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1. In the circuit shown, E = 6V, C = 0.5F, and R1 = R2 = 10Ω. At t = 0 the switch is
closed. After a long enough time for the capacitor to be fully charged, what will be its
final charge in Coulombs?
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Solution: When the switch is closed, current flows in both loops of the circuit, charging
the capacitor. After some time, the capacitor is charged and current only flows through
the resistive branch of the circuit. The voltage across the capacitor is thus equal to the
voltage across R2, which is clearly seen to be 3.0 V. Then Q = CV = 1.5 Coulombs.

2. An electron is moving with velocity v = vk up the z-axis in a uniform magnetic field
B = Bk parallel to the z-axis. What is the electron’s acceleration vector at this
instant?

Solution: The acceleration is zero because the electron is moving parallel to the
magnetic field, i.e., F = −ev ×B = 0.

3. A certain wire has resistance R. What is the resistance of a second wire, made of the
same material, which is half as long and has 1/3 the diameter?

Solution: The resistance is proportional to the length of the wire and inversely pro-
portional to the area. Since area is proportional to diameter squared, the resistance is
Rnew = R/2× 9 = 9R/2
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4. A circuit contains a resistor R in series with a capacitor C. Suppose the current I
charging the capacitor is kept constant. Which equation correctly gives the potential
difference VC across the capacitor as a function of time t?

Solution: Since the current is forced to be constant, the charge on the capacitor
increases linearly with time as Q = It, so the voltage across the capacitor is VC = It/C

5. What is the equivalent resistance in ohms of the circuit shown in the figure?
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Solution: The three resistors on the right are all in parallel, so their equivalent resis-
tance can easily be calculated to be 75/3 = 25Ω. This resistance is in series with the
first 75Ω resistor, so the total resistance of the circuit is 100Ω.

6. A certain car battery with a 12 V emf has an initial charge of 180 A·hours. Assuming
that the potential across the terminals stays constant until the battery is completely
discharged, for how long (in hours) can it deliver energy at the rate of 120 W?

Solution: The power delivered to the circuit by the battery is P = EI, where E is
the emf and I is the current. This gives I = 10A for the current. The time it takes to
discharge the battery can be found by dividing the total initial charge by the current,
or 180/10 = 18 hours, taking the correct units into account.

7. A thin wire of length 3.14 meters has a current of 6.00 Amperes running through it. If
the entire length of the wire is wrapped evenly about a cylinder of radius 0.005 meters
and length 0.1 meters, what is the magnetic field (in Tesla) inside the cylinder?

Solution: The B field magnitude can be calculated from the solenoid formula, which
depends only on the current I and the number of turns per meter n . Here n is
given by n = 3.14/(2π × 0.005)/0.1 = 1000/m. The total field is then B = µ0In =
4π × 10−7 × 6× 1000 = 0.0075T.
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8. A wire loop carrying a current I is bent into the shape of a semicircle of radius R. A
uniform magnetic field B is applied in the plane of the loop and perpendicular to the
straight edge. Find the magnitude of the magnetic force in Tesla on the curved portion
of the wire.

B

Solution: (A mistake was made in the formulation of the problem because the unit of
force is Newtons, not Teslas. The answer ”none of these” was therefore also accepted
as correct.) A simple way of solving the problem is to note the the total force on the
semicircle is zero because it is a closed loop. The force on the semicircular wire is
thus the same as that on the straight part (though in the opposite direction). The
magnitude of the force on the straight part is trivially calculated to be F = 2IRB
since the straight part of the wire is perpendicular to the magnetic field.

One can also solve the problem by directly integrating the force on the semicircular
arc, using 0 ≤ θ ≤ π to describe the position on the path (ds = Rdθ). This calculation
yields F = IB

∫ π
0 sin θRdθ = 2IRB.

9. A negatively charged particle moves parallel to a wire carrying an electric current as
shown in the figure. In which direction is the magnetic force on the particle?

I

−q

Solution: One can solve this problem easily by noting the the negative particle is
equivalent to a current moving in the opposite direction. Since opposite currents repel,
the force is in the +y direction.
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The problem can also be solved by first calculating the direction of the B field from the
wire from the current right hand rule (thumb along current, fingers along field), then
calculating the direction of the force on the particle, noting that it is in the opposite
direction of the force right hand rule.

10. A current loop is placed in a magnetic field as shown. In what way will the loop move?

B

I

Solution: Taking a current along one of the arcs, one can easily see from the right
hand rule that the left edge of the loop will be forced upward (out of the page) and
the right hand part of the loop forced downward (into the page).

11. Current flows in the y-direction through a very large sheet that lies in the xy-plane, as
shown in the figure. The magnetic field at point P, some distance above the sheet, is
in what direction?

x
y

z
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Solution: This is a straightforward application of the right hand rule for finding the
B field direction, which gives a direction along +x.

12. An electron is accelerated from rest across a potential difference V . It then enters a
region of uniform magnetic field of magnitude B with its velocity perpendicular to the
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field and begins moving in a circle of radius R. If B and V are both doubled, what
will be the new radius in terms of R?

Solution: The radius is given by the formula r = mv/qB, with the obvious meaning
of the symbols. If V is doubled, the kinetic energy is doubled and the velocity increases
by a factor of

√
2, as does the radius. If B is doubled, then the radius is reduced by a

factor of 2. Putting the factors together gives the new radius Rnew = R/
√

2.
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