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Exam

Name___________________________________

MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) What is the speed of light in a material for which the critical angle with air is 61 degrees?
A) 0.8c B) 0.9c C) c D) 1.1c E) 1.2c

1)

2) You are standing 2.3m horizontally from the edge of a 4.5m deep lake, with your eyes 1.7m
above the water surface. A diver holding a flashlight at the lake bottom shines the light so you
can see it. If the light in the water makes a 42 degree angle with the vertical, at which
horizontal distance is the diver from the edge of the lake?

A) 3m B) 5m C) 7m D) 9m E) 11m

2)

3) A light ray propagating through water (n=1.33) strikes a parallel slab of glass (n=1.62) with
thickness d=6cm
at an incident angle of 40 degrees. What's the angle the light ray makes in the water with the
normal to the interface after it exits the glass slab?

A) 25 degrees B) 30 degrees C) 35 degrees D) 40 degrees E) 45 degrees

3)

4) The three corners of a prism are at the location (0,0), (0,5), and (6,0). White light strikes the
prism at (0,3) exactly orthogonal to the prism surface. What's the angle of dispersion between
red (700nm, n=1.516) and violet (400nm, n=1.538)?

A) 2.15 degrees B) 4.3 degrees C) 6.45 degrees D) 8.6 degrees

4)

5) High quality optical fiber is rated at 0.25dB/km.  By what factor does the light intensity change
after traversing 10km through such a fiber?

A) 1.28
B) 0.78
C) 0.75
D) 0.5
E) less than 10% of the light is left after 10km

5)

6) Two mirrors are arranged such that they are parallel to the x and y axis of the rectangular
coordinate system.
A laser beam enters the mirror arrangement, hits each mirror once, and exits. What's the total
change in direction that the laser light experiences?

A) Depends on the incidence angle.
B) 90 degrees
C) 180 degrees
D) 270 degrees
E) 360 degrees

6)

7) A laser beam with wavelength 633nm is propagating in air when it strikes a transparent
material at an incidence angle of 50 degrees. If the angle of refraction is 27 degrees, what is the
wavelength in the material?

A) 400 nm B) 500 nm C) 600 nm D) 700 nm E) 800 nm

7)
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) The maximum frequency the human ear can detect is about 20kHz. If you walk into a room in
which there are two sources, one at 100kHz and one at 102kHz. Will you hear anything? What
if the second source is at 125kHz?

A) Yes, yes.
B) No, no.
C) Yes, but only in certain places in the room for the first case, and no in the second case.
D) Yes, no.
E) No, yes.

1)

2) If the pressure amplitude of a sound wave doubles, what happens to the decibel level?
A) -2dB B) 0dB C) 2dB D) 4dB E) 6dB

2)

3) You see an airplane straight overhead at an altitude of 5.2km. Sound from the plane, however,
seems to be coming from a point back along the plane's path at a 35 degree angle to the
vertical. What is the plane's speed, assuming a sound speed of 330 m/s?

A) 100m/s B) 200m/s C) 300m/s D) 400m/s E) 500m/s

3)

4) At a soccer game, the "wave" might circulate through the stands and move around the
stadium. In this wave motion, people stand up and sit down as the wave passes. What type of
wave would this be characterized as?

A) polarized wave
B) longitudinal wave
C) transverse wave
D) gravitational wave
E) soliton wave

4)

5) What length is necessary for an organ pipe to produce a 22Hz tone if the pipe is open at one
end and closed at the other?

A) 2m B) 4m C) 6m D) 8m E) 10m

5)

6) What are:
(a) the amplitude
(b) the frequency
(c) the wavelength
(d) the speed of  a water wave whose displacement
is described by   y(x,t) = 0.25 sin(0.52x - 2.3 t), where x,y are in meters and t is in seconds.

A) (a)0.3 m ; (b) 0.4 Hz; (c) 10 m; (d) 2 m/s
B) (a)0.4 m ; (b) 0.3 Hz; (c) 12 m; (d) 4.4 m/s
C) (a) 0.25 m; (b) 1 Hz; (c) 6 m; (d) 6.1 m/s
D) (a)0.3 m ; (b) 0.4 Hz; (c) 12m;  (d) 4m/s

6)

1

7) At a point 15m from a source of spherical sound waves, you measure a sound intensity of
750mW/m^2.
How much further do you need to walk, directly away from the source, until the sound
intensity has changed by -4.4dB.

A) 5m B) 10m C) 15m D) 20m

7)

8) Microwaves travel with the speed of light, c=300 000 000m/s. At a frequency of 10 GHz these
wave cause water molecules in your burrito to vibrate. What is their wavelength?
1GHz = 1000 000 000 cycles/sec.

A) 0.3mm B) 3cm C) 30cm D) 300m E) 3km

8)

9) A boat is moored in a fixed location, and waves make it move up and down. If the spacing
between wave crests is 20m and the speed of the wave is 5m/s. How long does it take the boat
to go from the top of a crest to the bottom of a trough?

A) 1s B) 2s C) 4s D) 8s E) 16s

9)

10) When a sound wave passes from air to water, what properties of the wave will change?
A) the frequency f.
B) the wavelength lambda.
C) the speed v of the wave.
D) both f and lambda
E) both v and lambda

10)
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#"



8) A cylindrical tank 2.4m deep is full to the brim with water (n=1.33). Sunlight first hits part of
the bottom of the tank when the rising sun makes a 22 degree angle with the horizon. Find the
tanks diameter.

A) 1.5m B) 2.5m C) 3.5m D) 4.5m E) 5.5m

8)

9) Mr. Evil is throwing a temper, and shooting fish in a pond with a large caliber gun while
standing on the shore. To successfully kill a fish, should he ...

A) aim directly at the image.
B) aim slightly above the image.
C) aim slightly below the image.

9)

10) Blue and red laser beams strike an air -glass interface with incidence angle of 50 degrees. If the
glass has refractive indices of 1.680 and 1.621 respectively for the blue and red light, what will
be the angle between the two beams in the glass?

A) 0 B) 1 degree C) 2 degrees D) 3 degrees E) 4 degrees

10)
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) If the pressure amplitude of a sound wave triples, what happens to the decibel level?
A) -5dB B) 10dB C) -9.5dB D) 0dB E) 5dB

1)

2) A standing wave is formed on a string for which 3.5 wave lengths fit into the total length of the
string. The string is 2.7m long. The wave has a period of 0.10s. If the string has a mass density
of 220 g/m , what is the tension in the string?

A) 1N B) 10N C) 20N D) 30N E) 100N

2)

3) The mach angle of a shock wave associated with the sonic boom of a low flying plane is 70
degrees. What is the speed of the airplane? (Speed of sound in air = 330m/s)

A) 1000 km/h
B) 3000 km/h
C) 5000 km/h
D) 7000 km/h
E) 500 km/h

3)

4) At a point 15m from a source of spherical sound waves, you measure a sound intensity of
1500mW/m^2.
How much further do you need to walk, directly away from the source, until the sound
intensity has changed by -4.4dB.

A) 5m B) 10m C) 20m D) 15m

4)

5) The intensity of sound from a localized source decreases as the inverse square of the distance
from
the source. Does that mean that the sound looses energy as it propagates?

A) Yes.
B) No.
C) Depends on the frequency of the light.

5)

6) "Vibrato" in a violin is produced by sliding the finger back and forth along a vibrating string.
The G-string on a particular violin measures 30cm between bridge and its far end and is
clamped rigidly at both points. It's fundamental frequency is 197Hz. How far from the ("nut")
end should a violinist place a finger so that the G-string plays the note A (440Hz)?  Note: As
discussed in class, the bridge end of the violin is the end that's near your cheek when playing
the violin.  The nut end of the violin is the end far away from your cheek when playing the
violin.

A) 15cm B) 17cm C) 11cm D) 13cm E) 19cm

6)

7) A horn emits sound at a frequency of 160Hz. What frequency is heard by an observer moving
away from the source at 26m/s ?

A) 140Hz B) 150Hz C) 160Hz D) 170Hz E) 180Hz

7)

1
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) What is the speed of light in a material for which the critical angle with air is 61 degrees?
A) 0.8c B) 0.9c C) c D) 1.1c E) 1.2c

1)

2) You are standing 2.3m horizontally from the edge of a 4.5m deep lake, with your eyes 1.7m
above the water surface. A diver holding a flashlight at the lake bottom shines the light so you
can see it. If the light in the water makes a 42 degree angle with the vertical, at which
horizontal distance is the diver from the edge of the lake?

A) 7m B) 5m C) 9m D) 11m E) 3m

2)

3) A light ray reflected from a flat mirror moves through an angle of 60 degrees as the mirror is
rotated.
Through what angle was the mirror rotated?

A) 90 degrees B) 120 degrees C) 30 degrees D) 60 degrees

3)

4) Two mirrors are arranged such that they are parallel to the x and y axis of the rectangular
coordinate system.
A laser beam enters the mirror arrangement, hits each mirror once, and exits. What's the total
change in direction that the laser light experiences?

A) 90 degrees
B) Depends on the incidence angle.
C) 360 degrees
D) 270 degrees
E) 180 degrees

4)

5) A light ray is propagating in a crystal with a wave length of 540nm. It strikes the interior
surface of the crystal at an incidence angle of 34 degrees, and emerges into air at 76 degrees to
the surface normal. What is the light's wave length in air?

A) 500 nm B) 450 nm C) 630 nm D) 940 nm

5)

6) A cylindrical tank 2.4m deep is full to the brim with water (n=1.33). Sunlight first hits part of
the bottom of the tank when the rising sun makes a 22 degree angle with the horizon. Find the
tanks diameter.

A) 4.5m B) 3.5m C) 2.5m D) 1.5m E) 5.5m

6)

7) High quality optical fiber is rated at 0.25dB/km.  By what factor does the light intensity change
after traversing 10km through such a fiber?

A) 0.78
B) 0.5
C) 1.28
D) 0.75
E) less than 10% of the light is left after 10km

7)
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) What is the speed of light in a material for which the critical angle with air is 53 degrees?
A) 0.8c B) 0.9c C) c D) 1.1c E) 1.2c

1)

2) A light ray propagating through water (n=1.33) strikes a parallel slab of glass (n=1.62) with
thickness d=6cm
at an incident angle of 30 degrees. What's the angle the light ray makes in the water with the
normal to the interface after it exits the glass slab?

A) 25 degrees B) 30 degrees C) 35 degrees D) 40 degrees E) 45 degrees

2)

3) High quality optical fiber is rated at 0.25dB/km.  By what factor does the light intensity change
after traversing 10km through such a fiber?

A) 1.28
B) 0.78
C) 0.75
D) 0.5
E) less than 10% of the light is left after 10km

3)

4) Two mirrors are arranged such that they are parallel to the x and y axis of the rectangular
coordinate system.
A laser beam enters the mirror arrangement, hits each mirror once, and exits. What's the total
change in direction that the laser light experiences?

A) Depends on the incidence angle.
B) 90 degrees
C) 180 degrees
D) 270 degrees
E) 360 degrees

4)

5) A ray in glass is incident onto a water-glass interface, at an angle of incidence equal to half the
critical angle for that interface. The indices of refraction for water and the glass are 1.33 and
1.55, respectively.  The angle that the refracted ray in the water makes with the normal is
closest to:

A) 35e B) 25e C) 40e D) 30e E) 45e

5)

6) When light travels from air into water,
A) its wavelength changes, but its velocity and frequency do not change.
B) its frequency changes, but its velocity and wavelength do not change.
C) its velocity, wavelength and frequency all change.
D) its velocity changes, but its frequency and wavelength do not change.
E) its velocity and wavelength change, but its frequency does not change.

6)
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1) What is the speed of light in a material for which the critical angle with air is 53 degrees?
A) 0.8c B) 0.9c C) c D) 1.1c E) 1.2c

1)

2) A light ray propagating through water (n=1.33) strikes a parallel slab of glass (n=1.62) with
thickness d=6cm
at an incident angle of 30 degrees. What's the angle the light ray makes in the water with the
normal to the interface after it exits the glass slab?

A) 25 degrees B) 30 degrees C) 35 degrees D) 40 degrees E) 45 degrees

2)

3) High quality optical fiber is rated at 0.25dB/km.  By what factor does the light intensity change
after traversing 10km through such a fiber?

A) 1.28
B) 0.78
C) 0.75
D) 0.5
E) less than 10% of the light is left after 10km

3)

4) Two mirrors are arranged such that they are parallel to the x and y axis of the rectangular
coordinate system.
A laser beam enters the mirror arrangement, hits each mirror once, and exits. What's the total
change in direction that the laser light experiences?

A) Depends on the incidence angle.
B) 90 degrees
C) 180 degrees
D) 270 degrees
E) 360 degrees

4)

5) A ray in glass is incident onto a water-glass interface, at an angle of incidence equal to half the
critical angle for that interface. The indices of refraction for water and the glass are 1.33 and
1.55, respectively.  The angle that the refracted ray in the water makes with the normal is
closest to:

A) 35e B) 25e C) 40e D) 30e E) 45e

5)

6) When light travels from air into water,
A) its wavelength changes, but its velocity and frequency do not change.
B) its frequency changes, but its velocity and wavelength do not change.
C) its velocity, wavelength and frequency all change.
D) its velocity changes, but its frequency and wavelength do not change.
E) its velocity and wavelength change, but its frequency does not change.

6)

1

7) Dispersion of electromagnetic waves
A) refers to the fact that waves radiate out in all directions from a point source.
B) refers to the phenomenon wherein a ray changes direction when it passes from one

material into another.
C) accounts for the fact that the sky is blue.
D) results from the fact that waves of different frequencies travel at different speeds in

matter.
E) is the underlying phenomenon utilized in some types of sunglasses.

7)

8) A laser beam with wavelength 633nm is propagating in air when it strikes a transparent
material at an incidence angle of 50 degrees. If the angle of refraction is 27 degrees, what is the
wavelength in the material?

A) 400 nm B) 500 nm C) 600 nm D) 700 nm E) 800 nm

8)

9) Mr. Evil is throwing a temper, and shooting fish in a pond with a large caliber gun while
standing on the shore. To successfully kill a fish, should he ...

A) aim directly at the image.
B) aim slightly above the image.
C) aim slightly below the image.

9)

10) Blue and red laser beams strike a glass-air interface. If the glass has refractive indices of 1.680
and 1.621 respectively for the blue and red light, at what incident angle will one and only one
of the two laser beams exit the glass?

A) 35 degrees B) 37 degrees C) 39 degrees D) 41 degrees E) 43 degrees

10)
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8) A light ray propagating through water (n=1.33) strikes a parallel slab of glass (n=1.55) with
thickness d=4cm
at an incident angle of 30 degrees. What's the angle the light ray makes in the water with the
normal to the interface after it exits the glass slab?

A) 35 degrees B) 25 degrees C) 30 degrees D) 45 degrees E) 40 degrees

8)

9) A thick glass plate (n = 1.53) lies on the bottom of a tank of water (n=1.33). A light ray enters
water from air, making an angle of 72 degrees with the normal in air. What angle does the ray
make with the normal when it is in the plate?

A) 10 degrees B) 20 degree C) 30 degrees D) 40 degrees E) 50 degrees

9)

10) Light is incident on an equilateral triangle prism (n=1.55) ata 35 degree angle from the normal
to one of the faces. What is the exit angle with respect to the normal of the exit phase?

A) 40 degrees
B) 50 degrees
C) 60 degrees
D) 70 degrees
E) does not exit because of total internal reflection

10)

2
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8) Red light has a longer wavelength than blue light. Compare their frequency.
A) Red frequency is larger than blue frequency.
B) Red frequency is smaller than blue frequency.
C) They have the same frequency.
D) There's not enough information given.

8)

9) Does a wave pulse have a period? A frequency? A speed? An amplitude?
A) no,no,no,no B) no,no,yes,yes C) yes,yes,no,no D) yes,yes,yes,yes

9)

10) The intensity of light from a localized source decreases as the inverse square of the distance
from the sources.
Does that mean that the light looses energy as it propagates?

A) No. B) Yes.

10)
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) Assume density of the gas and amplitude of a sound wave therein stays the same but the
pressure in the gas quadruples. What happens to the intensity of the sound?

A) The intensity decreases by half.
B) The intensity stays the same.
C) The intensity doubles.
D) The intensity quadruples.
E) The intensity decreases to a quarter of what it was.

1)

2) Helium spectral lines from a distant galaxy A are blue shifted with respect to the same lines
coming from galaxy B.  Which of the following statements is most accurate?

A) The two galaxies are receeding from earth at equal speeds.
B) Galaxy A is further away from earth than Galaxy B.
C) Galaxy A is moving away from earth slower than Galaxy B.
D) Galaxy A is moving away from earth faster than Galaxy B.

2)

3) "Vibrato" in a violin is produced by sliding the finger back and forth along a vibrating string.
The G-string on a particular violin measures 30cm between bridge and its far end and is
clamped rigidly at both points. It's fundamental frequency is 197Hz. How far from the ("nut")
end should a violinist place a finger so that the G-string plays the note A (440Hz)?

A) 11cm B) 13cm C) 15cm D) 17cm E) 19cm

3)

4) A shock wave is going through gas at a Mach angle of 60 degrees. We double the pressure in
the gas while the shock wave is still passing through. What's the mach angle after the pressure
increase?

A) 20 degrees B) 40 degrees C) 50 degrees D) 60 degrees E) 80 degrees

4)

5) "Vibrato" in a violin is produced by sliding the finger back and forth along a vibrating string.
The G-string on a particular violin measures 30cm between bridge and its far end and is
clamped rigidly at both points. It's fundamental frequency is 197Hz. If the violinist executes
vibrato by moving a finger 0.50cm to either side of the position appropriate for playing an A
(440Hz), what range of frequencies results?

A) 400-500Hz B) 424-457Hz C) 431-449Hz D) 435-445Hz

5)

6) The siren of an ambulance wails at 1662 Hz when the ambulance is stationary. What frequency
will you hear after the ambulance has passed you while traveling at 33.60m/s? The speed of
sound under the prevailing conditions is 342 m/s.

A) 1745Hz B) 1843Hz C) 1579Hz D) 1514Hz

6)

7) An organ pipe open at one end is tuned to a given fundamental frequency. A second pipe with
both ends open has a fundamental frequency twice as large. What is the ratio of the length of
the first pipe to the second pipe?

A) 4 B) 1 C) 2 D) 0.5 E) 0.24

7)

1
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) If the pressure amplitude of a sound wave doubles, what happens to the decibel level?
A) -9.5dB B) -5dB C) 0dB D) 5dB E) 10dB

1)

2) One end of a nylon rope is tied to a stationary support at the top of a vertical mine shaft 80m
deep. At the bottom end a weight of 20kg is attached.The mass of the rope is 2kg. A geologist
at the bottom of the rope signals her colleague by jerking the rope sideways. If she stimulated
sinusoidal waves on the rope with frequency 2Hz, how many cycles of the wave fit in the ropes
length?

A) 0.5 B) 1 C) 2 D) 4 E) 8 or more

2)

3) What are:
(a) the amplitude
(b) the frequency
(c) the wavelength
(d) the speed of  a water wave whose displacement
is described by   y(x,t) = 0.5 sin(0.52x - 4.6 t), where x,y are in meters and t is in seconds.

A) (a)0.5 m ; (b) 0.4 Hz; (c) 10 m; (d) 2 m/s
B) (a)0.8 m ; (b) 0.3 Hz; (c) 12 m; (d) 4.4 m/s
C) (a) 0.5 m; (b) 3 Hz; (c) 12 m; (d) 4 m/s
D) (a)0.5 m ; (b) 0.4 Hz; (c) 12m;  (d) 4m/s
E) (a) 0.6 m; (b) 1 Hz; (c) 12 m; (d) 9 m/s

3)

4) A "blue angel" fighter plane is passing above my house at a height of 200m. At what height
does it have to fly for the sound intensity to decrease by 3dB?

A) 100m B) 200m C) 300m D) 400m E) 800m

4)

5) The human ear can hear frequencies in a range from 10Hz to about 100kHz. Dogs can hear
much higher frequencies. Let's assume a human tried to tune an instrument that only dogs can
hear, e.g. at a frequency of 150kHz. Which of the following is most acurate.

A) This will never work because humans can't hear the frequency they want to tune in this
case.

B) It will work but to only moderate precision, of around 10% or so.
C) It will work superbly well, as long as the instrument is initially not out of tune by more

than a factor 2.
D) It will work superbly well as long as the instrument is initially not out of tune by more

than about 60%

5)

6) Microwaves travel with the speed of light, c=300 000 000m/s. At a frequency of 10 GHz these
wave cause water molecules in your burrito to vibrate. What is their wavelength?
1GHz = 1000 000 000 cycles/sec.

A) 0.3mm B) 0.3cm C) 3cm D) 30m E) 300m

6)

7) A boat is moored in a fixed location, and waves make it move up and down. If the spacing
between wave crests is 20m and the speed of the wave is 5m/s. How long does it take the boat
to go from the top of a crest to the bottom of a trough?

A) 1s B) 2s C) 4s D) 8s E) 16s

7)
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) What is the speed of light in a material for which the critical angle with air is 61 degrees?
A) 0.8c B) 0.9c C) c D) 1.1c E) 1.2c

1)

2) A shock wave is going through gas at a Mach angle of 60 degrees. We decrease the pressure in
the gas by a factor 3, keeping the density and displacement amplitude the same, while the
shock wave is still passing through. What's the mach angle after the pressure decrease? (THIS
QUESTION IS NOT COUNTED BECAUSE OF A TYPO IN THE VERSION YOU HAD IN THE
QUIZ)

A) 40 degrees B) 80 degrees C) 50 degrees D) 30 degrees E) 60 degrees

2)

3) Which of the following is true.
A) Speed of the wave often depends on the amplitude of the wave. This is refered to as

dispersion.
B) Speed of a wave often depends on the frequency of the wave. This is refered to as

dispersion.
C) The fact that light in glass fibers decreases in intensity as it travels over large distances is a

result of dispersion.
D) To compose a square wave from a superposition of sine waves requires dispersion.

3)

4) A light ray propagating through water (n=1.33) strikes a parallel slab of glass (n=1.55) with
thickness d=4cm
at an incident angle of 30 degrees. What's the angle the light ray makes in the water with the
normal to the interface after it exits the glass slab?

A) 25 degrees B) 30 degrees C) 35 degrees D) 40 degrees E) 45 degrees

4)

5) "Vibrato" in a violin is produced by sliding the finger back and forth along a vibrating string.
The G-string on a particular violin measures 30cm between bridge and its far end and is
clamped rigidly at both points. It's fundamental frequency is 197Hz. How far from the ("nut")
end should a violinist place a finger so that the G-string plays the note A (440Hz)?  (THIS
QUESTION WE ACCEPT 2 ANSWERS BECAUSE OF CONFUSION ABOUT WHAT THE
"NUT" IS IN A VIOLIN)

A) 13cm B) 17cm C) 15cm D) 11cm E) 19cm

5)

6) A piece of glass (n=1.52) is immersed in diiodomethane (n=1.74). A light ray hits the glass at an
incident angle of 40 degrees. What's the angle the refracted beam in the glass makes with the
normal to the interface?

A) 33 degrees B) 47 degrees C) 40 degrees D) 54 degrees

6)

7) A laser beam with wavelength 633nm is propagating in air when it strikes a transparent
material at an incidence angle of 50 degrees. If the angle of refraction is 27 degrees, what is the
wavelength in the material?

A) 400 nm B) 500 nm C) 600 nm D) 700 nm E) 800 nm

7)
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) What is the speed of light in a material for which the critical angle with air is 61 degrees?
A) 0.8c B) 0.9c C) c D) 1.1c E) 1.2c

1)

2) A shock wave is going through gas at a Mach angle of 60 degrees. We decrease the pressure in
the gas by a factor 3, keeping the density and displacement amplitude the same, while the
shock wave is still passing through. What's the mach angle after the pressure decrease? (THIS
QUESTION IS NOT COUNTED BECAUSE OF A TYPO IN THE VERSION YOU HAD IN THE
QUIZ)

A) 40 degrees B) 80 degrees C) 50 degrees D) 30 degrees E) 60 degrees

2)

3) Which of the following is true.
A) Speed of the wave often depends on the amplitude of the wave. This is refered to as

dispersion.
B) Speed of a wave often depends on the frequency of the wave. This is refered to as

dispersion.
C) The fact that light in glass fibers decreases in intensity as it travels over large distances is a

result of dispersion.
D) To compose a square wave from a superposition of sine waves requires dispersion.

3)

4) A light ray propagating through water (n=1.33) strikes a parallel slab of glass (n=1.55) with
thickness d=4cm
at an incident angle of 30 degrees. What's the angle the light ray makes in the water with the
normal to the interface after it exits the glass slab?

A) 25 degrees B) 30 degrees C) 35 degrees D) 40 degrees E) 45 degrees

4)

5) "Vibrato" in a violin is produced by sliding the finger back and forth along a vibrating string.
The G-string on a particular violin measures 30cm between bridge and its far end and is
clamped rigidly at both points. It's fundamental frequency is 197Hz. How far from the ("nut")
end should a violinist place a finger so that the G-string plays the note A (440Hz)?  (THIS
QUESTION WE ACCEPT 2 ANSWERS BECAUSE OF CONFUSION ABOUT WHAT THE
"NUT" IS IN A VIOLIN)

A) 13cm B) 17cm C) 15cm D) 11cm E) 19cm

5)

6) A piece of glass (n=1.52) is immersed in diiodomethane (n=1.74). A light ray hits the glass at an
incident angle of 40 degrees. What's the angle the refracted beam in the glass makes with the
normal to the interface?

A) 33 degrees B) 47 degrees C) 40 degrees D) 54 degrees

6)

7) A laser beam with wavelength 633nm is propagating in air when it strikes a transparent
material at an incidence angle of 50 degrees. If the angle of refraction is 27 degrees, what is the
wavelength in the material?

A) 400 nm B) 500 nm C) 600 nm D) 700 nm E) 800 nm

7)

1

8) Mr. Evil is throwing a temper, and shooting fish in a pond with a large caliber gun while
standing on the shore. To successfully kill a fish, should he ...

A) aim directly at the image.
B) aim slightly above the image.
C) aim slightly below the image.

8)

9) Blue and red laser beams strike an air -glass interface with incidence angle of 50 degrees. If the
glass has refractive indices of 1.680 and 1.621 respectively for the blue and red light, what will
be the angle between the two beams in the glass?

A) 0 B) 1 degree C) 2 degrees D) 3 degrees E) 4 degrees

9)

10) You are lying on the bottom of a swimming pool filled 9ft deep with water (n=1.33). What is
the diameter of the "hole" at the water surface through which you can see out of the pool?

A) 25ft B) 5ft C) 20ft D) 15ft E) 10ft

10)
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) A laser beam shines vertically upwards. What laser power is needed for this beam to support a
flat piece of aluminum foil with mass 15 microgram and diameter equal to that of the beam?
(a) assume the aluminum fully reflects the beam. (b) assume the aluminum is pitch black, and
fully absorbs all the beam.

A) 40W; 80W
B) 20W; 40W
C) 10W; 20W
D) 10W in either case
E) 40W in either case

1)

2) An electric field in an EM wave traveling northeast oscillates up and down. In what direction
does the magnetic field oscillate?

A) north-south
B) up-down
C) northeast-southwest
D) northwest-southeast
E) east-west

2)

3) What's the minimum thickness of a soap film (n=1.33) in which 550nm light will undergo
constructive interference?

A) 400nm B) 300nm C) 200nm D) 100nm

3)

4) A lense with a circular aperture of 1cm in diameter is just barely capable of seperating two
objects that are 1 degree apart. What's the wavelength of the light from the two objects?

A) 1mm B) 10mm C) 100mm D) 1m

4)

5) Poarizeddlight passes through a sequence of two polarizer whose axes of polarization form a
60 degrees angle. The second polarizer has the same polarization as the incoming light before it
hits the first polarizer. What fraction of the incident intensity emerges from the set of
polarizers?

A) 1/2 B) 1/4 C) 1/8 D) 1/16 E) 0

5)

6) A grating with 6000 gratings across 1cm is used to seperate the two wavelengths of 550nm and
480nm. What's the maximum achievable angular seperation?

A) 6 degrees
B) 180 degrees
C) 10 degrees
D) 20 degrees
E) 30 degrees

6)
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) A laser beam shines vertically upwards. What laser power is needed for this beam to support a
flat piece of aluminum foil with mass 15 microgram and diameter equal to that of the beam?
(a) assume the aluminum fully reflects the beam. (b) assume the aluminum is pitch black, and
fully absorbs all the beam.

A) 40W; 80W
B) 20W; 40W
C) 10W; 20W
D) 10W in either case
E) 40W in either case

1)

2) An electric field in an EM wave traveling northeast oscillates up and down. In what direction
does the magnetic field oscillate?

A) north-south
B) up-down
C) northeast-southwest
D) northwest-southeast
E) east-west

2)

3) What's the minimum thickness of a soap film (n=1.33) in which 550nm light will undergo
constructive interference?

A) 400nm B) 300nm C) 200nm D) 100nm

3)

4) A lense with a circular aperture of 1cm in diameter is just barely capable of seperating two
objects that are 1 degree apart. What's the wavelength of the light from the two objects?

A) 1mm B) 10mm C) 100mm D) 1m

4)

5) Poarizeddlight passes through a sequence of two polarizer whose axes of polarization form a
60 degrees angle. The second polarizer has the same polarization as the incoming light before it
hits the first polarizer. What fraction of the incident intensity emerges from the set of
polarizers?

A) 1/2 B) 1/4 C) 1/8 D) 1/16 E) 0

5)

6) A grating with 6000 gratings across 1cm is used to seperate the two wavelengths of 550nm and
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A) 6 degrees
B) 180 degrees
C) 10 degrees
D) 20 degrees
E) 30 degrees

6)

1

!"

!"

7) What's the closest wavelength to 480nm that can still be resolved as a seperate wavelength
using a grating with 6000 gratings across 1cm.

A) 480.1nm
B) 480.04nm
C) 480.03nm
D) 480.02nm
E) 480.000001nm

7)

8) You are shining light with a wavelength of 480nm on a 5-slit aparatus with slit spacing of 1
micron. At what angle from the center do you find the 3rd dark fringe?

A) 5 degrees
B) 10 degrees
C) 15 degrees
D) 20 degrees
E) more than 25 degrees

8)

9) You can hear around corners but you can't see around corners. Why is that?
A) Our ears are at the corner of our head while the eyes are in the center.
B) The ears are further apart than the eyes, thus providing a larger aperture.
C) the width of a street is small compared to the wavelength of light but large compared to

the wavelength of some sound frequencies we can hear.
D) the width of a street is large compared to the wavelength of sound sbut small compared to

the wavelength of some sound frequencies we can hear.

9)

10) In what way is a set of two small but widely seperated radio telescope superior than one large
telescope? In what way is the large telescope superior?

A) The two small ones provide better angular resolution while the one large one can pick up
weaker light signals.

B) The two small ones provide better angular resolution while the one large one has better
frequency resolution.

C) The two small ones provide no advantage.
D) The one large one provides no advantage.
E) The two options are equal as long as the distance between the two small once is the same

as the overall size of the large one.

10)
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) I am wearing glasses to correct my near-sightedness. Which of the following statements most
accurately describes the lenses in my glasses?

A) The radii of the two sperical lense surfaces must have opposite sign.
B) The radii of the two spherical lense surfaces must be equal but have opposite sign.
C) The radii of the two spherical lense surfaces must be equal and same sign.
D) The radii of the two spherical lense surfaces must be such as to provide for a negative focal

length.
E) The radii of the two spherical lense surfaces must be same sign but different size, with the

larger radius being closer to my eye.

1)

2) You are projecting 35mm slides onto a wall 2.6m from the projector whose single lens has focal
length 12.0cm.
(a)  How far should the slides be from the lens?
(b) How big will the image be?

A) (a)12.6cm  (b) -72cm B) (a) -12.6cm (b) 72cm
C) (a) 25cm (b) 36cm D) (a) 25cm (b) -36cm

2)

3) What is the focal length of a concave mirror if an object placed 50cm in front of the mirror has a
real image 200cm from the mirror?

A) 20cm B) 30cm C) 40cm D) 50cm E) 60cm

3)

4) Which of the following statements is incorrect?
A) Virtual images can not be projected.
B) A slide projector produces real images which are upside down on the projection screen.
C) Chromatic aberation is a limitation of lenses due to their geometry.
D) Spherical aberation is a limitation of lenses due to their geometry.
E) A microscope based on two lenses only will produce an upside down picture.

4)

5) Where on the axis of a concave mirror would you place an object in order to produce an image
the same size as the original?

A) put the object at twice the focal length from the mirror
B) half way between the focal length and the center of curvature of the mirror.
C) between focal length and mirror
D) further away from the mirror than the center of curvature of the mirror.
E) halfway between the center of curvature and the mirror.

5)

6) To the unaided eye, the planet Jupiter has an angular diameter of 50 arc seconds. What will be
its angular size when viewed through a 1m focal length refracting telescope with an eye piece
whose focal length is 40mm?

A) 100 arc seconds B) <1 arc seconds
C) 1250 arc seconds D) 500 arc seconds

6)

1

7) I put on reading glasses in order to read the newspaper. Which of the following describes best
the optics of the situation.

A) The lenses in my glasses produce a real image further away from the newspaper. My eyes
focus on that image made by my glasses. My eyes focus on that real image, and produce a
focused picture on my retina.

B) The lenses in my glasses image the newspaper on my retina. Without them, the image
would be in front of the retina, and thus apear unfocused to me.

C) The lenses in my glasses produce a virtual image further away than the newspaper. My
eyes focus on that virtual image, and produce a focused picture on my retina.

D) The lenses in my glasses image the newspaper on my retina. Without them, the image
would be behind the retina.

7)

8) A contact lense is in the shape of a convex meniscus. The inner surface is shaped to fit the eye.
It has a curvature radius of 7.80mm. The lens is made out of plastic with an index of refraction
of n=1.56 . The lens has a focal length of 44.4cm. What is the curvature radius of the outer
surface of the lense?

A) 7.16mm B) 7.32mm C) 7.56mm D) 7.75mm E) 8.02mm

8)

9) Consider a lens that is flat (i.e. planar) on one side, and convex on the other surface. Such a
lense is called "plano-convex". It looks like it is cut off a sphere. The radius of curvature of this
lense is 26cm. The refractive index is 1.62. An object is placed 68cm away from the lens on the
convex side. Where and of what type is the image?

A) This is a real inverted image about 1m away from the lens on the opposite side of the
object.

B) This is a virtual image about 1m away from the lens right side up.
C) This is a virtual image about 2m away from the lens right side up.
D) This is a real inverted image about 2m away from the lens on the opposite side of the

object.
E) This is a virtual image about 50cm away from the lens inverted.

9)

10) A double convex lens with equal curvature radii of 38cm is made from glass with refractive
index ranging from 1.51 to 1.54 across the visible spectrum of light (i.e. from red to blue). A
white light is placed on the lens axis at a place 95cm away from the lens. Over what range will
it's visible image be smeared?

A) 2.9cm B) 5.5cm C) 8.3cm D) 9.4cm E) 11.2cm

10)

2
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) A cameras zoom lens covers the focal length range from 38mm to 110 mm. You point the
camera at a distant object and photograph it first at 50mm and then at 100mm. What's the ratio
of the images on the two photos?

A) 2.9 B) 4.0 C) 2.0 D) 1.5 E) 1.0

1)

2) You are projecting 35mm slides onto a wall 2.6m from the projector whose single lens has focal
length 12.0cm.
(a)  How far should the slides be from the lense?
(b) How big will the image be?

A) (a)12.6cm  (b) -72cm B) (a) -12.6cm (b) 72cm
C) (a) 25cm (b) 36cm D) (a) 25cm (b) -36cm

2)

3) What is the focal length of a concave mirror if an object placed 50cm in front of the mirror has a
real image 200cm from the mirror?

A) 20cm B) 30cm C) 40cm D) 50cm E) 60cm

3)

4) Which of the following statements is incorrect?
A) Virtual images can not be projected.
B) A slide projector produces real images which are upside down on the projection screen.
C) A lense with negative focal length produces a virtual image.
D) Spherical aberation is a limitation of lenses due to their geometry.
E) A lense with negative focal length can be used in a slide projector

4)

5) Where on the axis of a concave mirror would you place an object in order to produce an image
the same size as the original?

A) put the object at twice the focal length from the mirror
B) half way between the focal length and the center of curvature of the mirror.
C) between focal length and mirror
D) further away from the mirror than the center of curvature of the mirror.
E) halfway between the center of curvature and the mirror.

5)

6) A converging lense has surfaces with radii R1=80cm and R2=-36cm, and an index of refraction
of n=1.63. An emerald that is 2cm tall is placed 15cm to the left of the lense. Where will the
image be located?

A) Same side as the emerald at a distance 25cm away from the lense.
B) Opposite side of the lense from the emerald at a distance 25cm away from the lense.
C) Same side as the emerald at a distance 20cm away from the lense.
D) Opposite side of the lense from the emerald at a distance 20cm away from the lense.
E) Same side as the emerald at a distance 15cm away from the lense.

6)

7) A converging lense has surfaces with radii R1=80cm and R2=-36cm, and an index of refraction
of n=1.63. An emerald that is 2cm tall is placed 15cm to the left of the lense. What will the
magnification be? I.e. what is the ratio of image size divided by actual size of the emerald.

A) 0.5 B) 1.0 C) 1.5 D) 2.0 E) 2.5

7)

1
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9) You're a biologist trying to resolve detailed structures within a cell. However, they look fuzzy
even at the highest power of your microscope. Why won't it help  to substitute a new eye piece
with a shorter focal length?

A) You may have reached the limit of chromatic aberation.
B) You may have reached the limit of spherical aberation.
C) The aperture of your microscope may be too small to resolve the detailed structures.
D) Wrong, substituting a new eye piece with shorter focal length will definitely help.

9)

10) A free expansion of a gas occurs when a valve is opened allowing a gass to expand into a
bigger container. Which of the following describes such an expansion most accurately?

A) temperature and entropy increase.
B) temperature decreases while entropy increases.
C) temperature and entropy decrease.
D) temperature stays the same while entropy increases.
E) temperature stays the same while entropy decreases.

10)

11) A cameras zoom lens covers the focal length range from 38mm to 110 mm. You point the
camera at a distant object and photograph it first at 40mm and then at 100mm. What's the ratio
of the images on the two photos?

A) 2.5 B) 2.9 C) 1.5 D) 2.0

11)

12) Water is pumped out of a well at 4m/s through a 9cm diameter hose. The well is 60 feet deep.
What power is needed by the pump? The density of water is 1000kg/m^3.

A) 1000W B) 2000W C) 3000W D) 4000W E) 5000W

12)

13) How much do you need to move one of the two mirrors of  a Michelson interferometer in
order to switch maximas into minimas in the interference pattern the observer sees?

A) half a wave length
B) one eighth of a wave length
C) 3/4 of a wave length
D) quarter of  a wave length
E) one wave length

13)

14) You want to make coffee ice, and you are an impatient fellow. You want your fresh 95degree
celsius 0.25 liter coffee mug to freeze within less than 1 minute. What power freezer do you
need?
Assume a weight of 0.25kg for your coffee, Lf = 334kJ/kg, Lv = 2257kJ/kg, specific heat for
water = 4.184 kJ/(kgK)., and for ice = 2.05 kJ/(kgK).

A) 3kW B) 10kW C) 8kW D) 2kW

14)

15) The interior of a sauna is maintained at 80 degree Celsius while the outdoor temperature is -10
degree Celsius. The sauna looses heat at a rate of 80kW. At what rate does the entropy of the
universe increase because of the irreversible heat flow?

A) not at all. B) 10 J/K*s C) 75 J/K*s D) 150 J/K*s E) 1.5 kJ/K*s

15)

16) The speed of light in a material is 0.56c. What is the critical angle of a light ray at the interface
between the material and a vacuum?

A) 38 degrees B) 30 degrees C) 26 degrees D) 34 degrees

16)

17) Does a wave pulse have a frequency? A speed? A period?
A) no,yes,no B) yes,yes,no C) no,no,no D) no,no,yes E) yes,no,yes

17)
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8) A double slit system is used to measure the wavelength of light. The system has slit spacing
d=15 micron and slit-to-screen distance L=2.2m. If the m=1 maximum in the interference
pattern occurs 7.1cm from the screen center, what is the wavelength of the light?

A) 375nm B) 400nm C) 425nm D) 450nm E) 475nm

8)

9) Blue light of a given wavelength passes through a single slit of width d and forms a diffraction
pattern on a screen. If the blue light is replaced by red light with twice the wavelength, the
original diffraction pattern can be reproduced if the slit width is changed to:

A) d/4
B) d/2
C) 4d
D) 2d
E) no change needed

9)

10) In a 7-slit system, how many minima lie between the zeroth-oder and first-order maxima?
A) 1 B) 4 C) 5 D) 6 E) 7

10)

2
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) A double slit system is used to measure the wavelength of light. The system has slit spacing
d=15 micron and slit-to-screen distance L=2.2m. If the m=1 maximum in the interference
pattern occurs 7.1cm from the screen center, what is the wavelength of the light?

A) 375nm B) 400nm C) 425nm D) 450nm E) 475nm

1)

2) Blue light of a given wavelength passes through a single slit of width d and forms a diffraction
pattern on a screen. If the blue light is replaced by red light with twice the wavelength, the
original diffraction pattern can be reproduced if the slit width is changed to:

A) d/4
B) d/2
C) 4d
D) 2d
E) no change needed

2)

3) In a 7-slit system, how many minima lie between the zeroth-oder and first-order maxima?
A) 1 B) 4 C) 5 D) 6 E) 7

3)

4) The movie "Patriot Games" has a scene in which CIA agents use spy satellites to identify
individuals in a terrorist camp. Suppose that a minimum resolution for distinguishing human
features is about 5cm. If the spy satellite's optical system is diffraction limited, what diameter
mirror or lens is needed to achieve this resolution from an altitude of 100km? Assume a
wavelength of 550nm.

A) 1000m B) 0.1m C) 100m D) 10m E) 1m

4)

5) What limits the angular resolution of earth based radio astronomy?
A) The radius of the earth.
B) The maximum size radio telescope that can technically be built.
C) The manufacturing precision of lenses in the radio frequency range, i.e. spherical

aberation.
D) Dispersion, i.e. chromatic aberation.

5)

6) Imagine holding a circular disk in a beam of monochromatic light. If diffraction occurs at the
edge of the disk, the center of the shadow is:

A) a bright spot
B) darker than the rest of the shadow
C) bright or dark, depends on the wavelength
D) bright or dark, depends on the distance to the screen

6)

7) What's the minimum thickness of a soap film (n=1.33) in which 550nm light will undergo
constructive interference?

A) 300nm B) 400nm C) 200nm D) 100nm

7)

1
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) What is the speed of light in a material for which the critical angle with air is 61 degrees?
A) 0.8c B) 0.9c C) c D) 1.1c E) 1.2c

1)

2) You are standing 2.3m horizontally from the edge of a 4.5m deep lake, with your eyes 1.7m
above the water surface. A diver holding a flashlight at the lake bottom shines the light so you
can see it. If the light in the water makes a 42 degree angle with the vertical, at which
horizontal distance is the diver from the edge of the lake?

A) 3m B) 5m C) 7m D) 9m E) 11m

2)

3) A light ray propagating through water (n=1.33) strikes a parallel slab of glass (n=1.62) with
thickness d=6cm
at an incident angle of 40 degrees. What's the angle the light ray makes in the water with the
normal to the interface after it exits the glass slab?

A) 25 degrees B) 30 degrees C) 35 degrees D) 40 degrees E) 45 degrees

3)

4) The three corners of a prism are at the location (0,0), (0,5), and (6,0). White light strikes the
prism at (0,3) exactly orthogonal to the prism surface. What's the angle of dispersion between
red (700nm, n=1.516) and violet (400nm, n=1.538)?

A) 2.15 degrees B) 4.3 degrees C) 6.45 degrees D) 8.6 degrees

4)

5) High quality optical fiber is rated at 0.25dB/km.  By what factor does the light intensity change
after traversing 10km through such a fiber?

A) 1.28
B) 0.78
C) 0.75
D) 0.5
E) less than 10% of the light is left after 10km

5)

6) Two mirrors are arranged such that they are parallel to the x and y axis of the rectangular
coordinate system.
A laser beam enters the mirror arrangement, hits each mirror once, and exits. What's the total
change in direction that the laser light experiences?

A) Depends on the incidence angle.
B) 90 degrees
C) 180 degrees
D) 270 degrees
E) 360 degrees

6)

7) A laser beam with wavelength 633nm is propagating in air when it strikes a transparent
material at an incidence angle of 50 degrees. If the angle of refraction is 27 degrees, what is the
wavelength in the material?

A) 400 nm B) 500 nm C) 600 nm D) 700 nm E) 800 nm

7)

1

8) A double slit system is used to measure the wavelength of light. The system has slit spacing
d=15 micron and slit-to-screen distance L=2.2m. If the m=1 maximum in the interference
pattern occurs 7.1cm from the screen center, what is the wavelength of the light?

A) 375nm B) 400nm C) 425nm D) 450nm E) 475nm

8)

9) Blue light of a given wavelength passes through a single slit of width d and forms a diffraction
pattern on a screen. If the blue light is replaced by red light with twice the wavelength, the
original diffraction pattern can be reproduced if the slit width is changed to:

A) d/4
B) d/2
C) 4d
D) 2d
E) no change needed

9)

10) In a 7-slit system, how many minima lie between the zeroth-oder and first-order maxima?
A) 1 B) 4 C) 5 D) 6 E) 7

10)
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2) Blue light of a given wavelength passes through a single slit of width d and forms a diffraction
pattern on a screen. If the blue light is replaced by red light with twice the wavelength, the
original diffraction pattern can be reproduced if the slit width is changed to:

A) d/4
B) d/2
C) 4d
D) 2d
E) no change needed

2)

3) In a 7-slit system, how many minima lie between the zeroth-oder and first-order maxima?
A) 1 B) 4 C) 5 D) 6 E) 7

3)

4) The movie "Patriot Games" has a scene in which CIA agents use spy satellites to identify
individuals in a terrorist camp. Suppose that a minimum resolution for distinguishing human
features is about 5cm. If the spy satellite's optical system is diffraction limited, what diameter
mirror or lens is needed to achieve this resolution from an altitude of 100km? Assume a
wavelength of 550nm.

A) 1000m B) 0.1m C) 100m D) 10m E) 1m

4)

5) What limits the angular resolution of earth based radio astronomy?
A) The radius of the earth.
B) The maximum size radio telescope that can technically be built.
C) The manufacturing precision of lenses in the radio frequency range, i.e. spherical

aberation.
D) Dispersion, i.e. chromatic aberation.

5)

6) Imagine holding a circular disk in a beam of monochromatic light. If diffraction occurs at the
edge of the disk, the center of the shadow is:

A) a bright spot
B) darker than the rest of the shadow
C) bright or dark, depends on the wavelength
D) bright or dark, depends on the distance to the screen

6)

7) What's the minimum thickness of a soap film (n=1.33) in which 550nm light will undergo
constructive interference?

A) 300nm B) 400nm C) 200nm D) 100nm

7)
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d=15 micron and slit-to-screen distance L=2.2m. If the m=1 maximum in the interference
pattern occurs 7.1cm from the screen center, what is the wavelength of the light?
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9) Blue light of a given wavelength passes through a single slit of width d and forms a diffraction
pattern on a screen. If the blue light is replaced by red light with twice the wavelength, the
original diffraction pattern can be reproduced if the slit width is changed to:
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B) d/2
C) 4d
D) 2d
E) no change needed
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10) In a 7-slit system, how many minima lie between the zeroth-oder and first-order maxima?
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MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) What is the speed of light in a material for which the critical angle with air is 61 degrees?
A) 0.8c B) 0.9c C) c D) 1.1c E) 1.2c

1)

2) You are standing 2.3m horizontally from the edge of a 4.5m deep lake, with your eyes 1.7m
above the water surface. A diver holding a flashlight at the lake bottom shines the light so you
can see it. If the light in the water makes a 42 degree angle with the vertical, at which
horizontal distance is the diver from the edge of the lake?

A) 3m B) 5m C) 7m D) 9m E) 11m

2)

3) A light ray propagating through water (n=1.33) strikes a parallel slab of glass (n=1.62) with
thickness d=6cm
at an incident angle of 40 degrees. What's the angle the light ray makes in the water with the
normal to the interface after it exits the glass slab?

A) 25 degrees B) 30 degrees C) 35 degrees D) 40 degrees E) 45 degrees

3)

4) The three corners of a prism are at the location (0,0), (0,5), and (6,0). White light strikes the
prism at (0,3) exactly orthogonal to the prism surface. What's the angle of dispersion between
red (700nm, n=1.516) and violet (400nm, n=1.538)?

A) 2.15 degrees B) 4.3 degrees C) 6.45 degrees D) 8.6 degrees

4)

5) High quality optical fiber is rated at 0.25dB/km.  By what factor does the light intensity change
after traversing 10km through such a fiber?

A) 1.28
B) 0.78
C) 0.75
D) 0.5
E) less than 10% of the light is left after 10km

5)

6) Two mirrors are arranged such that they are parallel to the x and y axis of the rectangular
coordinate system.
A laser beam enters the mirror arrangement, hits each mirror once, and exits. What's the total
change in direction that the laser light experiences?

A) Depends on the incidence angle.
B) 90 degrees
C) 180 degrees
D) 270 degrees
E) 360 degrees

6)

7) A laser beam with wavelength 633nm is propagating in air when it strikes a transparent
material at an incidence angle of 50 degrees. If the angle of refraction is 27 degrees, what is the
wavelength in the material?

A) 400 nm B) 500 nm C) 600 nm D) 700 nm E) 800 nm

7)

1

8) A double slit system is used to measure the wavelength of light. The system has slit spacing
d=15 micron and slit-to-screen distance L=2.2m. If the m=1 maximum in the interference
pattern occurs 7.1cm from the screen center, what is the wavelength of the light?

A) 375nm B) 400nm C) 425nm D) 450nm E) 475nm

8)

9) Blue light of a given wavelength passes through a single slit of width d and forms a diffraction
pattern on a screen. If the blue light is replaced by red light with twice the wavelength, the
original diffraction pattern can be reproduced if the slit width is changed to:

A) d/4
B) d/2
C) 4d
D) 2d
E) no change needed

9)

10) In a 7-slit system, how many minima lie between the zeroth-oder and first-order maxima?
A) 1 B) 4 C) 5 D) 6 E) 7
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