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Multiple Choice [5 pts each] Bubble in the most correct answer on your bubble sheet and
circle the correct answer here.
1. [5 pts] Consider the network of three resistors shown at right.
If the equivalent resistance of the network of three resistors is
90 ), what is the unknown resistance R?
A. 10Q

20Q R 30Q.
—W—W—W—

B. 20Q
C. 30Q
D. 40 Q
E. 50Q

2. [5 pts] Consider the three circuits at
right. All batteries are ideal and 1
identical, and all bulbs are identical. e
Rank the current through the three
batteries from largest to smallest. .

A. 1>2=3

B. 1=2=3
C.3>1>2
D. 2=3>1
E. 2>1>3

3. [5 pts] In an experiment, a 12 V battery is connected in series with a 6.0 X 1030 resistor and
a 4.0 X 1075F capacitor. The capacitor starts uncharged. What is charge on the positive plate
of the capacitor after 1.0 X 1072s?

A. 1.2x1075C

2.0x107°C
3.5%x107°C

48x%x107°C

m o o w

5.8%x 107> C
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4. [5 pts] Now suppose you repeat the experiment in the previous question, but this time you
double the resistance while keeping the battery voltage and capacitor unchanged. You again
measure the capacitor’s charge at 1.0 X 10~2s after the circuit is connected (again starting
with an uncharged capacitor). Is the charge on the positive plate now greater than, less than
or equal to the charge on the positive plate in the experiment in the previous question?

A.

B
C.
D

Greater than

. Less than

Equal to

. Information provided is not enough to answer.

5. [5 pts] Point P is an equal distance from two current-

carrying wires and forms the right angle indicated.
In what direction is the magnetic field at point P? @ @

m Y N

I out the page I out the page

Into the page

To the left side of the page * p
To the right side of the page

Toward the top of the page

Toward the bottom of the page

6. [5 pts] A uniform 2.5 T magnetic field points to the right.

A 3.0-m portion of a long wire, carrying current 15 A, is
placed at an angle @ to the field, as shown. If the wire
experiences a force of 56 N, what is the angle 6?

A.

m o 0w

=7}

35°
30°

60°
25°

41°
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7. [5 pts] The figure at right shows four particles moving to the E
right as they enter a region of uniform magnetic field, directed X X X
into the paper as shown. All particles have the same speed and
the same mass. Which particle has the largest magnitude of X
charge?
A. X
A. A
B. X
B. B
C. X
C. C
D. X
D. D
E. They all have the same magnitude of charge.

8. [5 pts] Wind turbine A can generate electric power from wind at an efficiency of 35%, while
wind turbine B’s efficiency is 45%. On a certain day, turbine A was able to generate
4.3 X 10® W of electric power, how much electric power did turbine B generate if both
turbines are at the same location?
A. 3.3 x10°W

43 x 10°W
8.0 x 10°W

6.8 X 106 W

m o 0w

5.5 % 10°W

9. [5 pts] You wish to run a distance of 6.0 km at 15 km/h. Assuming your metabolic power of
running at 15 km/h is 1150 W, and if your energy comes from food, which of the following
food choices is closest to the minimum amount of energy needed to make the trip?

A. Aslice of pizza supplying 1260 kJ of energy

B. A frozen burrito supplying 1470 kJ of energy
C. Aslice of apple pie supplying 1680 kJ of energy
D. A fast-food meal supplying 5660 kJ of energy
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10. [5 pts] A certain amount of gas is inside a cylinder covered by a movable piston. The piston
is pushed down slowly doing 450 J of work on the gas. The internal (thermal) energy of the
gas is found to have decreased at the end of the process by 320 J. Which one of the following

must be true?
A. The gas has lost 770 J of heat to the environment.

The gas has absorbed 770 J of heat from the environment.
The gas has lost 130 J of heat to the environment.

The gas has absorbed 130 J of heat from the environment.

m o 0O w

Not enough information

11. [5 pts] You toss five identical fair coins (the probability of getting heads equals that of getting
tails). What is the ratio of the probability of getting 3 heads to the probability of 4 heads?

A 1/5
0.5
3/4
. 4/3

m Y 0w

12. [5 pts] An insulated box is divided into two parts by a partition. On the left side, we place a
gas at temperature 17, and on the right side, another gas at temperature Ty, where T}, < Tg.
We remove the partition and allow the gases to mix. After a long time, what happens to the
entropy S of the combined system?

A. Itreaches a value S,y representing the average of the initial entropies of the two

separate gases.
B. It increases and reaches a maximum value after a while.
C. It keeps increasing with time (with no upper bound).

D. It decreases below the entropy of either one of the initial entropies of the two separate
gases.

E. It stays the same as before the mixing, since the system is insulated.
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Lecture Free Response [20 pts total]: Show work and/or explain reasoning where indicated.

Use the circuit at right to answer the following questions:

13. [4 pts] When the switch is open, how does the 500
current through the 4.0 () resistor compare to the JW\/‘
current through the 5.0 () resistor?
9.0 V—/—
3.0 Q
—o o——] WA
70V
3.0V
VW
4.0 Q

14. [6 pts] With the switch still open, write down a loop equation for the outer loop and use it to
find the current flowing through the 4.0 Q resistor.

15. [6 pts] When the switch is closed, a current of 0.89 A flows right to left through the 3.0 Q
resistor. Write down a loop equation for the upper loop.

16. [4 pts] Find the value of the current in the 5.0 ( resistor after the switch has been closed.
Hint: you can use your answer to the previous question.
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Tutorial Free Response [20 pts total]: Problems 17-20. Show work and/or explain reasoning
where indicated.

17. Two identical batteries, each with voltage AV} ,;, are connected to a bulb as shown. No other
circuit elements or wires are connected.

[6 pts] What is the absolute value of the potential difference between points A _Ij
and B? Explain your reasoning.

18. A very long wire has current directed through Side view Top view
it as shown in the top and side view diagrams
at right. A point charge +q is moving directly
toward the wire with speed v.

v
(%) H+q

Y «o
[6 pts] In both the top and side view 1 wire
diagrams, sketch the direction of the
magnetic force on the charged particle. wire

Explain your reasoning.
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The following two questions are related.

In experiment X, two magnets labeled 1 and 2 are placed next

to each other. Magnet 2 is fixed in place. N

o

S| N 1

19. [4 pts] On the diagram at right, indicate the direction of the
net force on magnet 1 from magnet 2. If the magnetic force
1s zero, state so explicitly. Explain your reasoning.

Experiment X

In experiment Y, a third magnet is added to the left of

magnet 2 as shown at right. Magnets 2 & 3 are fixed
N 3 S| |IN 2 S| [N

in place.

. Experi tY
20. [4 pts] Is the magnitude of the net force on ARCHIEE

magnet 1 greater than, less than, or the same as what it was in experiment X above? Explain

your reasoning.
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