Name:

Student ID:

Section #:

Physics 208 Exam 2

Oct. 31, 2007

Print your name and section clearly above. If you do not know your section number,

write your TA® name.

Your final answer must be placed in the box provided. You must show all your work
to receive full credit. If you only provide your final answer (in the box), and do not
show your work, you will not receive very many points.

Problems will be graded on reasoning and intermediate steps as well as on the final
answer. Be sure to include units, and also the direction of vectors.

You are allowed one 8! x 110sheet of notes and no other references. The exam lasts

exactly 90 minutes.

Speed of light in vacuum:

c=3"10°m/s
Permittivity of free space

" =8.85#10°°C*/N 9’
Permeability of free space

u, =4" #10° Toun/A
Coulomb constant

k=1/4"# =9$10°N %’ /C?

Magnitude of electron charge
e=1.6"10""C

Problem 1:

Problem 2:

Problem 3:

Problem 4:

Problem 5:

Problem 6:

TOTAL:

/ 20

/ 20

/ 15

/ 20

/ 20

/ 10

/ 105




1) [20 points, 5 points each]. Explain your reasoning for full credit.

Multiple choice/short answer questions.
Show your entire calculation to get full credit.
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i) Calculate the equivalent resistance between the points a and b in the figure above.

a. 14"
b.8.0"
c.6.0"
d. 25"
e. 40"
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i) A 10 V battery is connected to a 15" resistor and an unknown resistor R, as shown
in the figure above. The current in the circuit is | = 0.40 A. How much total energy is
dissipated in the 15" resistor in 2.0 min? (1 kJ = 1000 J)

0.40 kJ
0.19 kJ
0.29 kJ
0.80 kJ
not possible to evaluate because R is unknown.
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iif) Consider the circuit in the figure below. It contains 3 light identical bulbs and a
capacitor. Assume that the wires in the circuit have negligible resistance.
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You have just connected the battery and the capacitor is still completely
uncharged. Rank the brightness of the light bulbs A, B, and C as bright, dim, no light.
[Hint: it may help you to draw the equivalent circuit considering the behavior of the
capacitor when it is uncharged)].

A:
B:
C:

Explanation:

iv) Which of the diagrams correctly shows the magnetic field lines created by a circular
current loop in which current flows in the direction shown?
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(a) (b) (c) (d) (e)

Explanation:



2) [20 points total]

A large parallel-plate capacitor is configured as shown below, to create a region of
space (between the plates) whose potential is not constant. It has a capacitance of
10pF, a charge of 0.01nC, and a plate separation of 0.2 cm. The top plate is at
y=0.1 cm, and the bottom plate is at y=-0.1 cm.

You may assume that the potentials and fields are the same as for an infinite capacitor.

y
4 0.1cm +0.01nC
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i) Calculate the electric potential difference Vg-Va between points A (x=-0.05cm,
y=+0.05cm) and B (x=+0.05 cm, y=-0.05 cm).

Value Units

VB-VA =




i) The region between the plates is instantaneously filled with seawater of resistivity
0.25" -m. Ignore any change in capacitance due to this seawater.
Calculate the total current through the seawater immediately after it replaces the air.

Value Units

iii) Does the charge on the upper plate get larger or smaller as a result of this current?
Explain. [Hint: this is a lot like the cell membrane we looked at in class b there current
flowed through ion channels in the cell membrane. Here current flows through the
seawater.]

iv) As a function of time, will this current increase, decrease, or stay the same? Explain.



3) [15 points total] Short problems:

A) [5 points] How many electrons pass through a 20 " resistor in 10 min if there is a

potential drop of 30 V across it?

Value

B) [5 points] Determine the energy stored U by C, in the circuit in the figure below

when C]_ =20 IJF C2 =10 I.lF, C3 =14 I.lF, C4 =30 I.lF, and Vo=45V.

i
i

Value

Units




C) [5 points] Three long wires parallel to the x-axis carry currents as shown. If | = 1 A,
what is the magnitude of the magnetic field at x=0, y=0 (indicated by a dot) and how
is the net magnetic field directed?

"
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Value

Units

Direction




4) [20 points total] A parallel plate capacitor has plates of area A = 5 cm? with
separation d = 1Imm between them and air in-between. The capacitor is charged
connecting it to a DC power supply of voltage Vo = 10 kV. It is then disconnected

from the power supply and the plates are pulled apart to a separation 2 mm without
discharging them.

1) Calculate the initial value of the capacitance of this capacitor.

Value Units

2) Calculate the magnitude of the charge on the plates.

Value

Units




3) Calculate the work needed to pull apart the plates from 1 mm to 2 mm.

Value

Units

4) Calculate the potential difference between the plates when the separation is 2 mm.

Value

Units
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5) [20 points total] In the semi-classical description of the atom by N. Bohr, an
electron is orbiting on a circular path of radius R = 0.53 x 10*° m around the
nucleus with speed 2.2 x 10° m/s.

<

a) The electron motion in the atom is a current. Calculate the value of the average
current.
[Hint: you need to calculate the time to complete one orbit]

Value Units

Iave -

b) Calculate the magnitude and direction (see figure above) of the magnetic field at
the center of the atom considering the electron motion as a circular loop of
current and assuming a value of the average current of lae = 3 MA.

Value Units Direction

Been =
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c) Now we switch on a uniform magnetic field B=10 T. Still assume that lae = 3 mMA
in the loop. The B-field is at an angle of 45 degrees from the normal of the
circular loop in the yz plane of the reference frame, as shown in the figure. The
loop is in the plane xz and the normal to the surface of the loop is along the y
axis. Which is the magnitude of the torque acting on the loop and its direction?

B
Jf 0 =45deg
>

n

Value

Units

Direction

d) Calculate the potential energy U, ., " U...x Change from the initial position to the
equilibrium final position. The energy is that of the current loop in the magnetic

field at all times.

Value
including sign

Units
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6) [10 points] Consider the circuit in the figure, where all resistors are 2 " .
a. Calculate the power dissipated in each resistor.

R,=2.00 £2

Value Units
Pri=
Value Units
Pro=
Value Units
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b. Show that energy is conserved in the circuit by demonstrating that the power
provided by the batteries is exactly equal to the power dissipated in the resistors.

Pr1+Pr2 +Prs=

Value

Units

Value

Units




