AP Physics Multiple Choice Practice —Waves and Optics

SECTION A — Waves and Sound

1.

Which of the following statements about the speed of waves on a string are true?

I. The speed depends on the tension in the string
I1. The speed depends on the frequency
I11. The speed depends on the mass per unit length of the string.

A)llonly B)landllonly C)landlllonly D)Iland Il only

. Astring is firmly attached at both ends. When a frequency of

60 Hz is applied, the string vibrates in the standing wave pattern
shown. Assume the tension in the string and its mass per unit
length do not change. Which of the following frequencies could
NOT also produce a standing wave pattern in the string?
A)30Hz B)40Hz C)80Hz D)100Hz E)180Hz

Which is not associated with a sound wave?

A) amplitude  B) period  C) polarization D) velocity  E) wavelength

A wave has a frequency of 50 Hz. The period of the wave is:
A)0.010s B)0.20s C)7s D)20s E)0.020s

If the frequency of sound is doubled, the wavelength:
A\) halves and the speed remains unchanged

B) doubles and the speed remains unchanged

C) is unchanged and the speed doubles

D) is unchanged and the speed halves

E) halves and the speed halves

The standing wave pattern diagrammed to the right is produced in a
string fixed at both ends. The speed of waves in the string is 2 m/s.
What is the frequency of the standing wave pattern?

A)0.25Hz B)1Hz C)2Hz D)4Hz E)8Hz

Two waves pulses approach each other as seen in the figure.
The wave pulses overlap at point P. Which diagram best

E) I Iland I

represents the appearance of the wave pulses as they leave
point P? P
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8.

10.

11.

12.

13.

14,

If the speed of sound in air is 340 m/s, the length of the organ pipe, open at both ends, that can resonate at the
fundamental frequency of 136 Hz, would be:
A)0.625m B)0.750m C)1.25m D)25m E)3.75m

String L and string H have the same tension and length. String L has mass m and string H has mass 4m. If the
speed of the waves in string L is v, the speed of the waves in string H is
A)vi2 B)v C)l4v D)2v E)4v

An observer hears a sound with frequency 400 Hz. Its wavelength is approximately
A)085m C)12m C)2.75m D)136m E)44m

As sound travels from steel into air, both its speed and its:
A) wavelength increase  B) wavelength decrease C) frequency increase
D) frequency decrease E) frequency remain unchanged

When a train is at rest, both a passenger on the train and a ticket seller at the station agree that the trains whistle
produces sound at a frequency of 120 Hz. When the train is moving away from the station at 15 m/s, the
passenger hears a frequency of _ Hz and the ticket seller hears a frequency of _ Hz.

A) 120,125 B)115,120 C)120,120 D)115,115 E)120,115

A pipe that is closed at one end and open at the other resonates at a fundamental frequency of 240 Hz. The next
lowest/highest frequency it resonates at is most nearly.
A)60Hz B)80Hz C)120Hz D)480Hz E)720Hz

Assume that waves are propagating in a uniform medium. If the frequency of the wave source doubles then
A) The speed of the waves doubles B) the wavelength do the waves doubles C) the speed of the waves halves
D) the wavelength of the waves halves E) none of the above

Questions 15-16: A natural horn (trumpet with no valves) is similar to a pipe open at both ends. A musician plans

15.

16.

17.

18.

to create a fundamental frequency of 256 Hz (middle C) using the horn.

If sound travels at 350 m/s, what must be the length of this horn?
A)0.34m B)0.68m C)0.78m D)136m E)1.46m

A talented musician can produce a number of overtones on this natural horn. What would be the frequency of
the fourth overtone produce when the musician is playing a middle C fundamental?
A)512Hz B)768Hz C)1024Hz D)1280Hz E) 1536 Hz

One stereo loudspeaker produces a sound with a wavelength of 0.68 meters while the other speaker produces
sound with a wavelength of 0.65 m. What would be the resulting beat frequency?
A)3Hz B)23Hz C)66.5Hz D)500Hz E)11333Hz

The diagram shows two transverse pulses moving along a string. One pulse is moving to the right and the
second is moving to the left. v
Both pulses reach point x at the e

same instant. What would be

the resulting motion of point x .
as the two pulses pass each

other? Point X *i \J_

A) up then down v
B) down then up

C) up, down, up

D) down, up, down

E) there would be no motion, the pulses cancel one another




Question 19-20:
The diagrams below represent 5 different standing sound waves set up inside of a set of organ pipes 1 m long

CLOSED PIPES OPEN PIPES
1 | |
| | |
1 meter | |
| |
|
| | 1 1 ] L
Cx Cy Ce Ox Oy

19. What is the length of the longest wavelength shown?
A)05m B)0.75m C)lm D)2m E)4m

20. Which organ pipe(s) shows a standing wave which has twice the frequency of one of the other waves shown?
A)C, B)C, C)Or DO, E)C,,C,00y

Question 21-22: The graph below was produced by a microphone in front of a tuning fork. It shows the voltage
produced from the microphone as a function of time.
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21. The frequency of the tuning fork is (approximately)
A)0.0039s B)0.020s C)255Hz D)50Hz E) 256 Hz

22. In order to calculate the speed of sound from the graph, you would also need to know
A) pitch  B) volume C)frequency D) wavelength  E) length of tube

23. A metal bar is vibrating with a frequency of 200 Hz. The resulting period of oscillation would be
A)200s B)14ls (C)0.007s D)0.002s E) none of the above



24. A tube is open at both ends with the air oscillating in the 4™ harmonic. How many displacement nodes are
located within the tube?
A)2 B)3 C)4 D)5 E)6

25. Two separate strings of the same thickness are stretched so that they experience the same tension. String B is
twice as dense as String A. String A, of length L, is vibrated at the fundamental frequency. How long is String
B if it has the same fundamental frequency as String A?

L
(@) %L (b) 7 ©L ) V2L (e) 2L
26. A resonance occurs with a tuning fork and an air column of size —_—

39 cm. The next highest resonance occurs with an air column of
65 cm. What is the frequency of the tuning fork? Assume that the
speed of sound is 343 m/s.

(a) 329.8 Hz

(b) 527.7 Hz

(c) 659.6 Hz

(d) 879.5 Hz

(e) 1319 Hz

air

27. A place of zero displacement on a standing wave is called
(a) an antinode.
(b) a node.
(c) the amplitude.
(d) the wavenumber.
(e) the harmonic.

28. A person vibrates the end of a string sending transverse waves down the string. If the person then doubles the
rate at which he vibrates the string while maintaining the same tension , the speed of the waves
(a) doubles and the wavelength is unchanged
(b) doubles and the wavelength doubled
(c) doubles while the wavelength is halved
(d) is unchanged while the wavelength is doubled
(e) is unchanged while the wavelength is halved.

29. A tube of length L, is open at both ends. A second tube of length L, is closed at one end and open at the other
end. This second tube resonates at the same fundamental frequency as the first tube. What is the value of L, ?
A)4L, B)2L; C)L, D)%L, E)%L,

30. For a standing wave mode on a string fixed at both ends, adjacent antinodes are separated by a distance of 20cm.
Waves travel on this string at a speed of 1200 cm/s. At what frequency is the string vibrated to produce this
standing wave?

(A)120Hz (B)60Hz (C)40Hz (D)30Hz (E)20Hz

31. What would be the wavelength of the fundamental and first two overtones produced by an organ pipe of length
L that is closed at one end and open at the other?
AL %L YL B) %L, %L, 1/6L C)2L, L, %L D)4L, 2L, L E)4L,4/3L,4/5L



32.

33.

34.

35.

36.

©

A small vibrating object S moves across the surface of a ripple tank producing the wave fronts shown above.
The wave fronts move with speed v. The object is traveling in what direction and with what speed relative to
the speed of the wave fronts produced?

Direction Speed
(A) To the right Equal tov
(B) To the right Less than v
(C) To the right Greater than v
(D) To the left Less than v
(E) To the left Greater than v

A cord of fixed length and uniform density, when held between two fixed points under tension T, vibrates with
a fundamental frequency f. If the tension is doubled, the fundamental frequency is

f f
w2z e or ;2 ©®2

A vibrating tuning fork sends sound waves into the air surrounding it. During the time in which the tuning fork
makes one complete vibration, the emitted wave travels

(A) one wavelength

(B) about 340 meters

(C) a distance directly proportional to the frequency of the vibration

(D) a distance directly proportional to the square root of the air density

(E) a distance inversely proportional to the square root of the pressure

Two wave pulses, each of wavelength A, are

traveling toward each other along a rope as _/\/
shown. When both pulses are in the region L" ‘.!

between points X and Y, which are a distance A A

apart, the shape of the rope is

(A) X.___/\y

T

(B) Xe———eY

© X \_¥
(D) XWY

A train whistle has a frequency of 100 hertz as heard by the engineer on the train. Assume that the velocity of
sound in air is 330 meters per second. If the train is approaching a stationary listener on a windless day at a
velocity of 30 meters per second, the whistle frequency that the listener hears is most nearly

(A)90Hz (B)110Hz (C)120Hz (D)240Hz (E)300Hz



Displacement

Time

37. Two sinusoidal functions of time are combined to obtain the result shown in the figure above. Which of the
following can best be explained by using this figure?
(A) Beats  (B) Doppler effect  (C) Diffraction (D) Polarization  (E) Simple harmonic motion

Questions 38-39

————
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2m ﬁ‘,l

A standing wave of frequency 5 hertz is set up on a string 2 meters long with nodes at both ends and in the center, as
shown above.

le
I

38. The speed at which waves propagate on the string is
(A)04m/is (B)25m/ls (C)5m/s (D)10m/s (E) 20 m/s

39. The fundamental frequency of vibration of the string is
(A)IHz (B)25Hz (C)5Hz (D)75Hz (E)10Hz

40. Sound in air can best be described as which of the following types of waves?
(A) Longitudinal ~ (B) Transverse  (C) Torsional (D) Electromagnetic  (E) Polarized

41. In the Doppler effect for sound waves, factors that affect the frequency that the observer hears include which of
the following?
I. The speed of the source
I1. The speed of the observer
I11. The loudness of the sound
(A)lonly (B)lllonly (C)landllonly (D)IllandlIllonly (E)I, I, and Il
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S e S,
P o]

42. The figure above shows two wave pulses that are approaching each other. Which of the following best shows
the shape of the resultant pulse when the centers of the pulses, points P and Q coincide?

(A) ﬂ (8) l | (©)

(D) q;r __L L.




43. One end of a horizontal string is fixed to a wall. A transverse wave pulse is generated at the other end, moves
toward the wall as shown and is reflected at the wall. Properties of the reflected pulse include which of the

following?
E I. It has a greater speed than that of the incident pulse.
I1. 1t has a greater amplitude than that of the incident pulse.
E I11. It is on the opposite side of the string from the incident pulse.

(A) lonly (B) 1l only (C) land 11 only (D) Il and 11 only (E) I, 1, and 11

44. A small vibrating object on the surface of a ripple tank is the source of 3
waves of frequency 20 Hz and speed 60 cm/s. If the source S is moving to
. E:
s

the right, as shown, with speed 20 cm/s, at which of the labeled points will
the frequency measured by a stationary observer be greatest?

45. The frequencies of the first two overtones (second and third harmonics) of a vibrating string are f and 3f/2 .What

is the fundamental frequency of this string?

(A) A (B) B ©cC
(A)fI3 (B)fi2 (C)f (D)2f (E)3f

A

(D)D (E) 1t will be the same at all four points.

46. Two fire trucks have sirens that emit waves of the same frequency. As the fire trucks approach a person, the
person hears a higher frequency from truck X than from truck Y. Which of the following statements about truck
X can be correctly inferred from this information

I. Itis traveling faster than truck Y
Il. Itis close to the person than the truck Y
I11. 1tis speeding up, and truck Y is slowing down.

(A)lonly (B)Illonly (C)landllonly (D)Ilandlllonly (E)I, IlandIll

Questions 47-48:
y
[}
The figure above shows a transverse wave traveling to the
Direction of Travel right at a particular instant of time. The period of the wave is
5cm - 0.2s.

: AWaWau

47. What is the amplitude of the wave?
(A)decm (B)5cm  (C)8cm (D)10cm (E) 16 cm

48. What is the speed of the wave?
(A)dcm/s (B)25cm/s (C)50cm/s (D) 100cm/s (E) 200 cm/s



49. A standing wave pattern is created on a guitar string as a person tunes the guitar by changing the tension in the
string. Which of the following properties of the waves on the string will change as a result of adjusting only the
tension in the string?

I. Speed of the traveling wave that creates the pattern
I1. Frequency of the standing wave
I11. Wavelength of the standing wave

(A)lonly (B)Honly (C)landllonly (D)Illandlllonly (E)I, I, and Il

50. A tuning fork is used to create standing waves in a tube open at the top and partially filled with water. A
resonance is heard when the water level is at a certain height. The next resonance is heard when the water level
has been lowered by 0.5 m. If the speed of sound is equal to 340 m/s, the frequency of the tuning fork is
(A)170Hz (B)226 Hz (C)340Hz (D)680Hz (E) 2450 Hz




SECTION B — Physical Optics

1.

10.

In Young’s double slit experiment, the second order bright band of one light source overlaps the third order
band of another light source. If the first light source has a wavelength of 660 nm, what is the wavelength of the
second light source?

A)1320nm B)990nm C)495nm D)440nm E) 330 nm

A student performs an experiment similar to Young’s Double Slit Experiment. Coherent light passes through
two narrow slits and produces a pattern of alternating bright and dark lines on a screen. Which of the following
would cause the bright lines on the screen to be further apart?

I.  Increasing the distance between the slits

Il. Decreasing the distance between the slits

I11. Decreasing the wavelength of the light

A)lonly B)llonly C)lllonly D)I&Illonly E)Il &Il only

A diffraction grating of 1000 lines/cm has red light of wavelength 700 nm pass through it. The distance
between the first and third principal bright spots on a screen 2 m away is
A)ldcm B)28cm C)42cm D) 140cm E)280cm

Monochromatic light with a wavelength of 6x10~" meters falls upon a single slit. After passing through the slit,
it forms a diffraction pattern on a screen 1 m away. The distance between the center maximum and the first
maximum away from the center is 3 mm. What is the thickness of the slit?

A)0lmm B)0.2mm C)0.3mm D)04mm E)0.5mm

In a Young's double-slit experiment, the slit separation is doubled. To maintain the same fringe spacing on the
screen, the screen-to-slit distance D must be changed to

A) D2 B) % c) V2D D) 2D E) 4D

Monochromatic light falls on a single slit 0.01 cm wide and develops a first—order minimum (dark band) 0.59
cm from the center of the central bright band on a screen that is one meter away. Determine the wavelength of
the light.

A)1.18x10°cm B)5.90x10°cm C)1.18x10*cm D)5.90x10°cm E)1.18 x10®cm

Which station broadcasts with 3.27 m radio waves?
A)91.7MHz B)925MHz C)985MHz D)1025MHz E) 106.3 MHz

Pioneering radio station KFKA started broadcasting 78 years ago at 1310 (1.31 MHz) on the AM dial. What is
the approximate length of its radio wave?
A)23m B)230m C)2300m D)23000m E)3x10®m

The length of the most effective transmitting antenna is equal to one—fourth the wavelength of the broadcast
wave. If a radio station has an antenna 4.5 meters long then what is the broadcast frequency of the radio station?
A)14x10°%Hz B)6.0x10°Hz C)1.7x10'Hz D)6.7x10"Hz E)3.0x10®Hz

A radio signal with a wavelength of 1.2 x 10~ m is sent to a distance asteroid, is reflected, and returns to Earth
72 hours and 48 minutes later. How far from Earth is the asteroid?
A)1.9x10°km B)3.9x10° km C)7.9x10° km D)19x10"km E)5.4x10" km



11. In the electromagnetic spectrum, rank the following electromagnetic waves in terms of increasing wavelength.

Smallest Wavelength Largest Wavelength
Light Light

A) Ultraviolet X-ray Radio Waves

B) Ultraviolet Radio Waves X-ray

C) Radio Waves Ultraviolet X-ray

D) Radio Waves X-ray Ultraviolet

E) X-ray Ultraviolet Radio Waves

12. Two sources, in phase and a distance d apart, each emit a wave of wavelength A. See figure below. Which of the
choices for the path difference AL = L, — L, will always produce destructive interference at point P?
C) (x/Ly)d

A)dsin®  B)x/L, D) M2

[

E) 22

13. Waves are produced by two point sources S and S’ vibrating in phase. See the
accompanying diagram. X represents the location of the 2" interference minima.
The path difference SX — S’X is 4.5 cm. The wavelength of the waves is
approximately
A)1l5cm B)1.8cm

C)2.3cm D)3.0cm E)4.5cm
14. A transmission diffraction grating is ruled with 5000 lines per cm. Through what angle will the first order
maxima be deflected when light with a wavelength of 4.5 x 10" m strikes the grating?
A)52° B)6.4° C)13° D)27° E)34°
15. In an experiment to measure the wavelength of light using a double slit apparatus, it is found that the bright
fringes are too close together to easily count them. To increase only the spacing between the bright fringes, one
could
A) increase the slit width
B) decrease the slit width
C) increase the slit separation
D) decrease the slit separation
E) none of these

16. Two point sources in a ripple tank radiate waves in phase with a constant wavelength of 0.02 meter. The
first-order interference maximum appears at 6° (use sin 6° = 0.1). The separation of the sources is most nearly
(A) 0.001 m (B) 0.002 m (C)0.06 m (D)0.1m (E)0.2m

17. Which of the following is true of a single-slit diffraction pattern?
(A) It has equally spaced fringes of equal intensity.
(B) It has a relatively strong central maximum.
(C) It can be produced only if the slit width is less than one wavelength.
(D) It can be produced only if the slit width is exactly one wavelength.
(E) It can be produced only if the slit width is an integral number of wavelengths.



Radio waves  Infrared radiation  Visible light ~ Ultraviolet radiation = Gamma radiation

18. For the five types of electromagnetic radiation listed above, which of the following correctly describes the way

in which wavelength, frequency and speed, change as one goes from the left to right on the list?
Wavelength Frequency Speed

(A) Decreases Decreases Decreases
(B) Decreases Increases Remains the same
(C) Increases Decreases Remains the same
(D) Increases Decreases Increases
(E) Increases Increases Increases

19. A radar operates at a wavelength of 3 centimeters. The frequency of these waves is
(A)10™®Hz  (B)10°Hz  (C)10°Hz  (D)3x10°Hz  (E)10"Hz

20. Plane sound waves of wavelength 0.12 m are

incident on two narrow slits in a box with AP
nonreflecting walls, as shown. At a distance of —_— ‘)Q/ '30m
5.0 m from the center of the slits, a first-order Sound 1 .- |
maximum occurs at point P, which is 3.0 m from —_— K- Lo
the central maximum. The distance between the A=0.12m T
slits is most nearly —_—
(A) 0.07m (B) 0.09 m (C)0.16 m

(D)0.20 m (E)0.24 m

21. A radio station broadcasts on a carrier frequency of 100 MHz. The wavelength of this radio wave is most
nearly
(A)3.0x10°m (B)1.0m (C)3.0m (D)3.3m (E)3.0x10°m

22. If one of the two slits in a Young’s double-slit demonstration of the interference of light is covered with a thin
filter that transmits only half the light intensity, which of the following occurs?
(A) The fringe pattern disappears.
(B) The bright lines are brighter and the dark lines are darker.
(C) The bright lines and the dark lines are all darker.
(D) The bright lines and the dark lines are all brighter.
(E) The dark lines are brighter and the bright lines are darker.

23. Adiffraction grating is illuminated by light of wavelength 600 nm. On a screen 100 cm away is a series of

bright spots spaced 10 cm apart. If the screen is now placed 30 cm from the diffraction grating, the new spacing

between adjacent bright spots on the screen is most nearly
(A)30cm (B)10cm (C)3cm  (D)lcm  (E) 3mm




SECTION C — Geometric Optics

1. The critical angle of a material is the angle of incidence for which the angle of refraction is:
A)0° B)30° C)45° D)90° E)180°

2. An object is located 0.20 meters from a converging lens which has a focal length of 0.15 meters. Relative to the
object, the image formed by the lens will be:
A) real, erect, smaller. B) real, inverted, smaller. C) real, inverted, larger
D) virtual, erect, larger.  E) virtual, inverted, smaller.

3. Aplane mirror produces an image that is
A) real, inverted and larger than the object.
B) real, upright, and the same size of the object.
C) real, upright, and smaller than the object.
D) virtual, inverted, and smaller than the object.
E) virtual, upright, and the same size as the object.

4. The principle underlying fiber optics is:
A) diffraction B) dispersion C) interference D) polarization E) total internal reflection

5. Adiverging lens produces and image of a real object that is:
A) real, inverted and larger than the object.
B) real, upright, and the same size as the object.
C) virtual, inverted, and smaller than the object.
D) virtual, upright, and larger than the object.
E) virtual, upright, and smaller than the object.

6. Light that has a wavelength of 500 nm in air has a wavelength 400 nm in a transparent material. What is the
index of refraction of the material?
A)0.64 B)0.80 C)1.00 D)125 E)1.56

7. A beam of light passes from medium 1 to medium 2 to medium 3 l]l\
as shown in the accompanying figure. What is true about the
respective indices of refraction (ny, n,, and ny)
A)ni>ny>ng B)ym>nz>n; C)ny>ng>my Ny \
D)na>ni>n3 E)ng>nm>n,

8. A laser is embedded in a material of index of refraction n. The «— >
laser beam emerges from the material and hits a target. See the 1.20 7]
accompanying figure for the position parameters of the laser and
target. The value of niis: air
A)14 B)15 C)21 D)35 E)5.0

1.20m




9.

10.

11.

12.

13.

A beam of light is directed toward point P on a boundary as shown to the
right. Which segment best represents the refracted ray?
A)PA B)PB C)PC D)PD E)PE

n=1\_P

1.5

n

Which of the following is NOT possible for the images formed by the lens in the
accompanying figure?

A) real and inverted

B) real and smaller in size

C) real and larger in size

D) virtual and erect

E) virtual and smaller in size

A narrow beam of monochromatic light enters a lens parallel to
the optic axis, as shown in the accompanying diagram. Which

arrow best represents the direction of the light after leaving the /

lens?

AJA B)B C)C D)D E)E /
\

The accompanying diagram shows the path that a light ray takes passing
through three transparent materials. The indices of refraction in materials 1,
2, and 3 are ng, Ny, and na, respectively. Which of the following best
describes the relation between the indices of refraction?

A)n;>n;>n; B)ni>nz>n; C)ny>ng>ng
D)yn,>ng>n; E)ng>n;>n,

Which diagram best represents what happens to a ray of light entering air from water? Air is at the top in all
diagrams.

e N A
A KA




14. In order to produce and enlarged, upright image of an object, you could use a
A) converging lens more than one focal length from the object.
B) converging lens less than one focal length from the object.
C) diverging lens more than one focal length from the object.
D) diverging lens exactly one focal length from the object.
E) diverging lens less than one focal length from the object.

15. The critical angle in a transparent substance surrounded by air is 30°. The speed of light in the substance (in
multiples of 10° m/s) is most nearly
A)10 B)15 C)20 D)3.0 E)6.0

16. A beam of light traveling in glass (ng = 1.5) strikes a boundary
with air (n, = 1.0) at point P. The angle of incidence is 60° as A
shown in the diagram. Which ray would best indicate the beam’s N D
path after point P? AR nz=1.0 e
A)A B)B C)C D)D E)E GLASS ng=1.5

17. Asmall light bulb is placed 20 cm to the right of a converging lens of focal length 10 cm. Which of the
following statements is NOT true about the image of the bulb formed by the lens?
A) Itis virtual
B) It is inverted
C) It is the same size as the bulb
D) Itis 20 cm to the left of the lens
E) It can be projected on a screen

18. Animage is formed on a screen by a convergent lens. If the top half of the lens is then covered what will
happen to the image?
A) the image is dimmer but otherwise unchanged
B) the image becomes half as big
C) only the top half of the image is produced
D) only the bottom half of the image is produced
E) the image becomes half as big and is inverted from its original position.

19. A wave moves from one medium to as second medium with a different index of refraction. Which of the
following wave properties would NEVER change?
A) frequency B) wavelength C)speed D)angle E)all will change

20. Specular reflection occurs whenever light is incident on
A) a smooth surface
B) a rough surface
C) a boundary between high index of refraction and low index of refraction materials
D) a boundary between low index of refraction and high index of refraction materials
E) a boundary between any two transparent substances, regardless of index of refraction



21.

22.

23.

24.

25.

26.

217.

A beam of light passes from medium 1 to medium 2 to

medium 3 as shown in the diagram. What may be
concluded about the speed of light in each medium? 1y
A)Vvs>vi>Vv, B)vi>Vv,>vy C)vi>v3<Vv,
D)v,>vz>v; E)vy>vi>v; fig \

ng ﬁ——____‘__%_*
After striking the lens shown in the diagram at right, the B C
light ray will most likely follow which path? Ray A«

A)A B)B CC D)D E)E \”D
E

lens

An object is placed 10 cm in front of the center of a concave curved mirror with a radius of curvature of 10 cm.
About how far from the mirror will the real image of the object be formed?
A)Ocm B)5cm C)10cm D)20cm  E) No image is formed

Light travels from material X with an index of refraction of n=1.5 to material Y with an index of refraction of
n=2.0. If the speed of light in material Y is v, what is the speed of light in material X?
A)056v B)0.75v C)133v D)178v E)3.0v

A light ray is incident normal to a thin layer of glass. Given =
the figure, what is the minimum thickness of the glass that light
gives the reflected light an orangish color ray,
(Mair) orange light = 600nm)

A) 50 nm

B) 100 nm

C) 150 nm tI

D) 200 nm
E) 500 nm water n=1.33

air n=1.00

I

1

I

1
¥

glass n=1.50

Two thin lenses each with a focal Obiect
length of +10 cm are located 30 cm = PI ﬁ

apart with their optical axes aligned T

as shown. An object is placed 35 F U F F U F

cm from the first lens. After the +0cm-(0 cm-» 10 cm-{40 cm-»
light has passed through both lenses, ¢ Iem p4 Hem——— 7 —
at what distance from the second

lens will the final image be formed?

A)65cm B)35cm C)27cm D)17cm E)-14cm

A jeweler can distinguish between a diamond and a piece of glass by observing the critical angle of light in each
material. Glass with an index of refraction of 1.52 has a critical angle of 41.1° while a diamond with an index
of refraction of 2.42 would have critical angle of:

A)65.4° B)38.9° (C)25.8° D)24.4° E)16.2°



28.

29.

30.

31.

32.

33.

34.

35.

What causes chromatic aberration in a glass lens

A) Each wavelength of light reflects from the surface of the lens

B) Each wavelength of light is refracted a different amount by the lens
C) White light waves interfere inside the lens

D) White light waves diffract around the edge of the lens

E) Chromatic aberration occurs with mirrors, not lenses

A converging lens forms a virtual image of a real object that is two times the objects size. The converging lens
is replaced with a diverging lens having the same size focal length. What is the magnification of the image
formed by the diverging lens?

A)-1 B)-2/5 C)2/3 D)32 E)52

A beam of light travels through the air and strikes the surface of
water at an angle of incidence of 45°. It continues through the
water and then strikes the bottom of a glass aquarium. Which of
the following would be closest to the angle of refraction after the
beam enters the glass. The index of refraction of water is 1.3 and
that of glass is 1.5

A)55° B)45° (C)38° D)33° E)28°.

Light shines from air into a clear material. When the light makes an angle of incidence equal to 30°, the light
refracts at an angle of 15°. If the light is shone from an angle of incidence of 60°, what is the angle of refraction?
A) 19.5° B)26.6° C)30° D)45° E)60°

An object is in front of a convex lens, at a distance less than the focal length from the lens. Its image is
A) virtual and larger than the object.

B) real and smaller than the object.

C) virtual and smaller than the object.

D) real and larger than the object.

E) virtual and the same size as the object.

Light is incident normal to a thin layer of soap. Given the figure, incident light
what is the minimum thickness of the soap film that gives the soap a _&ye
bluish color (Ai(blue) = 500 nm)? \ '?
A)100nm B)200nm C)250nm D)400nm E)500nm
\air n=1.00
tI soap n=1.25

water n=1.33

If the frequency of a periodic wave is doubled, the period of the wave will be
A) halved B) quartered  C) doubled D) quadrupled E) unchanged

For which of the following does one obtain an image of increased size from a real object? Take all focus and
radius of curvature values as positive.

(a) The object is placed at a position outside the radius of curvature for a converging lens.

(b) The object is placed at a position outside the radius of curvature for a diverging lens.

(c) The object is placed at a position inside the magnitude of the focus for a concave lens.

(d) The object is placed at a position between the focus and radius of curvature for a concave mirror.

(e) The object is placed at a position between the focus and the radius of curvature for a convex mirror.



36.

37.

38.

39.

40.

41.

42,

A sound wave generated from a tuning fork of single frequency travels from air (with speed of sound 340 m/s)
into rock (with speed of sound 1500 m/s). Which statement is true about the wavelength and frequency of the
sound as it passes from air to rock?

A) The frequency of the sound increases and the wavelength increases.

B) The frequency of the sound increases and the wavelength is unchanged.

C) The frequency of the sound is unchanged and the wavelength is decreased.

D) The frequency of the sound is unchanged and the wavelength is increased.

E) The frequency of the sound decreases and the wavelength is increased.

When a beam of white light passes through a prism, the exiting light is seen as a spectrum of visible colors. This
phenomenon is known as
(A) diffraction. (B) dispersion. (C) interference. (D) polarization. (E) reflection.

Modern telescopes use mirrors, rather than lenses, to form images. One advantage of mirrors over lenses is that
the images formed by mirrors are not affected by:

(A) destructive interference (D) spherical aberration

(B) constructive interference  (E) atmospheric refraction

(C) chromatic aberration

A diverging lens produces an image of a real object. This image is
(A) virtual, larger than the object, and upright.

(B) virtual, smaller than the object, and upright.

(C) virtual, smaller than the object, and inverted.

(D) real, smaller than the object, and inverted.

(E) real, larger than the object, and inverted

A light beam passes through the air and strikes the surface of a plastic block. Which pair of statements correctly
describes the phase changes for the reflected wave and the transmitted wave?

Reflected wave Transmitted wave
(A) 90° 90°
(B) No phase change 180°
(C) No phase change No phase change
(D) 180° 180°
(E) 180° No phase change

The diagram below shows the path taken by a monochromatic light ray traveling through three media. The
symbols vi, A4, and f; represent the speed, wavelength, and frequency of the light in Medium 1, respectively.
Which of the following relationships for the light in the three media is true?

(Ay A4 <4y < 4, Medimn\
(B) vy <vy =y

O fi<h </ hedium 2 \
D) vy =y <V,

(E) Ay < Ay < 44 Medinm 3 \

A real object is located in front of a convex lens at a distance greater than the focal length of the lens. What type
of image is formed and what is true of the image’s size compared to that of the object?

Type of Image Size of Image
(A) Real Larger than object
(B) Real More information is needed
(© Virtual Smaller than object
(D) Virtual Larger than object

(E) More information is needed More information is needed



refraction 1.50 as shown to the right. Which of the following thicknesses t will not
reflect light with wavelength 640 nm in air?
A)160nm B)240nm C)360nm D)480nm E) 640 nm 1 t \I/ n=1.13

43. A thin film of thickness t and index of refraction 1.33 coats a glass with index of
V/ n=1.00

44. Which of the following wave properties cannot be demonstrated by all kinds of waves?
A) Polarization  B) Diffraction  C) Superposition D) Refraction E) Frequency

45, Lenses in fine quality cameras are coated to reduce the reflection from the lenses. If the coating material has an
index of refraction between that of air and glass, what thickness of coating will produce the least reflection?
A) one—quarter of the wavelength in the coating
B) one-third of the wavelength in the coating
C) one—half of the wavelength in the coating
D) one wavelength in the coating
E) the amount of reflection is independent of the thickness of the coating.

46. A beam of light from the air is incident on a transparent block of material. The angle of incidence is 49° while
the angle of refraction is 30°. What is the velocity of light in the transparent material?
A)18x10°m/s B)2.0x10°m/s C)2.3x10°m/s D)3.0x10°m/s  E)4.5x10°m/s

47. Light with a wavelength of 500 nm in a vacuum enters a liquid with an index of refraction of 1.25 at an angle of
incidence of 40°. What would be the wavelength of the light in the liquid?
A) 320 nm B) 400 nm C) 500 nm D) 625 nm E) 780 nm

48. Light strikes three different thin films, which are in air, as shown. If t denotes the film thickness and A denotes
the wavelength of the light in the film, which films will produce constructive interference as seen by the

observer?
incicent light incicent light incicent light
\ eve _tye \ _eye
\ v, \ \ \ Ty
\_‘. “—f \-. \ -
\ "\ \
\ \ \
N e, e
: [
o ‘ t=A2
t=5v4 -
t=3\2
I I m

A)lonly B)llonly C)lllonly D)Illandlllonly E)Iandlllonly.

49. The critical angle for a transparent material in air is 30°. The index of refraction of the material is most nearly
(A)0.33 (B)0S0 (C)10 (D)15 (E)2.0



50.

Sl

52.

53.

54.

55.

56.

)
/

Reflecting
Surlace

An object is placed as shown in the figure above. The center of curvature C and the focal point F of the
reflecting surface are marked. As compared with the object, the image formed by the reflecting surface is
(A) erect and larger (B) erect and the same size (C) erect and smaller

(D) inverted and larger (E) inverted and smaller

When one uses a magnifying glass to read fine print, one uses a
(A) converging lens to produce a virtual image of the print

(B) converging lens to produce a real image of the print

(C) mirror to produce a virtual image of the print

(D) diverging lens to produce a real image of the print

(E) diverging lens to produce a virtual image of the print

Which color of light is associated with the highest speed in a vacuum?
(A)Blue (B)Green (C)Red (D) Violet (E) They are all the same

An illuminated object is placed 0.30 meter from a lens whose focal length is —0.15 meter. The image is
(A) inverted, real, and 0.30 meter from the lens on the opposite side from the object

(B) upright, virtual, and 0.30 meter from the lens on the opposite side from the object

(C) upright, real, and 0.10 meter from the lens on the same side as the object

(D) upright, virtual, and 0.10 meter from the lens on the same side as the object

Which of the following CANNOT be accomplished by a single converging lens with spherical surfaces?
(A) Converting a spherical wave front into a plane wave front

(B) Converting a plane wave front into a spherical wave front

(C) Forming a virtual image of a real object

(D) Forming a real upright image of a real upright object

(E) Forming a real inverted image of a real upright object

The image of the arrow is larger than the arrow itself in which of the following cases?

1.. T :/\ 1. I L. [

Focal Point .\/
Convex Convex Plane
Lens Spherical Mirror

Mirror
(A)lonly (B)Honly (C)landlllonly (D)Illandlllonly (E)I, Iland Il

A postage stamp is placed 30 centimeters to the left of a converging lens of focal length 60 centimeters. Where
is the image of the stamp located?

(A) 60 cm to the left of the lens (B) 20 cm to the left of the lens

(C) 20 cm to the right of the lens (D) 30 cm to the right of the lens

(E) 60 cm to the right of the lens



X
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57. Light leaves a source at X and travels to Y along the path shown above. Which of the following statements is

58.

59.

60.

61.

62.

correct?

(A) The index of refraction is the same for the two media.

(B) Light travels faster in medium 2 than in medium 1.

(C) Snell's law breaks down at the interface.

(D) Light would arrive at Y in less time by taking a straight line path from X to Y than it does taking the path
shown above.

(E) Light leaving a source at Y and traveling to X would follow the same path shown above, but in reverse.

1))

Which three of the glass lenses above, when placed in air, will cause parallel rays of light to converge?
(AL ILand Il (B) L, l,andV  (C) 1L, 1V,andV (D) II, NI, and IV (E) I, IV, and V

A

o8 oC

oD

Mirror
Obgect » of
An object is placed near a plane mirror, as shown above. Which of the labeled points is the position of the
image?
AMA (B)B (C)C O)D (BE

Observations that indicate that visible light has a wavelength much shorter than a centimeter include which of
the following?

I.  The colored pattern seen in a soap bubble

I1. The colored pattern seen when light passes through a diffraction grating

I11. The bending of light when it passes from one medium to another medium
(A) I only (B) 11 only (C) land 11 only (D) Il and 111 only (B) I, 11, and 111

If the object distance for a converging thin lens is more than twice the focal length of the lens, the image is
(A) virtual and erect ~ (B) larger than the object ~ (C) located inside the focal point
(D) located at a distance between f and 2f fromthe lens ~ (E) located at a distance more than f from the lens

A concave mirror with a radius of curvature of 1.0 m is used to collect light from a distant star. The distance
between the mirror and the image of the star is most nearly
(A) 0.25m (B)0.50m (©)0.75m (D)1.0m (E)2.0m



63. When light passes from air into water, the frequency of the light remains the same. What happens to the speed

64.

65.

66.

67.

and the wavelength of light as it crosses the boundary in going from air into water?

Speed Wavelength
(A) Increases Remains the same
(B) Remains the same Decreases
(C) Remains the same Remains the same
(D) Decreases Increases
(E) Decreases Decreases

A physics student places an object 6.0 cm from a converging lens of focal length 9.0 cm. What is the magnitude
of the magnification of the image produced?
(A) 0.6 (B)1.5 (©)2.0 (D) 3.0 (E) 3.6

An object is placed at a distance of 1.5f from a

converging lens of focal length f, as shown. What T

type of image is formed and what is its size relative . )

to the object? o f
Type Size

(A) Virtual Larger

(B) Virtual Same size

(C) Virtual Smaller

(D) Real Larger

(E) Real Smaller

A light ray passes through substances 1, 2, and 3, as shown. The
indices of refraction for these three substances are ny, n,, and ns,

respectively. Ray segments in 1 and in 3 are parallel. From the

directions of the ray, one can conclude that

(A) n3 must be the same as n; /

(B) n, must be less than n;
(C) n, must be less than n3
(D) ny must be equal to 1.00

(E) all three indices must be the same n, n, ny

A beam of white light is incident on a
triangular glass prism with an index of
refraction of about 1.5 for visible light,
producing a spectrum. Initially, the prism
is in a glass aquarium filled with air, as
shown above. If the aquarium is filled
with water with an index of refraction of Light
1.3, which of the following is true?
(A) No spectrum is produced.

(B) A spectrum is produced, but the deviation of the beam is opposite to that in air.

(C) The positions of red and violet are reversed in the spectrum.

(D) The spectrum produced has greater separation between red and violet than that produced in air.
(E) The spectrum produced has less separation between red and violet than that produced in air.

|, Aquarium

Spectrum
Red

Violet

Incident




Mirror

»l
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68. An object, slanted at an angle of 45°, is placed in front of a vertical plane mirror, as shown above. Which of the
following shows the apparent position and orientation of the object's image?

(A) (B) © D) (E)
Vi Sl N

69. The spherical mirror shown has a center of
curvature at point ¢. Which point is nearest

to the focal point? : _
(A)a (B)b (C)c (D)d (B)e - ab E . f-i

| ]

70. An object is placed in front of a converging thin lens at a distance from the center of the lens equal to half the
focal length. Compared to the object, the image is
(A) upright and larger
(B) upright and smaller
(C) inverted and larger
(D) inverted and smaller
(E) inverted and the same size

71. Which of the following is characteristic of both sound and light waves?
(A) They are longitudinal waves.
(B) They are transverse waves.
(C) They travel with the same velocity.
(D) They can be easily polarized
(E) They give rise to interference effects

72. A thin film with index of refraction n;
separates two materials, each of which has Light
an index of refraction less than ns. A
monochromatic beam of light is incident
normally on the film, as shown above. If the
light has wavelength A within the film,
maximum constructive interference between
the incident beam and the reflected beam

occurs for which of the following film
thicknesses? n] < nf
(A)3h (B)2r (C)X (D)M2 (E) M4 Thin ﬁlm nf

n2<nf



Questions 73-74

MO % >

A light ray R in medium I strikes a sphere of medium II with angle of incidence 0, as shown above. The figure
shows five possible subsequent paths for the light ray.

73. Which path is possible if medium I is air and medium Il is glass?
AMA (B)B (©C (DD (BE

74. Which path is possible if medium I is glass and medium 11 is air?
(AMA (B)B (©)C (DD (BE

75. An object is placed on the axis of a converging thin lens of focal length 2 cm, at a distance of 8 cm from the lens.
The distance between the image and the lens is most nearly
(A)O4cm (B)0.8cm (C)16cm (D)20cm (E)2.7cm

76. A large lens is used to focus an image of an object onto a screen. If the left half of the lens is covered with a dark
card, which of the following occurs
(A) The left half of the image disappears (D) The image becomes dimmer
(B) The right half of the image disappears (E) No image is formed
(C) The image becomes blurred

77. Which of the following statements are true for both sound waves and electromagnetic waves?
I.  They can undergo refraction.
Il. They can undergo diffraction.
I11. They can produce a two-slit interference pattern.
IV. They can produce standing waves.

(A) l'and Il only (B) Il and IV only (©) I, 11, and 11 only
(D) I1, 111, and 1V only (E) I, 11, 11, and IV

78. As shown, a beam of white light is separated into separate
colors when it passes through a glass prism. Red light is
refracted through a smaller angle than violet light because B
red light has a White Red Light
(A) slower speed in glass than violet light Light Violet Light
(B) faster speed in glass than violet light
(C) slower speed in the incident beam than violet light
(D) faster speed in the incident beam than violet light
(E) greater intensity than violet light



79. Aray of light in glass that is incident on an interface with ice, Light
as shown, is partially reflected and partially refracted. The
index of refraction n for each of the two media is given in
the figure. How do the angle of reflection and the angle of o

refraction compare with the angle of incidence 6 ? 2
Glass n=15

Angle of Angle of Ice n=13
Reflection Refraction

(A) Same Larger

(B) Same Smaller

(C) Smaller Same

(D) Smaller Smaller

(E) Larger Larger

Questions 80-81.:

An object O is located at point P to the left of a converging
lens, as shown in the figure. F; and F, are the focal
points of the lens.

“pF—*=0

80. If the focal length of the lens is 0.40 m and point P is
0.30 m to the left of the lens, where is the image of the
object located?

(A) 1.2 mto the left of the lens
(B) 0.17 m to the left of the lens
(C) At the lens

(D) 0.17 m to the right of the lens
(E) 1.2 m to the right of the lens

= ¢ —>
5

81. Which of the following characterizes the image when the object is in the position shown?
(A) Real, inverted, and smaller than the object
(B) Real, upright, and larger than the object
(C) Real, inverted, and larger than the object
(D) Virtual, upright, and larger than the object
(E) Virtual, upright, and smaller than the object

82. On a day when the speed of sound is 340 m/s, a ship sounds its whistle. The echo of the sound from the shore is
heard at the ship 6.0 s later. How far is the ship from the shore?
(A)56.7m (B)113m (C)1020m (D)2040m (E)4080m

83. Aray of light in air is incident on a 30-°60°-90° prism,

perpendicular to face ab, as shown in the diagram. The ray enters 4
the prism and strikes face ac at the critical angle. What is the 60°
index of refraction of the prism? il

A; B 0% b2 B3 | \

C



