Physics 241 — Exam #2

March 30 2006

This exam consists of 13 problems on 9 pages. Please check that you have them all.
Each problem is worth 12 points unless otherwise noted.

All of the formulas that you will need are given below. You may also use a calculator.
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1. An electron has a velocity along the —z direction, in a region where the magnetic field
is along —y. What is the direction of the magnetic force on the electron?

a) The force is zero

(
(b

)

) The force is along the +x direction
c¢) The force is along the —z direction
)
)

(
(d

(e) The force is along the —y direction

The force is along the +y direction

2. A very long straight wire carries a current I(top) = 8.5 A to the right as shown below.
A parallel wire (also very long and straight) carries a current I (bottom) = 3.5 A to the
left. The wires are separated by a distance D = 0.55 m. What is the magnitude of the
magnetic force on a 2.5 m long section of the top wire?

y
(a) 270 N I(top)
(b) 3.1 x 107" N =
(c) 1.7x10™* N D
(d) 2.7 x10° N X
(e) 1.1 x 10 N
-
[ (bottom)



3. Four wires, each of length . = 2.5 m, are connected to form a square metal loop as
shown. Each wire has a resistance R = 750 2. A magnetic field of magnitude B is
directed perpendicular to the plane of the loop, and into the plane of the drawing.
This field varies with time as B = 0.65 — 1.5t where the field is measured in tesla and
time in seconds. What is the magnitude of the force on one of the straight sections of

the loop at t = 07

4. Four very long straight wires are directed perpendicular to the plane of the drawing
below. The points where these wires cross the plane of the drawing form a square of
edge length L = 40 cm. Each wire carries a current of magnitude 2.5 A. Find the
magnetic field (direction and magnitude) at the center of the square.

©)

@;\

current out

current into/

plane

@/

a) 7.0 x 107% T directed towards the bottom of the figure.

(a)
(b) 2.5 x 1075 T directed towards the lower left of the figure.
(c) 1.7 x 107¢ T directed towards the lower left of the figure.
)
)

(d) zero

(e) 3.5 x 107¢ T directed towards the lower left of the figure.

of plane

®



5. Consider the circuit shown below with V = 9.0 V, Ry = 3000 €, R, = 7000 €2, and
L = 7.7 mH. This switch is closed for a very long time. What is the energy stored in

the inductor?

(a) zero

(b) 6.9 x 1078 J
(¢) 1.2%x 1075 J
(d) 3.0x 1073 J
(€) 3.5x 1078 J

6. Two infinite uniformly charged planes are separated by a distance L. The plane on
the left has a charge per unit area of +20, and is at V' = 0. The plane on the right
has a charge per unit area —o. What is the potential of the plane on the right?

+20 -0



7. A loop of wire lies in the x —y plane. This loop has a current I that circulates counter-
clockwise as viewed from above (along +z). What is the direction of the magnetic field
at point A on the x axis?
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8. A proton (charge = +e = +1.6 x 107! C) travels in the z — y plane as shown below
with a speed of 250 m/s. There is a magnetic field of magnitude 2.5 T along the +z
direction. What is the direction and magnitude of the magnetic force on the proton?
Note that the +z direction is out of the plane of the drawing, toward you.




9. The axis of a current loop is parallel to the z axis, and the loop is centered at the
origin. A very long straight wire runs parallel to the x axis and lies in the x — y plane
as shown. The current in the wire is in the +x direction, and is decreasing with time.
What is the direction of the induced current in the loop?

a) counterclockwise as viewed from above

(a)

(b) clockwise as viewed from above

(c) zero - there is no induced current

(d) oscillates between clockwise and counterclockwise
)

(e) not enough information to tell

10. An L — C circuit contains a single inductor in parallel with a single capacitor. The
inductor has an inductance of 0.55 mH and the circuit has a resonant frequency of
250 kHz. What is the capacitance of the capacitor?

(a) 29 x 108 F
(b) 1.7 x 104 F
(c) 74x 10710 F
(d) 1.5x 109 F
() 5.5x 108 F



11. Consider the AC circuit shown below. The AC voltage has an amplitude of V5 = 1.5 V;
e, V =Vysin(2m ft) where f is very very high. If the amplitude of the current in the
circuit is 5.7 mA, what is the resistance R of the resistor?

i

12. Consider the LC circuit shown below with L = 2.5 mH and C' = 7.5 x 107° F. At
t = 0 the current is 45 mA while the charge on the capacitor is zero. A short time
later the current is zero; what is the charge on the capacitor at that moment?

(a) 1.9x 107 C
(b) 8.4 x 1071 C
(¢) 4.5 x 1072 C
(d)

)

d) 7.3 x107%C C

(e) zero




Note: Problem 13 is worth 6 points.

13. Which fundamental law of electromagnetism explains how a generator produces an AC
electric potential difference?

(a) Ampere’s law
(b) Coulomb’s law
(c) Faraday’s law
)
)

(d) Gauss’ law

(e) Biot-Savart law

The End



