Exam Notes:

e This is a closed books, closed notes exam. No cheat sheets, please!

e Show all work, clearly and in order. Circle or otherwise indicate your final
answers.

e Make sure to include units in your answers, when numerical values are given.

e Always take a few moments to double-check that your responses make sense. |
\
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o Good luck!
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Potentially useful equations and constants:

- -

Biot-Savart law: dB = %:ﬂlﬁﬂ Lorentz force; dF = Idl x B (or, F = qU X B)

pio = 4 x 1077 T-m/A

Maxwell’s equations:

‘ f E- dA = (%
: )fﬁﬁB -_(‘IA =)
i j,E.(]]:_i’i!i

dt

35 B-dl = pol + /10(“%}’4

Motional emf: d€ = (1’7 % ﬁ) vl
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Part A

i Vhat is
iform magnetic field. V
: g ing at an angle of 80° to a unifor g et of the
1. (2 points) A proton is moving and the direc

irecti e proton
the relationship between the direction of the force on the p ’
magnetic field? l o

| 40
Arperetiob-to-the-magmetic-field—
B. at an angle of 10° to the magnetic field
C. at an angle of 80° to the magnetic field
D. at an angle of 180° to the magnetic field
erpendicular to the magnetic field

. 1 'C
2. (2 points) Three particles travel through a region of space where a uniform magneti

field is out of the page, as shown below. The electric charge of each of the three particles
is, respectively,

A. 1is neutral, 2 is negative, and 3 is positive. X
B. 1 is neutral, 2 is positive, and 3 is negative. X

C. 1 is positive, 2 is neutral, and 3 is negative.

D. 1 is positive, 2 is negative, and 3 is neutral. X
1 is negative, 2 is neutral, and 3 is positive.

oints) Two long parallel wires placed side-by-

side on a horizontal table carry iden-
currents in opposite directions. The wir

€ on your right carries current toward
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4. (2 points) The figure shows three long, parallel, current-carrying wires. The current
directions are indicated for currents I; and 3. The arrow labeled F represents the net
magnetic force acting on current I3. The three currents have equal magnitudes. What
is the direction of the current I,?

A. vertically upward
B. vertically downward

into the picture (in the direction opposite to that of I; and I3)
D. horizontal to the right

E. out of the picture (in the same direction as I; and I3)

&
e

) A very long, hollow, thin-walled conducting cylindrical shell (like a pipe) of
carries a current along its length uniformly distributed throughout the thin
ich one of the graphs shown in the figure most accurately describes the mag-
of the magnetic field produced by this current as a function of the distance r
entral axis?




Physic

- B |

Apri .
Physics 1C Mid-term Exam 1 - Page 4 of 12 pril 27, 201+
Yy

7. (2 points) The figure below shows the time e\.rolutllon of a u?llforrz Izlag;itgcﬁfé%d-p i(::z
particular instants labeled ¢4 to tp are also identified o Ll lz t'he feld. At what
through a circular coil whose normal is parallel to the dlrectlo?n ¢ 2
time does the current induced in the coil have the largest value

d0y e o ~
T '

t{s}

A. Thp current is the same at all these times.

B ,
1()3 :B 3 la“jﬁé){’ MQ?h({’Uti(_

B ip

8. (2 points) A metallic frame moving along the positive direction enters a region of space
with a uniform magnetic field pointing in the positive z-direction as shown below. In -

w}{aﬁ direction should a force be applied to the frame to keep it moving at a constant
d while it is entering the field?

N

Mes S0
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Part B

1. (12 points) A positron, i.e., a positively charged electron with charge e and mass M, 18

accelerated by an electric field acquiring final kinetic energy E. It is then projected into
a uniform magnetic field B with its velocity vector making an angle ¢ with B (see figure
below). Derive expressions for the following characteristics of the positron’s helical path

(a) (5 points) the period,
(b) (4 points) the radius r, and
(c) (3 points) the pitch p (=the “height” of one complete helix turn).
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Part C

L. (13 points) A rectangular loop of wire carries a 2-A current and lies in a plane which
a 5O contains a very long straight wire carrying a 10-A current as shown below.
[Hint: The magnetic field strength away from a infinite straight conductor is B = E“—I]
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% (a) (2 points) Draw on the figure the direction of the magnetic force on each side of
the loop, if any.

,Z*) (5 points) What is the net force acted on the loop due to the straight wire (mag-
nitude and direction)? ¢

) points) What is the loop’s magnetic dipole moment (magnitude and direction)?
‘points) What is the net torque on the loop due to the straight wire?

yoints) By what angle about its long axis (dashed line in figure) would you rotate
loop to maximize the net torque?
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.11 i : v
gx?vp_omgs) A ?0113,‘ straight, solid cylindrica] conductor of radius R, is
S In the z—dlrectlon, and it carries a uniformly distributed total curr

(a) (4 points) Determine the magnetic fiel
outside (R; < r) the cylinder.

(b) (4 points) Assume now that the current density is not uniform
pends on the distance r from the cylinder’s center
What is now the magnetic field in terms of the tot
and outside (R; < r) the cylinder?

(¢) (5 points) Imagine that the cylinder of part (b)
drical tube of inner radius Ry and outer radius Ry (see figure below). If the current

density in this tube is given by Jo(r) = —Cyrk with a total current Iy, determine
the magnetic field in terms of Iy for Ry <r < R4

oriented with its
ent I,.

d in terms of I, inside (0<r < R) and

anymore but de-
as Ji(r) = Cirk, for 0 < r < R,.
al current [, inside 0<r<R)

is surrounded by a concentric cylin-

(d) (3 points) For the coaxial cable of part (c) (see figure)

, determine the magnetic
field in terms of I, for R < r.

Note that the constants C; and C5 are not known.
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1. (13 points) In a certain region of space near Earth’s surface, a uniform horizontal mag-
netic field of magnitude B exists above a level defined to be y = 0. Below y = 0, the
field abruptly becomes zero (see Figure). A vertical square wire loop has resistance R,

uniformly distributed mass m, diameter d, and side length ¢. It is initially at rest with

its lower horizontal side above y = 0 and is then allowed to fall under gravity, with its
plane perpendicular to the direction of the magnetic field.

(a) (2 points) Find the magnitude of the emf induced in the loop, before its lower
horizontal side reaches y = 0.

2 points) Repeating the same experiment but this time releasing the loop from
with its lower horizontal side at y = 0, in what direction does current flow, if
7 Briefly explain.

points) While the loop is still partially immersed in the magnetic field (as it falls
e zero-field region), determine the magnetic “drag” force that acts on it at
oment when its speed is v.

s) If you know that the loop reaches a terminal velocity vy before its upper

de exits the field, find a expresmon for VL, o R
‘L8 AN
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