+Physics 2135 Exam 3

November 17, 2015
Exam Total Printed Name: Key

200 /200 Rec. Sec. Letter:  N/A

Five multiple choice questions, 8 points each. Choose the best or most nearly correct answer.

C 1. An electron is moving with a speed v in the +y direction. What is the y Vl p
direction of the magnetic field due to the electron at point P, a distance D from €«---->e
the electron in the +x direction? D

[A] T [B]4 [C]® [D] ®
: . : : P

D 2. Two long, straight parallel wires carry currents in opposite i | iD
directions. The current in the upper wire is | and the current in the >
lower wire is 21. The wires are a distance D apart. What is the magnetic i D
field at P, located a distance D above the upper wire? 2|

Al 2o B8] 2 [c] 2*! [D] zero
27D 27D 27D
B 3. Asquare conducting loop of wire is inside a circular conducting loop. At the \I

instant shown, the current I in the circular loop is clockwise and increasing. What is the
direction of the induced emf in the square loop?
Al ) 6] [C]® [D] ®

A 4. The wavelength of the electromagnetic waves emitted by a radio transmitter is 500 m. What
is the frequency of the waves?
[A] 600 kHz [B] 6x10™° Hz [C] 1.67 MHz [D] 1.67x10° Hz

ABCDS5. What is causing the dog to levitate?
[A] It has a linear induction motor embedded in its chest.
[B] Don’t you remember, the answer is always magnetism?
[C] Little conducting coils in its paws in which eddy currents that
oppose the magnetic field of Earth are induced.

[D] Bacon. | smell bacon!
Note: no living creatures were harmed during the composition of this problem.
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y solenoid

6. (40 points total) The diagram shows an end view of a long solenoid
with radius 2a, carrying a counterclockwise current 1o, and having
windings with n turns/meter. Wire 1, running along the z-axis, carries a
current 1, out of the page (+z direction). Wire 2, running parallel to the z-
axis and above it a distance a along the y-axis, carries a current I, out of
the page. The origin of the coordinate system is at the center of the
solenoid. Show starting equations.

XV

(@) (15 points) Find the magnetic field at point (0,0,0) due to wire 2 and
the solenoid. Express your answer in unit vector notation.

, T - -~
Bw;,‘ N /%i‘f Bso'lma?a( b /M i
— —

—
PBooc = Bmng + BsJenord
=> T, ~ A
Buo = At i 4 T, a

(b) (15 points) Find the magnetic field at point (0,a,0) due to wire 1 and the solenoid. Express your
answer in unit vector notation.

— ~ g
Bow = BMTPG! + ‘st'ene)?cf

(c) (10 points) Find the magnetic force per unit length on wire 2.
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current

7. (40 points total) A cylindrical conductor of radius R carries current as

shown in the diagram. The current density J through the cross sectional area

of the conductor is given by J(r) = br where b is a constant and r is the radial |:/
distance away from the central axis.

(@) (5 points) Find the current dI that passes through a ring of width dr at radius r<R.
The diagram below and to the right shows a cross section of the conductor.

dL = Fah = (be)(anr de) = |05 e | Q’

(b) (5 points) Calculate the current passing through a cross section of radius r<R of the cylindrical
conductor. Express your answer in terms of b, r, and constants.

g Y
L= (dr = [orbeide < bl = | 2mbr’
2 0 3 2

11 S ’
Thisr va Aummy variable

(c) (15 points) Use Ampere’s law to calculate the magnetic field inside the cylinder
(r<R). Express your answer in terms of in terms of b, r, and constants.

§'§"0’E :/40 Ie/nc-l

B = M 2173_5:3

iB: ﬂ_g”l) Direchsn of f?h s 'fﬁnje-.”’ t ey of vadiss v Conbered on o/’s‘fwforaxfs

(d) (10 points) Use Ampere’s law to calculate the magnetic field outside the cylinder (r>R). Express
your answer in terms of in terms of b, r, R, and constants.

"\a}”: T < —
$% MoLeact b —-/‘""LRBK
Bare = MT(r=R) = Mo =5 B=/>—

rechor o B0 tanent Ho circle of
mwsov'c:mwio! - )indor ORI

(e) (5 points) Which of the three graphs below shows the magnetic field vs. radial distance for this
conductor? Circle the correct graph
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8. (40 points total) A rectangular coil with 200 turns, linear
dimensions D =12 cm and H = 8 cm is at rest, exactly half in a
region of uniform magnetic field B which points into the page
(see picture). The magnitude of the field is decreasing at a
constant rate of 0.25 T/s. The total resistance of the coil is 6 Q.

(@) (5 points) What is the direction of the current induced in the 2 D D >
coil? (circle one)

@ ® ) ®

(b) (15 points) Calculate the magnitude of the EMF induced in the coil and the current flowing in the
coil.

I IS - T"'E ‘\EJ ll
0017 ha}'i A} M '

.0 _|gouk
TR |

(c) (5 points) What is the direction of the net magnetic force exerted on the coil by the magnetic field
(circle one)?

) g ® @

(d) (15 points) Calculate magnitude of the magnetic force exerted on the coil by the magnetic field at
an instant when the magnitude of the magnetic field is 0.5 T.

o 'ﬁﬂ‘a
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9. Electromagnetic wave calculations (40 points total).

(a) (10 points) The power output of the sun is 3.9x10% W. Find the intensity of sunlight striking Mars
at midday if the distance between the sun and Mars is 2.28x10" m. Begin with the appropriate OSE.

. F ‘ 2
I"X: i ) 390 5?7%/‘!

1 b=
MR s 4 (2,29 X10") LA

1l

(b) (15 points) An unknown volume of water is found to require 2340 kJ of energy to be totally
evaporated. The same volume of water is placed in a cylindrical pan of cross sectional area 0.5m? and
left outside to evaporate. Assuming that all the energy required for evaporation comes from the sun’s
radiation, determine the average intensity of the sunlight incident on the water if the water evaporates
in two hours.

7! . K& . E 240 107
A A At (05)[2e0w0)
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oavpet houes
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(c) (5 points) An electromagnetic wave emitted by a cell phone has an electric field amplitude of 50
mV/m at a distance of 3.0 m from the phone. What is the magnetic field amplitude at the same point?

_ -3\ Ves
19 onks O‘F ___:S whll wol
Bs E - 20100 :}nwxw‘ 'r) ‘ w
C 3x )8 ) _ be counted as wwed,
(d) (10 points) The intensity of sunlight striking the earth at midday is about 1300 W/m?. Find the

force due to the electromagnetic radiation of the sun on a flat totally absorbing roof with area
1200 m?,
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