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2. Two students, A and B, live in rooms right next to each other in a college dormitory. They decide
to save money by connecting the ceiling lights in their rooms together in series (as opposed to
parallel as they would be normally). Initially, they agree they will each use 100 W light bulbs and
then they will simply share the electricity cost each month. However, both students decide to try
and get better lighting at the other student’s expense: Student A installs a 200 W lightbulb and
Student B installs a 50 W lightbulb.

a) Which student made the wrong choice, and in fact created a worse light/cost situation than if he
would have stayed with the original agreement to use 100 W bulbs? /
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b) Will the overall electricity bill for the two rooms be greater, less, or the same with one 200 W
bulb and one 50 W bulb as compared to the original agreement of two 100 W bulbs?
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3. Two identical charges, both are +g, are a distance L apart. Is it possible to place a third charge g’
somewhere such that none of the charges experiences any force? If so, what is ¢’ and where should
it be placed? If not, why not? (Note that " can be + or -, and can be greater or smaller than g).
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4. A point charge +q is at the center of an uncharged spherical conducting shell (hollow). There is a
point charge +Q outside the shell. (a) Does +Q experience a force? (b) Does +¢ experience a
force? (c) If there is a difference in the forces experienced by the charges, reconcile your answer
with Newton’s third law.
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3. The circuit contains three identical light bulbs, all

with a certain resistance, R, and an ideal battery, €.
The switch S is just a piece of wire (it has
small resistance), and initially it is open.S\When the )
witch is closed, do the following increase,
decrease, or stay the same? You must explain your €7 \"
choices and reasoning: G

a) The brightness of bulbs A and B e
b) The brightuess of bulb:C SRS

¢) The current through the battery

d) The potential difference (voltage) across bulb A, across bulb B, and across bulb C

e) The power dissipated (lost) in the circuit
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4. Two parallel plate capacitors, AB and CD, are only different from each other in that the plates of
AB are separated by 5.0 mm and the plates of CD are separated by 2.0 mm (all the plates
themselves are very thin). Capacitor AB has a capacitance of 20 pF (pico = 10™%). The two

capacitors are initially charged, giving plates A and C each anet charge of (+1.0 nC) and plates B
and D each a net charge of (—1.0 nC). Capacitor CD is then placed in between the plates of AB, in
the exact middle of its plates, without allowing any of the plates to touch each other. What do the
two voltages Vap and Vcp become as a result of this process (V ap is the voltage between plates A
and B, V¢p is the voltage between plates C and D)? =

Hints: 1) the net charge on any given plate cannot change during this process because the plates do
not touch each other or anything else, but the charge on the regions of any two plates that are
directly opposite each other must be equal and opposite; 2) once capacitor CD is placed in between
the plates of AB there are actually three capacitors connected together.
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Problems. Choose only 3 of the following 4 problems to work for credit. Show all your work. Be
sure to make it clear which 3 problems you want graded. Each problem will be graded on a scale
from 0 to 5. Don’t forget the bonus question at the end!

1. A beam of electrons is sent through the region separating two charged plates, as seen in the figure
below. The plates are separated by a distance of 0.75 cm and have a length of 3.0 cm. The lower
plate is held at a higher potential (+V) than the upper plate (0 V). The initial speed of the electrons

is 4.5 x 10° m/s.

v,=4.5x10° m/s

N= +V
What will happen to the electrons as they pass through the region between the plates? /
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If the electron beam enters at the midpoint (y-direction) between the two plates, what minimum
potential difference (i.e. what is the minimum for +V) is needed to ensure that the electrons are
captured before they can exit the plates region. Basically, we want the electrons to hit one of the plates
before they can exit the plates region.
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5. The following circuit has three identical light bulbs connected to an ideal battery. (2) How do the
brightnesses of the three bulbs compare? (b) Which bulb has the most current through it? (¢) What
happens to the brightness of 4 and B when C is unscrewed (removed from the circuit)? (d) What
happens to the brightness of B and Cif A is unscrewed?
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6. When an RC circuit is connected to a battery, the circuit draws current until the capacitor is fully
charged. (a) Is the amount of energy stored in the capacitor larger than, equal to, or smaller than the
energy given to the circuit by the battery? Explain. (b) Do the values of R or C in the circuit have
any effect on the amount of energy stored in the capacitor compared to the amount of energy
delivered by the battery? Explain.
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Short Essay Conceptual Questions. Make sure you explain your answers as thoroughly as is
necessary — “correct” answers are not sufficient, you must explain your answers as well. You are
allowed to eliminate one of these questions, but you must answer all the others. Be sure to indicate
which question you choose to eliminate. Each question will be graded on a scale of 0 to 3.

1. In the figure below, two uncharged conductors of identical mass and shape are suspended from a

ceiling by insulating strings.
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The conductors are then given charges g,=Q and ¢,=3Q and allowed to move freely. (a) After
charging, which of the angles 6; and 6, that the two strings make with the vertical is larger, or are
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The two conductors are then brought together and made to touch, and then allowed to move freely. ¢ o

(b) Which of the two new angles 8, and 8 is the larger, or are they equal? (¢c) How do the angles
#; and 6, compare with the old angles 8, and 6,? e i
vty P % (0,) .

o 6\/ (s Aaxoge( becange X vl push

e “ L econs @ Q’\/‘ \S \("’*ﬁ/ o
m{ pioid 6 . : { S \J ‘J\g,\/\ NV

o O B S
TWAYY D r.‘,,}ﬁ { RO

o\\,é\ O\(’ \/\af ;-\ “)\"{04’ @‘. W \ " 3(\/& D\f\l"sw&{
f crotg eherys Cemois OWY O

Wz 3 \‘,ﬁ C (,‘I\'f' b

Sy */a al<

Sad \C\/

2. (a) If the electric field E equals zero at a given point, must the electric potential  also equal zero at

that point? (b) If the electrlwbﬁtmngro does that mean there are no
charges near the pointXGive-examples to prove your answers.
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