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PHYS 2135 Exam il

Exam Total November 15, 2022

Name: Section:

1200

For questions 1-5, select the best answer. For problems 6-10, solutions must begin with an
Official Starting Equation, when appropriate. Work must be shown to receive credit.
Calculators are not allowed. Use appropriate units. Provide answers in terms of given variable
and fundamental constants.

(8) C 1. The way that electric generators produce electrical energy is best described
by
[A] Ampeére’s Law
[B] Gauss’ Law for magnetism
[C] Faraday’s Law
[D] Biot-Savart Law

(8) D 2. A single circular loop of wire is perpendicular to a uniform © ©
magnetic field Bout directed out of the page as shown. If the magnitude Bout
of the field is decreasing, then the induced current in the wire is ® ®
[A] directed out of the page
[B] directed into the page
[C] clockwise around the loop © ©
[D] counterclockwise around the loop

(8) A 3. A square loop is placed in a uniform magnetic field directed
upward. A constant current, o, is maintained in the loop. Which is T 1 r 1. 1B
|

true about the net force and net torque on the loop?
[A] the net force is zero, but there is a net torque ¥
[B] there is a net force, but the net torque is zero
[C] there is a net force and a net torque

[D] the net force is zero and the net torque is zero Iy

(8) Cc 4. The wires shown carry the current indicated either
into or out of the page. For which path is the magnitude of

- = P iA ey
$B-dl greatest? B[O\ 5@

[A] A ; i

[B] B

[C] C ; "_"\/ - :

[D] D LI < A D
(8) 5. (Free) In 1908, a giant explosion occurred at Tunguska (Siberia) that was

estimated at between 10-15 megatons and felled approximately 6 million trees in an

area over 2000 square kilometers. Some believe Nikola Tesla was responsible for the

explosion. Most likely

[A] they are correct-never anger a physicist

[B] they are nutcases, it was obviously the result of a meteor or comet

[C] nope, nope, just UFOs having some fun
[D] it was really a miniature black hole that passed through the earth
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A

An electron is moving with a speed v, in the — x Vo «—g@ CleCtron
direction and a proton is moving with a speed v, in
the — y direction. At a certain instant in time the a Proton
electron is at y = a and the protonis at x = a as
shown. Tt L ]
a. Determine the direction of the magnetic field a

at the origin O due to the Ve

electron. —k
b. Determine the direction of the magnetic field at the origin O due to the

proton.

—k

C. Determine the direction of the magnetic field the electron produces at the

location of the proton.

—k

d. Determine the magnitude of the magnetic field the electron produces at

the proton. o€V

L N ~ 8v2Zna?
= Mo qUXT  pgevg(=i) 1—7j "
B =— =— X
4 1? 4 2a? V2

e. Determine the magnetic force that the electron exerts on the proton. Use

unit vector notation. > 2

2 Ho€ Vg
N - ‘quUO ~ F= 8\/?7'[0,2 :
F =qv X B = evy(—)) x —k
q o(N X o= (<R

f. Transmission lines can carry large currents. Some people have concerns

that there may be health problems if these transmission lines are near

their homes. Assume a line has a current of 140 A
and the line is 8 m above the ground. Determine the
ratio of the magnetic field produced by the line at the
ground to the earth’s magnetic field, which is

5 x 107°T . Give a numerical value.

BL—007
B

-7
_ #ol _ (4mx1077Tm/A)(1404) _ 35 % 10-7T
21 21 (8m)

L
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7. A long, straight, hollow cylindrical conductor of inner radius a and outer radius
b > a carries a current Ip along its length. The current is uniformly distributed
throughout the cross section of the conductor. In each region, begin with an
appropriate law and derive the magnitude of the magnetic field in the

region.
(10) a. Calculate the magnitude of the magnetic field on the axis of the conductor
(r=0).
B=0
%ﬁ'd‘i:ﬂolenc =0
(15) b. Calculate the magnitude of the magnetic field inside the conductor, at a
distance a < r< b from the axis of the conductor.
= > . tolo(r? — a?)
ng-dA—uolenc B = —ar
B(2rr) = ol nr? — ma?
)= Holo\ p2 — g2
(15) c Calculate the magnitude of the magnetic field outside the conductor, at a
distance r > b from the axis of the conductor.
L g Holo
fB . dA = H-OIenc 2nr

B(2mr) = uoly
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(10)

(10)

(10)

A loop of N, turns, resistance R, and radius b is placed
around a long solenoid of radius a, as shown in the
figure. The solenoid has a length L, N, turns, and is
driven by a clockwise current I = At? with A > 0.

o

ch:fﬁ.dz

What is the magnitude of the magnetic flux
through the loop with respect to time? (Assume
the magnetic field outside of the solenoid is
zero)

_ oNsAt?ma®

®
B L

N.
@5 = (1o 2487 (ma?)

b.

d.

What is the magnitude of the emf induced in the
loop with respect to time?

3D View loop

Front View

&

loop

*— solenoid

solenoid

d
£=-N=dg

- 2uoNsN,Atmra?

d [uoN;At*ma? L
El=N—|———
&l =N, dt[ ;
What is the magnitude of the induced current in
the loop with respect to time?
_ 2uoNgN,Atmra?
= RL

€
I, ==
I'—g

What is the direction of the induced current in the loop (from the
perspective of the front view)? Circle your answer.

=

Counter-clockwise

Clockwise

No induced current
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(10)

10.

(10)

n, =n = 3

A radio tower broadcasts uniformly in all directions resulting in a magnetic field

with amplitude B, at a distance d from the tower where there is a circular

absorbing antenna of radius a facing the broadcast tower.

a. Determine the total power of the radio broadcast.
2mcB3d?
P 1B2 p, = 208
A7=1=C(u)=0 2 0 Ho
cB2
P = — (4md?)
200
b. Determine the energy absorbed by the antenna in a time At.
Er = PAt = 1A,A ZA LBy ZA cBoma’At
T 4 c(u)ma c|3 o ma T 2
C. Determine the magnitude of the force experienced by the antenna.
F I 1BZ Bima?
—_—= P = - = = —_—— =
AA ( rad) c (u) 2 Lo 2#0
A beam of light strikes a plane interface between two media, Media 1| Media 2

as illustrated.

Determine the index of refraction for media 2 in terms of n,

the index of refraction for media 1. [Your answer may have a

square root.]

n, sinf, = n, sin 6,

sin 45° (V2/2) n,=n; |=

15in60° (+3/2)
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