
Exam 2 Show Work Practice Problems
Physics 1251
TA: Clark/Klepinger

Disclaimer: We have ZERO intel about what will be covered on the midterm. This is a col-
lection of problems that will force you to review concepts that were covered in lecture, homework,
and quizzes. Our instincts tell us the questions we have provided here are, on net, slightly more
difficult than you will encounter on the actual exam, but again, no promises.

1. In the circuit shown, a 20Ω resistor is inside 100 g of water that is surrounded by an insulator.
If the water is initially at 10◦C how long will it take for the temperature to rise to 58◦C?

2. In the circuit shown, find:

(a) The current in the 3Ω resistor.

(b) The unkown emf’s E1 and E2.

(c) The resistance R. Note the three currents given.

3. A long copper rod of radius R carries a constant current I, with the current density (current

per unit area) ~J uniform over its cross section. Compute the value of the magnetic field B(r)
at all values of radius r from the center of the rod (there are two regions: r < R and r > R).

4. A semi-circular wire of radius R, carrying a current I, is placed in a constant magnetic field
~B = Bẑ pointed into the page. Straight wires lead into and away from the semi-circle, but they
are not in the magnetic field. [2005, E2, Q3]

(a) Determine the magnetic force (magnitude and direction) on the wire.

(b) Imagine the constant magnetic field is now removed. Determine the magnetic field (magnitude
and direction) due to the current in the wire at point P .
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5. Two long, parallel wires hang by 4.00 cm long cords from a common axis as shown. The wires
have a mass per unit length of 0.0125 kg/m and carry the same current in opposite directions.
What is the current in each wire if the wires hang at an angle of 6.0◦ with the vertical?

6. A rectangular conducting loop with length L = 30.0 cm and width W = a + b = 20.0 cm is
shown in the figure. The dimension a is initially 15.0 cm in both cases below. A battery of
V0 = 3.0 V is connected to the circuit, and the entire circuit has resistance R = 2.0 Ω. The
circuit is partially immersed in a magnetic field that is directed out of the page in the +ẑ
direction. Assume the field extends infinitely to the left (−x̂ and right +x̂).

(a) Consider the situation where the entire circuit moves at a constant speed in the +x̂ direction

at vx = 1.00 m/s in a constant magnetic field of ~B = 3.0 Tẑ. Determine the magnitude
and the induced emf in the circuit and the magnitude and direction (clockwise or
counterclockwise) of the total current that flows in the circuit.

(b) Now let the entire circuit move at a constant speed in the −ŷ direction at vy = 1.00 m/s

in the same constant magnetic field of ~B = 3.0 Tẑ. Again, determine the magnitude
and the induced emf in the circuit and the magnitude and direction (clockwise or
counterclockwise) of the total current that flows in the circuit.

(c) Finally, allow the loop to remain stationary, but the field to vary according to the following
equation. Again, determine the magnitude and the induced emf in the circuit and the
magnitude and direction (clockwise or counterclockwise) of the total current that flows
in the circuit.
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7. A bar of mass m = 0.50 kg and resistance R = 0.10Ω without friction down parallel conducting
rails of negligible resistance separated by a distance l = 0.20 m and making an angle φ = 30◦

with respect to the horizontal. A uniform magnetic field |B| = 0.50 T vertically downward
exists throughout the region, as shown.

(a) What will be the terminal velocity, vt of the bar? How would this change if the field were
directed upward, rather than downward?

(b) At terminal velocity, what is the rate at which energy is dissipated in the resistance of the
bar? How would this change if the field were directed upward, rather than downward?

(c) What would be the terminal speed vt of the bar if the total resistance of the circuit were
exactly zero?

Now, supposed the zero-resistance link at the bottom is replaced by a voltage source V0.

(d) What voltage V0 would be required to keep the bar from sliding down if the bar has
resistance R = 0.10Ω? What about if R = 0.00Ω?

8. In the circuit shown, the capacitor has capacitance C = 20µF and is initially charged to 100 V
with the polarity shown. The resistor R0 has resistance 10Ω. The wire of the small circuit has
a resistance of 1.0 Ω/m At time t = 0 the switch is closed. The small circuit is not connected
in any way to the large one. The large circuit is a rectangle 2.0 m× 4.0 m while the small one
has dimensions a = 10.0 cm and b = 20.0 cm. The distance c is 5.0 cm. Both circuits are held
stationary. Assume only the wire nearest the small circuit produces an appreciable magnetic
field through it.

(a) Find the current in the large circuit 200µs after S is closed.

(b) FInd the current in the small circuit 200µs after S is closed.

(c) Find the direction of the current in the small circuit.

(d) Justify why we can ignore the magnetic field from all the wires of the large circuit except
for the wire closest to the small circuit.
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9. A singly ionized Mg+1 ion with a mass of m = 3.983× 10−26kg is accelerated from rest through
a potential difference of ∆V so that it achieves a speed of v = 1.42× 105 m/s at a point P1. At

P1, the ion enters a uniform magnetic fields of magnitude | ~B| = 0.223 T. Gravitational forces
are negligible for this problem.

(a) Determine the potential difference ∆V required to accelerate the ion from rest to its speed
at P1.

(b) At P1, the ion enters a region with a uniform magnetic field, which is either into or out of
the page. The ion moves through the region with the magnetic field and ultimately strikes
a wall at P2 with speed v′. Determine:

i. The direction (into or out of the page) of the magnetic field.

ii. The shape of the path that the ion follows as it move through the magnetic field (no
need for math, just very clear logic).

iii. The final speed, v′ of the ion when it strikes the wall at P2.

10. Contemplate the figure below. A rectangular coil of wire contains N turns and has a width
w. The coil is attached to one arm of a balance and is suspended between the poles of a
magnet. The magnetic field is uniform and perpendicular to the plane of the coil. The
system is first balanced when the current in the coil is zero. When the switch is closed
and the coil carries current I, a mass m must be added to the right to balance the system.

(a) Find an expression for the magnitude of the magnetic field.

(b) Why is the result independent of the vertical dimension of the coil?

(c) Suppose the coil has 50 turns and a width of 5.00 cm. When the switch is closed the coils
carries a current of 0.300 A, and a mass of 20.0 g must be added to the right side to balance
the system. What is the magnitude of the magnetic field?
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11. In the circuit shown E = 60.0 V, R = 240Ω and L = 0.160 H. With switch S2 open, switch S1

is left closed until a constant current is established. Then S2 is closed and S1 opened, taking
the battery out of the circuit.

(a) What is the initial current in the resistor, just after S2 is closed and S1 opened?

(b) What is the current in the resistor at 4.00× 10−4s?

(c) What is the potential difference between points b and c at t = 4.00× 10−4s ? Which point
is at a higher potential?

(d) How long does it take the current to decrease to half its initial value?

12. A capacitor with capacitance 6.00× 10−5F is charged by connecting it to a 12.0 V battery. The
capacitor is disconnected from the battery and connected across an inductor with L = 1.50 H.

(a) What are the angular frequency and period of these oscillations?

(b) What is the initial charge on the capacitor?

(c) How much energy is stored in the capacitor?

(d) What is the charge on the capacitor 0.230s after the connection to the inductor is made?
Interpret the sign of your answer.

(e) At t = 0.0230 s what is the current in the inductor?

(f) At t = 0.0230 s how much electrical energy is stored in the capacitor and how much is
stored in the inductor?

13. The La Grande hydroelectric power plant in Quebec supplies electrical power to the city of
Montreal a distance d = 1000 km away. The power plant generates Pgen = 368 MW of power
and Igen = 500 A of current. The power lines that transfer the electric power from La Grande
to Montreal have a resistance per length of 0.220 Ω/km.

(a) Determine the voltage, Vgen at the power plant.

(b) If a lossless tranformer with N1 = 3000 turns on the primary is used between the generator
at the power company and the power lines to adjust the current in the power lines to
Iline = 250 A, determine N2, the number of turns of coil on the secondary side of the
transformer.

(c) Determine the percentage of the power generated at La Grande that is available to the city
of Montreal if the current in the power lines is 500 A. Based on your results, should the
power be transmitted to Montreal over a high or low voltage power line to maximize the
electrical energy efficiency?
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