom in series.

4. How are the three circuits at right related?

Answer: A and C are equivalent, but not B.

Solution: Circuits A and C each have three capacitors in parallel, but circuit B has three capacitors connected in a
triangle (not parallel) with one of the capacitors short circuited.



5. A network of wires is shown at right. The currents in some of the wires are
labeled. Based on this information, what is the current labeled i?

Answer: 1 A

Solution: Using “current in = current out”, there is a current of 1 A flowing down the top half of the middle wire. This
1 A combines with the 2 A to give the 3 A current, leaving zero current in the bottom half of the middle wire. Thus, i
is equal to 1A.

6. A copper wire with circular cross section has resistance of 5 Ω. It is reformed into a wire that is twice as long without
the addition or removal of any material. What is the resistance of this new wire?

Answer: 20 Ω

Solution: Since no material is added or removed, the volume of the wire remains the same. If the length increases by a
factor of two, then the area must decrease by a factor of two. R = ρL/A → ρ(2L)/(A/2) = 4ρL/A = 20Ω.

7. A copper wire and a nichrome wire of the same length and cross-section are connected in series across a large battery. If
the resistivity of the copper wire is 1.7× 10−8Ω ·m and the resistivity of the nichrome wire is 1.1× 10−6Ω ·m, what is
the power dissipated in the copper wire divided by the power dissipated in the nichrome wire?

Answer: 0.015

Solution: Because the two wires are in series, the current is the same through each wire. We are also told that the wires
have the same length and cross-sectional area. Thus, the ratio of their resistances is just the ratio of their resistivities.
Because P = i2R, the ratio of the powers is also just the ratio of the resistivities.

8. Current flows through a rod of length 3 cm. The rod with circular cross-section
consists of three sections of the same material but with different radii. The
electric field in the rod is shown in the figure. If the radius of the segment
between x = 1 cm and 2 cm is 1 mm, what is the radius of the segment
between x = 2 cm and 3 cm?

Answer: 0.87 mm

Solution: Each of the three segments of the rod has length L = 1cm. The electric field in a given segment is the voltage
drop divided by this length: E = V/L = iR/L = iρ/A, where A is the cross-sectional area, πr2. Thus, the electric field
is inversely proportional to r2: E ∝ 1/r2. Using this relation and the figure, (3kV/m)/(4kV/m) = r2/(1mm)2.

9. What is the current in the circuit at right?

Answer: 0.25 A

Solution: Choose as a convention that the current, i, flows clockwise in this one loop circuit. Applying Kirchhoff’s loop
rule starting in the lower left hand corner, 0 = −3i+ 6− 2i− i− 3− 6i, the current is i = 3/12 = 0.25A.



10. What is the current labeled i in the circuit at right?

Answer: 0.33 A

Solution: By symmetry the current through each of the segments with a 6 V battery is i. By the Kirchhoff’s junction
rule the current through the segment with the 3 V battery is 2i. Apply Kirchhoff’s loop rule to either the loop on the
left or the large loop: 0 = 6V − 3i− 3V − 3(2i) → i = 3/9A.

11. Three identical light bulbs are placed in a circuit as shown at right. Light
bulb C is removed, resulting in an open circuit where C was originally. What
happens to the brightness of light bulbs A and B?

Answer: Bulb A becomes dimmer, and bulb B becomes brighter.

Solution: Let each of the bulbs have resistance R, and let the voltage in the battery by V . The effective resistance of
the circuit initially is (3/2)R. The current through bulb A is (2/3)(V/R), and the current through bulb B is half of that
(1/3)(V/R). When bulb C is removed, the effective resistance of the circuit is 2R, and the current through both bulbs A
and B is (1/2)(V/R). Thus, the current through bulb A decreases, and the current through bulb B increases.

12. A 3 kΩ resistor and a 2 µF capacitor are connected across a 12 V battery at t = 0. The capacitor is initially uncharged.
What is the voltage across the capacitor at t = 10 ms? (A millisecond is 10−3 seconds.)

Answer: 9.7 V

Solution: The voltage across a charging capacitor as a function of time is V (t) = q/C = (12V )(1 − e−t/τ ), where
τ = RC = 6ms. Substitute in for t = 10ms.

13. An electron travels with velocity vo(cos 30î+ sin 30ĵ) in a uniform magnetic field Boĵ, where vo = 5km/s and Bo = 2T.
What is the force on the electron?

Answer: −1.4× 10−15Nk̂

Solution: The force on the election is ~F = (−e)~v × ~B = (−e)vo cos 30Bok̂. (Remember that î× î = 0 and î× ĵ = k̂.)

14. 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 to the right.
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?

Answer: The net force on both particles is to the right.

Solution: For Q1 > 0 the electric force is to the right and the magnetic force is to the left. Because v1B < E, the
electric force is larger, and the net force is to the right. For Q2 < 0 the electric force is to the left and the magnetic force
is to the right. Because v2B > E, the magnetic force is larger, and the net force is to the right again.



15. An electron moves into a region of uniform magnetic field, 4 × 10−5T , coming
out of the page as shown in the figure. How long will it take for the electron
to exit the magnetic field and at which point will it exit, P or Q?

Answer: 4.5× 10−7s, P

Solution: For circular motion F = mv2/r = qvB implies that v/r = vB/m. The angular frequency is ω = v/r = 2π/T ,
where T is the period. The time spent in the magnetic field is T/2 = πm/(qB). The magnetic field will cause a negatively
charged particle to curve to the left.

16. A circular current carrying loop with a single turn has radius 0.5 cm and is placed in the plane of the page. The current
initially flows clockwise around the loop with magnitude 5 mA, and there is a uniform magnetic field coming out of the
plane of the page of magnitude 3 T. The direction of the current flow is changed from clockwise to counterclockwise, still
with magnitude 5 mA. What is the change in the potential energy, Uf − Ui?

Answer: −2.4µJ

Solution: The magnitude of the magnetic moment of the loop is µ = iπr2. Initially the magnetic moment is pointing
into the page, and at the end it is pointing out of the page. Since the magnetic field is pointing out of the page, initially
the angle between µ and B is θ = 180 and finally the angle is θ = 0. The potential energy of a magnetic moment in a

field is −~µ · ~B = −µB cos(θ) so that Uf − Ui = −µB cos(0) + µB cos(180) = −2µB.

17. Four long straight wires carry identical currents of i = 2A perpendicular to the
plane of the page as shown in the figure. If d = 8 m, what is the magnetic field
at the origin?

Answer: +1.0× 10−7T ĵ

Solution: The two wires which intersect the y-axis produce fields at the origin which cancel. The wires which intersect
the x-axis each produce a field pointing in the negative y-direction of magnitude µoi/(2πd). The net field is −2µoi/(2πd)ĵ.

18. A closed current path consists of two semicircular arcs having radii 3 cm
and 6 cm and two straight wire segments. If current i = 1.25A, what is the
magnitude and direction of the magnetic field at the center of curvature,
C?

Answer: 6.5× 10−6T , out of page

Solution: The larger semicircle produces a magnetic field at C going into the page of magnitude (1/2)(µoi)/(2rlarge).
The smaller semicircle produces a magnetic field at C going out of the page of magnitude (1/2)(µoi)/(2rsmall). The net
magnetic field is the vector sum of these fields: (1/2)(µoi)[(1/(2rsmall)− 1/(2rlarge)].

19. Three long straight wires carry identical currents of i = 2A perpendicular
to the plane of the page as shown in the figure. If d = 4 cm, what is the
magnitude and direction of the force per unit length on the left most wire?

Answer: 1× 10−5N/m to the right

Solution: Wires with current in the same direction attract, while those with currents in opposite directions repel. The
left most wire experiences a force per unit length of (µoi

2)/(2πd) to the right from the center wire, and a force per unit
length right of (µoi

2)/(2π2d) to the left from the right wire. The net force is (µoi
2)/(2π2d) to the right.



20. Each of the four conductors in the figure carries 2 A of current into or out

of the page. What is the value of the line integral
∮
~B · d~s for the indicated

path of integration?

Answer: −2.5× 10−6Tm

Solution: For the path shown, positive current is coming out of the page. Thus,
∮
~B · d~s = µoienc = µo(−2A).


