Physics 2135 Exam 3

November 15, 2016
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.

B 1. The three wires shown carry identical currents | in the directions @I
indicated. For which of the three paths a, b, and c is the line integral <.f>l§-d§ ro O
equal to zero? '\ b a

[A] a only [B] b only R €
[Clbandc [D] a, b,and ¢ TTeeeeeeet -

C 2. Two solenoids both have n turns per meter. Solenoid 1 has radius R and carries current I,
producing a magnetic field B1. Solenoid 2 has radius R/2 and carries current 21, producing magnetic
field B>. What is the ratio B»/B1?

[A] 72 [B]1 [C]2 [D] 4
lo
——)
A 3A long straight wire carries a constant current lo. A conducting rectangular l 1
loop is pushed away from the wire as shown. The induced current in the loop is M
[A] ) [B] ) [C]® [D] ®

C 4.The figure to the right shows the magnetic field of an electromagnetic wave at a
certain point in space and a certain instant in time. If the wave transports energy in the +x
direction what is the direction of the electric field at this point and instant?

[A] +z [B] -z [C] +y [D] -y

B

z

ABCD 5 |t is well-known that a dropped cat always lands feet first and a peanut butter sandwich
always lands peanut butter side down. If a peanut butter sandwich is strapped to the back of a cat
(peanut butter facing away from cat) and both are dropped into a 10 T vertical magnetic field, the cat-
peanut butter system will

[A] levitate [B] rotate [C] float [D] spiral down
Note: no cats were harmed in the making of this exam.
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6. (40 points total) Four long, parallel wires are arranged as shown
in the diagram. Wire 0, along the z axis, carries current lo out of the
page (+z direction). Wirel carries current 11 out of the page. Wire 2,
carries current I, out of the page. Wire 3 carries current I3 into the
page. All currents are equal in magnitude, lo=li =l =13=1.

Show starting equations the first time you use them.

(@) (5 points) Find the magnetic field at point (0,0,0) due to wire 1. Express your answer in unit

vector notation.
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(b) (5 points) Find the magnetic field at point (0,0,0) due to wire 2. Express your answer in unit

vector notation.

H’: DI?. »
B

Ny

2o 4

(c) (5 points) Find the magnetic field at point (0,0,0) due to wire 3. Express your answer in unit

vector notation.

I
B> /D

2 (20

A_r;J’:O_Jﬂ_-—"\-
L ‘fﬁhgl

(d) (5 points) Find the total magnetic field at point (0,0,0) due to wires 1, 2, and 3. Express your

answer in unit vector notation.

~ > o T A /401:;\ T a
- ¥ = —_ —_— 4+ J— =
By, = B+ B. Bs ’{;;,L i e T g

FACREY,

(e) (5 points) Circle the arrow below that best describes the direction of the total magnetic field at

point (0,0,0).

e O A

(F) (10 points) Find the magnetic force per unit length on wire 0. Express your answer in unit vector

notation.
8

P=TLx¥ = Ilk« /%’; (A+7)

(5 T,
T Ao (9-*)’

(9) (5 points) Circle the arrow below that best describes the direction of the magnetic force on wire 0.

bl e =N (N
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7. (20 points total) Two wires insulated from each other carry different I1 \R 1
currents Iy and Iz as shown in the figure. The small distance between the

. y — 4 —
parallel segments can be neglected. Use the Biot-Savart Law to calculate l 2 'R I2
magnetic fields, and express your answers in unit vector notation. ; % ]

(@) (5 points) What is the magnetic field at point P due to the straight sections of the wires?
—, »~

‘il r el T 7S 0° or jgo°

(b) (15 points) What is the magnetic field at point P due to the curved sections of the wires?
A
g I
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8. (20 points total) A long straight cylindrical conductor of radius 2R with a hole
inside of radius R carries a uniformly distributed current density J directed into
the page. The diagram shows a cross section of the conductor.

(@) (5 points) What is the direction of the magnetic field at point P, which is a
distance of 3R from the center? (circle one below)

\2 «— —

(b) (15 points) Use Ampere's Law to calculate the magnitude of the magnetic field at a distance of 3R
from the center.

BT = ML
B@m)BR) = MoT Agpy = )&,J'Ir L[Z».)C;QZJ = /4033'?‘”3”

ELLINN P
(TR




X X X
9. (40 points total) A rectangular loop of wire of width w, height H, and X B _X
resistance R travels at constant speed v into a uniform magnetic field B. I@_v % A % x % i
The plane of the rectangular loop is perpendicular to the magnetic field, w X X X ” X
which is directed into the page. (All solutions MUST start with OSE’s W X XX
and MUST be expressed in terms of the given parameters.) X X X
(@) (5 points) At the moment the rectangular loop enters the magnetic field region, ><>< B X v X
an emf is induced which causes a current to circulate around it. What is the X X X
direction of the induced current while it is moving into the magnetic field (i.e., :ﬂJL X X «
while the right side is immersed in the field and the left side is not)? (Circle one : X x 7 x
of the following four options) X % X X X A

- (O & O

(b) (15 points) Calculate the magnitude of the current induced in the loop while it is moving into
the magnetic field.

d)( - x is defined here
\g\gl-%lz ‘o\%)l - Bldg};‘l‘ - BH‘G—&\«-—BHW defined h

¢ =IR
T-% | Bl
R R |

(c) (15 points) What are the magnitude and direction of the total magnetic force exerted on the loop
while it is entering the magnetic field?

BT A% Y @5 \
A 5| "
FB = LTHB ;"-
-B'IHL %‘ﬁﬁ Jan
- - ~ U
- (B‘B,é"v) B = = horizont |
Sﬁm‘ﬁ Cﬂ-tce’.

(d) (5 points) Once the loop is entirely in the region of uniform magnetic field, what is the magnitude
of the current I induced in it.

no Flux c)«a,rtje = £:0 D |T 20
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transparent hemispherical domes, as shown in the diagram. The dome has a radius of

10. (40 points total) A particular string of holiday lights uses LEDs covered by
r
7.50 mm and the LEDs convert electrical energy to light at a rate of 0.096 W. The /

LEDs radiate uniformly into the hemisphere of the dome. =

(@) (10 points) Find the wavenumber and angular frequency if the LEDs are emitting
red light with a wavelength of 650 nm.

K‘" ?..'7 = -—31—--—- :s‘%G?)(IOG m“']

s_ ——
Wsomk = 208 o o 3kw0d \ 5 ool /s W
ZTFF N 2 LD X194 2.?)“0 mO(-/ or

(b) (10 points) What is the intensity of the radiation at the surface of the dome?

T = P . P __]i _ 0. 096
A LamRY e 27 (75%10%)*>

(c) (10 points) What are the amplitudes of the electric and magnetic fields at the surface of the dome?

I-= JJ:QGDEM

m———

r 2 () ) \ v
(3x10%)(P .85 007 w3y

'ma = rEm’x - 53 - )X 19~ =\I.S/JC;0—G7' ’
< 3x 108

(d) (10 points) What average pressure does the light exert on a perfectly absorbing speck of dust

resting on the dome?

Fad ¥ = = _ )‘707x10 Pa l
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