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@33 pts] One of the four strings of a cello is plucked and begins to vibrate in its fundamental (lowest
requency) standing-wave mode. The frequency of this mode is 220 Hz The string is fixed at both
ends, has length L = 60 cm and total mass m =5 g.

A. [6 pts] What is the tension in this string? — x \_ £ A V ’

5 fP2r= [ se T: uf’ 2= My (ZFL\ 5.8x10"\)
B. [6 pts] Determine the wavelengths (A, A,, and A,) correspondmg to the lowest three standing 1
wave modes. Pt noem
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D. [7 pts] Let y(x, f) represent the transverse displacement of the string-in the fundamental mode
The fixed ends of the string are at x = 0 and x = L. We can then write: y(x, £) =y, sm(kx)cos((nt)

i. Express the constant kintermsof L. ) = :, am A = JL so
K = Z}' = Tr/
2L
ii. At what values of x will the string experience the maximum transverse: s o .. :r_fw _
. '7 ¥4 2. »’t ey s waa Lo .
(é) displacement? sin Lx) s m(,( ot ’x_ /2_ 2 é,.
- T, 37, -
(b) velocity? So kx= 'y % S0 n= Tr Vo
Y =Yo sNKX GIN (W) WF 7, Kx- "T,z_ 3, -
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(c) acceleration?

J , SkK %@%(VSB .. somne volued

iii. If the maximum transverse velocity u of the string at the location in ii.(b) is found to be

691 mm/s, what is the amphtude ¥, in the above equation? 91 mm /g P .
\\) J° (1-) LL TS w /5 2‘1.(2'20‘\1’2) . 5 ’9’5
E. [8pts] A nearby hollow e 18 open at one end and closed at the other. After the cello stnng is

plucked, it is observed that a standing wave of sound in the fundamental mode is excited in the
tube. What is the length of the tube? The speed of sound in air is 330 m/s.
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[35 points] A mask with a single vertical slit of width a is
placed between a laser and a distant screen. The Mﬂ«»‘*»'
photograph shows the resulting pattern on the screen. s is o e ——— - o
the distance between the center of the pattern and the first LI 7
dark spot to the right of the center. Center ol sereen

A. [7 pts] Is the slit width greater than, less than, or equal
to A, the wavelength of the laser light? Explain.

For a minimum on the screen, the path length difference from the two
edges of the slit to the point on the screen is equal to one wavelength.
Since the width of the slit is always greater than the path length
difference, the slit width must be greater than the wavelength.

B. [7 pts] The pattern at the top of the page was produced by a laser that emits red light. If the laser were
replaced by a laser that emits green light (i.e., light with a shorter wavelength), would the distance from
the center of the screen to the first dark spot to the right increase, decrease, or stay the same? Explain.

If light with a shorter wavelength were used, the path length difference
(between the two edges of the slit) to the first minimum on the screen
would decrease. Thus, the first minimum would be closer to the center of
the screen.

C. Two quarters of the slit are now covered as it a8 2 WY
shown in the magnified view of the slit. I Width of mt |
1. [7 pts] Does the brightness at point X

increase, decrease, or remain the same? Magnified view of slit
Explain.

For point X, the first (diffraction) minimum in the original pattern, the
light from each point on the left half of the slit cancels the light from
a point located a distance a/2 away, on the right half of the slit.

After the first and third quarter of the slit are covered, each point on
the second quarter of the slit is still canceled by the corresponding
point on the fourth quarter of the slit. This results in an

(interference) minimum on the screen, so the brightness remains the same
(i.e., zero).

ii. [7 pts] Does the brightness at point Y increase, decrease, or remain the same? Explain.

For point Y, the second (diffraction) minimum in the original pattern,
the light from the two edges of the original slit has a path length
difference of 2A. Light from the two edges of each new slit (of width
a/4) has a path length difference of A/2 which does not correspond to a
diffraction miminum. The centers of the new slits are a/2 apart,
resulting in a path length difference of A. Light from the two slits
therefore interferes constructively (i.e., there is an interference
maximum), and the brightness at point Y increases.

iii. [7 pts] Does the brightness at point Z increase, decrease, or remain the same? Explain,

For point Z, the fourth (diffraction) minimum in the original pattern,
the light from the two edges of the original slit has a path length
difference of 4A. Light from the two edges of each new slit (of width
a/4) has a path length difference of one wavelength. This results in a

diffraction minimum for each of the two new slits, so the brightness
remains the same (i.e., zero).

6/00 (4)



Name: f()LL{Z_/OU -otal volnts:

3 (last) -first)
]

Prob. A) Two flat rectangular glass plates (index of refraction n=1.52) are separated at
one edge bv a 10 ¥ m diameter wire as shown below. The plates are illuminated from

above by a sodium lamp ( 4 =389 nm). You studv the light reflected from the film.

-x
[4 /5CMV ﬁy‘

a. (4 pts.) Will there be a dark fringe or a bright fringe at the edge where the plates
touch? Explain. | JAgx FRINGE ‘

refiecked wimm i boHor of tppepiote (nzlS2=>px1) is Oul o phose }5(/
refleched e Ima Fop o lower ﬂ/mé (nsi =5 ns1.52). Tlae ) Wany Caped

b. (8 pts.) What is the total number of bright fringes vou will observe?

g&/ 4 é,@/d -/drnvc W@ﬂmc He path /(nﬁﬂ\ aﬁzf{ Adran 6Olpten, A2 plpdes /Mr(ma
591 . 2louw) 10 000w
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The wedge-éhaped gap is now filled with soapy water (index n=1.33).

c. (4 pts.) Are the tringes brighter or fainter than before the water was in place? Explain.

FAITER | Tl rlleclion coofficeid & Wk T #e Change jp 1 .
for i fgls An= 052, fov wmdwlglus dns 152057+ 0.9

d. (4 pts.) Are the fringes closer together or farther apart than before the water was in

place? Explain. éw,ﬁf'a TD&ETHE’Q [

Wideltngih sn binkon s Shofier fhan . avf [ E@l‘ﬂ / 0 a Shol dm’ﬁw
Gwa & phas of Ji7.

e. (3 pts.) A thin soap tilm, illuminated by white light, is held vertically and vou observe
the light reflected from the film. After a minute, the top of the film appears dark. What
color do vou see just below the dark region? Explain.
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,34 pts] Parts A and B are independent.
[14 pts] Coherent light is incident on a mask with single hole that is 3/, in width. The llght
then falls- on"&xstaﬁtscreen

i. Would there be any nodal lines for this arrangement? If so, find the angle 0 (measured
from the dashed lme) at which the first nodal lmq lies. If there are no nodal lines, explain

why not. y 4 ﬂ 1,
| TR 253 B a2
g ! 2" % snp=z % = Y=
ii. Which of the diagrams below best represents the mtens1ty pattern that would be obse ed 6
on the screen? Explain. e Y ¢

(6 - d has the LI o T
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In .énsity diagrams for screen (Note the screen spans only 30° on either side of sourées)
(@

(b) © () ' s
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B. [20pts] In the sketches below, three flat identical ideal polaroid sheets are arranged in five
combinations, each with unpolarized light incident from the left. . The transmission axis of
each polar01d sheet is shown (dashed line) and is referenced to xyz coordinates. For each
question, indicate all combinations (a b ¢ d e) that satisfy the stated condition on the Tight * * #
transmitted by the combination. (Include all correct combinations and no incorrect e
combmatmns for full credit on each question.) ko “

i. No hght is transmitted _O\: ®  ii. Transmitted light is polarized along the x axis _d,ﬁ
iii. Half of the incident light intensity is transmitted _ &

iv. All light is transmitted _Nones (gince \\ valt ¢ “Aeo\ohr.gi d’ ‘Grd"

t Y K 1% 50 '/ ‘::; :
nsn [DD][D T
(a) (b) (© ™ x 1
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C) (e)
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[30 pts total] The diagram at right shows all nodal lines (dashed) and
all lines of maximum constructive interference (solid) due to two
sources of periodic circular water waves that are in phase and a
distance d apart.

. [9 pts] Determine d, the distance between the sources, in terms of A.
Explain how you can tell from the diagram.

For points along the line the contains the sources, AD is equal to the
source separation [AD = d sin 8 = d for 0 = 90°]. The nodal lines and
lines of maximum constructive interference correspond to the values

of AD shown in the diagram at right. Thus, d = SA/2.

B. Suppose that a third source, in phase with S; and $7, is placed to Added source
the right of S, without moving S or S5, as shown at right. (for part B)
1. [7 pts] After the third source is added, will there still be a
nodal line at the same angle as line A above? Explain your ;<— d _>;<_ d S
1 2 3

il.

C. Suppose that a fourth source, in phase with the other
three, is placed to the left of S, without moving the
other sources, as shown.

[7 pts] After the fourth source is added, will there be Sy 51 S, S3
maximum constructive interference, complete

No, the waves from the first two sources add to zero at points Enlarged view of three sources
online A [line A is a nodal line]. Using superposition, adding a third [non-zero] wave to the
“zero” produced by the waves from the first two sources means that there will no longer be a
hodal line at the location of line A.

[7 pts] After the third source is added, will there still be maximum constructive interference at
the same angle as line B above? Explain your reasoning.

Yes. Since S, and S, are the same distance apart as S, and S,, the difference in distances
from S, and S, to a distant point on line B is the same as the difference in distances from
that point to S, and S,. [AD = d sin @] Since the waves from S and S, are in phase at
distant points on line B, the waves from S, and S, are also in phase there. Thus the waves
from all three sources are in phase there, and there will still be maximum constructive
interference at the same angle as line B.

Added source
(for part C)

o G—d—Poed—dIi—Poeod—Ii—pe

destructive interference, or neither at the same angle Enlarged view of four sources
as line A above? Explain your reasoning.

At this angle, waves from S, and S, a distance d apart, add to zero. Thus, the waves from S, and
5, a distance d apart, add to zero at this angle and the waves from 5, and S, a distance d apart
also add to zero at this angle. Thus, the waves from all four sources add to zero at points on

line A; there will be complete destructive interference on line A.
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: 6. ) [33 pts total] Parts A and B are independent.

A. [9 pts] Light of wavelength 2 = 500 nm is incident on a mask containing a pair of very narrow slits

separated by a distance d = 30 um. The distance between the center of the screen and the first dark
fringe is x = 1.5 cm. Determine the distance L between the mask and the screen.
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B. Each of the graphs

-
at right shows 2 2 ]
relative irifensity ~ i 5

‘vs. @ for a double- £ £
slit experiment. 2 2
The horizontal 3 - 5 1
scale is the same & <

for all graphs. The
only possible
differences among

the four cases are 2] 2 |
the values of slit 3 H
width and/or 3 E
distance between 2 2
the centers of the 3§ 3
= &

slits.
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i [12 pts] Rank the cases according to the width of the slits, from largest to smallest. If the width of ' J
the slits is the same in any two cases, state that explicitly. Explain your reasoning, clearly indicating

what feature(s) of the s you used in making your ranking. -
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ii. [12pts] Rank the cases according to the distance between the centers of the slits, from largest to

smallest. If the distance between the centers of the slits is the same in any two cases, state that

-8

! e explicitly. Explain your reasoning, clearly indicating what feature(s) of the graphs you used in
\ ﬂ making your ranking. | , , ' ‘
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