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I. Lecture Multiple Choice [60 pts]. Choose only one answer for each question, circle your
answer in this booklet, and fill it out on your bubble sheet.

Use the following situation to answer the next three questions. 
A standing wave of frequency 15 Hz is formed on a 
uniform string of length 𝐿 = 1.3	m and linear mass 
density 𝜇 = 4.2 × 10!"kg/m. The standing wave 
pattern is shown at right. 

Consider the following statements about standing waves on a string: 
I. The pattern results from the superposition of two in-phase waves traveling in opposite

directions.
II. For a standing wave to form on a string with fixed ends, the string’s length L must be equal

to an integer multiple of half wavelengths, that is, an integer times 𝜆/2.
III. At a node, the displacement from equilibrium changes from maximum in one direction, goes

to zero, then to a maximum in the other direction.
1. [6 pts] Which of the above statement is/are true?

A. (I) only.

B. (II) only.

C. (III) only.

D. (I) and (II).

E. (II) and (III).

2. [4 pts] What is the speed of the standing wave?

A. 7.8 m/s

B. 39 m/s

C. 16 m/s

D. 23 m/s

E. Zero

3. [4 pts] If we want to double the mode number 𝑚, which one of the following, done on its own
while keeping everything else the same would achieve that?

A. Doubling the linear mass density of the string.

B. Doubling the tension in the string.

C. Quadrupling the tension in the string.

D. Halving the frequency.

E. Doubling the frequency.
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4. [6 pts] Two speakers are located at the corners of a 1.8	m square, as
shown. They both produce the same single-frequency tone in phase 
corresponding to a wavelength 𝜆. An observer at corner 𝑂 experiences 
total destructive interference, so that they hear no sound at all.  
What is smallest possible wavelength 𝜆 of the sound produced? 

A. 8.7 m 

B. 1.5 m 

C. 4.3 m 

D. 0.74 m 

E. The situation is impossible since the speakers are producing the same wavelength. 

 

5. [5 pts] When a guitar string is sound along with a tuning fork that generates a frequency of 200
Hz, a beat of frequency 4 Hz is heard. Then, when the same string is sounded with a 188 Hz
tuning fork, a beat of 8 Hz is heard. What is the frequency of that guitar string?

A. 180 Hz

B. 192 Hz

C. 194 Hz

D. 196 Hz

E. 204 Hz

6. [6 pts] The light shining on a diffraction grating has a wavelength of 495 nm (in vacuum). The
grating produces a second-order bright fringe whose position is defined by an angle of 9.34°.
What is the separation between each two consecutive slits?

A. 6.1 × 10!#m

B. 4.2 × 10!#m

C. 3.7 × 10!#m

D. 2.2 × 10!#m

E. 9.5 × 10!#m
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established in a tube open at only one
end (see the draw
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of the standing w
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z,and the

speed of sound in air is 343 m
/s. W

hat
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16.A longitudinal standing wave is

established in a tube open at only one

end (see the drawing). The frequency

of the standing wave is 660 Hz,and the

speed of sound in air is 343 m/s. W
hat

is the length of the tube?
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(c)0.39 m

(d)0.52 m
(e)0.65 m
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as WileyPLUSor WebAssign,and those marked with the icon 
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PROBLEMS

Section 17.1
The Principle of Linear Superposition,

Section 17.2
Constructive and Destructive Interference 

of Sound Waves

1.In Figure 17.7,suppose that the separation between speakers A

and B is 5.00 m and the speakers are vibrating in phase. They are

playing identical 125-Hz tones,and the speed of sound is 343 m/s.

W
hat is the largest possible distance between speaker B and the ob-

server at C,such that he observes destructive interference?

2.Twospeakers,onedirectlybehindtheother,areeachgeneratinga

245-Hz sound wave. What is the smallest separation distance between

the speakers that will produce destructive interference at a listener

standing in front of them? The speed of sound is 343 m/s.
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Concept Sim

ulation 17.1at www.wiley.com/college/cutnell

illustrates the concept that is pertinent to this problem. The drawing

graphs a string on which two pulses (half up and half down) are trav-

eling at a constant speed of 1 cm/s at t!
0 s. Using the principle of

linear superposition,draw the shape of the string’s pulses at t!
1 s,

2 s,3 s,and 4 s.

4.Twowavesaretravelinginoppositedirectionsonthesamestring.
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2.56 m? Be sure to include the algebraic sign
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in Figure 17.7,and point C is located as shown there. The speed of
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est frequency that will produce destructive interference at point C?
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of sound is 343 m/s. Find the single smallest frequency that will pro-

duce both constructive interference in drawing 1 and destructive 

interference in drawing 2.

7.ssm
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The drawing shows a loudspeaker A and point C,

where a listener is positioned. A second loudspeaker B is located

somewhere to the right of A.

Both speakers vibrate in phase

and are playing a 68.6-Hz

tone. The speed of sound is

343 m/s. What is the closest to

speaker A that speaker B can

be located,so that the listener

hears no sound?

8.Suppose that the two speakers in Figure 17.7 are separated by

2.50 m and are vibrating exactly out of phaseat a frequency of 

429 Hz. The speed of sound is 343 m/s. Does the observer at C ob-

serve constructive or destructive interference when his distance from

speaker B is
(a)1.15 m and

(b)2.00 m?

*9.The two speakers in the drawing are vibrating in phase,and a lis-

tener is standing at point P. Does constructive or destructive interfer-

ence occur at P when the speakers produce sound waves whose

frequency is
(a)1466 Hz and

(b)977 Hz? Justify your answers

with appropriate calculations. Take the speed of sound to be 343 m/s.
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of each square. Two loudspeakers are located at corners of the square,

as in either drawing 1 or drawing 2. The speakers produce the same

single-frequency tone in either drawing and are in phase. The speed

2762T_ch17_507-532.qxd  6/26/08  5:54 PM  Page 528

𝑂 

Phys116 Winter 2025 – Midterm Exam 2 



Name: ______________________________________   UW Net ID ____________________________ 
last                                         first  (portion before @uw.edu) 

3 

Use the following situation to answer the next two questions. 
A thin film of soap of index of refraction 𝑛$%&' = 1.33 and thickness 
𝑡 = 1.1 × 10!(m is surrounded by air, as shown. Note: assume 
normal incidence even though the figure shows it at an angle. 

7. [4 pts] Consider a ray of white light incident from air onto the film.
This ray is partly reflected back into air (1) and partly transmitted 
where it goes into the soap then partly reflects and transmits back into air (2). When rays (1) and 
(2) meet in air:

A. They both underwent a phase shift due to reflection.

B. Neither one of them underwent a phase shift due to reflection.

C. Only ray (1) underwent a phase shift due to reflection.

D. Only ray (2) underwent a phase shift due to reflection.

E. The answer would depend on the wavelength of light.

8. [4 pts] What is the lowest wavelength that undergoes constructive interference between rays (1)
and (2)? (1	nm = 10!)m)

A. 290 nm

B. 590 nm

C. 440 nm

D. 220 nm

E. 610 nm

9. [5 pts] In Experiment 1, light of wavelength 𝜆 shines onto a mask that has a single thin slit of
size 𝑎. The pattern is captured on a screen a distance 𝐿 from the mask. In Experiment 2 we use
light of wavelength 1.1𝜆, a slit of opening 𝑎/3 and reduce the screen distance to 𝐿/4. What is
the ratio of the width of the central maximum in the second experiment to the width in the first
experiment, 𝑤*/𝑤+?

A. 1.4

B. 11

C. 0.83

D. 1.2

E. 0.68

𝑛$%&' 

1 2 
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10. [5 pts] A friend stands 2 m in front of a plane mirror, with you 3 m behind them. What is the
distance between you and your friend's image?

A. 2 m

B. 3 m

C. 5 m

D. 7 m

E. 10 m

11. [6 pts] The wavelength of a red light in vacuum is 650 nm. When it enters a piece of glass the
wavelength is measured to be 430 nm and when it enters a diamond, the wavelength becomes
270 nm. What is the ratio of the speed of light in diamond to that in glass, 𝑣,-&.%/,/𝑣01&$$? 

A. 1.6

B. 0.41

C. 0.63

D. 1.0

E. Cannot answer without knowing the frequency. 

12. [5 pts] Consider materials A, B and C with indices of
refraction 𝑛2, 𝑛3 and 𝑛4. In set up 1 material A is placed
above B and in set up 2 material A is above material C.
Light is incident in from material A on to the other
material at the same angle of incidence, as shown.
Choose the correct ranking of the indices of refraction of
the three materials. 

A. 𝑛3 < 𝑛4 < 𝑛2
B. 𝑛2 < 𝑛4 < 𝑛3
C. 𝑛3 < 𝑛2 < 𝑛4
D. 𝑛2 < 𝑛3 < 𝑛4
E. 𝑛4 < 𝑛2 < 𝑛3

834 CHAPTER 26 THE REFRACTION OF LIGHT: LENSES AND OPTICAL INSTRUMENTS

Section 26.4 Polarization and the Reflection 
and Refraction of Light
8. A diamond is lying on a table. At what angle of inci-
dence is the light that is reflected from one of the facets of the dia-
mond completely polarized?

Section 26.5 The Dispersion of Light: Prisms and Rainbows
9. The indices of refraction for red, green, and violet light in glass are

and When a ray of light
passes through a transparent slab of glass, the emergent ray is paral-
lel to the incident ray, but can be displaced relative to it. For light
passing through a glass slab that is surrounded by air, which color is
displaced the most? (a) All colors are displaced equally. (b) Red
(c) Green (d) Violet

Section 26.7 The Formation of Images by Lenses
11. An object is situated to the left of a lens. A ray of light from the
object is close to and parallel to the principal axis of the lens. The ray
passes through the lens. Which one of the following statements is
true? (a) The ray crosses the principal axis at a distance from the
lens equal to twice the focal length, no matter whether the lens is con-
verging or diverging. (b) The ray passes through the lens without
changing direction, no matter whether the lens is converging or 
diverging. (c) The ray passes through a focal point of the lens, no
matter whether the lens is converging or diverging. (d) The ray
passes through a focal point of the lens only if the lens is a diverging
lens. (e) The ray passes through a focal point of the lens only if the
lens is a converging lens.
12. What type of single lens produces a virtual image that is inverted
with respect to the object? (a) Both a converging and a diverging
lens can produce such an image. (b) Neither a converging nor 
a diverging lens produces such an image. (c) A converging lens
(d) A diverging lens

Section 26.9 Lenses in Combination
15. Two converging lenses have the same focal length of 5.00 cm.
They have a common principal axis and are separated by 21.0 cm. An
object is located 10.0 cm to the left of the left-hand lens. What is the
image distance (relative to the lens on the right) of the final image
produced by this two-lens system?

Section 26.10 The Human Eye
17. Here are a number of statements concerning the refractive power
of lenses. 

A. A positive refractive power means that a lens always creates an
image that is larger than the object. 
B. Two lenses with the same refractive power have the same focal
lengths. 
C. A lens with a positive refractive power is a converging 
lens, whereas a lens with a negative refractive power is a diverg-
ing lens. 
D. Two lenses with different refractive powers can have the same
focal length. 
E. The fact that lens A has twice the refractive power of lens B
means that the focal length of lens A is twice that of lens B. 

Which of these statements are false? (a) A, B, C (b) C, D, E
(c) A, D, E (d) B, C, E (e) B, C, D

nviolet ! 1.538.nred ! 1.520, ngreen ! 1.526,

!
(n ! 2.42)

Section 26.2 Snell’s Law and the Refraction of Light
1. The drawings show two examples in which a ray of light is 
refracted at the interface between two liquids. In each example the 
incident ray is in liquid A and strikes the interface at the same angle
of incidence. In one case the ray is refracted into liquid B, and in the
other it is refracted into liquid C. The dashed lines denote the normals
to the interfaces. Rank the indices of refraction of the three liquids
in descending order (largest first). (a) (b)
(c) (d) (e)

5. A coin is resting on the bottom of an empty container. The container
is then filled to the brim three times, each time with a different liquid.
An observer (in air) is directly above the coin and looks down at it. With
liquid A in the container, the apparent depth of the coin is 7 cm, with liq-
uid B it is 6 cm, and with liquid C it is 5 cm. Rank the indices of refrac-
tion of the liquids in descending order (largest first). (a)
(b) (c) (d) (e)

Section 26.3 Total Internal Reflection
6. The refractive index of material A is greater than the refractive 
index of material B. A ray of light is incident on the interface 
between these two materials in a number of ways, as the drawings 
illustrate. The dashed lines denote the normals to the interfaces.
Which one of the drawings shows a situation that is not possible?
(a) Drawing 1 (b) Drawing 2 (c) Drawing 3 (d) Drawing 4

7. The drawing shows a rectangular
block of glass surrounded by
air. A ray of light starts out within the
glass and travels toward point A, where
some or all of it is reflected toward point
B. At which points does some of the light
escape the glass? (a) Only at point A
(b) Only at point B (c) At both points A
and B (d) At neither point A nor point B

(n ! 1.52)

A

B

Drawing 1

A

B

Drawing 2

A

B

Drawing 3

A

B

Drawing 4

nB, nA, nCnC, nB, nAnC, nA, nBnA, nC, nB

nA, nB, nC

A

B

A

C

nC, nB, nAnB, nA, nCnC, nA, nB

nA, nC, nBnA, nB, nC

FOCUS ON CONCEPTS
Note to Instructors: The numbering of the questions shown here reflects the fact that they are only a representative subset of the total number that are

available online. However, all of the questions are available for assignment via an online homework management program such as WileyPLUS or WebAssign.
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II. Lecture Free Response [20 pts]  Show your work for full credit.

13. [4 pts] Monochromatic light of wavelength 5.4 × 10!(m passes through two slits separated by a
distance 2.5 × 10!#m. What is the angle of the third maximum 𝜃"?

14. [4 pts] If a screen is placed a distance of 2.0 m from the slits, how far is the third maximum from
the central maximum on the screen?

15. [6 pts] How many bright fringes in total can we see on the screen for this wavelength?

16. [6 pts] What would change in the pattern on the screen if light of a shorter wavelength is used?

Phys116 Winter 2025 – Midterm Exam 2 
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III. Tutorial Free-Response [20 pts]. Explain your reasoning where stated to get full credit.
The figure at right shows the top view of a ripple tank where two 
sources 𝑆+ and 𝑆* generate circular wavefronts of wavelength 𝜆 in
phase. (Note:  Ignore the change in amplitude of the waves from the
point sources as the distance from the point source changes.) 

17. [6 pts] If the wavelength used is 𝜆 = 1.5	m, is point A a point of
maximum constructive interference, maximum destructive interference
or neither? Explain briefly.

18. [4 pts] Suppose now the frequency of the two sources is doubled, is point A a point of maximum
constructive interference, maximum destructive interference or neither? Explain briefly.

19. [6 pts] A light source made up of a point-like
bulb and a long filament is placed in front of
an opaque mask with an opening shaped like
the letter L. On the screen, draw the pattern of
light that would form.

20. [4 pts] If we bring the light source a bit closer
to the mask, would the pattern on the screen
become bigger, smaller, change completely or 
stay the same? Explain briefly.

S1 S2

Top view

Grid spacing = 1m

A

M
ask

Sm
all bulb and

Long-filam
ent bulb

Screen

Mask 

Screen 

Point-like bulb and 
long filament bulb 
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