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Physics 241 — Exam #2

This exam consists of 13 problems on 9 pages. Please check that you have them all.
Each problen: is worth 8 points unless otherwise noted.

All of the formulas that you will need are given below. You may alse use a calculator.
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1. An electron is moving in the z —y plane with the velocity vector indicated in the figure
below. If the magnetic force on the electron is in the +z direction, what is the direction
of the magnetic field?

y

“(a) B is along the —2z direction

(b) B is along the +z direction
(c) B is along the —z direction

(d) B is along the +y direction

(e) Bis along the —y airection

2. The Earth’s magnetic field is approximately 5 x 10™° T. Suppose that a square coil
of edge length 0.10 m is rotated with a frequency of f = 400 Hz about an axis that
is perpendicular to the Earth’s field. The induced emf in this coil will vary with time
according to £ = Vpsin(2x ft). What is V57

(a) 0.13V
(b) 3.1x 1077V -

@AWY ] |
(d) 1.3x1073V - ‘g\ rotation axis

(e) 6.2 %103V




3. T'wo long wires lie parallel to the x axis and are separated by a distance 0.15 m as
shown below. If the top wire carries a current of 2.5 A directed to the right, and the
bottom wire carries a current of 4.5 A directed to the left, what is the magnetic force
on a 1.5 m section of the bottom wire?

(a) 1.2 x 1078 N directed upwards
(b) 2.3 x 10~% N directed downwards 5

)

) l(top)
(e) 3.3 x 107 N directed downwards
(d)

)

d) 3.3 x 10~° N directed upwards
(e) 1.5 x 10™° N directed downwards

e
I(bottom)

4. A loop of wire is bent as shown — the upper portion is a semicircle of radius 0.50 m,
the bottom part is a semicircle of radius 0.20 m, and they are connected by straight
sections. If the current flowing in the wire is 2.5 A, find the magnitude of the magnetic
field at the center (at point P).

(a) 3.1x10°7 T
(b) 4.0x 1076 T
(¢) 1.6 x 1078 T
(d) 79 x 10~7 T
(¢) 5.5x 1076 T



5. This switch is open for a very long time, and then closed at ¢t = 0. What is the voltage
across the resistor just after the switch is closed?

(2) infinite e
(b) zero
(c) -V L
{d) v

(e) V/R

6. The switch in this R — C circuit is initially open and the capacitors are uncharged.
What is the current through R, immediately after the switch is closed? Assume that
Ry =2000§, R, =3000Q, Ry =1500 2, C, =15 F, and C, = 2.5 F, and that the
battery has an emf V = 3.0 V.,

Ry R,
5y /W\_W
vV —L i — _]_C
(a) zero Rs
(b) 0.46 mA
(¢) 2.0 mA
(d) 0.86 mA
(e) 1.5 mA



7. A proton is at the origin and is moving in the +2z direction. What is the direction of
the magnetic field due to the proton at a location on the z axis at x = 1 m?

) parallel to the vector & + ¢
) ~x

(c) +z
) —y

e) +y

8. Four very long 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
0.45 m, and each wire carries a current of magnitude 2.5 A. Find the magnetic field
at the center of the square (i.e., at the origin).

P
current imo/ 1 / current out

plane \ of plane
® | ®

(a) By=0, By=-22%10°T
(b) B,=0,B,=-44x10%T
() B,=0,B,=-62x10"°T
(d) B, =0, B, =+62x10°T
() B,=0,B,=-11x10%T



9. A circular loop of wire lies in the z — y plane, so that the axis of the loop lies along z.
A magnetic field of magnitude B is parallel to the z axis — this field is positive (i.e.,
along the +2z direction), and is the same everywhere within the area of the loop. If B
is decreasing with time, what is the direction of the induced current in the loop?

B 1 B

il

»”

(a) counterclockwise as viewed from above
(b) clockwise as viewed from above

(c) zero - there is no induced current

10. At what frequency is the reactance of a 1.5 uF capacitor equal to the reactance of a
0.55 mH inductor?

(a) 3.5 x 10* Hz
(b) 2.8 x 1073 Hz
(c) 1.7 x 10* Hz
(d) 1.5 x 10® Hz
(e) 5.5 x 10° Hz



11. Consider the AC circuit shown below. The AC voltage has an amplitude of Vj = 1.5V
and a frequency of f = 300 Hz; i.e.,, V = Vysin(2n ft). Assume that C =1.5x 107® F.
What is the amplitude of the current in the circuit?

V@ =L ¢

(a) 4.2 mA

(b) 350 mA
(¢) 26 mA

(d) 13 mA

(e) 20 x10° A

12. Consider the circuit shown below. The voltage of the AC source is V' = Vasin(2n ft).
If the frequency is extremely high (i.e., if f is very very large), what is the amplitude
of the current in the circuit?

R
(a) L/R
(b) —V/R /\/\/\'*_I
(c) V/R -
(d) zero L
(e) VL/R




Note: Problem 13 is worth 4 points.

13. In class we did a demonstration in which a bar magnet was inserted into, or pulled out
from the center of a loop of wire, and we observed the current that was induced in the
wire. Which of the following principles was that demonstration designed to illustrate?

(a) Inductance

(b) Coulomb’s law
(c) Faraday'’s law
(d) Ampere’s law

(e) Biot-Savart law

The End




Physics 241 Exam 2

WOV WN K
PEOHOWEHDOO

E
11. A
12. D
13. C





