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Part I: Multiple-Choice: Circle the best answer to each question. Any other marks
will not be given credit. Each multiple-choice question is worth 4 points for a total of
16 points.

1.

Two loops of wire of the same physical size are oriented parallel to one another and
carry the same magnitudes of current but the current flow is in opposite directions in
each of the wires. Ifthe current flows counterclockwise in the bottom loop while the
same magnitude of current flows clockwise in the upper loop, the force felt by the
upper loop of wire due to the current flowing in the lower loop of wire would tend to

a. make the upper loop grow and be attracted to the lower loop of wire.

b. make the upper loop grow and be repelled from the lower loop of wire.

c. make the upper loop shrink and be attracted to the lower loop of wire.

d. make the upper loop shrink and be repelled from the lower loop of wire.

A plane flies at constant speed due south through the Earth’s magnetic field that
has components that point both north and vertically down. In this situation,

a. the left side of the plane becomes positively charged.

b. the right side of the plane becomes positively charged.

c. the top of the plane becomes positively charged.

d. the bottom of the plane becomes positively charged.

A circuit has a single battery (with constant potential) and some resistors in it. If the
equivalent resistance of the circuit is increases by a factor of 4, what happens to the total
current and power dissipated by the entire circuit?

a. Both decrease by a factor of 4.

b. Both increase by a factor of 4.

c. Both remain constant.

d. Both decrease by a factor of 16.

e. Both increase by a factor of 16.

A long straight wire is connected to a battery of constant potential and some resistors.
This wire produces a magnetic field of strength B at a perpendicular distance » away
from the wire. What happens to the equivalent resistance of the circuit and the
magnetic field strength at the same perpendicular distance r if the current in the
circuit were doubled?

a. The equivalent resistance halves and the magnetic field strength halves.

b. The equivalent resistance halves and the magnetic field strength doubles.

c. The equivalent resistance doubles and the magnetic field strength halves.

d. The equivalent resistance doubles and the magnetic field strength doubles.



PartII: Free Response Problems: The three problems below are worth 84 points
total and each subpart is worth 7 points each. Please show all work in order to receive
partial credit. If your solutions are illegible or illogical no credit will be given. A
number with no work shown (even if correct) will be given no credit. Please use the
back of the page if necessary, but number the problem you are working on.

1. You are given the circuit on the right that has 10 resistors (each
with a resistance of 100€2) that are wired to a
12.0V battery.

a. What are the equivalent resistance R., of the circuit and total current /.
produced by the battery?

b. What is the potential drop across resistors Rg and R;y?

c. What currents flow through resistors R; and R;?

d. Suppose that the circuit is powered up and allowed to run for one hour. How
much energy has been dissipated across resistor R,?



Consider the mass spectrometer shown below where there is a source of charged
particles and these particles are incident at S;, travel through the velocity selector and
exit at §,. All of the particles that are incident at S; have the same charge (+¢) but
may differ in mass. There is a 50kV potential difference across the capacitor (located
between S; and S, and with the upper plate at charge +Q and the lower plate at charge
—Q) and the plates are separated by a distance d, which is variable. The

magnetic field everywhere has a value of 2.07. X X X X X
a. Derive an expression for the " "
orbital trajectory » of a particle as  [JSource of charged * *
a function of the stated e S " "
parameters and the mass of the - - = . .
particle, m, after it passes out through S.. X X X X X

b. Suppose that you have two singly ionized isotopes of sodium, *Na and 7}Na,
that are the source of charged particles, by what amount would the two isotopes
be separated when they strike the detector (either one of the blue plates) if the
separation between the capacitor plates is Smm? Will the isotopes strike the
detector above or below the exit at S,?

c. What is the time of flight for each of the two isotopes of in the magnetic field?

d. Suppose instead you have the nuclear decay of barium (', Ba'—'2/ Ba+.y) in
which a gamma ray (y) is produced at the source and these are incident at S; and

emerge at S>. Where would the gamma ray, a form of electromagnetic radiation,
strike the detector?



3. Consider the circuit shown below in which a long straight wire #1 is connected to a
battery rated at /2.0V and a 125 resistor, while another long straight wire #2 is
connected to a /0.0V battery and a 275 resistor and the two wires (#1 & #2) are
separated by 0.5m and that each blue segment of wire has a length of 0.25m.

AAA—

#1

a. What magnetic force would wire #1’s feel due to the current flowing in wire #2?
Suppose that this force were strong enough to accelerate and actually move the
entire circuit #1 assumed to have total mass m, would the circuit experience a
constant acceleration and would its velocity after it has been displaced by a
distance Ax be given by v; =2aAx? Justify your answer.

b. Assuming that the wires are in their original configuration and remain stationary,
what is the net magnetic field at the midpoint between the two wires?

c. Suppose a square loop of wire with sides of length /0cm were oriented with its
face perpendicular to the net magnetic field and the center of the loop at the
midpoint between the two wires. What would the net force be on the loop if there
was a current [;,,, = 25mA flowing clockwise? (Hint: Assume that the net
magnetic field is taken as being constant across the face of the loop of wire and
the value of that field is your calculated value in part b.)

d. Suppose that you made the same 25-turn loop of wire exactly as in part ¢, what
would the net torque be on the loop if there was a current /;,,, = 25mA flowing
clockwise? In what direction would the loop of wire rotate?
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