Physics 202 Midterm Exam 3
November 26, 2007

Section: ...,

TA (please circle):

Shusaku Horibe (307,321) Andrew Long (328, 329) Hao Luo (305)

Jason McCuistion (312, 324) Mike Phillips (302, 325) Alex Stuart (310,323)
Dongxu Wang (301,330) Ming Yang (303,326) Stephen Yip (304, 327)

Instructions:
1. Don't forget to write down your name and section number.

2. Show your work! A reasonable amount of work is required to receive full
credit.

3. Be aware that intermediate steps earn points even if the final answer is incorrect.

4. Erase (or cross out) any mistakes or you will be marked down. Grading is based
on everything you have written down.

5, Both the magnitude and direction of vector quantities need to be specified for full
credit.

Fundamental Constants:

g, =(4mk,) =885x107*C*/(N'm”) ,=4xx107T-m/A c=3x10°m/s
m, =1.67x107"kg m,=9.11x10"kg q,=-q.=16x10"°C
Scores:

o
Probiem 1 2 5- Problem 2 /‘S- Problem 3 <

Problem 4 20 Problem 5 2 0




Problem 1: (25 points) _ v X X X X X

A conducting loop of width w and —_— P B
length d is moved with constant X == = ——
speed v to the right. It passes I
through a uniform magnetic field B R Oﬁi é 'T
as illustrated. I X X

" xix 9% x
a) Indicate the direction of the
induced current (if any) in the figure | i I | |
above for all three positions. (') x 1\}\’ 2\11/ 3V|V

b) Sketch the following:
- the magnetic flux through the area enclosed by the locp versus x (sign convention:
positive flux into the page, negative flux out of the page). Take the right edge of the
loop as reference (see the dotted line; i.e., take x=0 when the loop enters the field):
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- the induced motional emf versus x; o( @8
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- the external force applied necessary 10 keep the speed v constant:
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In the example above, assume that the resistor is 6.00 Q, and that the magnetic field
has the magnitude 2.50 T and is directed perpendicularly into the paper. Let d=1.20 m.

The loop is pulled at a constant speed of 2 m/s.

c) What is the induced current when the loop enters the field?

ge-§% $=AB=8A x

Y

L= -/ A

d) Calculate the applied force required to move the bar to the right at this speed.

F=B A I

+= 3N

e} If the resistor is only 0.0006 Q, what would be the resulting speed, if everything
else is kept the same.
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Problem 2: S

Consider the circuit shown in the figure.
Let L=10.00H, R=10.00 Q, and

£=100 V. Y '
R
WA
a) What is the time constant of the circuit?
o~ _ L 3
Z - /e !Z\’ - / S
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b) - What is the current at the time t=0, immediately
after the switch is closed? 0 A
- What is the current after a long time? /& /4

- Provide a sketch of the current versus time.
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d) At what time is the voltage across the resistor exactly 50V?

A?//;/l‘)r é‘f/fe‘té’) =SV

_t - oy o< ¢=0.493 s




Problem 3
A radar transmitter contains a serial ALC circuit. The capacitor is adjusted such that the
circuit is in resonance at a certain frequency f.

a) Which of the following statements is correct? Circle the correct answers.
' 241 Covvect Auswdys —> 1, pPoct>

i. The impedance of the circuit is maximal at this frequency. YES l
ii. The voltage of the capacitor is in phase with the voltage
across the inductor. YES l@
ii. The voltage across the inductor leads the current by 90°. @l
iv. The voltage across the capacitor leads the current by 90°. YES
v. There is no power dissipated in the circuit. YES {CNQ
vi. The energy stored in L and C combined does not change with time. (YES)/ NO
vii. The capacitive and the inductive reactance are the same. (YES)/ NO
viii. The impedance of the circuit is zero at this frequency. YES

In the following, let L = 400 pH, R = 10 Q. The resonance frequency fy= 1.0 x 10'° Hz.

b) Whait is the reactance of the capacitor C at this frequency?

XC:ELE =X, _wl =2 L
X.= 28182

c) Determine the impedance of the circuit at resonance.

Z:’I//E-Fg(;”\fc) =K 2(@)=/0J2

=0
d) Now we double the frequency to f = 2 f; (nothing else changes).
What is the impedance in this case?

X,z 52512 z = 1/70*0 +(2 25.1)*
XL: 2~2§./)2
X, -Xxe = 226N

e) Draw a to-scale phasor diagram for ™ §0
the RLC circuit at the new frequency

and estimate the phase angle from 335 ¢

the diagram.
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Problem 4:
The wave function for a wave on a taut string is given below, where x is in meters and ¢

is in seconds.
yi(x, ) = (0.5 m) sin(8t - 2x + 11/4)

a) What is the wavelength of the wave?
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= 7 _
N /\ = 71 T
b) What is the speed of this wave on the string?

= Y
K v =4

c) What is the transverse velocity of an element of the string at t=1 s and x=3 m?

A T i
’Z/‘(a &(1;9 4 . cos(gt-2x+ )g

k:?..r(—

%[é://k=3>:z{-'cof{5"é+g? :_3‘75?

d) The tension on the string is 10 N. What is the mass density of the string?

e,

2 7
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e} If a 1.5 m long wire of the same mass density as above is connected to a wall on one
side and is connected via a pulley to a mass of 2 kg on the other side, what is the
fundamental frequency of vibration?

AN=2¢ = 3 m

W.
( e

= — _L f—
ié s

Zkg

y

A =S

L = 1.8 Ha
7 - : |
JL =X/

{
3

2L



Problem 5:

A sinusoidal electromagnetic wave of frequency 30 MHz travels in free space in the x

direction.

a) Determine the wavelength i of this wave. \
C = -£ .

C

e,

A= g

/\‘1/0%4,

b) We observe that the electric field has a maximum ampiitude of E,;,,=100V/m at t=0s,

X=5m.
Determine the wave function B(xt) of this wave.
=0 ¢ < %\Jj
T \ . ~
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‘-/N/’—\J { _— 5 - _
S = 3 /\ > &

| ¢
BGe)E) = 0.33- 10 T cos (043x-18-10¢ - T7)

c) What is the force due to the radiation pressure that this wave will generate on a
surface of area 30 m? that reflects 40% of the incoming radiation?

N

P= 2 b absophin

[
£
gmuz = I = ————*--hm
2/4‘,~c
P»régruM
— gavl
P=1l4 =

-’_1"_: /0/4

ps
F =186 19 N




