08/19/09 PHYSICS 223

Exam-2
NAME
Please write down your name also on
the back side of this exam

1. A sinusoidal wave of frequency 500 Hz has a speed of 350 m/s.
1A. How far apart (in units of cm) are two points x; and X, that, at a given time t,,
differ in phase by n/3 rad?

a) 11.7 b) 8.3 c) 23.4 d) 4.1 e) NA

1B. What is the phase difference between two displacements Y; and Y, (at a certain
point X, ) at times 0 .5 ms apart? (Notice, you are not being asked for the values of
Y1 nor Y>; just their relative phase difference.)

a)n b)r /2 c)23.4 d) 4.1 e) NA
Solution
v=xf, f=500Hz andv =350 m/s implies, A =350/500=0.7m
Y=ACos(kx-ot+¢)

a) Things happenatt=t,
Phase; =k x; - © to + ¢) Phase, =k x; - o tg + §)
Phase; - Phase, =kxi-otb+d)] - [kx-oth+d)] =[K(x-Xx2)]
n/3rad = [K( Xy - X2 )] implies x; - X, = (/3 )k =(n/3) A /27w =X/6 =0.7/6 =11.7 cm

b) Things happenatx =X, Phase; =kXy,-ot;+¢) Phase,=kxo- ot +¢)
Phasel' PhaseZ = [kXo'(Dtl"'(]))] - [kXo'())t2+(|))] = [(D(tz'tl)] = [2th(t2't1)]
(t-t;)=0.5ms implies, Phase; - Phase, = [2n 500 Hz ( 0.5x10%s )] = /2

2. Waves along a particular string of uniform linear mass density are described by the

: : 0%y 1 % .
following Wave Equation 2 A 0, where all the quantities are

expressed in MKS system.
2A If the tension and the linear mass density of the string are kept constant, which
of the following expression(s) is (are)true?

a) Waves of higher frequency travel at the same speed than waves of lower
frequency.

b) The greater the wavelength, the slower speed of the wave
c) The greater the wavelength the faster speed of the wave.
d) All the statements above are incorrect.

2B Which of the following waves is (are) solutions of the wave equation given
above? (All the quantities below are expressed in MKS units.)

a) y; =12 SIN(3x—-6t) ,
b) y, =5 COS(x — 4t),



€) Ys = SIN(2x +1.0t)

d) None of the above waves satisfy the given gave equation

3. Aharmonic wave Yy = ASIN(kx — wt) of wavelength A =0.1m issetalong
a string that has a linear mass density of p =2 g/m. The rate at which the kinetic

1
energy is carried along by the wave is given by %—f = EMVOJZAZCOS(kX - ot),

where v stands for the velocity of the wave.

3A The figure below is a sketch the rate(:j—f at which kinetic energy passes through

a particular mass element (at a particular position), plotted as a function of time.
Use the second graph below to sketch  y vstime (corresponding to a segment
at an arbitrary particular position.)

Time (ms)

3B Calculate the speed v of the wave (in m/s).
a) 25 b) 50 c) 12 d) 100 e) NA

4. 4A. Two connected strings with linear mass densities that are related by p; =4 o
are under some tension. (Assume the wires are very long so we can omit the
effects of the reflected wave from the right end)



J Figure for question 3A only

A wave of frequency 120 Hz and wavelength A =10 cm is set on the left wire
a) The wavelength on the right side will be 40 cm.

b) The velocity of the wave will be the same in both sides

¢) The wavelength of the wave is the same at both sides.

d) The tension on the wire at the left side is twice the tension on the left side.
e) NA

4B. Write an equation describing a sinusoidal transverse wave traveling on a cord in the

(—=X) direction with a wavelength of 10 cm, a frequency of 120 Hz and an amplitude of
2 cm. Assume the cord has a uniform linear mass density. Write clearly and include the
proper units.

2r 120

ANSWER y(x,t)=0.02m SIN| —— x +27— t
0.1m sec

The electric field of a certain electromagnetic field is given by

Ex=0, E, =0, E, =48 V/mCOS (10'm*x-ot)
Ay
|
X
E
"B
Z

5A. In the diagram above draw the electric field and the magnetic field vectors at the
position x=0 and at the instant t=0. In addition, write down below the expressions for the
component of the magnetic field of this wave

By= 0 B,=0
B,=-1.6x10" T COS (10'm™x - @ t)




5B. The wavelength A of the electromagnetic wave is,
a) 10'm b) 628 nm c) 10" m d) 209 nm e) NA

6. 6A What phase difference between two otherwise identical traveling waves, moving in the
same direction along a stretched string, will result in the combined wave having an
amplitude of the two combining waves? (Give your answer in degrees)

a) 70 b) 120 c)0 d) 45 e) NA

6B. Two identical traveling waves, moving in the same direction, are out of phase by n/2
rad. What is the amplitude of the resultant wave in terms of the common amplitude yp,
of the two combining waves? :

a)l4yn b) 1.9y, ) 1.0Xyn d 0 e) NA

7. The figure below shows a 0.5 meter long string (with one end attached to the wall) of linear
mass density 100 g/m, under a tension of 1.6 N. At one end a person shakes the string up and
down with an amplitude of 4 cm.
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7A  The speed of the reflected waves traveling along the string is:
a)4mls b) 0.12 m/s c) 5m/s d) 2 m/s e) NA

7B The person shakes the string with either 5 Hz or 6 hertz (one case at a time). Indicate
which expression is correct:
a) Both cases satisfy the conditions to establish resonant standing waves in the string

b) Since the reflected waves travel at a different speed than the incident wave, no
resonance pattern is possible to establish along the string.

¢) Since only one end of the string is fixed, no resonant standing wave can be set in the
string.

d) Only one case satisfies the conditions for a resonant standing wave
e) NA




8. 8A Astring is fixed a both end. The following list is missing some of its resonance
frequencies: 150Hz, 225 Hz, 300 Hz, 375 Hz, 525 Hz. One of the missing frequencies
is:

a) 100 Hz b) 50 Hz c) 450 Hz d) 400 Hz e) NA

8B. A nylon guitar string has a linear density of 10 g/m
and is under a tension of 145 N. The fixed supports
are 90 cm apart. The string is oscillating in the
standing wave pattern shown in the figure.
Calculate the frequency of the traveling waves
whose superposition gives this standing wave.

0Vcm —»

a) 240 Hz b) 100 Hz  c) 200 Hz d) 23 Hz e) NA

9. 9A The A string of a violin is a little too tight stretched. Six beats per second are heard
when the string is sounded together with a tuning fork that is oscillating accurately at
concert A (440 Hz). What is the frequency of the violin string oscillation?

a) 446 Hz b) 3 Hz C) 452 Hz d) 437 Hz e) NA
9B. A tuning fork (fork #1) of unknown frequency makes four beats per second with a

standard fork (fork #2) of frequency 384 Hz. The beat frequency decreases when a
small piece of wax is put on a prong of fork #1. What is the frequency of fork #1?

a) 382 Hz b)380Hz ¢) 386 Hz d) 388 Hz e) NA

BONUS QUESTION

B1. (5 points) Choose the correct answer to indicate if the following 3 drawings show
physically possible refraction. (F = false, T = true.)

11 a) FTF
b) FFT
1.6 1.1
" 1.4 c) TFF
' d) FFT

e) NA



B2. (5 points) Two waves of light in « L, »

air of wavelength 600 nm are ——— 1

initially in phase. They then travel air e air P
through plastic layers as shown in S L,

the figure, with Ly = 4 pm, L, = n=14

3.5 um, n;=1.4 and n, =1.6. L

Which of the following expression is correct?

a) Light travels faster in medium 2 than in medium 1.

b) The frequency of the electric field oscillations is higher in medium 2 than in

medium 1.

c) The wavelength in medium 1 is the same than in medium 2.

d) Light propagates with the same speed regardless it travels in medium-1, medium-
2 orinair.

e) NA.



1 hertz = 1 Hz = 1 oscillation per second
nm=10°m, um=10°m

€= 8.85 x 102 F/m
c=3x10% m/s

Identity:
EmCOS(A) + ECOS(B) =

—2E,COS(AE B)COS(A; B

EmSIN(A) + EmSIN(B) =

=2EmS|N(A+B

)COS (—)

Waves traveling along a string: v = (T/ p)*?

Vv

+
_ f sound — Vobserver

Doppler Effect: f

observer - source
Vg TV

S source

Beat frequency:
Let 0, =, + Aw

p=p,COS(w,t) +p,COS(m,t)

~2p COS(—t)COS(a) GOy
Electromagnetic waves:
E, = E,COS(kx —wt)
B, = B_COS (kx — wt)
0By 0B, Em
_ Y __~7z By =—2
OX ot
Poynting vector S= e ExB

Magnitude of the Poynting vector ‘S‘ = <£‘OCE2

Average: <S> = %8OCEm2

Waves
y = An COS(kx-ot +3)
A= amplitude,
(at + @) = phase of the motion,

3 is the phase constant, and ® = angular frequency.

v=A f
1

T= T (Period)

2r
=—= (angular frequency)

Snell’s law nlS|N91 = I‘IZS|N92

Index of refraction: nN = —

Phase shiftt d =Kk L

An())
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